HIFEM® FOR IMPROVEMENT

OF SEXUAL FUNCTION

THE NON-INVASIVE HIFEM PROCEDURE FOR IMPROVEMENT
OF WOMEN’S SEXUAL FUNCTION

Alexander Bader MD, FAAOCG, FAAC', Maria Papadopoulou MD, CCST, ABAARM, EBCCP!

1. Bader Medical Institute of London, Marylebone, London, United Kingdom

Presented at IMCAS annual world congress in Paris: January 30, 2020

HIGHLIGHTS

¢ HIFEM procedure enhanced sexual function of all treated women after the course of six
treatments.

¢ PISQ@-12 score showed clinically and statistically significant improvement.

¢ Subjects reported more intense and frequent orgasm along with greater sexual desire and
excitement.

DESIGN AND METHODOLOGY
¢ Fifteen women (on average 46.9+14.0 years) were recruited.
e All subjects received six 28-minute HIFEM treatments to enhance their sexual function.
* Therapies were scheduled twice a week for three consecutive weeks.
e Intensity of the treatments (0-100%) was modulated according to the subject’s feedback.

« Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire short form (PISQ-12) was
used for analysis of sexual function at baseline and at 1 month.

* Cronbach’s coefficient alpha was used to verify internal consistency and reliability of the data.

e Safety of the procedure was monitored.



RESULTS

Each subject showed an improvement in PISQ-12 total score when compared to baseline with
minimum improvement of 3 points (range 3-14).

The mean score increased by 5.8 points (+19%; P<0.001) from 29.6+£5.6 to 35.4+5.1.

The greatest change was observed in partner-related domain (+3.3 points, P<0.001) mainly
due to the considerable improvement in subject’s orgasm intensity.

Additionally, subjects reported greater sexual desire and excitement, as they were more
satisfied with the variety in their sexual life and were more likely to attain orgasm.

The subjects with lower PISQ scores at the baseline benefited most from the treatment,
showing that HIFEM procedure is able to improve sexual function in women who are
substantially dissatisfied with their sexual life.

Results were found to be both statistically and clinically significant, since the change in score
highly exceeded generally accepted level of MCID (minimal clinically important difference).

HIFEM procedure was safe with no adverse events or side effects.
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Mean PISQ-12 score before and after the treatments divided according to the domains. Improvement was found to be statistically
significant in each domain (P<0.05).
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HIGHLIGHTS

¢ Post-prostatectomy incontinence (PPI) is a commonly reported side effect of the radical
prostatectomy with prevalence reaching up to 60%¢.

e HIFEM procedure significantly enhanced quality of life of men with PPI.
¢ All subjects achieved improvement after six HIFEM treatments.

* |In general, subjects were less limited in their social life, daily activities, physical activities and
reported improvement in sleep quality.

» Average pad usage was reduced by 1.0 pad/day.

DESIGN AND METHODOLOGY

e Ten elderly men (72.9+3.9 years) with a recent history of radical prostatectomy accompanied
with PPl were recruited.

¢« They underwent six HIFEM treatments scheduled twice a week for three weeks.

e Subject’s Quality of Life (QOL) was assessed by King’s Health Questionnaire (KHQ) at
baseline and post-treatment; 1 and 3-month follow-up were optional.

¢ 24-hour Pad Usage questionnaire was used to identify any changes in the frequency of
wearing absorbent pads.

* Adverse events were monitored throughout the study.

aAnderson CA, Omar Ml, Campbell SE, Hunter KF, Cody JD, Glazener CM. Conservative management for postprostatectomy
urinary incontinence. Cochrane Incontinence Group, ed. Cochrane Database Syst Rev. Published online January 20, 2015



KHQ score

RESULTS

Each subject achieved favorable changes in the QOL after the treatments by reason of
reduction in various domain scores of KHQ.

Baseline KHQ score was significantly reduced post-treatment.
o KHQ Part | from 114.2+24.2 to 83.3+26.4 points (-27%; P=0.002)
o KHQ Part Il from 312.8£98.1 to 205.3£93.9 points (-34%; P=0.001)

Subjects reported the highest improvement in the following domains: sleep/energy (-53.3%;
P<0.001); emotions (-42.5%; P<0.001); social limitations (-42.2%; P=0.01); role limitations
(-31.4%; P=0.03) and incontinence impact (-30.4%; P=0.01).

In general, all differences in domain scores exceeded minimal clinically important difference
(MCID) of 5 points.

Individual patients’ results at 1-month and 3-month follow-up visits showed further
improvement of QOL.

Pad usage decreased on average by 1.0 pad from 2.5 pads/day at baseline to 1.5 pads/day
after the treatments while two subjects reported to be pad free.

Two out of four subjects who wore pads at night due to nocturia achieved complete
reduction of pads during the sleep.

No adverse events were found.
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Background:

Urinary incontinence (Ul) represents one of the most
prevalent female intimate health issues negatively affecting
a patients’ quality of life (QoL). Current treatment options
require a combination of pelvic floor muscles exercising
and intravaginal electrostimulation or drug treatment with
side effects. Women seek non-invasive and efficacious
solutions for UL.

Aim:

The aim was to investigate the effect of High-Intensity
Focused Electromagnetic technology (HIFEM) on QoL
of incontinent patients.

Methods:

30 women (mean age 53.05 years) with stress, urge and
mixed type of Ul took part in the pilot study. They attended 6
therapies scheduled 2x a week. QoL was assessed through
King’'s Health Questionnaire (KHQ). The number of used
hygienic pads and patients’ subjective feedback were
recorded. Data was collected pre-, post-treatment, during
3- and 6-month follow-ups. KHQ scores were statistically
evaluated through t-test (p<0.05). Number of used hygienic
pads and patients’ subjective feedback were evaluated
through frequency of occurence.

Results:

After 6 treatments, 95 % of treated patients improved their
QoL according to the scores of the KHQ. These results
were maintained during the 3- and 6-month follow-ups.
67 % of the treated patients reduced or totally eliminated
the use of hygienic pads in day-to-day life. 100 % of patients
reported better awareness of the pelvic floor muscles.

Conclusion:
Results suggest that the tested device significantly improves
the QoL of incontinent patients.

Keywords:
urinary incontinence, hygienic pads, King’s Health
Questionnaire, Quality of Life, HIFEM technology, FDA

1. INTRODUCTION

1.1. Definition of the problem

Urinary incontinence (Ul) is involuntary loss of urine,
which objectively and subjectively represents a social,
psychological and hygienic problem. It is estimated that
1 in every 4 women aged between 30 and 59 years has
experienced a problem with urinary leakage. Estimation
of worldwide Ul prevalence is around 40 % of the female
population. However, a vast majority of the patients
is reluctant to discuss this intimate issue with their medical
doctors. National Association for Incontinence (NAFC)
reports that 4.5 out of 10 patients do not seek help. (1, 11)

1.2. Types of urinary incontinence

Ul can be divided into 3 types according to its’ etiology. Clinical
symptoms of stress urinary incontinence (SUI) usually involve
involuntary leakage of urine when events with increased intra-
abdominal pressure are performed (e.g. coughing, sneezing,
laughing and lifting). The cause of SUl is due to aloss of support
of urethra and deconditioned pelvic floor musculature (PFM),
whichis usually a consequence of damage to the pelvic support
structures. SUI is strongly associated with vaginal childbirth
and menopausal hormonal changes (1). The second Ul type
is associated with a strong desire to void and pathological
contractions of the bladder, so-called urge incontinence.
Urge incontinence is a neuromuscular dysfunction commonly
treated with pharmacotherapy. Urge incontinence is usually
a symptom of an underlying problem (e.g. diabetes mellitus).
The third Ul type is mixed urinary incontinence (MUI) and
involves a combination of the SUI and urge incontinence
symptoms (1).



1.3 Treatment options for urinary incontinence

The choice of treatment for Ul depends on its’ type and
severity. In the case of SUI, treatment options range from
pelvic floor muscle exercising, intravaginal electrotherapy
up to surgical intervention. Surgical intervention
is recommended usually only in severe cases of SUI,
whereas drug treatment of urge incontinence is common.
A vast majority of patients use hygienic pads and their
quantity depends on the severity of Ul and leakage
episodes (13, 15).

2. HIFEM technology

2.1. Mechanism of Action

High-intensity Focused Electromagnetic technology
(HIFEM) triggers intense pelvic floor muscles
contractions by targeting neuromuscular tissue and
inducing electric currents. Electric currents depolarize
neurons resulting in concentric contractions and
lift up of all pelvic floor muscles. Key effectiveness
is based on focused electromagnetic energy, in-
depth penetration, and stimulation of the entire pelvic
floor area. The HIFEM technology brings deep PFM
stimulation and restoration of the neuromuscular control.
The HIFEM passes non-invasively through pelvic floor
area. Therefore, it represents a non-invasive solution
for incontinent patients, who remain fully clothed during
the therapy (2-10, 12, 14-19).

* HO: Course of treatments with the HIFEM technology
will not lead to any improvement of QoL of incontinent
patients.

» H1: Course of treatments with the HIFEM technology
will lead to significant improvement of QoL
of incontinent patients.

* H2: Course of treatments with the HIFEM technology
will reduce the use of hygienic pads.

3.2. Patients

All patients were enrolled in the pilot study after their
voluntarily agreement and signed written informed consent.
30 women aged 36-76 years (mean age 53.05%11.74)
with SUI, urge and MUI were included in the pilot study.
Ul resulted out as a consequence of vaginal childbirth,
hormonal changes (menopause) or through obesity.

3.3. Exclusion criteria

Women with pacemakers, metal implants, blood coagulation
disorders, tumors, fever, menstruation and pregnant women
were not included in this study.

3.4. HIFEM technology tested device

In this pilot study, FDA approved device for female urinary
incontinence treatment BTL EMSELLA (BTL EMSELLA,
BTL Industries Inc.) was used.

3.5. Methods
The effect of HIFEM technology on QoL of incontinent
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Figure 1: HIFEM™ technology

3. MATERIALS AND METHODS

3.1. Aim

The aim was to investigate the effect of HIFEM technology on
QoL of incontinent patients. For such purpose 3 hypotheses
were created:

patients was assessed through the King’s Health
Questionnaire (KHQ). The KHQ detects incontinence
impact in patients’ socio-emotional life and activities
of daily living (ADL) (13). Additionally, number of used
hygienic pads and patients’ subjective feedback were
recorded.



4. COLLECTING THE DATA

4.1. Data collection
Data was collected pre-, post-treatment and during 3- and
6-month follow-ups.

4.2. BTL EMSELLA therapy protocol

All women absolved 6 therapies scheduled 2x a week.
Therapy was performed by medical personnel, who
positioned the patient into a comfortable sitting position,
feet on the floor, hip, knee and ankle joints perpendicularly
flexed. 30-minute duration for each treatment session.

4.3. Therapy parameters

Frequency range 20-30 Hz with trapezoid intensity
modulation was used to achieve gradual motor unit
recruitment. Relative intensity (in %) was gradually increased
from patients’ motor up to above the motor threshold.

4.4. Statistics

Data of 30 patients was collected and statistically evaluated.
During the course of treatment no adverse events occurred
and therapy was well tolerated. KHQ scores were calculated
and tested for statistical significance by means of Student’s
t-test at statistical significance level p<0.05. Improvements
were compared as follows: between pre-treatment and post-
treatment data, between pre-treatment and 3- and 6-month
follow-ups data. Patients’ reports of the number of used
hygienic pads were calculated as statistical frequency
of occurrence between pre-treatment and post-treatment
data, between pre-treatment and 3- and 6-month follow-
ups data. Additionally, subjective feedback was collected
from all patients. The frequency of answer occurrence was
calculated.

5. RESULTS

5.1 The King’s Health Questionnaire results

The KHQ has two parts — Part 1 reports about the general
health perception; Part 2 reports about the incontinence
impact on the patient’s life. The scores are calculated
separately. The research results proved/disproved following
hypotheses and are discussed in the text below:

» HO: Course of treatments with the HIFEM technology
will not lead to any improvement of QoL of incontinent
patients.

HO hypothesis disproved. All patients (n=30) have
improved their QoL after a course of treatment with
the HIFEM technology, which was proved by H1.

» H1: Course of treatments with the HIFEM technology
will lead to significant improvement of QoL
of incontinent patients.

H1 hypothesis proved. After the course of treatment
with the HIFEM technology, 95 % of treated patients
reported improvement in the QoL according to the
scores of the KHQ. Before the therapy, the average
score of the KHQ-Part 1 was 82.08 points. After
course of treatment with the HIFEM technology, the
average score of the KHQ-Part 1 was 51.67 points,
which decreased to 45.42 points during 3 months and
to 48.33 points during 6 months, respectively. These
improvements are demonstrated as 37%, 42% and
38% levels of improvement in general health perception
(p<0.05).

Before the therapy, the average score of the KHQ-Part
2 was 187.50 points. After a course of treatment with
the HIFEM technology the average score of the KHQ-
Part 1 was 103.75 points, which decreased to 81.11
points during 3 months and further to 74.44 points
during 6 months, respectively. These improvements
are demonstrated as 37%, 55% and 57% levels of
improvement (p<0.05).

5.2 The results of use of hygienic pads

* H2: Course of treatments with the HIFEM technology
will reduce the use of hygienic pads.

H2 hypothesis proved. In this study, 12 patients wore
hygienic pads during the day and night. Before the therapy,
average number of used hygienic pads was 1.1 pad per day
and night. After a course of treatment, 67 % (n=9) of treated
patients totally eliminated or decreased the average
number of used hygienic pads decreased to 0.45 pad per
day and night. The results were maintained during the 3-
and 6-month follow-ups.

5.3. The patients’ subjective evaluation of the therapy
Additionally, patients answered the question ‘What is the
major difference you noticed after the BTL EMSELLA
therapies?’

40 % of patients reported that they are able to perform
proper contraction of the PFM; 28 % of patients were able
to contract PFM selectively; 20 % of patients reported
better muscle firmness and 12 % of patients reported that
the period between micturition is longer. Additionally, all
patients (n=30; 100 %) reported better awareness of pelvic
floor muscles.



Level of Improvement [%]

KHQ score pre-treatment (Mean+SD) 82.08%29.53 187.50%£119.24
KHQ score post-treatment (Mean+SD) 51.67£33.62 103.75+83.07
KHQ score, 3-month follow-up, (Mean+SD) 45.42126.83 81.11£64.94
KHQ score, 6-month follow-up, (Mean+SD) 48.33+23.66 74.44+58.03
Level of improvement, Pre/Post-treatment 37% 37%
Level of improvement, Pre-treatment/3-month follow up 42% 55%
Level of improvement, Pre-treatment/6-month follow- up 38% 57%

Figure 2: Results of the KHQ score
SD = standard deviation
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6. DISCUSSION

To regain continence, regular pelvic floor muscles
exercising is required. Normally, 300-500 contractions
of the pelvic floor muscles should be performed to begin
to develop a new motor pattern, whereas 3,000-5,000
contractions are required to erase and correct poor
motor pattern. During 1 session using HIFEM technology,
thousands PFM contractions are performed. This method
is extremely important to PFM re-education as the patients
are not able to perform this high-repetition rate pattern due
to PFM weakness and an inability to consistently contract
this muscle group. After 6 therapeutic sessions with HIFEM
therapy, patients developed the new motor pattern needed
to better control pelvic floor muscles and also regained
muscle strength and continence control (3-9, 12-16).

7. CONCLUSION

Ul represents a significant psycho-socio-economical
healthcare problem that has a major negative impact
on today’s modern lifestyles. The majority of patients are
not satisfied with the current treatment methods offered,
which include surgical intervention, drug therapy, pelvic
floor muscles exercising (Kegel) or minimally invasive
intravaginal procedures. This latest research, as well as,
previous studies suggest that HIFEM technology leads
to significant improvement in QoL of incontinent patients,
maintains a patient’s privacy all while avoiding more invasive
approaches.
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ABSTRACT

Background:

Stress urinary incontinence (SUI) is a prevalent condition
among women and negatively affects their quality of life
(QoL). The aim of the study was to assess the effect
of High-Intensity Focused Electromagnetic (HIFEM)
technology in the treatment of SUI.

Study Design/Materials and Method:

30 women from two clinics (United States, Bulgaria) with SUI
were delivered a treatment course with HIFEM technology.
Patients attended 6 therapies scheduled 2x a week. QoL
was assessed through King’s Health Questionnaire (KHQ).
Data was collected pre-, post-treatment, at 3- and 6-month
follow-up visits. All patients reported the number of used
hygienic pads. Scores of questionnaires were calculated
and statistically evaluated through t-test (p<0.001). Number
of used hygienic pads was calculated as average.

Results:

Course of the treatment with the HIFEM technology
significantly improved QoL of all women. This was
demonstrated as 77% level of improvement in incontinence
impact according to the KHQ scores during 6-month
follow-up. 95% of patients decreased the use of hygienic
pads to 2.0 pads per day and night post-treatment. 71%
of patients significantly decreased the use of hygienic pads
to 1.33 pad per day and night during 6-month follow-up.

Conclusion:
Results suggest that HIFEM technology is an efficacious
therapy for treatment of SUI.

1. INTRODUCTION

1.1. Medical background of stress urinary incontinence
Urinary incontinence (Ul) is a prevalent condition manifested
as involuntary urine leakage and represents a hygienic
and a social problem. Ul may be classified as stress,
urge or mixed type. The stress urinary incontinence (SUI)
is usually caused by stress applied over the pelvic floor
muscles and bladder, where in the common case this
stress is led by coughing, sneezing, laughing or physical
activities. In women, the reasons for SUI include events
such as condition after childbirth, hormonal changes
in menopause, physical inactivity, obesity, aging or pelvic
organ prolapse (cystocele, rectocele, uterine prolapse).
Further concomitant effects in sexually active women, such
as decreased gratification during intercourse and other
related dysfunctions, could also be present. In the majority
of the cases, patients with SUI, evaluate their QoL
as affected in a negative manner due to their condition.

1.2. Current treatment methods for SUI

Therapeutic approaches for SUI depend on the underlying
causes of the problem and involve medications, pelvic
floor muscles exercising and re-education or surgical
interventions.

1.2.1. Drug treatment

The most used drugs for SUl are Alpha-adrenergic agonists,
anticholinergic and antispasmodic agents. However, their
effectiveness is not always certain and wide range of side-
effects are present.



1.2.2. Pelvic floor muscles exercising

The Agency for Healthcare Research and Quality suggests
rehabilitation techniques such as vaginal weight training
or Kegel exercises with a biofeedback. Vaginal weight
training involves intravaginal approach pertruding patient’s
privacy and comfort. On the other hand, non-invasive Kegel
exercises are hard to perform in patients with SUI, because
of the decreased level of the pelvic floor muscle awareness
and inability to contract these muscles selectively. The
conventional muscle strengthening and re-educationinclude
intravaginal electrostimulation, which is discomfortable for
the patient and risk of tissue burn is still present.

1.2.3. Pelvic floor surgery
The surgical intervention involves procedure that increases

positioned inside a chair applicator. High-intensity
focused electromagnetic fields interact and depolarize
the pelvic floor motoneurons. Fields deliver focused
electromagnetic energy into whole pelvic floor area, which
results in selective and supramaximal pelvic floor muscles
contractions.

2.2. Supramaximal pelvic floor muscles contractions

For its myostimulative effect, the method is used in pelvic
floor muscles strengthening in order to adress the SUI.
The patient affected by the SUI is not able to contract
pelvic floor muscles selectively, therefore HIFEM
represents targeted pelvic floor muscles strengthening
and re-education. As the electromagnetic field passes
through human body non-invasively, therapy is delivered

Figure 1: HIFEM technology mechanism of action

urethral outlet resistance — Transobturator Vaginal Tape
(TVT). TVT are in the common case carried out only after
all other approaches took place.

1.2.4. Behavioral changes

Benefits for improving the condition, to some extent, may
be provided by behavior changes such as quitting smoking,
avoiding alcohol, losing excess weight, avoiding physical
activities (e.g. jumping, running etc.).

As discussed, the SUI condition is prevalent and finding
more effective and non-invasive method addressing SUI
appears essential for the female intimate health.

2. HIFEM technology

2.1. Mechanism of action
HIFEM technology uses high-intensity = focused
electromagnetic fields, which are generated by a coil

to the patients whilst they remain fully clothed throughout
the whole therapy.

3. MATERIALS AND METHODS

3.1. Aim
The aim of the study was to assess the effect of HIFEM
technology in treatment of SUL.

3.2 Subjects

30 women with SUI (classified as SUI type 0-2a), aged
between 38-75 years (MeanzSD= 57.99+10.36) were
voluntarily comprised in this study.

3.3. Inclusion and exclusion criteria

Women with diagnosed SUI were the main inclusion
criterium. Women with pacemakers, metal implants,
blood circulation disorders, tumors, fever, menstruation
and pregnant women were excluded from the study.



3.4. BTL EMSELLA™ device

FDA approved device for female urinary incontinence
treatment BTL EMSELLA (BTL EMSELLA, BTL Industries
Inc.) was used in the course of treatments.

3.5. Used methods

The effect of the course of treatments with the HIFEM
technology was assessed through the King's Health
Questionnaire (KHQ). The questionnaire detects the
general health condition and incontinence impact in day-
to-day life. Additionally, patients were asked to report the
number of used hygienic pads.

4. DATA COLLECTION

4.1. Data collection
Data was collected pre- and post-treatment. The long-term
effect was evaluated during 3- and 6-month follow-ups.

4.2 Therapy protocol

All patients were delivered the course of treatments
consisted of 6 therapies scheduled 2x a week. Patients
sat on the BTL EMSELLA chair, feet on the ground, hips,
knees and ankles were perpendicularly flexed. Throughout
the procedure all patients remain fully clothed. Therapy
duration was set to 28 minutes; frequency range between
20-30 Hz with trapezoid intensity modulation were used
to achieve gradual motor unit recruitment. Intensity (in %)
was set according to patients’ feedback and comfort
to trigger supramaximal pelvic floor muscle contractions.

4.3. Statistical evaluation
Data of 30 patients was collected and statistically evaluated.

During the course of treatment no adverse events occured
and therapy was well-tolerated by all patients. KHQ scores
were calculated through Student’s t-test (p<0.001). Results
were compared between pre- and post-treatment, pre-
treatment and 3- and 6-month follow-ups data. Patients’
reports about the use of hygienic pads were calculated
as average pre-, post-treatment, and 3- and 6-month
follow-ups.

5. RESULTS

5.1. The KHQ results
The results are discussed in the text below (See Figure 2).

5.1.1. KHQ Part 1 results

Pre-treatment average score of the KHQ-Part 1 was
97.78+34.67 points. Post-treatment average score of the
KHQ-Part 1 decreased to 65.83+29.31 points. During
3-month follow-up average score further decreased
to 59.72+30.25 points, and to 55.00+£35.12 points during
6-month follow-up. These scores are calculated as 28%,
34% and 39% levels of improvement of general health
perception (p<0.001).

5.1.2. KHQ Part 2 results

Pre-treatment average score of the KHQ-Part 2 was
284.91+147.08 points. Post-treatment average score
of the KHQ-Part 1 decreased to 110.19+115.66 points.
During 3-month follow-up the score further decreased
to 85.00+119.72 points. During 6-month follow-up the
score decreased to 71.02+122.34 points. These scores are
calculated as 61%, 70% and 77% levels of improvement
of decreased negative incontinence impact (p<0.001).

Score pre-treatment (Mean+SD)
Score post-treatment (Mean+SD)
Score 3-month follow-up (MeanSD)
Score 6-month follow-up (MeanSD)

Level of improvement pre- and post-treatment (%)

Level of improvement pre-treatment and 3-month follow-up (%)

Level of improvement pre-treatment and 6-month follow-up (%)

97.78+£34.67 284.91£147.08
65.83+29.31 110.191£115.66
59.72%30.25 85.00%119.72
55.00+35.12 71.02+122.34

28% 61%

34% 70%

39% 7%

Figure 2: Results of the KHQ score
Legend: SD = standard deviation; KHQ = King’s Health Questionnaire



5.2. Hygienic pads results

Pre-treatment, patients used on average 2.43 hygienic pads
per day and night. Post-treatment, all patients decreased the
use to 2 pads per day and night. All patients completed 3-
and 6-month follow-up. During 3-month follow-up patients
used 1.4 pad per day and night. During 6-month follow-up
patients used 1.33 pad per day and night (See Figure 3).

7. CONCLUSION

The results obtained from this study suggest the HIFEM
technology is promising approach for pelvic floor muscles
stimulation that further improves the quality of life among
SUI patients.

Use of hygienic pads

3
25
2

Number of pads 1.5

0.5

Pre-treatment

Post-treatment

3-month follow-up ~ 6-month follow-up
Time period

Figure 3: Use of hygienic pads

6. DISCUSSION

Prior to undergoing the treatment, the majority of patients
described, according to the answers in the KHQ, that
their overall health condition is affected and role, social
and emotional limitations are present, which signifies
affected QoL. Improvement in patients’ QoL was observed
in short- and long-term period according to the results
of KHQ and decreased use of hygienic pads. Evidence for
effectiveness of this method in addressing SUI is available
from previous research. These results are explained
through intense stimulative effect of the entire pelvic floor
area by using high-intensity focused electromagnetic fields.
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Background:

Urinary incontinence (Ul) has a prevalence of 30-40%
in post-partum and menopausal women. Women may
be reluctant to discuss Ul with their healthcare providers
as well as the degree to which it may negatively impact
their quality of life (QoL) for numerous reasons including
embarrassment and fear associated with treatment
options. Women consistently express the preferred desire
to address Ul in a non-surgical and discreet manner. This
study sought to report on results of a novel non-surgical
treatment that may provide an affordable and discrete
solution to this common problem.

Study Design/Materials and Method:

This is a retrospective two-site study investigating the
effectiveness of the treatment using quantified data,
as well as the impact on QoL of incontinent women using
a High-Intensity Focused Electromagnetic Technology
(HIFEM) device.

20 women, 45 to 77 years (58.63+SD=9.86) who presented
with urinary incontinence including stress, urge and mixed
Ul, were included in a pilot study. All patients completed
a total of 6 treatments performed twice weekly for
3 consecutive weeks. Twenty patients completed King’s
Health Questionnaire (KHQ) pre- and post-treatment. The
same data was collected during 3 and 6-month follow-up
as well. Additionally, patients reported the frequency
of urinary leakage episodes and pad usage. Scores of the
KHQ were calculated and statistically evaluated through
t-test (p<0.05). The frequency of urinary leakage episodes
and number of used hygienic pads were calculated through
frequency of occurrence.

Results:
Treatment with the HIFEM technology significantly improved
QoL scores in all patients. There was a 60% improvement

in both parts of the KHQ which were maintained through
the 6-month follow-up (p<0.05). Nearly 75% of patients
significantly decreased urinary leakage or achieved total
dryness and maintained these results through follow-up.
Pre-treatment, 16 patients used on average 2 hygienic pads
per 24 hour period. During 3-month follow-up, 6 patients
used 0.6 pads, 10 patients were completely dry. Twenty
patients completed the 6-month follow-up, with eleven
patients completely dry and 5 patients used 0.5 pads per
24 hour period. The vast majority of the patients decreased
usage of hygienic pads to a minimum or totally eliminated
usage.

Conclusion:
Results suggest that HIFEM technology significantly
improves the QoL and reduces Ul in post-partum
and menopausal female patients who present with all
types of Ul. This study confirms that further investigation
is warranted.

1. INTRODUCTION

1.1. Prevalence of urinary incontinence

Urinary incontinence (Ul) is defined as an involuntary
loss of urine affecting mainly the female population.
It is estimated that prevalence in young women is 20-30%,
in mid-aged women 30-40%, whereas in elderly women
prevalence rises to 50%.

1.2. Cause and consequence of urinary incontinence
The pelvic floor muscles (PFM) support pelvic organs
and help control continence. Due to physiological changes
such as body aging, childbirth or hormonal changes,
PFM decondition and do not provide sufficient support for
pelvic organs and continence control. This leads to PFM
dysfunction with direct consequence toward incontinence.



1.3. Types of urinary incontinence and treatment options
There are 3 types of Ul comprising stress urinary
incontinence (SUI), urge incontinence and mixed urinary
incontinence (MUI).

1.3.1. Stress urinary incontinence

Clinical symptoms of SUI are associated with involuntary
urinary leakage during increased intra-abdominal pressure
(e.g. coughing, sneezing, laughing, lifting etc.). The cause
of the SUI is discoordination among weakened PFM
and increased abdominal pressure. SUI is often associated
with vaginal delivery, studies have shown 78.5 % of women
were unable to contract pelvic floor muscles properly 1 year
after delivery. SUI occurs as well in the post-menopausal
period. Weakening of the pelvic floor muscles is caused
by reduced estrogen level. In the case of SUI, treatment
options range from PFM exercising (e.g. Kegel), intravaginal
electrotherapy, hormone therapy, in addition to surgical
intervention. Surgical intervention is recommended usually
only in severe cases of SUI and a vast majority of female
patients are reluctant to undergo surgical intervention,
especially due to adverse events such as bleeding,
development of urge incontinence due to inability to empty
the bladder fully, and decreased sexual satisfaction.

1.3.2. Urge urinary incontinence

Urge incontinence is associated with an intense desire
to void, during which the bladder pathologically contracts
without cause. It is a neuromuscular dysfunction, typically
representing a symptom of an underlying disease (e.g.
diabetes mellitus). Traditional treatment of urge incontinence
usually involves drug treatment.

1.3.3. Mixed urinary incontinence
A third type — mixed urinary incontinence (MUI) usually

includes combination of stress and urge incontinence
symptoms. MUI treatments usually involve a combination
of PFM exercises and drug therapies. (1, 2)

1.4. Disadvantages of current treatment options

There are disadvantages to current treatment methods.
In the case of SUI, one of the main problems in the case
of pelvic floor exercising is the patients’ inability to selectively
contract their pelvic floor muscles and to maintain an exercise
routine. Kegel exercises are the most common form of PFM
excercise, yet lack proof of efficiency as an effective solution.
Another available treatment is intravaginal electrotherapy
and biofeedback. A common concern of intravaginal
electrostimulation is the electrode placements, which can
cause patient’s discomfort. Adverse events can include
bleeding, localized pain orirritation of the tissue under the patch
electrodes. Surgical interventions are invasive and can also
include adverse events. Pharmacotherapy is non-targeted,
and side-effects such as dry mouth, bowel constipation
and indigestion can occur. Today, both physicians and their
patients seek a solution that meets the criteria of providing
an effective clinical outcome via a non-invasive modality.

2. HIFEM technology

2.1. HIFEM technology Mechanism of Action

High-intensity Focused Electromagnetic technology
(HIFEM) uses focused electromagnetic field with its intensity
measured in Tesla. Such an intense electromagnetic
field passes non-invasively through the pelvic floor area,
interacts with PFM motoneurons and subsequently triggers
supramaximal PFM contractions due to the action potential.

2.2. Supramaximal pelvic floor muscle contractions
Maximal voluntary contraction (MVC) is the greatest

4 )

Figure 1: HIFEM technology mechanism of action



amount of tension that could be developed and held
physiologically by the PFM for a few seconds.
Contractions with a tension higher than MVC are defined
as supramaximal. HIFEM triggers supramaximal PFM
contractions and holds them for multiple seconds (see
Figure 2). Supramaximal contractions are independent
of brain function and target directly the motoneurons
in the pelvic floor area. This phenomenon cannot
normally be achieved by voluntary muscle action (e.g.
Kegel exercise).

Common exercise
(Kegel)

H2: Course of treatments with the HIFEM technology
will reduce the frequency of urine leakage episodes
and number of used hygienic pads.

3.3. Subjects

Subjects were enrolled after their voluntary agreement
and signed written informed consent. 20 women, 45 to 77
years (58.63+tSD=9.86) with SUI, urge incontinence
and MUI were included in the pilot study. According to the
patients’ history, Ul was a consequence of vaginal delivery,

BTL EMSELLA
supramaximal contractions

Figure 2: Supramaximal contractions caused by BTL EMSELLA device

2.3. HIFEM muscle re-education

During a normal treatment session, thousands of PFM
supramaximal contractions are performed. This is extremely
important to PFM re-education, as the patients are typically
not able to perform these high-repetition rate contractions
due to PFM weakness.

3. MATERIALS AND METHODS

3.1. Aim

We aimed to investigate the impact of the course of treatment
on QoL of incontinent patients through a device based
on HIFEM technology.

3.2. Hypotheses

We hypothesized as follows:

HO: Course of treatments with the HIFEM technology will
not improve the QoL of incontinent patients.

H1: Course of treatments with the HIFEM technology will
significantly improve the QoL of incontinent patients.

sudden weight change, obesity or post-menopausal
status.

3.4. BTL EMSELLA device

FDA cleared device for female urinary incontinence
treatment. BTL EMSELLA (BTL Industries, Marlborough,
MA) was used in the course of treatments.

3.5. Inclusion and exclusion criteria

The main inclusion criteria were female patients with
diagnosed stress, urge or mixed Ul. Women with
pacemakers, metal implants, blood circulation disorders,
tumors, fever, menstruation and pregnant women were
excluded from the study.

3.6. Used methods

The effect of the course of treatments with the HIFEM
technology on the QoL of incontinent patients was assessed
through the King’s Health Questionnaire (KHQ). KHQ helps
to observe the general health condition and incontinence



impact on day-to-day life. Additional questions inquired
regarding the number of used hygienic pads and frequency
of urinary leakage.

4. DATA COLLECTION

4.1. Data collection
Data was collected pre- and post-treatment. The long-term
effect was tested during 3- and 6-month follow-ups.

4.2. Therapy protocol

All patients completed 6 therapy sessions, 2 times per week.
Patients were instructed by medical personnel to sit on the
BTL EMSELLA chair with their spine straight, feet on the
ground, hips, knees and ankles perpendicularly flexed.
Throughout the procedure patients remained fully clothed.
Therapy duration was set at 28 minutes; frequency range
between 20-30 Hz with trapezoid intensity modulation were
used to achieve gradual motor unit recruitment. Intensity
(in %) was set according to patients’ feedback and comfort
to achieve supramaximal PFM contractions.

4.3. Statistical evaluation

Data from the 20 patients were collected and statistically
evaluated. During the course of treatment, no adverse
events were recorded, and therapy was well-tolerated
by all patients. KHQ scores were calculated (p<0.05).
Results were compared between pre- and post-treatment,
pre-treatment and 3- and 6-month follow-up data. Patients
reported frequency of the urinary leakage episodes and use
of hygienic pads, this data was then calculated as frequency
of occurrence between pre- and post-treatment, as well
as between pre-treatment and 3- and 6-month follow-ups.

5. RESULTS

5.1. The KHQ results
The results and hypotheses are discussed in the text below.

* HO: Course of treatments with the HIFEM technology
will not improve the QoL of incontinent patients.

HO hypothesis disproved. All patients (n=20) experienced
improved QoL after course of treatment with the HIFEM
technology, which was further proved by H1.

*  H1: Course of treatments with the HIFEM technology
will improve the QoL of incontinent patients.

H1 hypothesis proven.

5.1.1. KHQ Part 1 results

Pre-treatment average score of the KHQ-Part 1 was
92.22 points. Post-treatment average score of the
KHQ-Part 1 decreased to 66.94 points. During 3-month
follow-up, average score further decreased to 60.56 points,
and to 37.04 points during 6-month follow-up, respectively.
These scores are demonstrated as 50%, 51% and 60%
levels of improvement in general health perception (p<0.05).

5.1.2. KHQ Part 2 results

Pre-treatment average score of the KHQ-Part 2 was 194.63
points. Post-treatment average score of the KHQ-Part
1 decreased to 154.44 points and was maintained during
3-month follow-up. During 6-month follow-up the score
decreased to 90.59 points. These scores are demonstrated
as 53%, 61% and 60% levels of improvement (p<0.05).

Score pre-treatment (Mean+SD)
Score post-treatment (Mean+SD)
Score 3-month follow-up (MeanSD)
Score 6-month follow-up (MeanSD)

Level of improvement pre- and post-treatment (%)

Level of improvement pre-treatment and 3-month follow-up (%)

Level of improvement pre-treatment and 6-month follow-up (%)

92.22+36.09 194.63+107.34
66.94134.91 154.441104.23
60.56+27.68 154.63187.42
37.04134.44 90.59+90.79

50% 53%

51% 61%

60% 60%

Figure 3: Results of the KHQ score
Legend: SD = standard deviation; KHQ = King’s Health Questionnaire
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Figure 4: Level of improvement in the patients’ QoL according to the KHQ scores

5.2. The urinary leakage episodes and use of hygienic

pads

*  H2: Course of treatments with the HIFEM technology
will reduce the frequency of urine leakage episodes
and number of used hygienic pads.

H2 hypothesis proven.

5.2.1. Urinary leakage episodes

Pre-treatment, all patients reported urine leakage in different
severity (See Figure 6). Post-treatment, in 7 patients urine
leakage episodes decreased to 1-3x a day, whereas
4 patients were completely dry. During 3-month follow-up,
7 patients decreased episodes to 1-3x a day, and another
11 patients to 1-3x a week, while 5 patients were completely

Frequency/number of patients

dry. 20 patients completed the 6-month follow-up. 3 patients
decreased episodes to 1x a day, whereas 12 decreased
episodes to 1-3x a week, while 5 patients were completely
dry.

5.2.2. Use of hygienic pads

Pre-treatment, 16 patients used on average 2 hygienic pads
per 24 hour period. Post-treatment, 12 patients decreased
use to 0.8 pad per 24 hour period, whereas 4 patients
were completely dry. During 3-month follow-up, 6 patients
were using 0.5-0.6 pad per 24 hour period, whereas
10 patients remained completely dry. At the 6-month
follow-up, 5 patients were using 0.5-0.6 pad per 24 hour
period, whereas 11 patients remained completely dry (See
Figure 6).

Pre-treatment 3 3
Post-treatment 2 2
3-month follow-up 0 0
6-month follow-up 0 0

4 2 2 4 0
3 3 3 1 4
2 2 5 4 5
3 2 4 6 5

Figure 5: Frequency of leakage episodes
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Number of hygienic pads

Figure 6: Use of hygienic pads

6. DISCUSSION

The results suggest that the treatment with HIFEM
technology significantly decreases the negative impact
incontinence has in patients’ day-to-day life. This
improvement was observed in both short- and long-term
results by KHQ, decreased frequency of urine leakage
episodes, and decreased use of hygienic pads. The results
are explained through myostimulation of the pelvic floor
area by using high-intensity focused electromagnetic fields
therapy, which trigger supramaximal PFM contractions.
A single session brings thousands of PFM contractions.
This is extremely important in PFM re-education helping
the patients to regain PFM strength and bladder control.

7. CONCLUSION

Ul represents an important healthcare problem with high
prevalence and negative impact on patients’ QoL. As most
ofthe patients are not suitable for current treatment methods,
this study as well as previous research, suggest that Ul can
be treated non-invasively through HIFEM technology.

8. LIMITATIONS

The limitations of this study were the small number
of patients and absence of a control group, such that
a control randomized study with larger number of patients
should take place in further research.

9. CONFLICT OF INTEREST

Authors declare that no conflict of interest exists.
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ABSTRACT

Background: Post-prostatectomy incontinence (PPI) is
a common and bothersome side effect of the surgery which
may be persistent. Aim of this pilot study is to document the
change in quality of life (QoL) of subjects with PPI treated
by High-Intensity Focused Electromagnetic (HIFEM)
procedure.

Materials and methods: Ten male subjects (72.90+3.90
years) with history of prostatectomy accompanied
by persistent PPl were recruited. They received six
28-minute HIFEM treatments spaced two treatments per
week. Change in subject’s QoL was monitored by using
standardized King’s Health Questionnaire (KHQ) at the
baseline, after the last therapy, at 1 month, and 3 months.
The usage of absorbent pads was assessed by 24-hour
Pad Usage questionnaire. Data was statistically analyzed
and tested for normality (0=5%).

Results: All patients showed improvement of QoL after
HIFEM treatments. KHQ score decreased significantly in
both parts of questionnaire (30.8 points in Part |, P=0.002;
107.5 points in Part 1l, P=0.001) revealing that subjects
improved most in the domains: incontinence impact (23.3
points; P=0.01), social limitations (21.1 points; P=0.01),
emotions (18.9 points; P<0.001), role limitations (18.3
points; P=0.03), and sleep/energy (13.3 points; P=0.04). All
of the differences in domain scores exceeded the minimally
clinically important difference of 5 points. The 1-month and
3-month data showed further improvement in subject’s
QoL. All ten subjects were using absorbent pads at the
baseline. Post-treatment, they reported average reduction
of 1.0 absorbent pad per day. Also, two subjects were pad
free after the last therapy. HIFEM procedure was safe and
no adverse event was found.

Conclusion: The first use of HIFEM procedure for the
treatment of PPl in men showed that HIFEM can significantly
improve QoL immediately after the last treatment and this
improvement may be sustained. In future research, it is
necessary to identify longevity of achieved outcomes.

INTRODUCTION

Surgical removal of prostate referred as radical prostatectomy
is one of the most common therapeutic options for patients with
localized prostate cancer'-3. Despite the latest advancements
in surgical techniques and therapeutic approaches, still
post-prostatectomy incontinence (PPI) is a commonly reported
side effect of the operation with prevalence reaching up to
60%?2. Although patients may recover from PPI in one year
post surgery, as much as 65% of them continue to experience
incontinence symptoms beyond 12 months*5.

During surgery the prostatic segment of urethra is being
removed with occasional intraoperative damage to intrinsic
and striated urethral sphincters along with impairment of
detrusor contractility, triggering the PPI'®7. Urodynamic
examination revealed that vast majority of incontinent men
after prostatectomy tend to describe symptoms consistent
with stress urinary incontinence (SUI)8. There are also several
risk factors which increase the subjects predisposition to
develop PPI, including pre-existing abnormalities of bladder
function, high body mass index, and advancing age?°.

PPl is a clinically significant and distressing condition.
It has a high impact on quality of patient’s life (QoL)3,
negatively affects mental health and subsequently leads to
social isolation™. Nevertheless, due to the similar etiology
of PPl and SUI, the non-surgical strengthening of pelvic
floor muscles (PFM) may be effectively used to recover
subject’s continence and self-esteem.



Continence in men depends on the contribution of urethral
constriction by striated muscles which maintains its
activation during urine storage and prevents urine leakage
when intra-abdominal pressure is suddenly raised during
physical activities®. To enhance muscular control of urinary
incontinence (Ul), patients are recommended to perform
pelvic floor muscle training (PFMT) by teaching an accurate
voluntary PFM contractions timed against increases in
intra-abdominal pressure?. However, the conventional
PFMT faces the difficulty to selectively engage the PFM
and patients may not be able to sustain the intensity of
contractions.

We  hypothesized  that  High-Intensity = Focused
Electromagnetic (HIFEM) procedure may be a promising
alternative for a non-invasive PPI treatment. It utilizes time-
varying magnetic fields of great intensities which selectively
targets neuromuscular tissue to induce supramaximal PFM
contractions. In contrast to voluntary contractions, the
supramaximal contractions are of higher tension and they can
be easily sustained, therefore the muscles are encouraged
to improve its strength and function. The efficacy of HIFEM
procedure for Ul treatment and QoL changes in women has
been established by the recent research'-#, nonetheless its
effectiveness in men is not clear yet.

The aim of this pilot study is to document changes in quality
of life following HIFEM procedure in male population
suffering from persistent PPI.

MATERIALS AND METHODS

Ten elderly men with average age of 72.90+£3.90 years were
recruited. All of them had a history of radical prostatectomy
(2014-2017) accompanied with continuous PPl symptoms.
At the time of enrollment, they were examined for medical
history and eligibility with inclusion/exclusion criteria listed
in the manual of investigated device. The study was carried
out with respect to generally accepted ethical standards
stated in Declaration of Helsinki and all subjects signed
informed consent prior to the treatments.

In the course of three weeks the subjects were required
to undergo six 28-minute HIFEM procedures (2 sessions
per week). Treatments were performed over the pelvic area
by utilizing EMSELLA device (BTL Industries Inc., Boston,
MA,; see Figure 1), capable of inducing supramaximal PFM
contractions. EMSELLA uses flat spiral coil to generate
HIFEM fields which may be modulated according to the
patient’s tolerability on the scale from 0-100% (2.5 Tesla).
As the proper positioning is necessary to maximize therapy

outcomes, subject’s posture was supervised by the therapist
and verified by using device’s positioning system to achieve
optimal PFM contractions.

Figure 1: Subject device. The spiral coil is embedded in the center of the
therapeutic chair and connected to the main unit which supplies the whole
system with power and allows operator to adjust therapy settings.

The evaluation of change in subject’'s QoL was assessed
by the standardized King’s Health questionnaire (KHQ,
Part | and Part Il) and 24-hour Pad Usage questionnaire
at baseline and after completion of the treatments. The
1-month and 3-month follow-up visits have been scheduled
as optional. Subjects were monitored throughout the whole
study for occurrence of any adverse events.

Obtained results were compared to baseline and
statistically analyzed by two-tailed paired t-test with level
of significance set as 5%. Normality of data was verified by
the Shapiro-Wilks test for normality.

RESULTS

All subjects successfully finished the treatments while three
subjects completed also the 1-month and 3-month non-
mandatory visits. The KHQ showed significant improvement
in QoL of alltreated patients. The total baseline KHQ score was
significantly reduced from 426.9+117.5 t0 288.6+£133.4 points.
The improvement was seen in both parts of questionnaire.
Score of Part 1 (general health perception and incontinence
impact) decreased on average from 114.2+24.2 to 83.3+26.4
points (-27.0%; P=0.002) post treatment, whereas Part Il
(role limitations, physical limitations, personal relationships,
emotions and sleep/energy, severity measures) showed
even more pronounced improvement from 312.8+98.1 to
205.3£93.9 points (-34.4% P=0.001).



The change in score divided according the particular KHQ
domains is shown in Figure 2. Detailed analysis revealed
that subjects improved most in sleep/energy domain (-13.3
points, 53.3%; P=0.04), emotions (-18.9 points, 42.5%;
P<0.001) and social limitations domain (-21.1 points, 42.2%;
P=0.01) which indicated a significant shift in subject’s QoL.
The greatest absolute improvement in score was observed
in the incontinence impact domain, as subjects reported
reduction of 23.3 points (-30.4%; P=0.01). Also, the role
limitations domain, which refers to limitations of daily

90

75

KHQ score

Role
limitations

General health Incontinence
perception impact

Physical
limitations

Part |

limitations

8, who also showed continuous improvement of QoL at
1 month which persisted at 3 months. Nonetheless, subject
No. 6 was not able to sustain treatment-induced changes at
3 months and reported slight elevation of score in both parts
of KHQ, since he returned to his post-treatment values.

24-hour Pad Usage questionnaire revealed that all of the
subjects were using absorbent pads at baseline with an
average use of 2.5 pads per day. In addition, four subjects
reported they wore pads at night due to the nocturia. After
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Figure 2: Difference in mean KHQ score achieved in particular KHQ domains (mean * standard error). Maximum score of each domain is 100 points.
Lower scores indicate patient wellbeing and higher scores mean that the QoL is severely affected by the PPI. The statistical significance of difference in

score is highlighted by the asterisk (*P<0.05; ***P<0.001).

activities, showed substantial improvement of 18.3 points
(31.4%; P=0.03). In general, all of the differences in domain
scores exceeded the minimal clinically important difference
(MCID) of 5 points, suggested by Kelleher et al'.

Further improvement was seen at 1 month in those
subjects (N=3) who referred to their follow-up visits (see
Table 1). Documented results suggest that effect of HIFEM
procedure may improve in time as the examined patients
showed a decrease in Part | and Part Il scores at 1 month.
Subject No. 5 even reached zero score in Part | of the KHQ,
meaning that incontinence did not affect his life and he also
rated his health condition as “very good”. Results of subject
No. 5 persisted up to 3 months followed with noticeable
improvement in Part Il of the questionnaire, leading to
overall score of 16.7 points (reported in physical limitations
domain). Similar tendency was observed in subject No.

the treatments the whole patient group reduced pad usage
on average by 1.0 pad (1.5 pads per day on average).
Furthermore, two subjects reported to be pad free and two
out of four subjects achieved complete reduction of pads
used during the sleep.

DISCUSSION

Post-prostatectomy incontinence considerably compromises
men’s quality of life. As health-related QoL is a multidimensional
construct, it involves all aspects of human wellbeing including
health status in general, physical activities, psychological
state and social interactions®. Therefore, many individuals are
seeking for an effective treatment options, hoping that they no
longer have to worry about the inability to control their bladder
during their day-to-day activities. This study documented that
HIFEM procedure may be effectively used for treatment of PPI.



The present results showed clinically significant decrease in
all KHQ domains which also corresponds with reduced usage
of absorbent pads. The procedure was safe and no adverse
event was documented.

Previous studies have described that impact of PPI can
be reduced by PFM strengthening by the means of pelvic
floor muscle exercises or electromagnetic stimulation?®.
Majority of the papers studied the evolution of Ul and QoL
in the 12-month post-treatment period or evaluated effects

This study documented significantimprovementin QoL after
only six HIFEM treatments. Presumably, adding additional
two to four treatments according to the severity of subject’s
symptoms may result into more noticeable improvement.
At baseline subjects achieved highest KHQ score in the
incontinence impact domain, followed by the role limitations,
physical limitations, social limitations, emotions and
severity measures domains, which in general corresponds
to severe post-operative UI'®. The greater is the urinary
loss, the greater impact it has on these domains of QoL.

Part | score (range 0-200) Part Il score (range 0-700)
P Baseline tre:;)nitent 1 month 3 months | Baseline tre::):l:ant 1 month 3 months
5 83.3 33.3 0.0 0.0 244 4 83.3 41.7 16.7
6 116.7 116.7 58.3 91.7 233.3 194.4 186.1 222.2
8 91.7 83.3 58.3 58.3 275.0 202.8 113.9 113.9

Table 1: KHQ score (Part | and Part Il) of subjects at 1 month and 3 months.

of pre-operative PFMT on male continence as the PPl is
iatrogenic, therefore predictable and perhaps preventable®.
Although it was found that patients with stronger PFM need
less time to be continent after the surgery, and at the same
time they report higher QoL levels, the evidence is still
limited due to the lack of randomized controlled trials?181°,
Also the exercise protocols may possibly fail to properly
target the muscles that control continence in men or do
not target the aspect of function that needs to be trained®.

The PPlis associated with impaired functioning of striated
urethral sphincter, pubovisceralis, bulbocavernosus,
and levator ani muscles which cannot fully compensate
the prostate removal, thus control urethral pressure and
prevent descent from excessive abdominal pressure?°:2,
Therefore, it is hypothesized that optimal treatment
strategy should aim to target these particular muscles.
HIFEM procedure utilizes non-invasive and painless
electromagnetic stimulation of pelvic floor. It selectively
activates motor neurons?? that innervate striated
muscles. The high repetition rate of stimulation forces
muscles to perform intense supramaximal contractions
which lead to enhanced strength, endurance?®, and
re-education. Due to the great penetration, depth, and
zero attenuation of magnetic field in biological tissues?*;
the HIFEM procedure is able to effectively stimulate the
muscles involved in the male continence mechanism,
treat incontinence and consequently improve QolL.

As the severity of incontinence symptoms decreased after
the treatments, patients showed uniform improvement in
all KHQ domains accompanied with a reduced number of
pads used. The examination showed that elderly subjects
with persistent PPI appreciated that they were less limited
in their social life (being able to visit relatives without being
afraid of urine leakage) or when performing daily/physical
activities and they also slept better. Emotions domain
showed that patients did not feel depressed due to the PPI
after the treatments and in general, they reported a more
pro-active life style.

We see the strength of our study in detailed analysis of
KHQ which is complex, highly reliable, and validated
questionnaire that covers important aspects of patient’s
QoL. On the other hand there are several limitations in
this pilot research. The sample size of ten subjects is
relatively small and enables only basic statistical analysis.
Furthermore, this study lacks solid follow-up data, since
only three subjects referred to their 1-month and 3-month
follow-ups. In future studies it would be mandatory to
observe prolonged effect of HIFEM procedure on QoL
similarly to Yamanishi et al'®, as the individual results
of subjects 5,6, and 8 suggest that outcomes may
considerably improve over time. This coincides with the
findings of Frontera et al?®, who observed significant and
continuous muscle changes in an elderly man in a 12-week
period (approximately 3 months) after the strength training



program. Results may be also influenced due to the
specific patient group consisting of elderly men (average
age of almost 73 years), where muscle response is
mediated through a combination of hypertrophy and neural
adaptation?®, and strength gains (although substantial),
may be less than in young individuals. Moreover, the male
urinary incontinence is being often associated with erectile
dysfunction?”. Since sexual function is also an integral
part of QoL, later studies should consider assessing its
changes as well.

CONCLUSION

This pilot study documented the first use of HIFEM procedure
for the treatment of persistent post-prostatectomy incontinence
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Abstract

Introduction: Pelvic Floor Muscles (PFM) supports the pelvic floor organs, control continence and is crucial for
adequate genital arousal and attainment of an orgasm. Due to the aging process, post-delivery condition or
menopause, the PFM weaken. Therefore, they do not provide sufficient support to pelvic organs, bladder control,
and they may negatively affect intimate satisfaction.

Aim: We aimed to investigate the High-Intensity Focused Electromagnetic (HIFEM) technology for strengthening
of PFM in women with impeded sexual functioning.

Methods: 30 women (average age 36.41 + 5.62) with limited arousal, ability to achieve orgasm and painful
intercourse participated in the study. Patients underwent 6 treatments (28 minutes each) scheduled twice a week.
Standardized Female Sexual Function Index (FSFI) questionnaire was used pre-, post-treatment, and at the 3-
month follow-up visit. FSFI scores were statistically evaluated through student’s t-test (a=0.05). Subsequently,
Pearson correlation coefficient was calculated for sections arousal/lubrication, lubrication/orgasm, orgasm/
satisfaction, and pain/desire.

Results: The average total FSFI score significantly (p<0.001) increased from 20.06 + 6.55 to 30.69 + 7.55 post-
treatment and to 30.29 + 7.37 during the 3-month follow-up. A significant improvement was observed in all FSFI
sections. The most significant change at the 3-month follow-up was observed in desire (76%), satisfaction (76%)
and orgasm (60%) items. The overall FSFI score was improved in 93% (n=28) of patients post-treatment. All
patients (n=30; 100%) showed improvement during the 3-month follow-up.

Conclusion: Our initial experience shows that HIFEM technology is a promising method in addressing women'’s
decreased sexual satisfaction through the strengthening of PFM.

orgasm and enables a woman to identify, isolate, and command PFM
[14].

Keywords: HIFEM; FSFI; Sexual dysfunction; Pelvic floor muscles;
Myostimulation

Any insult to the pelvic floor can potentially lead to denervation of
the female erectile tissues followed with sexual dysfunction [10,15,16].
The main cause for the development of Pelvic Floor Disorder (PFD)
occurs when the PFM and connective tissue weaken. Weak or
deconditioned muscles may provide insufficient activity necessary for
vaginal friction or blood flow, and thus inhibit orgasmic potential
[13,14]. Therefore the initial approach for the treatment of PFD and

Introduction

Healthy sexual function is an essential component of life. Sexual
dysfunction can, therefore, have a negative impact on female well-
being [1]. Female Sexual Dysfunction (FSD) is age-dependent and
highly prevalent in premenopausal and menopausal women. Available
studies report on the prevalence of sexual dysfunction in the female

population to be ranging between 25% and 63% [2-9]. The incidence in
women younger than 25 years was found to be approximately 20%
while in women aged 55-74 years the incidence was up to 80% [7].

Pelvic floor and its functioning are closely linked to a healthy female
sexual cycle. It is formed by several pelvic muscles which support the
pelvic organs and maintain their normal function by keeping these
organs in their anatomical position. Pelvic Floor Muscles (PFM) also
play an important role in pregnancy parturition, attainment of orgasm
[10-12] and are responsible for adequate genital arousal [13,14].
Firmer muscle tone adds intensity to the muscle contractions during

FSD is to start with the strengthening of PFM [11,12,17].

Non-invasive addressing of PFM should be the first treatment
option prior to any surgical intervention. A novel approach for non-
invasive targeting of PFM is a treatment based on High-Intensity
Focused Electromagnetic (HIFEM) technology. The HIFEM
technology triggers intense PFM contractions by depolarizing
motoneurons and inducing electric currents in the pelvic floor area.
The focused electromagnetic energy penetrates into the depth of up to
10 cm into the pelvic floor area where it induces supramaximal and
brain-independent contractions at high repetition rates [18,19].
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Due to the intense repetitive muscle stimulation combined with the
vasodilating effect of electromagnetic fields and restoration of the
muscle tonus, we assume that HIFEM may positively affect female
intimate health and sexual functions. The subject of the study is a
device based on HIFEM technology (BTL EMSELLA, BTL Industries
Inc., Boston MA), which is FDA cleared for strengthening of pelvic
floor muscles in the treatment of female urinary incontinence (UI).

Previous studies [18,19] investigating the HIFEM technology for UI
proved that female patients reported a significant decrease in
incontinence symptoms as well as a reduction in usage of incontinence
pads. As the HIFEM technology impacts the PFM due to its
myostimulatory effect, it could be beneficial not only in bladder
control, but also in improvement of intimate life and sexual functions.

We aimed to investigate the myostimulatory effect of a High-
Intensity Focused Electromagnetic (HIFEM) technology on PFM in
women who reported impeded sexual functioning. We hypothesized
that HIFEM can strengthen PFM and as a consequence will improve
the quality of intimate life.

Method

Study design

This was a retrospective single-arm study of the patients who had
been admitted to our department between 2017-2018. A total of 30
female patients (average age 36.41 £ 5.62) were enrolled. The inclusion
criteria included initial impeded sexual functioning through limited
arousal, impaired ability to achieve orgasm and increased intercourse
pain.

Patients with pregnancy, metal implants, tumor, blood coagulation
disorder, and vaginal infectious disease were excluded from the study.
Before the treatments, all subjects received informed consent about the
treatment procedure and signed written consent.

The patients received a treatment procedure applied to the PFM
using the BTL EMSELLA device (BTL Industries Inc., Boston MA)
based on HIFEM technology. The device consists of a control unit and
a cable connecting the unit to a chair with an in-built circular coil.
During the treatment, the device generates a focused electromagnetic
field with intensities of up to 2.5 T and penetrating into depths of up to
10 cm.

The treatment protocol consisted of six treatments scheduled twice a
week with a single treatment lasting for 28 minutes. The treatment
protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki adopted by the General Assembly of the World Medical
Association (1997-2000) and by Convention on Human Rights and
Biomedicine of Council of Europe (1997).

During the treatment, patients were seated on the chair and
remained fully clothed. Prior to the therapy, each of the patients
received verbal instructions about the course of the therapy and about
the principles of supramaximal PFM contractions. Contractions are
supposed to help them to identify, isolate and command their PFM.

After the instructions, the patients were positioned on the chair and
the optimal position for inducing muscle contractions was identified.
Then, the therapy was initiated with low intensity which was
continuously adjusted during the treatment in accordance with patient
tolerance threshold [18,19].

Data collection

As a standard part of the treatment procedure, all of the 30 enrolled
subjects reported patient’s feedback in the form of the standardized
Female Sexual Function Index (FSFI) questionnaire pre- and post-
treatment, and during the 3-month follow-up visit [20]. Obtained
feedback was statistically analyzed by comparing the pre- and post-
intervention patients' condition.

A normal data distribution has been assumed (0.05 significance
level), therefore the parametric Student t-test was used to calculate the
significance of FSFI full-scale scores and individual FSFI sections.
Furthermore, Pearson correlation coefficient was calculated for paired
items Arousal/Lubrication, Lubrication/Orgasm, Orgasm/Satisfaction,
and Pain/Desire. Bonferroni correction was applied according to the
number of the carried tests. Finally, the percentage of improved
patients was calculated according to the FSFI full-scale score.

Results

The analysis of the pre-treatment FSFI questionnaires showed an
average full-scale score of 20.06 * 6.55, which according to the
predefined cut-point of 26.5 indicates sexual dysfunction. The post-
treatment average full-scale score significantly increased to 30.69 +
7.55 and was maintained during 3-month follow-up at the level of
30.29 + 7.37 (p<0.001). The total FSFI scores are shown in Figure 1.
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Figure 1: Changes in FSFI full score in treated patients. Data are
visualized in box plots; blue rectangles contain 50% of data

(interquartile range). Whiskers indicate the variability of the results.

The spread of whiskers and Interquartile Range (IQR) in the Figure
1 indicate the variability of the results obtained at the baseline. Before
the treatments, there were patients with substantially lower FSFI score
indicating moderate sexual function issues.

After the procedure consisting of 6 treatments the score significantly
increased and also the variability of the data was reduced. At the 3-
month follow-up, these results sustained showing no shift in the
average, while the patient’s scores were spread closely around the
median.

The level of average improvement in the FSFI score, expressed in
percentage, was on average 53% after the last treatment and was
maintained at 51% (p<0.001) during the 3-month follow-up.
Immediately after the 6™ treatment, an improvement in FSFI score was
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observed in 28 (93%) subjects. During the follow-up appointment, all
of the patients (n=30, 100%) reached a certain degree of improvement.

The improvement was observed in all individual sections of the FSFI
questionnaire, while the most prominent average improvement was

seen in sexual satisfaction (+76%), in sexual desire (+76%) and in
orgasm (+60%). The scores of individual sections can be seen in Table
1.

Timing FSFI Score Mean * SD (Median)

Desire Arousal Lubrication Orgasm Satisfaction Pain
Before 2.79 £ 0.63 (3.00) 8?31310; 2 3.42 +1.89 (1.60) ?32200? 198 ?20810? "o ?422?0? 7
Afer 4914093 (540 s670 3600 600 ey oo
o rsomam  JEEe s IR T PR

Table 1: A detailed description of FSFI items scores.

The analysis of relationships between the changes in different
sections was performed to assess potential correlations. A highly
significant correlation was observed in the case of before-after and
before-follow-up for pairs Lubrication/Orgasm and Orgasm/
Satisfaction (Table 2). The strong correlation ranged between 0.65-0.71

and was statistically significant. The correlation between the
differences in Arousal and Lubrication score showed to be insignificant
with weak correlation coeflicients. No correlation was found between
the pair Pain/Desire. Calculated correlations for investigated pairs can
be found in Table 2.

Correlations

Timeline Arousal and Lubrication Lubrication and Orgasm Orgasm and Satisfaction Pain and Desire
Difference before-after r=0.34 r=0.65* r=0.68* r=0.13
Difference before-follow-up r=0.15 r=0.66* r=0.71* r=0.03

Table 2: Statistically significant (Bonferroni correction, alpha less than 0.006) correlations are marked with an asterisk symbol (*).

Discussion

The results suggest that the treatment procedure with HIFEM
technology leads to significant improvement of the intimate life in
female patients with FSD. The improvement was observed in all
sections of the FSFI questionnaire in both short- and long-term results.

We contribute this improvement to well-structured intense pelvic
floor workout delivered through HIFEM, induced supramaximal PFM
contractions consequently accompanied with increased blood flow
[21]. The correlation analysis showed a positive strong relationship
between lubrication and orgasm, indicating that the treatments
improved the vaginal lubrication of the patients which then was
reflected in the increased ability to achieve orgasm.

Similarly, strong correlation was found between the orgasm and
satisfaction. This indicates that the patients were able to reach orgasm
easily which was logically reflected in their sexual satisfaction. On
contrary, no correlation was found between the pain and the desire
even though it could be assumed that reduced pain would lead to
increased sexual desire [22,23].

The importance of PFM strength during intercourse was described
by the previous authors [10-17,24-28] whose results correlate with our
findings. Piassarolli et al. concluded that increased EMG activity of
PFM muscles was associated with the improvement in all FSFI items
[25]. Kanter et al. found that among sexually active women (n=370), a

strong pelvic floor was associated with higher scores in the FSFI
orgasm domain [11].

The results of our study correlate with this research as the most
significant improvement was observed in sexual satisfaction, desire,
and orgasm domain. Similar results were reported by Martinez et al.
where women with stronger PFM scored higher in the domains: desire,
excitement, orgasm and also reported higher levels of FSFI score [26].
Authors also reported a moderate correlation between PFM strength
and sexual satisfaction as well as between lubrication and PFM
strength. This was also supported by findings from Lowenstein et al.
stating that women with strong or moderately strong PFM scored
significantly higher on the FSFI orgasmic and arousal domains than
women with weak PFM [27].

The duration of PFM contraction was correlated with FSFI orgasmic
domain and sexual arousal. Their finding suggests that both the
orgasm and arousal function are related to better PFM function.
Furthermore, Aydin et al. reported that Vaginal Electrostimulation
(VES) treatment leads to improvement of total FSFI score, particularly
in arousal, desire, orgasm, and satisfaction sections [29]. They
observed no significant changes in pain or lubrication domains.
Comparing to our study, pain was the part where we observed the
lowest level of improvement. However, we would like to highlight that
the VES includes an intravaginal probe which is not comfortable for
the patient, while the BTL Emsella procedure is performed fully
clothed and without a need of intravaginal probe.
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The results show the importance of PFM in female intimate life and
the fact, that they can be addressed in a non-invasive way. Both sexual
dysfunctions and incontinence are strongly affected by the actual
condition of PFM and as such, these two indications frequently
accompany each other. The treatments are ideal for improving both
aspects in patients with weak pelvic muscles and are thus an alternative
not only to women who experience leakage issues but also to those
who feel their sexual satisfaction is impeded and could be improved.

Conclusion

The obtained FSFI data showed a significant improvement in female
sexual function through the strengthening of PFM. The data suggest
BTL EMSELLA as an effective tool for improving patient’s sexual life
satisfaction and as such, it is a promising alternative to existing
treatment options and deserves further investigation.
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HIFEM® TECHNOLOGY IN TREATMENT OF PELVIC
FLOOR MUSCLES AS A CAUSE OF FEMALE SEXUAL
DYSFUNCTION - MECHANISM OF ACTION

HIFEM* TECHNOLOGY CAUSES DEEP PELVIC FLOOR MUSCLE STIMULATION.

 Pelvic floor muscles support the pelvic floor organs, control the continence and play a crucial role in adequate genital arousal

and attainment of orgasm.

* Their weakness or deconditioning provide insufficient activity necessary for vaginal friction or blood flow, and therefore inhibit

orgasmic potential.

* HIFEM therapy key effectiveness is based on focused electromagnetic energy, in-depth penetration, and stimulation

of the entire pelvic floor area.

* A single HIFEM session brings thousands of supramaximal pelvic floor muscle contractions, which are extremely important

in muscle stimulation of women with sexual dysfunction.

THE ROLE OF THE PELVIC FLOOR MUSCLES

IN SEXUAL LIFE

Pelvic floor and its functioning are tightly linked to a healthy female
sexual cycle. Pelvic floor muscles (PFM) are responsible for adequate
genital arousal and attainment of orgasm. Firmer muscle tone adds
intensity to the muscle contractions during orgasm and enables
a woman to identify, isolate, and command PFM. The role of PFM
is strongly associated with female sexual dysfunction and pelvic
floor disorder.

FEMALE SEXUAL DYSFUNCTION

Accordingtothe Diagnosticand Statistical Manual of Mental Diseases
(DSM), sexual dysfunction is characterized by a disturbance in the
processes that characterize the sexual response cycle or by pain
associated with sexual intercourse. American Foundation for
Urological Disease (AFUD) divided female sexual dysfunction
(FSD) into 4 groups: sexual desire disorder, sexual arousal disorder,
sexual orgasm disorder, and sexual pain disorders.

FSD AND PELVIC FLOOR DISORDER

The main cause for the development of pelvic floor disorder
(PFD) occurs when there is a weakening of pelvic floor muscles
and connective tissues. This results in varying degrees of loss
of support of the pelvic floor organs in their anatomical position
within a woman body. Disorder of PFM may also be a cause
of a FSD such as painful intercourse experience (dyspareunia).
Causes are increased resting PFM activity. Weak or deconditioned
muscles may provide insufficient activity necessary for vaginal
friction or blood flow, and inhibit orgasmic potential.
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THE TREATMENT OF PELVIC FLOOR MUSCLES

AS A CAUSE OF FSD

PFD and FSD are strongly associated with pelvic floor musculature,
therefore it is the key tissue to address first. According to the
latest studies, women with better PFM function have increased
sexual function and satisfaction during intercourse. It has also been
proposed that during intercourse, sexual pleasure is enhanced for
both partners by genital responses provided by PFM contractions.
Furthermore, the female orgasmis strongly associated with oxytocin,
a neuropeptide released during the PFM work. It is believed that
vaginal sexual feeling closely relates to muscle tone, thus can
be improved through muscle education/exercise.

HIGH-INTENSITY FOCUSED ELECTROMAGNETIC TECHNOLOGY
(HIFEM)

HIFEM technology uses intense focused electromagnetic fields
to trigger intense PFM contractions by depolarizing motoneurons
and inducing electric currents in the pelvic floor area. The
mechanism of action is based on focused electromagnetic energy
with its deep penetration up to 10 cms into the pelvic floor area
and supramaximal PFM contractions.

SUPRAMAXIMAL PELVIC FLOOR MUSCLE CONTRACTIONS

Maximal voluntary contraction (MVC) is the greatest amount
of tension that could be developed and held physiologically by the
muscle, but usually only for a split second. Contractions with
a tension higher than MVC are defined as supramaximal. HIFEM
causes supramaximal PFM contractions in high-repetition-rate
which are independent of brain function and cannot be achieved

BTL EMSELLA
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Figure 1. PFM activation using HIFEM technology compared to common exercise (e.g. Kegel).
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voluntarily. HIFEM technology is able to create supramaximal PFM
contractions and hold them for a couple of seconds (see Figure
1. The key to the effectiveness of HIFEM technology is in the
gradually increasing intensity of the focused electromagnetic fields
and frequency of pulses, which result in unique vigorousness of the
contractions. During 1 session using HIFEM technology, thousands
PFM supramaximal contractions are performed. Such effect cannot
be achieved through common exercise (e.g. Kegel). This directly
modifies the muscle structure, inducing a more efficient growth
of myofibrils - muscle fiber hypertrophy, the creation of new protein
strands and muscle fibers - muscle fiber hyperplasia. Strengthened
and firmed muscles again fully serve as a support for pelvic organs,
which are kept in their anatomical positions.
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HIFEM THERAPY PROTOCOL

HIFEM therapy protocol takes around 30 minutes and causes
enhanced blood circulation through intense PFM stimulation.
The stimulation leads to patient’s ability to identify, isolate
and command PFM during orgasm. This effect is achieved through
3 phase stimulation protocol - intense and gradually increasing
PFM stimulation, increased blood supply to PFM due to intense
workout followed by PFM relaxation to prevent muscle overloading.
Intense pelvic floor workout is accompanied by release of oxytocin.
Repetition of these phases and focused electromagnetic energy
delivery leads to pelvic floor muscle stimulation, adaptation,
and remodelation.
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Figure 2: A frontal view of the pelvic floor muscles and bladder using medical ultrasound. Relaxed and loosened pelvic floor
muscles and bladder (left). Stimulated and lifted pelvic floor muscles and bladder using HIFEM technology (right).
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HIFEM™ TECHNOLOGY IN TREATMENT
OF URINARY INCONTINENCE
MECHANISM OF ACTION

HIFEM* TECHNOLOGY CAUSES DEEP PELVIC FLOOR MUSCLE STIMULATION
AND RESTORATION OF THE NEUROMUSCULAR CONTROL.

» Key effectiveness is based on focused electromagnetic energy, in-depth penetration, and stimulation

of the entire pelvic floor area.

* A single HIFEM session brings thousands supramaximal pelvic floor muscle contractions, which are
extremely important in muscle re-education of incontinent patients.
* Incontinent patients are not able to perform high-repetition rate pattern due to pelvic floor muscles

weakness.

The role of the pelvic floor muscles

Pelvic floor muscles (PFM) are the group of muscles
that support the pelvic floor organs and control
continence. Due to the body’s normal aging, childbirth
and menopause, PFM decondition and insufficiently
support the pelvic floor organs. These conditions
have a direct correlation to incontinence.

Figure 1. Cause and consequence of urinary incontinence.

Incontinence

Incontinence is defined as an involuntary loss of urine.
The International Continence Society defines 3 main
types of incontinence according to the etiology. Stress
urinary incontinence (SUI) involves urine leakage when
events with increased intra-abdominal pressure are
performed (e.g. coughing, sneezing, laughing, lifting
etc.). SUlis caused by a loss of support of the urethra,
and deconditioned PFM as a consequence of damage
to the pelvic support structures. SUI is also strongly
associated with vaginal childbirth and menopause.
The second type is associated with a strong desire
to void and pathological contractions of the bladder,
so-called urge incontinence. Urge incontinence
is a neuromuscular dysfunction and usually represents
as a symptom of an underlying problem (e.g. diabetes
mellitus). The third type is mixed urinary incontinence
(MUD and involves a combination of both the SUI
and urge incontinence symptoms. In all 3 types,
patients are not able to contract the PFM properly
due to the muscle weakness, as in the case of SUI,

*High-Intensity Focused Electromagnetic Technology
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or due to a pathological bladder over-activity, as is the
case with urge UL.

HIFEM technology

HIFEM technology triggers intense PFM contractions
by targeting neuromuscular tissue and inducing
electric  currents. Electric currents depolarize
neurons resulting in concentric contractions and lift
up of all PFM. Key effectiveness is based on focused
electromagnetic energy, in-depth penetration,
and stimulation of the entire pelvic floor area. This
directly modifies the muscle structure, inducing
a more efficient growth of myofibrils - muscle fiber
hypertrophy, the creation of new protein strands
and muscle fibers - muscle fiber hyperplasia.
HIFEM technology causes deep PFM stimulation
and restoration of the neuromuscular control.

Figure 2: Comparison of patients” condition before and after
pelvic floor muscle stimulation using HIFEM technology.

Supramaximal pelvic floor muscle contractions

Maximal voluntary contraction (MVC) is the greatest
amount of tension that could be developed and held
physiologically by the muscle, but usually only for a split
second. Contractions with a tension higher than MVC
are defined as supramaximal. HIFEM technology is able
to create supramaximal PFM contractions and hold them
foracouple of seconds (see Figure 1). These contractions
are independent of brain function and target directly
the peripheral nerves in the pelvic floor area. This
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phenomenon leads to supramaximal contractions
which cannot normally be achieved by voluntary muscle
action (e.g. Kegel exercise). The key to the effectiveness
of HIFEM technology is in the gradually increasing
intensity of the focused electromagnetic fields and
frequency of pulses, which result in unigue vigorousness
of the contractions. During 1 session using HIFEM

T Common exercise
(Kegel)

weakness. Such effect cannot be achieved through
common exercise (e.g. Kegel).

HIFEM therapy protocol

HIFEM therapy protocol takes around 30 minutes
and consists of 3 different phases. These phases
ensure an intense awakening of the deconditioned

BTL EMSELLA
supramaximal contractions

) —»

Figure 3: PFM activation using HIFEM technology compared to common exercise (e.g. Kegel).

technology, thousands PFM supramaximal contractions
are performed. This method is extremely important
to PFM re-education as the patients are not able
to perform this high-repetition rate pattern due to PFM
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PFEM, stimulation, and relaxation of the PFM. Repetition
of these phases and focused electromagnetic energy
delivery leads to pelvic floor muscle stimulation,
adaptation, and remodelation.
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Figure 4: A frontal view of the pelvic floor muscles and bladder using medical ultrasound. Relaxed and loosened pelvic floor
muscles and bladder (left). Stimulated and lifted pelvic floor muscles and bladder using HIFEM technology (right).
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Electromyographic Evaluation of the Pelvic Muscles Activity After
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ABSTRACT

Introduction: Impaired coordination, relaxation, and atrophy of pelvic floor muscles (PFMs) may cause various
health issues referred to as pelvic floor dysfunction (PFD). In recent years, electromagnetic noninvasive stimu-
lation of the pelvic floor was successfully used to treat PFD symptoms.

Aim: This study aims to compare the effectiveness of electrical and magnetic noninvasive stimulation for the
treatment of PFD in postpartum women.

Methods: 2 intervention groups treated with high-intensity focused electromagnetic ((HIFEM]; G1) procedure
and electrical stimulation (G2) were established along with the control group (G3). Patients received 10 therapies
delivered at the hospital (G1; 2—3 times per week) or self-administered at home (G2; every other day) after initial
training. The protocol was identical for both modalities. Functionality of the PFM was examined by surface
electromyography measurements (maximal voluntary contraction [MVC]; mean MVC; muscle activity at rest;
endurance of contraction) while patient’s subjective perception of pelvic floor functionality was assessed by Pelvic
Floor Impact Questionnaire—Short Form 7 (PFIQ-7) standardized questionnaire. Changes in electromyography
values and PFIQ-7 scores were statistically evaluated from baseline to after all treatments.

Main Outcome Measure: The main outcome measure was enhancement of PFM activity.

Results: In total, 95 patients (G1 = 50; G2 = 25; G3 = 20) participated in the study. The MVC, mean MVC,
and endurance were lowered in symptomatic patients. After the treatments, these parameters significantly
increased (P < .001) and moved toward the values of healthy population. Electrogenesis at relaxation revealed
divergent tendencies in the G1 and G2 groups. PFIQ-7 scores significantly improved in treated patients
(P < .001). In general, superior results were documented in the HIFEM group as it reached improvement of
electromyography parameters from 48% to 59% (electrical stimulation from 7% to 36%) and similarly the
improvement of PFIQ-7 score by 57% (electrical stimulation by 32%).

Conclusion: This study documented that the HIFEM procedure was significantly more effective than electrical
stimulation in treatment of PFD in postpartum women. Both the objective and subjective evaluation indicates
more profound effects of magnetic stimulation. Elena S, Dragana Z, Ramina S, et al. Electromyographic
Evaluation of the Pelvic Muscles Activity After High-Intensity Focused Electromagnetic Procedure and
Flectrical Stimulation in Women With Pelvic Floor Dysfunction. Sex Med 2020;XX:XXX—XXX.
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INTRODUCTION

Electromyography (EMG) is a method frequently used for
examination of electrical activity of muscle tissue. Although this
technology is relatively new, it is assumed to be reliable and
objective, while causing minimal or no discomfort to patients.
Essentially, EMG uses the surface or intramuscular electrodes to
record the intensity of signals which propagate in the muscle
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fibers during the contraction because muscle tissue conducts
electrical potentials similar to the nerves. Results of the mea-
surements are expressed as a function of voltage over the time.
Except single-fiber EMG," measured values represent a sum of all
signals originated from the muscle tissue of certain body area.”

Besides ultrasound,”® magnetic resonance,’ manometers,’
dynamometers,” or simple palpation combined with observa-
tion,'? surface EMG (SEMG) is one of the possible objective
methods for monitoring resting level, strength, and endurance of
the pelvic floor muscles (PFMs). The pelvic floor consists of 3
main compartments—anterior (bladder and urethra), middle
(vagina and uterus), and posterior (rectum). Furthermore, there
are morphologically complex multilayers of anatomical structures
such as pelvic diaphragm (composed of levator ani and coccygeus
muscles), urogenital diaphragm (composed of connective tissue,
perineum, bulbospongiosus, and ischiocavernosus muscles), and
urethral/anal sphincters. All of these tissues are arranged in the
pelvic area and have multiple attachments to the surrounding
structures.’ Under normal circumstances, the PFM prevents
multdple disorders such as incontinence (urinary/fecal), sexual
dysfunction, or pelvic organ prolapse accompanied with pain and
discomfort. However, the atrophy and relaxation of PFMs may
promote manifestation of these heath issues, collectively referred
as pelvic floor dysfunction (PFD),'’”' occurring naturally with
aging or as a consequence of childbirth.

Recording of SEMG in women who showed certain symptoms of
PFD was reported previously by multiple authors. It has been found
that EMG is a suitable method for investigation of PEM functioning
among healthy subjects and women with signs of urinary inconti-
nence or PFM weakness.'”*' Despite the various protocols and
electrode configurations used, in general, there is a clear relationship
between the characteristics of the EMG signal and PFD. In
comparison with the healthy and asymptomatic subjects, post-
menopausal and even premenopausal women affected by some form
of PFM impairment, show distinctively lower EMG values. The
intensity of maximum voluntary contraction (MVC) is reduced
because the PFMs are weakened and endurance of contraction and
muscle activity during rest are affected as well.'>' 15720 Aside from
sEMG, various subjective questionnaires (Pelvic Floor Disability
Index, Pelvic Organ Prolapse/Urinary Incontinence Sexual Ques-
tionnaire, Pelvic Floor Impact Questionnaire, International
Consultation on Incontinence Questionnaire - Vaginal Symptoms
or Pelvic Floor Bother Questionnaire) were also used to document
strengthening and reeducation of the PFM which helped patients to

. J 22,23
improve their symptoms.

Besides the regular exercise,”* the function of the weakened
PFM can be enhanced by noninvasive PEM stimulation. Along
with well-established electrical stimulation,”””°  high-intensity
focused electromagnetic (HIFEM) technology is being more
frequently used in recent years.””*” Both technologies deliver
electric currents into the pelvic floor to depolarize membranes of
motoneurons to elicit acton potential and achieve brain-
independent muscle contractions when the action potential of

Elena et al

sufficient strength reaches the neuromuscular junction.” Howev-
er, despite the direct flow of electric charge through electrode-tissue
surface, the HIFEM induces electrical currents selectively in the
PFM by mechanism of electromagnetic induction.”’ As magnetic
field passes any medium without attenuation of the energy, the
induced contractions may be achieved at greater depths and in-
tensities”~ to possibly provide better outcomes.

Based on the rationale mentioned previously, the aim of this
study is to investigate and compare treatment outcomes of the
HIFEM procedure and electrical stimulation in women suffering
from PFD. The expected changes in PFM activity would be
examined by subjective (questionnaire) and objective (sSEMG)
methods. The measured values will be compared with asymp-
tomatic subjects.

MATERIALS AND METHODS

Patient’s Recruitment Criteria

The inclusion criteria were specified as follows: women of age
18—45 years, who had vaginal delivery, and who already stopped
lactation. There were 3 patient groups. The symptomatic pa-
tients who reported PFD symptoms related to weakened PFM as
lower urinary tract or bowel symptoms (incontinence) and/or
sexual dysfunction (dyspareunia, vaginal laxity, decreased sensi-
tivity during intimacy, inability to achieve orgasm—anorgasmia),
were randomly (2:1) divided into the G1 group treated by
HIFEM and G2 group which received electrical stimulation. The
third group G3 consisted of healthy postpartum patients, to
obtain SEMG values of normal population. Exclusion criteria
were presence of any metal implants or devices which include
metal components, pregnancy, malignant tumor, history of
surgical procedure in the pelvic region, presence of pelvic organ
prolapse of stage II-IV as per the Pelvic Organ Prolapse Quan-
tification classification, and all general contraindications for
physiotherapy. Patients were asked to perform pregnancy test
before the first treatment and then retest on a regular basis.

Ethical Considerations

This study was approved by the local ethics committee of
Hospital Lapino (MD medical group). It complied with ethical
principles stated in the Declaration of Helsinki, Convention on
Human Rights and Biomedicine, and International Ethical
Guidelines for Health-related Research Involving Humans, and
it completely excludes impairment of patients’ interests and
damage to health. All of the subjects were informed about the
potential risks and possible benefits of the study, and all partic-
ipants provided written informed consent.

Treatment Protocol

Both intervention groups received 10 treatments in total
addressing the stimulation of PFM. The GI1 group was treated
using a BTL EMSELLA (BTL Industries Inc, Boston, MA)
device, which uses HIFEM technology for noninvasive PFM

Sex Med 2020;m:1-8
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stimulation and reeducation based on the principle of electro-
magnetic induction. The device consists of a generator connected
to the chair where the stimulation coil is located. The coil emits
focused magnetic field of intensities up to 2.5 Tesla, responsible
for induction of muscle contraction up to depths of 10 cm. Each
therapy with the BTL EMSELLA device lasted 28 minutes, and
it was administered under the supervision of a skilled physician at
the Lapino Hospital. Patients were seated in a chair, and the
intensity of the stimulus was modulated on the scale of 0—100%
(0—2.5 Tesla) in accordance with their feedback up to maximum
tolerable threshold, when patients felt a strong muscle contrac-
tion but without pain or discomfort. All patients have achieved
100% intensity during the first or second procedure. Treatments
with HIFEM were addressed 2—3 times per week for a duration
of 4 weeks. The sessions were planned to suffice this interval as
per the patient/device availability. 2 consecutive treatments were
spaced at least 48 hours apart to prevent muscle fatigue.

The G2 group performed home-based and self-administered
procedures with a BioBravo (MTR+ Vertriebs, GMBH, Ger-
many) electrical stimulation device. First, the patients were
comprehensively trained how to safely and effectively use a
BioBravo stimulator. Then, they were instructed to finish
treatments at home by repeating therapy every other day. The
protocol of stimulation was identical for both groups because the
settings of the BioBravo device have been adjusted to reflect
those used by the BTL EMSELLA device. Finally, group G3 did

not receive any treatment.

sEMG Measurements

The primary outcome of the study was to perform sEMG
measurements to determine activation of the PFM in symp-
tomatic and asymptomatic patients and to document the hy-
pothesized changes caused by muscle strengthening. At first, by
using a Myomed 632 myofeedback device (Enraf-Nonius B.V.,
Netherlands), the patients were instructed how to correctly
perform contractions of the PFM without (voluntary) involving
the muscles of the anterior abdominal wall and gluteal or hip
region. When performing contractions, patients were lying in the
supine position. During the examination, they were requested to
repeat 3 specified PFM activations which consisted of the
following: 5 short (quick flick) contractions at maximum in-
tensity with an interval of 10 seconds, followed by sustained
contraction and relaxation (both 10 seconds long, 5 repetitions)
and finally the sustained contraction held as long as possible to
determine PFM endurance.™

The sEMG recordings were performed by the Myomed 632
device at the baseline (all groups) and after the patient’s last
treatment (only G1 and G2). To isolate the signal originated in
the PEM, 2 types of superficial electrodes were used: first was
applied on the anterior abdominal area (served as reference), and
the second (vaginal) electrode was mounted on the intravaginal
probe. Neutral gel was always applied on the sensor introduced
into the vagina. An experienced physiotherapist confirmed the
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correct placement of intravaginal probe and PFM contractions.
Concurrent registration of muscular electric potential by using
the vaginal and skin electrodes allowed differentiating PFM
contractions. During the sSEMG examination, myofeedback (in a
form of graph) was displayed on the device’s monitor and the
external monitor unit which was additionally connected to the
device to enlarge the graphic output. The SEMG measurements
were performed automatically by the Myomed device, following
the pattern of PFM activations described higher. These param-
eters were acquired for each patient during each visic MVC,
mean MVC, mean activity at rest/resting level (all in uV), and
endurance of contraction (in seconds).

Standardized Questionnaire

The secondary outcome was to assess subjective changes in
perception of PFD by the PFIQ-7. This standardized question-
naire was used to determine the impact of PFD on the patient’s
quality of life as it showed to be psychometrically valid and
reliable in previous research.”® Patients from groups G1 and G2
were given the PFIQ-7 at baseline and after the last treatment.
Based on their answers, the PFIQ mean scores (on a scale from
0 = no distress to 300 = maximal distress) were calculated and
compared against baseline and between the both groups.

Safety

The safety of treatments and sSEMG measurements and possible
adverse events (AEs) were monitored. Patients were also asked to
report any signs of discomfort or pain during the therapies or
caused by the positioning of the intravaginal electrode.

Statistical Analysis

All variables were checked for normality by the Kolmogorov-
Smirnov test. Descriptive statistics were estimated by the sample
mean with 95% confidence interval. The differences between
groups were tested using analysis of variance test followed by Least
Significant Difference post hoc tests. Levene’s test of homogeneity
of variance was run before analysis of variance to verify the equal
variances in groups. Paired variables were tested by a student’s
t-test. All statistical tests were 2-tailed. Whole statistical analysis
was conducted with Statistica v.6 (StatSoft Inc, Tulsa, OK), and
the significance level was set as default to 0.05 (5%). Initially, the
minimum sample size was verified by using Statistica software. At
least 19 subjects must have been included in each of the 3 tested
groups, to achieve a power of 80% with o = 5%.

RESULTS

Patient Group Characteristics

In total, 95 patients were recruited during 2018 and early 2019
in accordance with the specified criteria and current state of
patients in the clinic: G1 (n = 50), G2 (n = 25), and G3 (n = 20).
See Table 1 for detailed characteristics of patient groups. All of the
recruited patients from the G1 and G2 groups finished a prescribed
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Table 1. Characteristics of patient groups at the time of recruitment (mean followed by 95% confidence interval)

Age BMI PFD symptoms

Group (years) tkg-m™) Vaginal deliveries (% of patients)

Gl (n =50) 3112 (1.52) 23.27 (0.76) 1.76 (0.22) Urinary incontinence (74%); decreased sexual desire (36%);
decreased sensitivity during intimacy (70%); dyspareunia
(26%); hypo/anorgasmia (52%)

G2 (h = 25) 31.96 (3.20) 24.32 (3.70) 1.56 (0.27) Urinary incontinence (72%); decreased sexual desire
(449%); decreased sensitivity during intimacy (44%);
dyspareunia (24%); hypo/anorgasmia (40%)

G3 (n = 20) 27.20 (2.02) 22.40 (1.27) 1.25 (0.21) -

BMI = body mass index; PFD = pelvic floor dysfunction.

number of treatment sessions. 8 patients who reported zero PFIQ-
7 score at the baseline (G1 = 5, G2 = 3) were excluded from the
questionnaire evaluation. No AEs were observed in regard to the
delivered treatments or SEMG measurements. Subjects seldom
reported only mild discomfort when recording sSEMG using an
intravaginal electrode.

Quantification of the EMG Signal

The results of sSEMG measurements are summarized in
Table 2. In general, there are significant differences between the
symptomatic groups in comparison with healthy patients. On the
other hand, the changes in the measured values after the HIFEM
or electrical stimulation were highly statistically significant
(P < .001) in comparison with the baseline, showing that
stimulation of the PFM modifies the muscle (electrical) activity.

At baseline, measured peak intensity of the MVC signal was
significantly higher in healthy patients by approximately 22 uV
on average, when compared with that in the G1 or G2 group. At
the same time, there was no change between the intervention
groups. At the end of study, the G1 group showed significantly
higher EMG values than the G2 group (P < .001), reaching an
average change of 10.58 uV (57.29%) and 1.44 uV (7.34%),
respectively. Although the HIFEM treatment considerably
increased the PFM activity, the G1 group still showed lower
values than control.

Similar findings were observed in case of average MVC. As
expected, the average MVC magnitudes are lower in each group.
The more profound increment was also observed in the Gl
group (6.65 uV, 58.69%) compared with the modest increase of
the G2 group (0.91 uV, 6.81%). There were also significant
differences between Gl and G2 groups after treatments
(P < .05). Despite the observed improvement, asymptomatic
subjects still showed greater EMG values.

Interestingly, the examination of muscle activity at rest
revealed divergent tendencies. Initially, only the G1 group
showed significantly different (higher) values from control
(P < .05) while after the last therapy, the G1 average resting level
decreased at the level of G3 (2.08 uV and 1.90 uV, respectively).
Conversely, the average resting level of the G2 group had risen
from 2.42 pV to 3.94 uV. In conclusion, the G2 subjects

manifested significantly higher EMG values than the control and
G1 group at the end of study (P < .001).

In terms of endurance, there were observed significant dif-
ferences between both the symptomatic groups and either con-
trol group at the baseline and after the treatments (see Table 2).
The measurement of the G3 group showed that healthy patients
were able to hold contraction of the PEM on average for 62.25 s.
Furthermore, we observed a significant increase in endurance of
PFM contraction by 48.24% in the G1 group because the pa-
tients have been able to hold a contraction by 13.44 s longer after
their treatments, reaching 41.30 s in total. The G2 group
improved by 36.26%, and PFM contraction was prolonged on
average by 6.60 s.

Pelvic Floor Impact Questionnaire—Short Form 7
Patient’s subjective evaluation is summarized in Table 3 and
Figure 1. The minimal variation in the baseline score of both
symptomatic groups was insignificant. Nonetheless, after the last
treatment, there was an observed significant difference in the
PFIQ score between the G1 and G2 group (P = .01). Although
both treatment modalities resulted in highly significant subjective
improvement, the patients treated with HIFEM experienced
greater outcomes. In addition, 16 patients (35.56%) from the
G1 group reached a score of zero after the HIFEM treatments
(meaning 100% improvement against the baseline). Contrary to
this, only 3 patients (12.00%) from the G2 group, who under-
went electrical stimulation, reported zero score at their last visit.

The shift in PFIQ scores is visualized in Figure 1. As can be
seen, the relative frequency of scores was remarkably changed in
the G1 group while almost 90% of patients fall into the low-
score categories (0—10 or 10—20) after the treatments. In
addition, the scores more than 50 were entirely eliminated from
patient’s responses. The G2 group showed only minimal changes
in distribution of patient’s PFIQ scores, corresponding to a
moderate average improvement of 5.15 points (see Table 3).

DISCUSSION

Our examination of PEM electrogenesis in patients, who
showed signs of PFD, revealed a significant reduction of the
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Table 2. Results of the SEMG measurements at the baseline and after the last therapy for both treated groups (G1 and G2) and control subjects (G3) presented as mean followed by

95% confidence interval in brackets

Sex Med 2020;m:1-8

Endurance (s)

Resting level (uV)

Average MVC (uV)

Peak MVC (uV)

After Baseline After Baseline After

Baseline

After

Baseline
19.49% (2.31)

Group

41.301,*** (5.21)

27.86t1,** (4.17)

2.08 (0.38)
3.941,** (0.60)

17.99%,* (2.50) 3.85t,* (0.82)

N.33" (1.54)
13.39" (2.46)

Gl (n =50) 30.06"*** (3.75)
32.69 (1.88)

G2 (n=25)
G3(n

242 (0.45) 18.20" (2.85) 24.80" (312)
62.25 (3.68)

1.90 (0.63)

14.30" (2.42)

21.00" (2.82)

1956 (2.93)
4196 (2.51)

=20)

EMG = electromyography; MVC = maximal voluntary contraction; sEMG = surface electromyography.

Significantly different results (P < .002) against control are depicted by and * denotes significantly higher EMG values for comparison of Gl and G2.

*P <.05, P < .01, **P <.001.
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generated EMG signal in comparison with the asymptomatic
patients at baseline (MVC, mean MVC, and endurance). The
results of intervention groups G1 and G2 denote that noninva-
sive PFM strengthening is able to positively influence the activity
of the PFM. As seen in Table 2, the sSEMG measurements
obtained after therapies with the BTL EMSELLA device or
electrical stimulation showed increased values of maximum
possible voluntary contraction and endurance. It suggested that
at the end of study, patients were capable of stronger and more
complex PFM contractions resulting in reduction of PFD
symptoms (whether incontinence or sexual based), demonstrated
also by significant decrease in the PFIQ-7 score.

In contrast to sEMG measurements, which demonstrated
considerable PFM weakening in the G1 and G2 group at base-
line, the PFIQ resulted in relatively low scores in both groups.
We attribute this to perhaps a less specific grading system of the
PFIQ, when evaluating patients who showed a various range of
PFD-related symptoms of different severity. In future studies, it
might be beneficial to focus on the evaluation of particular pa-
tient’s symptoms by using condition-specific questions evaluated
by a visual analogue scale or 5- to 7-point Likert scale for
instance to enhance grading possibilities.

Comparison of the Magnetic and Electrical
Stimulation

Significantly, greater improvement in EMG values was
observed in the G1 group, treated by HIFEM technology. In
comparison with electrical stimulation, the BTL EMSELLA
device showed to be substantially more effective in restoration of
muscle strength as the MVC, mean MVC, and endurance pa-
rameters uniformly increased ranging from 48 to 59% after
HIFEM treatments. On contrary, electrical stimulation induced
only mild changes in MVC (7.34%) or mean MVC (6.81%)
while reaching mild to moderate improvement (36.26%) of
endurance.

The sEMG measurements coincide with the results of the
PFIQ. Patient’s subjective evaluation showed more pronounced
improvement in the G1 group (57.16%) than in the G2 group
(32.18%), which corresponds to the improvement rate in EMG
values. The HIFEM procedure also resulted in substantial
reduction of high PFIQ scores after the last therapy session (see
Figure 1).

PFM Electrical Activity and sEMG Measurements
Given the specific patient group and scarce evidence in liter-
ature, control group G3 was established to obtain normative
EMG values, valid for the studied sample. In general, herein
presented results coincide with the previously published findings.
It has been documented by numerous authors'”™">'"'*?" that
women who are suffering from PFD show lower MVC and
endurance values because of the impairment of the PFM. By the

proper stimulation of the PFM, patients are able to produce
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Table 3. Results of the PFIQ-7 for the both treated groups (G1 and G2) presented as mean followed by 95% confidence interval in brackets

PFIQ-7 average score Improvement
Group Baseline After Absolute Relative P-value
Gl (nh = 45) 24.68 (6.81) 5.67 (3.38) 15.01 5716% <.001
G2(h =22 26.04 (8.69) 20.89 (8.04) 515 32.18% <.001
P-value .81 .01 - - -

Absolute and relative differences against baseline were calculated.

greater voluntary contractions for longer durations. In addition,
the muscle activity at rest is influenced by the PFD as the PFMs
are less electrically active. However, the evaluation of the PFM
resting level revealed significant differences between both mo-
dalities in our study. Although the G1 group after treatments
reached similar EMG values as healthy population, patients from
group G2 showed altered muscle activation with relatively high
electromyogenesis at rest (3.94 uV on average, see Table 2). This
indicates that G2 patients cannot properly relax their PFM after
treatments because they are not able to isolate and control the
appropriate muscle activation patterns, which was then reflected
by the lower MVC amplitudes. The correct activation pattern
during PEM contraction is associated with increased activation of
the PFM and lower transverse abdominal wall with markedly less
activation of the upper abdominal and chest wall. The

G1 Baseline
70%
60%
50%
()]
on
8 a0%
c
Q
O 30%
&
20%
10%
0%
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90
PFIQ-7 Score
G1 After
70%
60%
50%
(]
[-T:]
8 40%
[=
[]
O 30%
[7]
(-9
20%
10%
0%

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90
PFIQ-7 Score

inappropriate activation refers to an increased level of abdominal
and chest wall activation while PFM activation decrease,'®
resulting in lessened strength (MVC amplitude) of contraction.

Showing high test-retest reliability,"” 14 the SEMG measure-
ment is a useful tool for detection of PFM activity. For recording
of PFM electrical activity, we used an intravaginal electrode with
a large surface to obtain EMG signals of sufficient amplitude
with high sensitivity.”’ Fortunately, the PFM encompasses only
a partial amount of subcutaneous tissue which may possibly
further attenuate the amplitude of EMG.” To prevent any
systematic error during measurements, insertion and the position
of the measuring electrode was supervised by the skilled phys-
iotherapist. The normalization of data was not considered
necessary as we assessed the same muscle group during one
measurement session without removal of the active electrode.’

G2 Baseline
50%
40%
Q
0 30%
S
c
]
5 20%
o
10%
0%
0-10 1020 2030 30-40 4050  50-60  60-70
PFIQ-7 Score
G2 After
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40%
Q
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8
f=
S
5 20%
(-9
10%
0%
0-10 1020 2030 30-40 4050  50-60  60-70
PFIQ-7 Score

Figure 1. The comparison of PFIQ-7 scores per group and appointment. The relative frequencies of scores reported by the patients of
group 1(G1) and group 2 (G2) are plotted in the graphs. There is a substantial shift toward the lower PFIQ-7 scores in the G1 group after the

treatments.
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The selectivity of measured values was accomplished by the
reference electrode, placed on the abdomen. The signal obtained
by the abdominal electrode was subtracted from the recording
site to eliminate common components, and received EMG values
thus represented summation activity of the whole PFM. To
achieve an even greater degree of selectivity, the specific design of
the vaginal electrode is required. For instance, Voorham-van
et al'* have been able to successfully measure and compare the
activity of selected pelvic muscles (pubococcygeus, puborectalis,
bulbospongiosus and ischiocavernosus) by using experimental
intravaginal probe with a matrix of 24 electrodes.

Study Limitations

Sill, a sSEMG measurement faces various challenges. The
nature of the recorded electrical signal (amplitude, frequency or
noise) is influenced by several factors, such as composition of
measured muscle along with structure and position, or placement

¢ or different

of electrodes.”” The core and skin temperature
humidity of measured environments may also influence the
signal parameters. Because of the moisture and temperature
within the vaginal lumen, it is difficult to ensure identical con-
ditions at each visit during the intravaginal measurements.
Especially, the moisture between the electrode and tissue may
lead to decreased EMG amplitude. Furthermore, the electrode
positioning is crucial for reliability of sEMG measurement.
Therefore, the operator must insert the intravaginal probe
consistently with respect to the measured muscles as the power of
the signal is affected by the electrode orientation.”” In addition,
the intravaginal probes should be designed in such a way to
minimize any impact on the PFM by its insertion to avoid cross

talk and motion artifacts.'*

Indisputably, the appropriate planning of treatments is
essential to achieve desired results. Unlike the electrical stimu-
lation, HIFEM is relatively new technology which is still being
investigated to some extent. In our study, the HIFEM treatments
were administered at least 48 hours apart (2—3 per week) to
maximize treatment outcomes but also to avoid muscle fatigue,
caused by overtreatment of the PFM, as the therapy with
maximum settings produces intense muscle contractions. Pre-
sumably, the results would differ because of changes of the
treatment frequency; however, this should be verified by future
studies.

CONCLUSION

Electromyographic measurement of PFM activity proved to be
a valid method for examination of patients with PFD (suffering
from urinary incontinence and/or accompanied with sexual
dysfunction) treated with HIFEM and electrical stimulation.
Surface EMG of the PFMs showed more profound muscle
activation after HIFEM treatments along with improved relax-
ation and enhanced endurance. As well, the PFIQ indicates
greater effect of HIFEM procedure based on the significant

Sex Med 2020;m:1-8
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change of score reported by patients. Documented outcomes
imply that the HIFEM procedure is substantially more effective
in restoration of PFM strength and treatment of PFD when
compared with the electrical stimulation, applied correspond-
ingly in postpartum women.
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Background:

Urinary incontinence (Ul) represents one of the most
prevalent female intimate health issues negatively affecting
a patients’ quality of life (QoL). Current treatment options
require a combination of pelvic floor muscles exercising
and intravaginal electrostimulation or drug treatment with
side effects. Women seek non-invasive and efficacious
solutions for UL.

Aim:

The aim was to investigate the effect of High-Intensity
Focused Electromagnetic technology (HIFEM) on QoL
of incontinent patients.

Methods:

30 women (mean age 53.05 years) with stress, urge and
mixed type of Ul took part in the pilot study. They attended 6
therapies scheduled 2x a week. QoL was assessed through
King’s Health Questionnaire (KHQ). The number of used
hygienic pads and patients’ subjective feedback were
recorded. Data was collected pre-, post-treatment, during
3- and 6-month follow-ups. KHQ scores were statistically
evaluated through t-test (p<0.05). Number of used hygienic
pads and patients’ subjective feedback were evaluated
through frequency of occurence.

Results:

After 6 treatments, 95 % of treated patients improved their
QoL according to the scores of the KHQ. These results
were maintained during the 3- and 6-month follow-ups.
67 % of the treated patients reduced or totally eliminated
the use of hygienic pads in day-to-day life. 100 % of patients
reported better awareness of the pelvic floor muscles.

Conclusion:
Results suggest that the tested device significantly improves
the QoL of incontinent patients.

Keywords:
urinary incontinence, hygienic pads, King’s Health
Questionnaire, Quality of Life, HIFEM technology, FDA

1. INTRODUCTION

1.1. Definition of the problem

Urinary incontinence (Ul) is involuntary loss of urine,
which objectively and subjectively represents a social,
psychological and hygienic problem. It is estimated that
1 in every 4 women aged between 30 and 59 years has
experienced a problem with urinary leakage. Estimation
of worldwide Ul prevalence is around 40 % of the female
population. However, a vast majority of the patients
is reluctant to discuss this intimate issue with their medical
doctors. National Association for Incontinence (NAFC)
reports that 4.5 out of 10 patients do not seek help. (1, 11)

1.2. Types of urinary incontinence

Ul can be divided into 3 types according to its’ etiology. Clinical
symptoms of stress urinary incontinence (SUI) usually involve
involuntary leakage of urine when events with increased intra-
abdominal pressure are performed (e.g. coughing, sneezing,
laughing and lifting). The cause of SUl is due to a loss of support
of urethra and deconditioned pelvic floor musculature (PFM),
whichis usually a consequence of damage to the pelvic support
structures. SUI is strongly associated with vaginal childbirth
and menopausal hormonal changes (1). The second Ul type
is associated with a strong desire to void and pathological
contractions of the bladder, so-called urge incontinence.
Urge incontinence is a neuromuscular dysfunction commonly
treated with pharmacotherapy. Urge incontinence is usually
a symptom of an underlying problem (e.g. diabetes mellitus).
The third Ul type is mixed urinary incontinence (MUI) and
involves a combination of the SUIl and urge incontinence
symptoms (1).



1.3 Treatment options for urinary incontinence

The choice of treatment for Ul depends on its’ type and
severity. In the case of SUI, treatment options range from
pelvic floor muscle exercising, intravaginal electrotherapy
up to surgical intervention. Surgical intervention
is recommended usually only in severe cases of SUI,
whereas drug treatment of urge incontinence is common.
A vast majority of patients use hygienic pads and their
quantity depends on the severity of Ul and leakage
episodes (13, 15).

2. HIFEM technology

2.1. Mechanism of Action

High-intensity Focused Electromagnetic technology
(HIFEM) triggers intense pelvic floor muscles
contractions by targeting neuromuscular tissue and
inducing electric currents. Electric currents depolarize
neurons resulting in concentric contractions and
lift up of all pelvic floor muscles. Key effectiveness
is based on focused electromagnetic energy, in-
depth penetration, and stimulation of the entire pelvic
floor area. The HIFEM technology brings deep PFM
stimulation and restoration of the neuromuscular control.
The HIFEM passes non-invasively through pelvic floor
area. Therefore, it represents a non-invasive solution
for incontinent patients, who remain fully clothed during
the therapy (2-10, 12, 14-19).

» HO: Course of treatments with the HIFEM technology
will not lead to any improvement of QoL of incontinent
patients.

» H1: Course of treatments with the HIFEM technology
will lead to significant improvement of QoL
of incontinent patients.

» H2: Course of treatments with the HIFEM technology
will reduce the use of hygienic pads.

3.2. Patients

All patients were enrolled in the pilot study after their
voluntarily agreement and signed written informed consent.
30 women aged 36-76 years (mean age 53.05%11.74)
with SUI, urge and MUI were included in the pilot study.
Ul resulted out as a consequence of vaginal childbirth,
hormonal changes (menopause) or through obesity.

3.3. Exclusion criteria

Women with pacemakers, metal implants, blood coagulation
disorders, tumors, fever, menstruation and pregnant women
were not included in this study.

3.4. HIFEM technology tested device

In this pilot study, FDA approved device for female urinary
incontinence treatment BTL EMSELLA (BTL EMSELLA,
BTL Industries Inc.) was used.

3.5. Methods
The effect of HIFEM technology on QoL of incontinent
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Figure 1: HIFEM™ technology

3. MATERIALS AND METHODS

3.1. Aim

The aim was to investigate the effect of HIFEM technology on
QoL of incontinent patients. For such purpose 3 hypotheses
were created:

patients was assessed through the King’s Health
Questionnaire (KHQ). The KHQ detects incontinence
impact in patients’ socio-emotional life and activities
of daily living (ADL) (13). Additionally, number of used
hygienic pads and patients’ subjective feedback were
recorded.



4. COLLECTING THE DATA

4.1. Data collection
Data was collected pre-, post-treatment and during 3- and
6-month follow-ups.

4.2. BTL EMSELLA therapy protocol

All women absolved 6 therapies scheduled 2x a week.
Therapy was performed by medical personnel, who
positioned the patient into a comfortable sitting position,
feet on the floor, hip, knee and ankle joints perpendicularly
flexed. 30-minute duration for each treatment session.

4.3. Therapy parameters

Frequency range 20-30 Hz with trapezoid intensity
modulation was used to achieve gradual motor unit
recruitment. Relative intensity (in %) was gradually increased
from patients’ motor up to above the motor threshold.

4.4. Statistics

Data of 30 patients was collected and statistically evaluated.
During the course of treatment no adverse events occurred
and therapy was well tolerated. KHQ scores were calculated
and tested for statistical significance by means of Student’s
t-test at statistical significance level p<0.05. Improvements
were compared as follows: between pre-treatment and post-
treatment data, between pre-treatment and 3- and 6-month
follow-ups data. Patients’ reports of the number of used
hygienic pads were calculated as statistical frequency
of occurrence between pre-treatment and post-treatment
data, between pre-treatment and 3- and 6-month follow-
ups data. Additionally, subjective feedback was collected
from all patients. The frequency of answer occurrence was
calculated.

5. RESULTS

5.1 The King’s Health Questionnaire results

The KHQ has two parts — Part 1 reports about the general
health perception; Part 2 reports about the incontinence
impact on the patient’s life. The scores are calculated
separately. The research results proved/disproved following
hypotheses and are discussed in the text below:

» HO: Course of treatments with the HIFEM technology
will not lead to any improvement of QoL of incontinent
patients.

HO hypothesis disproved. All patients (n=30) have
improved their QoL after a course of treatment with
the HIFEM technology, which was proved by H1.

» H1: Course of treatments with the HIFEM technology
will lead to significant improvement of QoL
of incontinent patients.

H1 hypothesis proved. After the course of treatment
with the HIFEM technology, 95 % of treated patients
reported improvement in the QoL according to the
scores of the KHQ. Before the therapy, the average
score of the KHQ-Part 1 was 82.08 points. After
course of treatment with the HIFEM technology, the
average score of the KHQ-Part 1 was 51.67 points,
which decreased to 45.42 points during 3 months and
to 48.33 points during 6 months, respectively. These
improvements are demonstrated as 37%, 42% and
38% levels of improvement in general health perception
(p<0.05).

Before the therapy, the average score of the KHQ-Part
2 was 187.50 points. After a course of treatment with
the HIFEM technology the average score of the KHQ-
Part 1 was 103.75 points, which decreased to 81.11
points during 3 months and further to 74.44 points
during 6 months, respectively. These improvements
are demonstrated as 37%, 55% and 57% levels of
improvement (p<0.05).

5.2 The results of use of hygienic pads

» H2: Course of treatments with the HIFEM technology
will reduce the use of hygienic pads.

H2 hypothesis proved. In this study, 12 patients wore
hygienic pads during the day and night. Before the therapy,
average number of used hygienic pads was 1.1 pad per day
and night. After a course of treatment, 67 % (n=9) of treated
patients totally eliminated or decreased the average
number of used hygienic pads decreased to 0.45 pad per
day and night. The results were maintained during the 3-
and 6-month follow-ups.

5.3. The patients’ subjective evaluation of the therapy
Additionally, patients answered the question ‘What is the
major difference you noticed after the BTL EMSELLA
therapies?’

40 % of patients reported that they are able to perform
proper contraction of the PFM; 28 % of patients were able
to contract PFM selectively; 20 % of patients reported
better muscle firmness and 12 % of patients reported that
the period between micturition is longer. Additionally, all
patients (n=30; 100 %) reported better awareness of pelvic
floor muscles.



KHQ score pre-treatment (Mean+SD) 82.08+29.53 187.50%1119.24
KHQ score post-treatment (Mean+SD) 51.67£33.62 103.75+83.07
KHQ score, 3-month follow-up, (Mean+SD) 45.42+26.83 81.11+£64.94
KHQ score, 6-month follow-up, (Mean+SD) 48.33+23.66 74.44158.03
Level of improvement, Pre/Post-treatment 37% 37%
Level of improvement, Pre-treatment/3-month follow up 42% 55%
Level of improvement, Pre-treatment/6-month follow- up 38% 57%

Figure 2: Results of the KHQ score
SD = standard deviation
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6. DISCUSSION

To regain continence, regular pelvic floor muscles
exercising is required. Normally, 300-500 contractions
of the pelvic floor muscles should be performed to begin
to develop a new motor pattern, whereas 3,000-5,000
contractions are required to erase and correct poor
motor pattern. During 1 session using HIFEM technology,
thousands PFM contractions are performed. This method
is extremely important to PFM re-education as the patients
are not able to perform this high-repetition rate pattern due
to PFM weakness and an inability to consistently contract
this muscle group. After 6 therapeutic sessions with HIFEM
therapy, patients developed the new motor pattern needed
to better control pelvic floor muscles and also regained
muscle strength and continence control (3-9, 12-16).

7. CONCLUSION

Ul represents a significant psycho-socio-economical
healthcare problem that has a major negative impact
on today’s modern lifestyles. The majority of patients are
not satisfied with the current treatment methods offered,
which include surgical intervention, drug therapy, pelvic
floor muscles exercising (Kegel) or minimally invasive
intravaginal procedures. This latest research, as well as,
previous studies suggest that HIFEM technology leads
to significant improvement in QoL of incontinent patients,
maintains a patient’s privacy all while avoiding more invasive
approaches.
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ABSTRACT

Background:

Stress urinary incontinence (SUI) is a prevalent condition
among women and negatively affects their quality of life
(QoL). The aim of the study was to assess the effect
of High-Intensity Focused Electromagnetic (HIFEM)
technology in the treatment of SUI.

Study Design/Materials and Method:

30 women from two clinics (United States, Bulgaria) with SUI
were delivered a treatment course with HIFEM technology.
Patients attended 6 therapies scheduled 2x a week. QoL
was assessed through King’s Health Questionnaire (KHQ).
Data was collected pre-, post-treatment, at 3- and 6-month
follow-up visits. All patients reported the number of used
hygienic pads. Scores of questionnaires were calculated
and statistically evaluated through t-test (p<0.001). Number
of used hygienic pads was calculated as average.

Results:

Course of the treatment with the HIFEM technology
significantly improved QoL of all women. This was
demonstrated as 77% level of improvement in incontinence
impact according to the KHQ scores during 6-month
follow-up. 95% of patients decreased the use of hygienic
pads to 2.0 pads per day and night post-treatment. 71%
of patients significantly decreased the use of hygienic pads
to 1.33 pad per day and night during 6-month follow-up.

Conclusion:
Results suggest that HIFEM technology is an efficacious
therapy for treatment of SUI.

1. INTRODUCTION

1.1. Medical background of stress urinary incontinence
Urinary incontinence (Ul) is a prevalent condition manifested
as involuntary urine leakage and represents a hygienic
and a social problem. Ul may be classified as stress,
urge or mixed type. The stress urinary incontinence (SUI)
is usually caused by stress applied over the pelvic floor
muscles and bladder, where in the common case this
stress is led by coughing, sneezing, laughing or physical
activities. In women, the reasons for SUI include events
such as condition after childbirth, hormonal changes
in menopause, physical inactivity, obesity, aging or pelvic
organ prolapse (cystocele, rectocele, uterine prolapse).
Further concomitant effects in sexually active women, such
as decreased gratification during intercourse and other
related dysfunctions, could also be present. In the majority
of the cases, patients with SUI, evaluate their QoL
as affected in a negative manner due to their condition.

1.2. Current treatment methods for SUI

Therapeutic approaches for SUI depend on the underlying
causes of the problem and involve medications, pelvic
floor muscles exercising and re-education or surgical
interventions.

1.2.1. Drug treatment

The most used drugs for SUI are Alpha-adrenergic agonists,
anticholinergic and antispasmodic agents. However, their
effectiveness is not always certain and wide range of side-
effects are present.



1.2.2. Pelvic floor muscles exercising

The Agency for Healthcare Research and Quality suggests
rehabilitation techniques such as vaginal weight training
or Kegel exercises with a biofeedback. Vaginal weight
training involves intravaginal approach pertruding patient’s
privacy and comfort. On the other hand, non-invasive Kegel
exercises are hard to perform in patients with SUI, because
of the decreased level of the pelvic floor muscle awareness
and inability to contract these muscles selectively. The
conventional muscle strengthening and re-educationinclude
intravaginal electrostimulation, which is discomfortable for
the patient and risk of tissue burn is still present.

1.2.3. Pelvic floor surgery
The surgical intervention involves procedure that increases

positioned inside a chair applicator. High-intensity
focused electromagnetic fields interact and depolarize
the pelvic floor motoneurons. Fields deliver focused
electromagnetic energy into whole pelvic floor area, which
results in selective and supramaximal pelvic floor muscles
contractions.

2.2. Supramaximal pelvic floor muscles contractions

For its myostimulative effect, the method is used in pelvic
floor muscles strengthening in order to adress the SUI.
The patient affected by the SUI is not able to contract
pelvic floor muscles selectively, therefore HIFEM
represents targeted pelvic floor muscles strengthening
and re-education. As the electromagnetic field passes
through human body non-invasively, therapy is delivered
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Figure 1: HIFEM technology mechanism of action

urethral outlet resistance — Transobturator Vaginal Tape
(TVT). TVT are in the common case carried out only after
all other approaches took place.

1.2.4. Behavioral changes

Benefits for improving the condition, to some extent, may
be provided by behavior changes such as quitting smoking,
avoiding alcohol, losing excess weight, avoiding physical
activities (e.g. jumping, running etc.).

As discussed, the SUI condition is prevalent and finding
more effective and non-invasive method addressing SUI
appears essential for the female intimate health.

2. HIFEM technology

2.1. Mechanism of action
HIFEM technology uses high-intensity = focused
electromagnetic fields, which are generated by a coil

to the patients whilst they remain fully clothed throughout
the whole therapy.

3. MATERIALS AND METHODS

3.1. Aim
The aim of the study was to assess the effect of HIFEM
technology in treatment of SUL.

3.2 Subjects

30 women with SUI (classified as SUI type 0-2a), aged
between 38-75 years (MeanzSD= 57.99+10.36) were
voluntarily comprised in this study.

3.3. Inclusion and exclusion criteria

Women with diagnosed SUI were the main inclusion
criterium. Women with pacemakers, metal implants,
blood circulation disorders, tumors, fever, menstruation
and pregnant women were excluded from the study.



3.4. BTL EMSELLA™ device

FDA approved device for female urinary incontinence
treatment BTL EMSELLA (BTL EMSELLA, BTL Industries
Inc.) was used in the course of treatments.

3.5. Used methods

The effect of the course of treatments with the HIFEM
technology was assessed through the King's Health
Questionnaire (KHQ). The questionnaire detects the
general health condition and incontinence impact in day-
to-day life. Additionally, patients were asked to report the
number of used hygienic pads.

4. DATA COLLECTION

4.1. Data collection
Data was collected pre- and post-treatment. The long-term
effect was evaluated during 3- and 6-month follow-ups.

4.2 Therapy protocol

All patients were delivered the course of treatments
consisted of 6 therapies scheduled 2x a week. Patients
sat on the BTL EMSELLA chair, feet on the ground, hips,
knees and ankles were perpendicularly flexed. Throughout
the procedure all patients remain fully clothed. Therapy
duration was set to 28 minutes; frequency range between
20-30 Hz with trapezoid intensity modulation were used
to achieve gradual motor unit recruitment. Intensity (in %)
was set according to patients’ feedback and comfort
to trigger supramaximal pelvic floor muscle contractions.

4.3. Statistical evaluation
Data of 30 patients was collected and statistically evaluated.

During the course of treatment no adverse events occured
and therapy was well-tolerated by all patients. KHQ scores
were calculated through Student’s t-test (p<0.001). Results
were compared between pre- and post-treatment, pre-
treatment and 3- and 6-month follow-ups data. Patients’
reports about the use of hygienic pads were calculated
as average pre-, post-treatment, and 3- and 6-month
follow-ups.

5. RESULTS

5.1. The KHQ results
The results are discussed in the text below (See Figure 2).

5.1.1. KHQ Part 1 results

Pre-treatment average score of the KHQ-Part 1 was
97.78+34.67 points. Post-treatment average score of the
KHQ-Part 1 decreased to 65.83+29.31 points. During
3-month follow-up average score further decreased
to 59.72+30.25 points, and to 55.00+35.12 points during
6-month follow-up. These scores are calculated as 28%,
34% and 39% levels of improvement of general health
perception (p<0.001).

5.1.2. KHQ Part 2 results

Pre-treatment average score of the KHQ-Part 2 was
284.91+147.08 points. Post-treatment average score
of the KHQ-Part 1 decreased to 110.19+115.66 points.
During 3-month follow-up the score further decreased
to 85.00+£119.72 points. During 6-month follow-up the
score decreased to 71.02+122.34 points. These scores are
calculated as 61%, 70% and 77% levels of improvement
of decreased negative incontinence impact (p<0.001).

Score pre-treatment (Mean+SD)
Score post-treatment (Mean+SD)
Score 3-month follow-up (MeanSD)
Score 6-month follow-up (Mean+SD)

Level of improvement pre- and post-treatment (%)

Level of improvement pre-treatment and 3-month follow-up (%)

Level of improvement pre-treatment and 6-month follow-up (%)

97.78+£34.67 284.91+147.08

65.83+£29.31 110.19+115.66

59.72+30.25 85.00+119.72

55.00+35.12 71.02+122.34
28% 61%

34% 70%

39% 77%

Figure 2: Results of the KHQ score
Legend: SD = standard deviation; KHQ = King’s Health Questionnaire



5.2. Hygienic pads results

Pre-treatment, patients used on average 2.43 hygienic pads
per day and night. Post-treatment, all patients decreased the
use to 2 pads per day and night. All patients completed 3-
and 6-month follow-up. During 3-month follow-up patients
used 1.4 pad per day and night. During 6-month follow-up
patients used 1.33 pad per day and night (See Figure 3).

7. CONCLUSION

The results obtained from this study suggest the HIFEM
technology is promising approach for pelvic floor muscles
stimulation that further improves the quality of life among
SUI patients.

Use of hygienic pads
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Number of pads 1.5
1
0.5 I I
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Time period

Figure 3: Use of hygienic pads

6. DISCUSSION

Prior to undergoing the treatment, the majority of patients
described, according to the answers in the KHQ, that
their overall health condition is affected and role, social
and emotional limitations are present, which signifies
affected QoL. Improvement in patients’ QoL was observed
in short- and long-term period according to the results
of KHQ and decreased use of hygienic pads. Evidence for
effectiveness of this method in addressing SUI is available
from previous research. These results are explained
through intense stimulative effect of the entire pelvic floor
area by using high-intensity focused electromagnetic fields.
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Background:

Urinary incontinence (Ul) has a prevalence of 30-40%
in post-partum and menopausal women. Women may
be reluctant to discuss Ul with their healthcare providers
as well as the degree to which it may negatively impact
their quality of life (QoL) for numerous reasons including
embarrassment and fear associated with treatment
options. Women consistently express the preferred desire
to address Ul in a non-surgical and discreet manner. This
study sought to report on results of a novel non-surgical
treatment that may provide an affordable and discrete
solution to this common problem.

Study Design/Materials and Method:

This is a retrospective two-site study investigating the
effectiveness of the treatment using quantified data,
as well as the impact on QoL of incontinent women using
a High-Intensity Focused Electromagnetic Technology
(HIFEM) device.

20 women, 45 to 77 years (58.63+SD=9.86) who presented
with urinary incontinence including stress, urge and mixed
Ul, were included in a pilot study. All patients completed
a total of 6 treatments performed twice weekly for
3 consecutive weeks. Twenty patients completed King'’s
Health Questionnaire (KHQ) pre- and post-treatment. The
same data was collected during 3 and 6-month follow-up
as well. Additionally, patients reported the frequency
of urinary leakage episodes and pad usage. Scores of the
KHQ were calculated and statistically evaluated through
t-test (p<0.05). The frequency of urinary leakage episodes
and number of used hygienic pads were calculated through
frequency of occurrence.

Results:
Treatment with the HIFEM technology significantly improved
QoL scores in all patients. There was a 60% improvement

in both parts of the KHQ which were maintained through
the 6-month follow-up (p<0.05). Nearly 75% of patients
significantly decreased urinary leakage or achieved total
dryness and maintained these results through follow-up.
Pre-treatment, 16 patients used on average 2 hygienic pads
per 24 hour period. During 3-month follow-up, 6 patients
used 0.6 pads, 10 patients were completely dry. Twenty
patients completed the 6-month follow-up, with eleven
patients completely dry and 5 patients used 0.5 pads per
24 hour period. The vast majority of the patients decreased
usage of hygienic pads to a minimum or totally eliminated
usage.

Conclusion:
Results suggest that HIFEM technology significantly
improves the QoL and reduces Ul in post-partum
and menopausal female patients who present with all
types of Ul. This study confirms that further investigation
is warranted.

1. INTRODUCTION

1.1. Prevalence of urinary incontinence

Urinary incontinence (Ul) is defined as an involuntary
loss of urine affecting mainly the female population.
It is estimated that prevalence in young women is 20-30%,
in mid-aged women 30-40%, whereas in elderly women
prevalence rises to 50%.

1.2. Cause and consequence of urinary incontinence
The pelvic floor muscles (PFM) support pelvic organs
and help control continence. Due to physiological changes
such as body aging, childbirth or hormonal changes,
PFM decondition and do not provide sufficient support for
pelvic organs and continence control. This leads to PFM
dysfunction with direct consequence toward incontinence.



1.3. Types of urinary incontinence and treatment options
There are 3 types of Ul comprising stress urinary
incontinence (SUI), urge incontinence and mixed urinary
incontinence (MUI).

1.3.1. Stress urinary incontinence

Clinical symptoms of SUI are associated with involuntary
urinary leakage during increased intra-abdominal pressure
(e.g. coughing, sneezing, laughing, lifting etc.). The cause
of the SUI is discoordination among weakened PFM
and increased abdominal pressure. SUI is often associated
with vaginal delivery, studies have shown 78.5 % of women
were unable to contract pelvic floor muscles properly 1 year
after delivery. SUI occurs as well in the post-menopausal
period. Weakening of the pelvic floor muscles is caused
by reduced estrogen level. In the case of SUI, treatment
options range from PFM exercising (e.g. Kegel), intravaginal
electrotherapy, hormone therapy, in addition to surgical
intervention. Surgical intervention is recommended usually
only in severe cases of SUI and a vast majority of female
patients are reluctant to undergo surgical intervention,
especially due to adverse events such as bleeding,
development of urge incontinence due to inability to empty
the bladder fully, and decreased sexual satisfaction.

1.3.2. Urge urinary incontinence

Urge incontinence is associated with an intense desire
to void, during which the bladder pathologically contracts
without cause. It is a neuromuscular dysfunction, typically
representing a symptom of an underlying disease (e.g.
diabetes mellitus). Traditional treatment of urge incontinence
usually involves drug treatment.

1.3.3. Mixed urinary incontinence
A third type — mixed urinary incontinence (MUI) usually

includes combination of stress and urge incontinence
symptoms. MUI treatments usually involve a combination
of PFM exercises and drug therapies. (1, 2)

1.4. Disadvantages of current treatment options

There are disadvantages to current treatment methods.
In the case of SUI, one of the main problems in the case
of pelvic floor exercising is the patients’ inability to selectively
contract their pelvic floor muscles and to maintain an exercise
routine. Kegel exercises are the most common form of PFM
excercise, yet lack proof of efficiency as an effective solution.
Another available treatment is intravaginal electrotherapy
and biofeedback. A common concern of intravaginal
electrostimulation is the electrode placements, which can
cause patient's discomfort. Adverse events can include
bleeding, localized pain orirritation of the tissue under the patch
electrodes. Surgical interventions are invasive and can also
include adverse events. Pharmacotherapy is non-targeted,
and side-effects such as dry mouth, bowel constipation
and indigestion can occur. Today, both physicians and their
patients seek a solution that meets the criteria of providing
an effective clinical outcome via a non-invasive modality.

2. HIFEM technology

2.1. HIFEM technology Mechanism of Action

High-intensity Focused Electromagnetic technology
(HIFEM) uses focused electromagnetic field with its intensity
measured in Tesla. Such an intense electromagnetic
field passes non-invasively through the pelvic floor area,
interacts with PFM motoneurons and subsequently triggers
supramaximal PFM contractions due to the action potential.

2.2. Supramaximal pelvic floor muscle contractions
Maximal voluntary contraction (MVC) is the greatest

Figure 1: HIFEM technology mechanism of action



amount of tension that could be developed and held
physiologically by the PFM for a few seconds.
Contractions with a tension higher than MVC are defined
as supramaximal. HIFEM triggers supramaximal PFM
contractions and holds them for multiple seconds (see
Figure 2). Supramaximal contractions are independent
of brain function and target directly the motoneurons
in the pelvic floor area. This phenomenon cannot
normally be achieved by voluntary muscle action (e.g.
Kegel exercise).

Common exercise
(Kegel)

/\ /\

H2: Course of treatments with the HIFEM technology
will reduce the frequency of urine leakage episodes
and number of used hygienic pads.

3.3. Subjects

Subjects were enrolled after their voluntary agreement
and signed written informed consent. 20 women, 45 to 77
years (58.63+tSD=9.86) with SUI, urge incontinence
and MUI were included in the pilot study. According to the
patients’ history, Ul was a consequence of vaginal delivery,

BTL EMSELLA
supramaximal contractions

/\ Action potentia /\ /\

lme (Ms) —»

Figure 2: Supramaximal contractions caused by BTL EMSELLA device

2.3. HIFEM muscle re-education

During a normal treatment session, thousands of PFM
supramaximal contractions are performed. This is extremely
important to PFM re-education, as the patients are typically
not able to perform these high-repetition rate contractions
due to PFM weakness.

3. MATERIALS AND METHODS

3.1. Aim

We aimed to investigate the impact of the course of treatment
on QoL of incontinent patients through a device based
on HIFEM technology.

3.2. Hypotheses

We hypothesized as follows:

HO: Course of treatments with the HIFEM technology will
not improve the QoL of incontinent patients.

H1: Course of treatments with the HIFEM technology will
significantly improve the QoL of incontinent patients.

sudden weight change, obesity or post-menopausal
status.

3.4. BTL EMSELLA device

FDA cleared device for female urinary incontinence
treatment. BTL EMSELLA (BTL Industries, Marlborough,
MA) was used in the course of treatments.

3.5. Inclusion and exclusion criteria

The main inclusion criteria were female patients with
diagnosed stress, urge or mixed Ul. Women with
pacemakers, metal implants, blood circulation disorders,
tumors, fever, menstruation and pregnant women were
excluded from the study.

3.6. Used methods

The effect of the course of treatments with the HIFEM
technology on the QoL of incontinent patients was assessed
through the King’s Health Questionnaire (KHQ). KHQ helps
to observe the general health condition and incontinence



impact on day-to-day life. Additional questions inquired
regarding the number of used hygienic pads and frequency
of urinary leakage.

4. DATA COLLECTION

4.1. Data collection
Data was collected pre- and post-treatment. The long-term
effect was tested during 3- and 6-month follow-ups.

4.2. Therapy protocol

All patients completed 6 therapy sessions, 2 times per week.
Patients were instructed by medical personnel to sit on the
BTL EMSELLA chair with their spine straight, feet on the
ground, hips, knees and ankles perpendicularly flexed.
Throughout the procedure patients remained fully clothed.
Therapy duration was set at 28 minutes; frequency range
between 20-30 Hz with trapezoid intensity modulation were
used to achieve gradual motor unit recruitment. Intensity
(in %) was set according to patients’ feedback and comfort
to achieve supramaximal PFM contractions.

4.3. Statistical evaluation

Data from the 20 patients were collected and statistically
evaluated. During the course of treatment, no adverse
events were recorded, and therapy was well-tolerated
by all patients. KHQ scores were calculated (p<0.05).
Results were compared between pre- and post-treatment,
pre-treatment and 3- and 6-month follow-up data. Patients
reported frequency of the urinary leakage episodes and use
of hygienic pads, this data was then calculated as frequency
of occurrence between pre- and post-treatment, as well
as between pre-treatment and 3- and 6-month follow-ups.

5. RESULTS

5.1. The KHQ results
The results and hypotheses are discussed in the text below.

*  HO: Course of treatments with the HIFEM technology
will not improve the QoL of incontinent patients.

HO hypothesis disproved. All patients (n=20) experienced
improved QoL after course of treatment with the HIFEM
technology, which was further proved by H1.

*  H1: Course of treatments with the HIFEM technology
will improve the QoL of incontinent patients.

H1 hypothesis proven.

5.1.1. KHQ Part 1 results

Pre-treatment average score of the KHQ-Part 1 was
92.22 points. Post-treatment average score of the
KHQ-Part 1 decreased to 66.94 points. During 3-month
follow-up, average score further decreased to 60.56 points,
and to 37.04 points during 6-month follow-up, respectively.
These scores are demonstrated as 50%, 51% and 60%
levels of improvement in general health perception (p<0.05).

5.1.2. KHQ Part 2 results

Pre-treatment average score of the KHQ-Part 2 was 194.63
points. Post-treatment average score of the KHQ-Part
1 decreased to 154.44 points and was maintained during
3-month follow-up. During 6-month follow-up the score
decreased to 90.59 points. These scores are demonstrated
as 53%, 61% and 60% levels of improvement (p<0.05).

Score pre-treatment (Mean+SD)
Score post-treatment (Mean+SD)
Score 3-month follow-up (MeanSD)
Score 6-month follow-up (Mean+SD)

Level of improvement pre- and post-treatment (%)

Level of improvement pre-treatment and 3-month follow-up (%)

Level of improvement pre-treatment and 6-month follow-up (%)

92.22+36.09 194.631107.34

66.94£34.91 154.441104.23

60.56+27.68 154.63187.42

37.04134.44 90.59£90.79
50% 53%

51% 61%

60% 60%

Figure 3: Results of the KHQ score
Legend: SD = standard deviation; KHQ = King’s Health Questionnaire
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Figure 4: Level of improvement in the patients’ QoL according to the KHQ scores

5.2. The urinary leakage episodes and use of hygienic

pads

*  H2: Course of treatments with the HIFEM technology
will reduce the frequency of urine leakage episodes
and number of used hygienic pads.

H2 hypothesis proven.

5.2.1. Urinary leakage episodes

Pre-treatment, all patients reported urine leakage in different
severity (See Figure 6). Post-treatment, in 7 patients urine
leakage episodes decreased to 1-3x a day, whereas
4 patients were completely dry. During 3-month follow-up,
7 patients decreased episodes to 1-3x a day, and another
11 patients to 1-3x a week, while 5 patients were completely

dry. 20 patients completed the 6-month follow-up. 3 patients
decreased episodes to 1x a day, whereas 12 decreased
episodes to 1-3x a week, while 5 patients were completely
dry.

5.2.2. Use of hygienic pads

Pre-treatment, 16 patients used on average 2 hygienic pads
per 24 hour period. Post-treatment, 12 patients decreased
use to 0.8 pad per 24 hour period, whereas 4 patients
were completely dry. During 3-month follow-up, 6 patients
were using 0.5-0.6 pad per 24 hour period, whereas
10 patients remained completely dry. At the 6-month
follow-up, 5 patients were using 0.5-0.6 pad per 24 hour
period, whereas 11 patients remained completely dry (See
Figure 6).

Frequency/number of patients 5x a day 3x a day 2x a day 1xaday | 3xaweek | 2x aweek | 1x a week Never
Pre-treatment 3 3 4 2 2 4 0
Post-treatment 2 2 3 3 3 1 4

3-month follow-up 0 0 2 2 5 4 5
6-month follow-up 0 0 3 2 4 6 5

Figure 5: Frequency of leakage episodes
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Figure 6: Use of hygienic pads

6. DISCUSSION

The results suggest that the treatment with HIFEM
technology significantly decreases the negative impact
incontinence has in patients’ day-to-day life. This
improvement was observed in both short- and long-term
results by KHQ, decreased frequency of urine leakage
episodes, and decreased use of hygienic pads. The results
are explained through myostimulation of the pelvic floor
area by using high-intensity focused electromagnetic fields
therapy, which trigger supramaximal PFM contractions.
A single session brings thousands of PFM contractions.
This is extremely important in PFM re-education helping
the patients to regain PFM strength and bladder control.

7. CONCLUSION

Ul represents an important healthcare problem with high
prevalence and negative impact on patients’ QoL. As most
ofthe patients are not suitable for current treatment methods,
this study as well as previous research, suggest that Ul can
be treated non-invasively through HIFEM technology.

8. LIMITATIONS

The limitations of this study were the small number
of patients and absence of a control group, such that
a control randomized study with larger number of patients
should take place in further research.

9. CONFLICT OF INTEREST

Authors declare that no conflict of interest exists.
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Abstract

Introduction: Pelvic Floor Muscles (PFM) supports the pelvic floor organs, control continence and is crucial for
adequate genital arousal and attainment of an orgasm. Due to the aging process, post-delivery condition or
menopause, the PFM weaken. Therefore, they do not provide sufficient support to pelvic organs, bladder control,
and they may negatively affect intimate satisfaction.

Aim: We aimed to investigate the High-Intensity Focused Electromagnetic (HIFEM) technology for strengthening
of PFM in women with impeded sexual functioning.

Methods: 30 women (average age 36.41 + 5.62) with limited arousal, ability to achieve orgasm and painful
intercourse participated in the study. Patients underwent 6 treatments (28 minutes each) scheduled twice a week.
Standardized Female Sexual Function Index (FSFI) questionnaire was used pre-, post-treatment, and at the 3-
month follow-up visit. FSFI scores were statistically evaluated through student’s t-test (a=0.05). Subsequently,
Pearson correlation coefficient was calculated for sections arousal/lubrication, lubrication/orgasm, orgasm/
satisfaction, and pain/desire.

Results: The average total FSFI score significantly (p<0.001) increased from 20.06 + 6.55 to 30.69 + 7.55 post-
treatment and to 30.29 + 7.37 during the 3-month follow-up. A significant improvement was observed in all FSFI
sections. The most significant change at the 3-month follow-up was observed in desire (76%), satisfaction (76%)
and orgasm (60%) items. The overall FSFI score was improved in 93% (n=28) of patients post-treatment. All
patients (n=30; 100%) showed improvement during the 3-month follow-up.

Conclusion: Our initial experience shows that HIFEM technology is a promising method in addressing women'’s
decreased sexual satisfaction through the strengthening of PFM.

Keywords: HIFEM; FSFI; Sexual dysfunction; Pelvic floor muscles;
Myostimulation

orgasm and enables a woman to identify, isolate, and command PFM
[14].

Any insult to the pelvic floor can potentially lead to denervation of
the female erectile tissues followed with sexual dysfunction [10,15,16].
The main cause for the development of Pelvic Floor Disorder (PFD)
occurs when the PFM and connective tissue weaken. Weak or
deconditioned muscles may provide insufficient activity necessary for
vaginal friction or blood flow, and thus inhibit orgasmic potential
[13,14]. Therefore the initial approach for the treatment of PFD and

Introduction

Healthy sexual function is an essential component of life. Sexual
dysfunction can, therefore, have a negative impact on female well-
being [1]. Female Sexual Dysfunction (FSD) is age-dependent and
highly prevalent in premenopausal and menopausal women. Available
studies report on the prevalence of sexual dysfunction in the female

population to be ranging between 25% and 63% [2-9]. The incidence in
women younger than 25 years was found to be approximately 20%
while in women aged 55-74 years the incidence was up to 80% [7].

Pelvic floor and its functioning are closely linked to a healthy female
sexual cycle. It is formed by several pelvic muscles which support the
pelvic organs and maintain their normal function by keeping these
organs in their anatomical position. Pelvic Floor Muscles (PFM) also
play an important role in pregnancy parturition, attainment of orgasm
[10-12] and are responsible for adequate genital arousal [13,14].
Firmer muscle tone adds intensity to the muscle contractions during

FSD is to start with the strengthening of PFM [11,12,17].

Non-invasive addressing of PFM should be the first treatment
option prior to any surgical intervention. A novel approach for non-
invasive targeting of PFM is a treatment based on High-Intensity
Focused Electromagnetic (HIFEM) technology. The HIFEM
technology triggers intense PFM contractions by depolarizing
motoneurons and inducing electric currents in the pelvic floor area.
The focused electromagnetic energy penetrates into the depth of up to
10 cm into the pelvic floor area where it induces supramaximal and
brain-independent contractions at high repetition rates [18,19].
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Due to the intense repetitive muscle stimulation combined with the
vasodilating effect of electromagnetic fields and restoration of the
muscle tonus, we assume that HIFEM may positively affect female
intimate health and sexual functions. The subject of the study is a
device based on HIFEM technology (BTL EMSELLA, BTL Industries
Inc., Boston MA), which is FDA cleared for strengthening of pelvic
floor muscles in the treatment of female urinary incontinence (UI).

Previous studies [18,19] investigating the HIFEM technology for UI
proved that female patients reported a significant decrease in
incontinence symptoms as well as a reduction in usage of incontinence
pads. As the HIFEM technology impacts the PFM due to its
myostimulatory effect, it could be beneficial not only in bladder
control, but also in improvement of intimate life and sexual functions.

We aimed to investigate the myostimulatory effect of a High-
Intensity Focused Electromagnetic (HIFEM) technology on PEM in
women who reported impeded sexual functioning. We hypothesized
that HIFEM can strengthen PFM and as a consequence will improve
the quality of intimate life.

Method

Study design

This was a retrospective single-arm study of the patients who had
been admitted to our department between 2017-2018. A total of 30
female patients (average age 36.41 £ 5.62) were enrolled. The inclusion
criteria included initial impeded sexual functioning through limited
arousal, impaired ability to achieve orgasm and increased intercourse
pain.

Patients with pregnancy, metal implants, tumor, blood coagulation
disorder, and vaginal infectious disease were excluded from the study.
Before the treatments, all subjects received informed consent about the
treatment procedure and signed written consent.

The patients received a treatment procedure applied to the PFM
using the BTL EMSELLA device (BTL Industries Inc., Boston MA)
based on HIFEM technology. The device consists of a control unit and
a cable connecting the unit to a chair with an in-built circular coil.
During the treatment, the device generates a focused electromagnetic
field with intensities of up to 2.5 T and penetrating into depths of up to
10 cm.

The treatment protocol consisted of six treatments scheduled twice a
week with a single treatment lasting for 28 minutes. The treatment
protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki adopted by the General Assembly of the World Medical
Association (1997-2000) and by Convention on Human Rights and
Biomedicine of Council of Europe (1997).

During the treatment, patients were seated on the chair and
remained fully clothed. Prior to the therapy, each of the patients
received verbal instructions about the course of the therapy and about
the principles of supramaximal PFM contractions. Contractions are
supposed to help them to identify, isolate and command their PFM.

After the instructions, the patients were positioned on the chair and
the optimal position for inducing muscle contractions was identified.
Then, the therapy was initiated with low intensity which was
continuously adjusted during the treatment in accordance with patient
tolerance threshold [18,19].

Data collection

As a standard part of the treatment procedure, all of the 30 enrolled
subjects reported patient’s feedback in the form of the standardized
Female Sexual Function Index (FSFI) questionnaire pre- and post-
treatment, and during the 3-month follow-up visit [20]. Obtained
feedback was statistically analyzed by comparing the pre- and post-
intervention patients' condition.

A normal data distribution has been assumed (0.05 significance
level), therefore the parametric Student t-test was used to calculate the
significance of FSFI full-scale scores and individual FSFI sections.
Furthermore, Pearson correlation coefficient was calculated for paired
items Arousal/Lubrication, Lubrication/Orgasm, Orgasm/Satisfaction,
and Pain/Desire. Bonferroni correction was applied according to the
number of the carried tests. Finally, the percentage of improved
patients was calculated according to the FSFI full-scale score.

Results

The analysis of the pre-treatment FSFI questionnaires showed an
average full-scale score of 20.06 * 6.55, which according to the
predefined cut-point of 26.5 indicates sexual dysfunction. The post-
treatment average full-scale score significantly increased to 30.69 +
7.55 and was maintained during 3-month follow-up at the level of
30.29 + 7.37 (p<0.001). The total FSFI scores are shown in Figure 1.
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Figure 1: Changes in FSFI full score in treated patients. Data are
visualized in box plots; blue rectangles contain 50% of data

(interquartile range). Whiskers indicate the variability of the results.

The spread of whiskers and Interquartile Range (IQR) in the Figure
1 indicate the variability of the results obtained at the baseline. Before
the treatments, there were patients with substantially lower FSFI score
indicating moderate sexual function issues.

After the procedure consisting of 6 treatments the score significantly
increased and also the variability of the data was reduced. At the 3-
month follow-up, these results sustained showing no shift in the
average, while the patient’s scores were spread closely around the
median.

The level of average improvement in the FSFI score, expressed in
percentage, was on average 53% after the last treatment and was
maintained at 51% (p<0.001) during the 3-month follow-up.
Immediately after the 6t treatment, an improvement in FSFI score was
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observed in 28 (93%) subjects. During the follow-up appointment, all
of the patients (n=30, 100%) reached a certain degree of improvement.

The improvement was observed in all individual sections of the FSFI
questionnaire, while the most prominent average improvement was

seen in sexual satisfaction (+76%), in sexual desire (+76%) and in
orgasm (+60%). The scores of individual sections can be seen in Table
1.

Timing FSFI Score Mean + SD (Median)

Desire Arousal Lubrication Orgasm Satisfaction Pain
Before 2.79 £ 0.63 (3.00) g?;;o; 2 3.42 +1.89 (1.60) ?32205 1.9 ?20810? "o ?42840? 7
Afer 4914083 (540) ser0) 3600 600 oy o0
o Lersosasn | SHE 4 smate  |amom [ame

Table 1: A detailed description of FSFI items scores.

The analysis of relationships between the changes in different
sections was performed to assess potential correlations. A highly
significant correlation was observed in the case of before-after and
before-follow-up for pairs Lubrication/Orgasm and Orgasm/
Satisfaction (Table 2). The strong correlation ranged between 0.65-0.71

and was statistically significant. The correlation between the
differences in Arousal and Lubrication score showed to be insignificant
with weak correlation coeflicients. No correlation was found between
the pair Pain/Desire. Calculated correlations for investigated pairs can
be found in Table 2.

Correlations

Timeline Arousal and Lubrication Lubrication and Orgasm Orgasm and Satisfaction Pain and Desire
Difference before-after r=0.34 r=0.65* r=0.68* r=0.13
Difference before-follow-up r=0.15 r=0.66* r=0.71* r=0.03

Table 2: Statistically significant (Bonferroni correction, alpha less than 0.006) correlations are marked with an asterisk symbol (*).

Discussion

The results suggest that the treatment procedure with HIFEM
technology leads to significant improvement of the intimate life in
female patients with FSD. The improvement was observed in all
sections of the FSFI questionnaire in both short- and long-term results.

We contribute this improvement to well-structured intense pelvic
floor workout delivered through HIFEM, induced supramaximal PFM
contractions consequently accompanied with increased blood flow
[21]. The correlation analysis showed a positive strong relationship
between lubrication and orgasm, indicating that the treatments
improved the vaginal lubrication of the patients which then was
reflected in the increased ability to achieve orgasm.

Similarly, strong correlation was found between the orgasm and
satisfaction. This indicates that the patients were able to reach orgasm
easily which was logically reflected in their sexual satisfaction. On
contrary, no correlation was found between the pain and the desire
even though it could be assumed that reduced pain would lead to
increased sexual desire [22,23].

The importance of PFM strength during intercourse was described
by the previous authors [10-17,24-28] whose results correlate with our
findings. Piassarolli et al. concluded that increased EMG activity of
PFM muscles was associated with the improvement in all FSFI items
[25]. Kanter et al. found that among sexually active women (n=370), a

strong pelvic floor was associated with higher scores in the FSFI
orgasm domain [11].

The results of our study correlate with this research as the most
significant improvement was observed in sexual satisfaction, desire,
and orgasm domain. Similar results were reported by Martinez et al.
where women with stronger PFM scored higher in the domains: desire,
excitement, orgasm and also reported higher levels of FSFI score [26].
Authors also reported a moderate correlation between PFM strength
and sexual satisfaction as well as between lubrication and PFM
strength. This was also supported by findings from Lowenstein et al.
stating that women with strong or moderately strong PFM scored
significantly higher on the FSFI orgasmic and arousal domains than
women with weak PFM [27].

The duration of PFM contraction was correlated with FSFI orgasmic
domain and sexual arousal. Their finding suggests that both the
orgasm and arousal function are related to better PFM function.
Furthermore, Aydin et al. reported that Vaginal Electrostimulation
(VES) treatment leads to improvement of total FSFI score, particularly
in arousal, desire, orgasm, and satisfaction sections [29]. They
observed no significant changes in pain or lubrication domains.
Comparing to our study, pain was the part where we observed the
lowest level of improvement. However, we would like to highlight that
the VES includes an intravaginal probe which is not comfortable for
the patient, while the BTL Emsella procedure is performed fully
clothed and without a need of intravaginal probe.
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The results show the importance of PFM in female intimate life and
the fact, that they can be addressed in a non-invasive way. Both sexual
dysfunctions and incontinence are strongly affected by the actual
condition of PFM and as such, these two indications frequently
accompany each other. The treatments are ideal for improving both
aspects in patients with weak pelvic muscles and are thus an alternative
not only to women who experience leakage issues but also to those
who feel their sexual satisfaction is impeded and could be improved.

Conclusion

The obtained FSFI data showed a significant improvement in female
sexual function through the strengthening of PFM. The data suggest
BTL EMSELLA as an effective tool for improving patient’s sexual life
satisfaction and as such, it is a promising alternative to existing
treatment options and deserves further investigation.
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Background and Objectives: Urinary incontinence is a
common and distressing condition which interferes with
everyday life. Patients frequently experience discomfort
related to urine leakage and the subsequent need to use
absorbent pads. Since the continence mechanism is primar-
ily maintained by a proper function of pelvic floor muscles
(PFM), many treatment methods focused on strengthening
of the PFM have been introduced in the past. The aim of this
study was to evaluate the safety and efficacy of a high-
intensity focused electromagnetic technology (HIFEM) for
treatment of urinary incontinence with emphasis on effects
on prospective patients’ quality of life.

Study Design/Materials and Methods: The study
followed an institutional review board approved protocol. A
total of 75 women (55.45 +12.80 years, 1.85+ 1.28 deliv-
eries) who showed symptoms of stress, urge, or mixed
urinary incontinence were enrolled. They received six
HIFEM treatments (2 per week) in duration of 28 minutes.
Outcomes were evaluated after the sixth treatment and at
the 3-month follow-up. The primary outcome was to assess
changes in urinary incontinence by the International
Consultation on Incontinence Questionnaire-Short Form
(ICIQ-SF) and changes in the number of absorbent pads
used per day. The secondary outcome was subjective
evaluation of the therapy and self-reported changes in
quality of life. The statistical analysis was conducted by
paired T-test and Pearson correlation coefficient (a =0.05).
Results: After the sixth session, 61 out of 75 patients
(81.33%) reported significant reduction of their symptoms.
The average improvement of 49.93% in ICIQ-SF score was
observed after the sixth treatment, which further increased
to 64.42% at the follow-up (both P < 0.001). Individually, the
highest level of improvement was reached in patients
suffering from mixed urinary incontinence (69.90%). The
reduction of absorbent pads averaged 43.80% after the sixth
treatment and 53.68% at 3 months (both P <0.001), while
almost 70% of patients (30 out of 43) reported decreased
number of used pads. At the follow-up, a highly significant

medium correlation (r=0.53, P<0.001) was found between
the ICIQ-SF score improvement and the reduction in pad
usage. A substantial decrease in the frequency of urine
leakage triggers was documented. Patients reported no pain,
downtime or adverse events, and also reported additional
beneficial effects of the therapy such as increased sexual
desire and better urination control.

Conclusions: This study demonstrated that HIFEM
technology is able to safely and effectively treat a wide
range of patients suffering from urinary incontinence.
After six treatments, an improvement in ICIQ-SF score
and reduction in absorbent pads usage was observed.
Based on subjective evaluation, these changes positively
influenced quality of life. Lasers Surg. Med.
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Published by Wiley Periodicals, Inc.
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incontinence

INTRODUCTION

Urinary incontinence (UI), defined as involuntary loss of
urine [1], is a chronic condition which may negatively affect
quality of life (QOL). On the basis of its etiology and
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pathophysiology it is classified as stress (SUI), urge (UUI),
or mixed UI (MUI) [2,3]. According to clinical research
performed on large population samples, its prevalence was
reported to range between 25 and 45% [4,5] with the
maximum prevalence quoted as high as 69% [6]. These
studies revealed that severity of Ul symptoms increases
predominantly with age. In addition, it was found that
factors such as higher body mass index [7,8], parity [8], or
certain medical comorbidities [9] are also associated with
development of Ul In general, the continence mechanism
is mainly associated with the pelvic floor muscles (PFM).
The pelvic skeletal muscles support the urinary bladder,
the urethra and other pelvic organs, and thus maintain the
optimal urethral closure pressure that prevents involun-
tary urine leakage. In the case of PFM weakening, the
pressure balance is disrupted, which results in UI [10,11].

Due to the discomfort and inconvenience caused by urinary
leakage, incontinent patients are usually forced to change
their habits regarding their personal and professional lives,
which may result in lowered self-esteem. Depression and
anxiety [12], negative impact on work productivity [13,14] or
diminished sexual desire and activity [15,16] are only a few of
the possible negative consequences. To deal with urine
leakage, patients often use absorbent pads. However, this
passive solution does not improve UI symptoms, and despite
the advancements in pad composition, there is still a risk of
incontinence-associated dermatitis IAD), an inflammation of
the skin caused by the contact of urine with the perineal or
perigenital skin [17].

To increase patient’s QOL by reduction of UI severity,
many treatment methods addressing the weakened PFM
via its (in)voluntary stimulation were introduced in the
past. These include Kegel exercise [18], PFM exercise
with bio-feedback [19], surface and intravaginal
electrotherapy [20] and vaginal cones [21], however all
these techniques have limitations. It was estimated that
30-50% of women do not perform PFM exercises
properly [22,23], and a common issue with electrical
stimulation is the discomfort caused by the electrodes
and the risk of vaginal infections [20]. Finally, there has
been documented evidence which supports non-invasive
laser therapy as an effective modality for SUI treatment
by the thermal action on the vaginal mucosa, resulting in
the rejuvenation processes [24-28].

Most recently, the high-intensity focused electromag-
netic (HIFEM) stimulation [29] was introduced to address
UI problems. HIFEM technology is known for its
simulative effects. The electromagnetic field passes in a
non-invasive manner through the neuromuscular tissue
where induced electric currents depolarize neuronal cells
and initiate action potentials [30]. The high frequency of
action potentials then leads to selective and supramax-
imal muscle contractions. Previous research documented
that HIFEM technology is able to affect abdominal [31] as
well as pelvic muscles, and that it may be an effective and
safe modality in treatment of UI [32,33]. However, further
investigation should result in more evidence of how
strengthening of PFM by HIFEM reduces Ul symptoms
and improves QOL.

The aim of this study was to objectively evaluate the
efficacy and safety of the BTL EMSELLA device (BTL
Industries Inc., Boston, MA) utilizing the HIFEM
technology for treatment of UI with emphasis on QOL
enhancement.

MATERIALS AND METHODS
Subjects and Ethics

This was a prospective, multi-center, open-label, single-
arm study. In total, 75 adult women (mean age
55.45+12.80 years, on average 1.85+1.28 deliveries)
who showed signs of SUI, UUI, or MUI urinary incon-
tinence and who expressed an interest in treatment were
enrolled (for detailed patient data see Tables 1 and 2). The
study was conducted in accordance with ethical standards
stated in the Belmont Report and followed the institutional
review board approved protocol. At study initiation,
patients underwent medical history examination, and a
written informed consent was obtained from all partici-
pants. Enrolled subjects were required to meet the
following inclusion criteria: age > 22 years, weight < 300 1b,
were medically stable, and reported UI symptoms. The
exclusion criteria were: metal implants, a recent surgical
procedure, pregnancy, any concurrent treatment of Ul and
any contraindication listed in the investigational device
manual. Additionally, women with childbearing potential
underwent a urine pregnancy test prior to their enrollment
and were asked to re-test prior any subsequent exposure.

Investigational Device

BTL EMSELLA generates a rapidly changing, high-
intensity focused electromagnetic field that interacts with
the motor neurons and triggers stimulation and toning of
PFM. The electromagnetic field is produced by a flat
spiral-shaped coil which reaches intensities up to 2.5T.
The coil is situated within a seat of a uniquely designed

TABLE 1. Demographic Data of Enrolled Subjects

Data N (%)
Age
22-29 2 (2.67)
30-39 6 (8.00)
40-49 14 (18.67)
50-59 22 (29.33)
60-69 21 (28.00)
70-79 8 (10.67)
80-89 2 (2.67)
Diagnosis
SUI 37 (49.33)
MUI 30 (40.00)
UUI 8 (10.67)
Deliveries
Vaginal 104 (74.82)
C-section 35 (25.18)

MUI, mixed urinary incontinence; SUI, stress urinary incon-
tinence; UUI, urge urinary incontinence.
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TABLE 2. Number of Deliveries

Patients
Number of deliveries N %
0 13 17.33
1 13 17.33
2 31 41.33
3 12 16.00
4 or more 6 8.00

chair, externally supplied by the power from the main
unit. The electromagnetic energy is directed vertically
upward from the center of the seat, while the chair design
ensures that the patient’s perineum is centered when
sitting.

Treatment Protocol

Subjects received six treatments at a frequency of two
sessions per week and were required to complete the
3-month follow-up evaluation. Each therapy consisted of a
28-minute treatment session, during which the patient
sits straight in the center of the chair seat. To ensure
adequate PFM stimulation, the operator confirmed the
patient’s chair posture throughout the treatments and
adjusted the intensity of stimulus as high as tolerated by
patient, usually at 100%. Patients received the treatments
at a discounted price to minimize dropouts.

Outcomes and Evaluation

The primary outcome was the evaluation of improve-
ment in Ul with an emphasis on QOL. To assess a
patient’s continence, the International Consultation on
Incontinence Questionnaire-Short Form (ICIQ-SF) was
used. The questionnaire consists of three questions
designed to quantify the frequency of leakage, the amount
of urine leaked, and the level of interference with daily
life, with the total score ranging from 0 (no interference)
to 21 (severe involuntary urination interfering with the
subject’s QOL). At least a 50% [34-36] overall improve-
ment in the total score was expected. The fourth ICIQ-SF
question relates to urine leakage triggers and was
assessed separately. Subjects were asked to indicate the
listed answers that pertained to them, and changes in
their answers in time were evaluated. In regard to
patient’s QOL, the usage of absorbent pads (per 24-hour
cycle) was monitored via a pad usage questionnaire.

The secondary outcome was a voluntary subjective
evaluation of the therapy. This also served as feedback for
the operator and a subjective evaluation of changes in
patient’s QOL. The evaluation consisted of the following
questions: “What would you praise (+) or reproach (-)
regarding the therapy” and “Specify if there were any
other positive/negative changes in QOL after the therapy.”

The primary outcome data was acquired before the first
therapy, after the sixth therapy, and at the 3-month
follow-up appointment. The subjective evaluation was

performed only at the follow-up visit. Adverse events (AE)
were monitored throughout the entire study. Only
subjects who report an AE that is deemed unsafe for
continued participation in the study, should be immedi-
ately excluded. The observation of side effects in the
treated area included evaluation of: muscular pain,
temporary muscle spasm, temporary joint or tendon pain,
local erythema or skin redness.

Statistical Analysis

Results were analyzed for statistical significance. The
null hypothesis was formulated as: “The treatments
caused no difference in patients score.” To evaluate the
significance of differences caused by the treatments
(alternative hypothesis) we used Student’s paired ¢ test
and Wilcoxon signed-rank test for small sample sizes at
the significance level a=0.05. The sample size of 75
subjects was considered as sufficient for purposes of this
single-arm prospective study to reveal clinically relevant
improvement [29,34,35]. Possible association between
measured variables was verified by Pearson correlation
coefficient (a=0.05).

RESULTS

The patient group was composed mostly of menopausal
and postmenopausal women as there were approximately
only 10% of subjects below the age of 40. Almost 90% of
patients suffered from SUI or MUI symptoms. Medical
examination revealed there were seven (9.33%) women
who had undergone hysterectomy in the past, which was
the most common procedure stated during the anamnesis
when considering the treatment area. Some patients had
received a urethral/bladder sling surgery or vaginal
rejuvenation (both N =4, 5.33%), hernia repair (N=2,
2.67%), abdominoplasty, removal of ovaries, appendect-
omy, endometrial ablation, interstitial cystitis surgery, or
vaginoplasty (all N=1, 1.33%).

Generally speaking, after the sixth session, 61 out of 75
patients (81.33%) reported significant improvement of
their symptoms. Their average ICIQ-SF score at baseline
was 10.57+4.22 (ranging 2-18) which declined to
5.33+3.97 after six sessions, and further improved to
4.16 + 4.04 points at the 3-month follow-up. The ICIQ-SF
score improvement thus averaged 49.93% (P < 0.001) after
six sessions, and 64.42% (P < 0.001) at the 3 months. At
the end of the study, there were 31 (50.82%, P =0.028)
patients who further improved at follow-up compared to
immediate post-treatment evaluation. Zero ICIQ-SF score
was observed in 13 (21.31%) subjects after the sixth
session and in 21 (34.43%) subjects at follow-up. Sum-
marization of ICIQ-SF results is shown in Table 3.

When evaluating ICIQ-SF score separately according to
the symptoms we found that SUI patients reached
improvement of 54.64% (5.83+3.62 points) after six
treatments and 66.98% (6.66 +3.45) at 3-month follow-
up. Similarly, the MUI patients showed before-after
difference score of 52.00% (5.38 +4.34 points) which
further improved to 69.90% (6.67+3.66 points) at
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TABLE 3. Summarization of ICIQ-SF and Pad Usage Data

Parameter ICIQ-SF P value Absorbent pads P value
Number of evaluated subjects 61 43
Baseline 10.57 +4.22 2.47+2.25
After sixth Tx 5.33 +3.97 1.35+1.74
Difference Before & After 5.25 +4.02 <0.001 1.12+1.80 <0.001
Average improvement 49.93% <0.001 43.80% <0.001
Zero score after sixth Tx (%) 13 (21.31%) 15 (34.88%)
3 Months Follow-Up 4.16 +4.04 1.19+1.91
Difference Before & 6.41+3.75 <0.001 1.28 +1.83 <0.001
Follow-Up
Average improvement 64.42% <0.001 53.68% <0.001

Zero score after 21 (34.43%)

Follow-Up (%)

19 (44.19%)

ICIQ-SF, International Consultation on Incontinence Questionnaire-Short Form.

follow-up. Results of both SUI and MUI patient group
were highly statistically significant (P <0.001). The
patients who experienced UUI symptoms initially do not
respond to the treatments well; as they reported mild yet
significant improvement of 26.54% (4.00+4.74 points;
P <0.05) after the sixth treatment. However, at the follow-
up examination, they showed a substantially greater
level of improvement, reaching 54.11% (7.00+5.24
points, P <0.05).

According to the baseline evaluation, patients most
frequently reported they had been experiencing leakage
about one time per day. At the 3-month follow-up, most of
them mentioned that leakage occurred only about once a
week or less. A similar shift was observed when evaluat-
ing interference of Ul with everyday life. Patients in
general improved from “moderate interference” (median
score 5 out of 10) to “almost no interference” (median score
1 out of 10) at the 3-month follow-up.

Initially, there were 43 patients who had been using one
or more absorbent pads per day, with the average number
of used pads 2.47 + 2.25 daily. After the sixth treatment, a
significant improvement of 43.80% (P <0.001) was ob-
served as the average number of used pads decreased to
1.35 + 1.74 per day. Similarly, to ICIQ-SF evaluation, the

improvement at the follow-up was even more significant
as the average pad usage further decreased to 1.19 + 1.91
per day which resulted in an average 53.68% (P < 0.001)
improvement (see Table 3). The therapy course also
allowed some patients to completely get rid of pads. After
the sixth treatment, 15 (34.88%) subjects reported they
were not using pads anymore, and at the 3 months this
number increased to 19 (44.19%) subjects. In total, 29 out
of 43 patients (67.44%) reported a reduction in used pads
after the sixth treatment, and this increased to 30 out of
43 patients (69.77%) at the follow-up.

A medium, significant and positive correlation (r =0.43,
P <0.01) was found between the improvement in ICIQ-SF
questionnaire score and the reduction in absorbent pads
after the sixth treatment. At the follow-up this correlation
was even more profound (r=0.53, P <0.001). Any other
possible relations such as between age, the number of
pads or ICIQ score, and the number of deliveries were
found insignificant with weak correlation coeffi-
cients (<0.30).

Evaluation of urine leakage triggers revealed a gradual
improvement. At the follow-up, 54.05% fewer patients
reported leakage before they could reach the restroom,
64.29% fewer patients who experienced leakage while

TABLE 4. Analysis of Urinary Incontinence (UI) Causes and Frequency of Patients’ Answers

3 Months Follow-Up

Question Baseline After sixth Tx (impr. in %) (impr. in %)
Never—urine does not leak 2 11 (550.00) 10 (500.00)
Leaks before you can go to the toilet 37 26 (29.73) 17 (54.05)
Leaks when you cough or sneeze 54 38 (29.63) 32 (40.74)
Leaks when you are asleep 14 7 (50.00) 5 (64.29)
Leaks when you are physically active/exercising 45 24 (46.67) 19 (57.78)
Leaks when you have finished urinating and are 21 10 (52.38) 9 (57.14)
dressed
Leaks for no obvious reason 14 9 (35.71) 8 (42.86)
Leaks all the time 5 3 (40.00) 3 (40.00)
Total frequency of answers 192 128 (33.33) 103 (46.35)
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asleep, and 57.78% fewer patients who experienced
leakage during physical activity/exercise. Detailed results
are shown in Table 4.

Patients were satisfied with the therapy and treatment
results. We observed no AE related to the treatment and
only minor side effects such as “muscle fatigue” were
documented. Patients described that the therapy was easy
and very tolerable as there was no pain, downtime or
negative effects. In total, 43 out of 75 patients answered
the voluntary section of the questionnaire focused on their
subjective satisfaction with the results. They described
beneficial changes in QOL as a response to the treatment
mostly as: better control over urination throughout the
day and night (N=17) a reduced number of pads and
incidents of involuntary urination (N=10), a reduced
number of visits to the toilet (N =6), much better urine
flow (N=4), an improved vaginal and pelvic floor
tone (N =3), increased sexual desire and more intense
orgasms (N =3).

DISCUSSION

According to results documented in this study, the PFM
training by HIFEM stimulation proved to be effective in
treatment of a patient group demonstrating multiple
types of Ul and differing degrees of severity (ICIQ-SF
scores at baseline ranging from 2 to 18). The improvement
in UI severity measured by ICIQ-SF standardized ques-
tionnaire and pad usage questionnaire (showing a
medium correlation) was associated with an enhanced
QOL according to the patient subjective evaluation. As a
result of the treatment, Ul interfered less with one’s
everyday life and/or these symptoms completely disap-
peared which enabled patients to regain self-confidence.
The statistically significant differences in ICIQ-SF score
at the 3-month follow-up implies that results were
gradually improving over time. Data describing causes
of leakage are also a useful indicator of patients QOL, and
as shown in Table 4, we observed a substantial suppres-
sion of the urine leakage triggers at the follow-up when
patients indicated fewer responses that applied to them.

It is suggested that PFM training increases the tone of
pelvic muscles and causes hypertrophy and strengthening
of the muscle fibers. This should lead to elevation of the
levator plate and restoration of protective continence
mechanisms [37]. To effectively achieve motor and PFM
re-education, hundreds of correctly performed contractions
are required. Various training programs have been exam-
ined in the past to determine the most effective elements of
a training regime [38]. However, when treated subjects
perform the exercise, they must be individually educated
on the anatomy of the pelvic floor, lower urinary tract and
continence mechanism, and also supervised by a skilled
physiotherapist. Furthermore, a number of additional
education sessions necessitate inclusion, especially in case
of individual, self-monitored exercises in the patient’s
home [39]. The advantage of the HIFEM technology over
such traditional approach is its mechanism of a rapidly
changing electromagnetic field which initializes thousands

of supramaximal contractions during one therapy, some-
thing that cannot be achieved by any conventional training
program. The high intensity and frequency of the stimuli
ensure that PFM are targeted properly. Each contraction is
then repeated identically while the outcome of regular
exercise may be limited by the inability of patients to
perform contractions consistently. Moreover, regular ex-
ercise is more time-consuming (multiple studies reported
treatment duration of 12 weeks and longer [40]) in
comparison to a 3-week duration for each patient who
receives the HIFEM treatments.

Patients’ overall improvement by 64.42%, as well as
34.43% of cured subjects (zero score at the follow-up) is
comparable to previously published literature on the
effects of electromagnetic stimulation for PFM strength-
ening [36,41,42], despite the fact that our patients
received fewer treatment sessions than in the referenced
studies. Our data showed slightly higher level of improve-
ment in SUI (N =37; 66.98%) and MUI (N =30; 69.90%)
patients which may be contributed to the limited size of
UUI patient group (N =38). Additionally, the number of
subjects who improved in absorbent pads usage (70%) was
similar to what was previously documented by Galloway
et al [43]. Our results also correspond to observations
from other modalities such as exercising [34] or electrical
stimulation [44,45] where the reported improvement
usually ranged between 50 and 90%. Nevertheless, exact
comparison of various modalities and treatment outcomes
throughout the literature is complicated due to utilization
of a range of different standardized and non-standardized
methods of UI evaluation, as well as patient self-
evaluation or QOL assessment. Previous studies also
vary in terms of methodology and composition of the
patient group which could substantially influence the
outcomes and conclusions. It can be assumed that these
circumstances are responsible for the diversity of pub-
lished results [40,46,47].

The therapy was well tolerated, and subjects provided
positive feedback about the procedure, its non-invasive
manner and its low-risk profile. Patients reported addi-
tional benefits of the therapy as improvement in sexual
satisfaction which was also documented by other
authors who investigated effects of electromagnetic
stimulation [48].

A limitation of this study was the lack of any control
group which received sham treatments, however we
believe the statistical significance of our results is
sufficient to overcome this limitation. We did not establish
a sham treatment group due to the likelihood that
patients would be aware they were not receiving a full
electromagnetic treatment if they perceived a lowered
intensity of stimulus or an otherwise adjusted treatment
protocol. Another major limitation was a relatively short
follow-up interval of 3 months. Documented results seem
to be promising in terms of the continuing improvement
over time, however it would be necessary to follow
patients in a future study for 6—12 months in order to
establish appropriate re-treatment intervals for mainte-
nance of continence results. Furthermore, the subjective
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evaluation of patient satisfaction should be more compre-
hensively designed in future studies, as the results
obtained by voluntary questionnaire indicate there might
be other interesting benefits associated with HIFEM
therapy. It would be also beneficial to recruit a greater
portion of UUI patients to provide sufficient sample for
analysis of treatment outcomes.

CONCLUSION

This study demonstrated that HIFEM technology can
safely and effectively treat stress, urge and mixed urinary
incontinence by pelvic floor muscle strengthening in a wide
demographic of patients. Subjects benefited from a decreased
severity of Ul symptoms and a reduced usage of absorbent
pads which positively influenced their quality of life. On the
basis of the subjective evaluation, patients also reported
additional effects of the therapy such as a better control of
urination as well as an increased sexual satisfaction.
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Abstract

Introduction: BTL EMSELLA™ utilizes High-Intensity Focused Electromagnetic technology (HIFEM) to cause deep
pelvic floor muscles stimulation and restoration of the neuromuscular control. Key effectiveness is based on focused
electromagnetic energy, in-depth penetration and stimulation of the entire pelvic floor area. A single BTL EMSELLA™
session brings thousands of supramaximal pelvic floor muscle contractions, which are extremely important in muscle re-
education of incontinent patients.

Objective: Prospective study to evaluate the safety and preliminary effectiveness of the use of BTL EMSELLA magnetic
stimulation in urinary incontinence.

Method: Thirty-two patients with light and moderate urinary incontinence were recruited to perform 6 sessions of BTL
EMSELLA during three weeks of initial treatment. Follow-up after three months. The patients received sessions lasting 28
minutes, completing the different treatment protocols. Initially the patients underwent a quality of life test before and after
treatment, evaluation with advanced ultrasound using elastography to measure the initial tissue's elasticity and be able to
compare after treatment, clinical functional evaluation and urodynamic test.

Results: No adverse reactions were observed. All the patients finished the treatment sessions. Two patients reported increased
pain after treatment in the first session corresponding to a VAS scale greater than 5 with duration greater than three hours.
The treatment was highly satisfactory in 84,4% of the patients. After the first three months the improvement was maintained
in 77% of the patients. No muscle injuries were observed. Elastographic changes and improvement of muscle tone were
detected by advanced ultrasound (elastography) in 100% of patients.

Conclusions: BTL EMSELLA is safe, well tolerated and effective for the treatment of mild and moderate urinary incontinence.
The observed elastographic changes demonstrate the improvement of pelvic floor muscle tone after treatment. A reduction
in the symptoms of urinary incontinence was demonstrated.

Recommendations: Continue increasing the number of cases for research and increase the variables that we have decided
to incorporate in the next research section such as MRI and pressure calculation.

Introduction

Urinary incontinence (UI) is a health problem that affects the quality
of life of patients who suffer from it and the impact is different
depending on the severity, the type of UTI and the woman's
experience of this problem. The diagnosis and treatment and
treatment of UI in women is presented in the form of algorithms
with accompanying notes that incorporate existing evidence and
assigned a level of evidence (NE) and a grade of recommendation
(GR) [1].

The algorithms are divided into two parts: algorithms for the initial

treatment and algorithms for specialized treatment referring to
diagnostic techniques and treatments that should only be used by
specialists with specific training to establish personalized treatment
behavior.

According to the National Observatory of Incontinence (ONI) it is
estimated that in Spain could be affected by urinary incontinence
about six million people [2].

In the studies carried out on women in Spain, although there are
regional variations, the estimated average prevalence for women is
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24%, increasing to 30-40% in middle-aged women and up to 50%
in elderly women [2,3].

Types of Incontinence

1. Stress incontinence Supposedly due to urethral hypermobility
and / or intrinsic Urethral Dysfunction.

2. Mixed incontinence

3. Hyperactive bladder with or without Urinary Incontinence
supposedly due to detrusor overactivity

Initial Clinical Evaluation

The most important aspect in the diagnosis in the initial clinical
evaluation. The most important variables are: Evaluation of the
general condition, assessment of urinary symptoms (including
voiding diary and validated questionnaires), impact of UI on quality
of life, desire of the patient to receive treatment, urinalysis with or
without culture, measurement of residual volume (Table 1).

N32 First Visit
+++ ++ + no | % Positive | % Negative
King’s - | Health - | Questionnaire

Pain 1 4 2 25 21,8 % 75,2 %
Nocturia 2 4 3 23 28,1 % 71,9 %
Infections 1 2 1 28 12,5 % 87,5 %
Urgency 2 5 6 19 40,6 % 59,4 %
Sexual problem 1 1 6 24 25,0 % 75,0 %
isrzzsnsﬁnence 2 1 6 13 593% 40,7%
Physical and 1 9 14 8| 750% 25.0 %
social limitations

Degree of affectation: --no, + mild, ++ moderade, +++ server
(Cidranes & Estrada 2018 CIMEG MADRID)

Pelvic and Perineal Examination

It is one of the most important parts to define diagnosis and behavior.
The advanced examination of pelvic floor should serve to rule out
associations to prolapses of pelvic organs. The evaluation of the
pelvic floor musculature is essential as well as the evaluation of
vulvovaginal disorders due to urigenital atrophy. In complex cases
and with recurrent UTI, interdisciplinary evaluation will be useful
and necessary [4].

HIFEM Technology (The BLUE CHAIR EMSELLA)
EMSELLA™ utilizes High-Intensity Focused Electromagnetic
technology (HIFEM) to cause deep pelvic floor muscles stimulation
and restoration of the neuromuscular control. Key effectiveness
is based on focused electromagnetic energy, in-depth penetration
and stimulation of the entire pelvic floor area. A single BTL
EMSELLA™ session brings thousands of supramaximal pelvic
floor muscle contractions, which are extremely important in muscle
reeducation of incontinent patients [5-7].

Material and Method

Thirty-two patients with light and moderate urinary incontinence
were recruited to perform 6 sessions of BTL EMSELLA during
three weeks of initial treatment. Follow-up after three months.
(Figure 1) The first session lasted 7 minutes, (Figure 2) the second
session 14 minutes to achieve a dose of priming and adequate muscle

adjustment assessed in real time by elastography of muscles and
fascias. (Figure 3) The patients received four sessions lasting 28
minutes, completing the different treatment protocols. Initially the
patients underwent to quality of life test before and after treatment,
evaluation with advanced ultrasound using elastography to measure
the initial tissue's elasticity and be able to compare after treatment,
clinical functional evaluation and urodynamic test.

- B
BTL PROTOCOL EMSELLA H
CIMEG MADRID / DR. CIDRANES - ;
32 patients studied ’
KEY POINTS

Initial Assessment with Quality of Life Test

Initial Assessment with Urinary Incontinence Test
Initial Assessment with VAS Scale of Pain

Initial Assessment with Advanced Ultrasound (Elastography and Strain Rate)
Explain to the patient the keys to magnetic therapy at the neuromuscular level

Informed consent signature
L - [
Al
G .

Analytical with biochemical markers
ANl rights reserved, Dr. Cidranes- Dro Eitrodo CIMEG MADRID
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Figure 1: Emsella CIMEG MADRID / Key Points

PROTOCOL EMSELLA L4
— |
CIMEG MADRID !-_..“i |
32 patients studied
Urinary incontinence  Test Initial, Physical exam and Image control

s
et
Informed consent signature

Verify the correct position of the patient in the chair

First session: ’

Measure acceptability power
No more than 45 % in initial session
Seleet pelvie floor toning
7 minutes with low and slow stimulation
Select incontinence program
7 minutes with high stimulation
Do not spend more than 14 minutes in the first session
Initial priming treatment with trapezoidal selection without
supramaximal shmulation

Al rights reserved, Dr. Cidrones- Dra Estroda (IMEG MADRID

Figure 2: Emsella Protocol Cimeg Madrid First Session

PROTOCOL EMSELLA (7
CIMEG MADRID / 32 patients studied

Second session:
Urinary incontinence Image control
Informed consent signature
Verify the correct position of the patient in the chair
Measure acceptability power
No more than 55% in Second session
Select pelvic floor toning
14 minutes with low and slow stimulation
Select incontinence program
14 minutes with high stimulation
28-minute full session with alternating programs
Explain to the patient the possibility of light and transient muscle
pain in the pelvic area of greater intensity in the first 4 hours

Al Fights reserved, Dr. Lidranes- Ura ESIG0a LIMED MALRID

Figure 3: Emsella Protocol Cimeg Madrid , Second Session, Urinary
Incontinence

Data Collection
The impact of HIFEM Emsella in our patients has been evaluated
through the Spanish version of King's Health Questionnaire 1993
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obtaining demographic, subjective, objective variables as well as [ N3, After three
quality of life. (Table 1) The urinary incontinence questionnaire months
ICIQ-SF (International Consultation of Incontinence Questionnaire) Py P - 1o | % positive | % Negative
was carried out. (Table 2) We value in all patients the degree of King’s- | Health- | Questionnaire
tissue elasticity through advanced ultrasound and elastography :
. Pain 0 2 1 29 | 093% 90,7 %
using ESAOTE technology.
Nocturia 1 3 1 27 | 156% 84,4 %
fecti 0 0 0 32 | 000% 100 %
ICISF / n 32 0 | 1-3 |46 | 7-10 | Total % nfections
Positive Urgency 1 3 3 26 21,8 % 79,2 %
Frequency of urine loss 0 19 | 11 2 100 % Sexual problem 0 0 4 28 123% 87.5%
Stress
i i o 0 2 2 28 | 125% 87,5 %
i(\)m;)gl;; tof urine lost according 0o | 2| g 2 100 % incontinence
P 5 , X Physical and 0 2 4 28 | 18,7% 81,5 %
dES’iapll'I}g urine and affecting 2 19 | 7 4 93.75 % social limitations o o
aily life ’
When do you lose urine? ) 10| 13 7 93.75 % Degree of affectation: --no, + mild, ++ moderade, +++ server
Small activities to big activities 220 (Cidranes & Estrada 2018 CIMEG MADRID)

Degree of affectation: 0 no, 1-3 mild, 4-6 moderade, 7-10 server Figure 4
ICIQ-SF Positive greater than 1 Clinical improvement and degree of patient satisfaction in relation to the first visit
(Cidranes & Estrada 2018 CIMEG MADRID)
T ——
Results After 5 Months n24/75%
No adverse reactions were observed. All the patients finished
the treatment sessions. Two patients reported increased pain -
after treatment in the first session corresponding to a VAS scale After 3 Months | B n 27/ saak i
greater than 5 with duration greater than three hours. The degree _ Ia staction UI
of improvement after three months was already remarkable and e — :u":pmeme"t
maintained. (Table 3). The treatment was highly satisfactory in After 6 Seccions |
84,4% of the patients. (Figure 4) After the first five months the
improvement was maintained in 75% of the patients. No muscle l\ I — T
injuries were observed. Elastographic changes and improvement of Basal - o O K e
muscle tone were detected by advanced ultrasound (elastography) in MrSMeh & #
94 % of patients. (Table 4). After 5 months the degree of satisfaction 0 5 10 15 20 25 30 Chbmne  Sarade 038
of patients reaches 84.4% and 75% have solved the problem that
generated their urinary incontinence. Figure 4: Clinical improvement and degree of patient satisfaction
in relation to the first visit
N32 First Visit After three months After five months
Positive Negative Positive Negative % Positive % Negative
Elastography 30 2 7 25 3/09,3 % 29/90,6 %
Strain Rate 30 2 9 23 7/21,8% 25/78,2 %
Urogynecological 14 18 12 16 3/09,3 % 29/90,6 %
ultrasound Findings
MRI 9 23 5 27 2/09,3 % 30/93,7%
Uroflowmetry 17 15 2 30 2/0,9,3% 30/93,7 %
Urethrocytoscopy 4 28 4 28 4/12,5% 28 /87,5 %
- 27
Clinical Improvement - - 84.4 -

Positive: Pathological findings, Negative Non Pathological (Cidranes & Estrada 2018 CIMEG MADRID)

Conclusion

BTL EMSELLA is safe, well tolerated and effective for the treatment of mild and moderate urinary incontinence. The observed elastographic
changes demonstrate the improvement of pelvic floor muscle tone after treatment. A reduction in the symptoms of urinary incontinence
was demonstrated.

Recommendations
Continue increasing the number of cases for research and increase the variables that we have decided to incorporate in the next research
section such as Fusion Image and pressure calculation.
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Abstract

Introduction: BTL EMSELLA™ utilizes High-Intensity Focused Electromagnetic technology (HIFEM) to cause deep
pelvic floor muscles stimulation and restoration of the neuromuscular control. Key effectiveness is based on focused
electromagnetic energy, in-depth penetration and stimulation of the entire pelvic floor area. A single BTL EMSELLA™
session brings thousands of supramaximal pelvic floor muscle contractions, which are extremely important in muscle re-
education of incontinent patients.

Objective: Prospective study to evaluate the safety and preliminary effectiveness of the use of BTL EMSELLA magnetic
stimulation in urinary incontinence.

Method: Thirty-two patients with light and moderate urinary incontinence were recruited to perform 6 sessions of BTL
EMSELLA during three weeks of initial treatment. Follow-up after three months. The patients received sessions lasting 28
minutes, completing the different treatment protocols. Initially the patients underwent a quality of life test before and after
treatment, evaluation with advanced ultrasound using elastography to measure the initial tissue's elasticity and be able to
compare after treatment, clinical functional evaluation and urodynamic test.

Results: No adverse reactions were observed. All the patients finished the treatment sessions. Two patients reported increased
pain after treatment in the first session corresponding to a VAS scale greater than 5 with duration greater than three hours.
The treatment was highly satisfactory in 84,4% of the patients. After the first three months the improvement was maintained
in 77% of the patients. No muscle injuries were observed. Elastographic changes and improvement of muscle tone were
detected by advanced ultrasound (elastography) in 100% of patients.

Conclusions: BTL EMSELLA is safe, well tolerated and effective for the treatment of mild and moderate urinary incontinence.
The observed elastographic changes demonstrate the improvement of pelvic floor muscle tone after treatment. A reduction
in the symptoms of urinary incontinence was demonstrated.

Recommendations: Continue increasing the number of cases for research and increase the variables that we have decided
to incorporate in the next research section such as MRI and pressure calculation.

Introduction

Urinary incontinence (UI) is a health problem that affects the quality
of life of patients who suffer from it and the impact is different
depending on the severity, the type of UTI and the woman's
experience of this problem. The diagnosis and treatment and
treatment of UI in women is presented in the form of algorithms
with accompanying notes that incorporate existing evidence and
assigned a level of evidence (NE) and a grade of recommendation
(GR) [1].

The algorithms are divided into two parts: algorithms for the initial

treatment and algorithms for specialized treatment referring to
diagnostic techniques and treatments that should only be used by
specialists with specific training to establish personalized treatment
behavior.

According to the National Observatory of Incontinence (ONI) it is
estimated that in Spain could be affected by urinary incontinence
about six million people [2].

In the studies carried out on women in Spain, although there are
regional variations, the estimated average prevalence for women is
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24%, increasing to 30-40% in middle-aged women and up to 50%
in elderly women [2,3].

Types of Incontinence

1. Stress incontinence Supposedly due to urethral hypermobility
and / or intrinsic Urethral Dysfunction.

2. Mixed incontinence

3. Hyperactive bladder with or without Urinary Incontinence
supposedly due to detrusor overactivity

Initial Clinical Evaluation

The most important aspect in the diagnosis in the initial clinical
evaluation. The most important variables are: Evaluation of the
general condition, assessment of urinary symptoms (including
voiding diary and validated questionnaires), impact of UI on quality
of life, desire of the patient to receive treatment, urinalysis with or
without culture, measurement of residual volume (Table 1).

N32 First Visit
+++ ++ + no | % Positive | % Negative
King’s - | Health - | Questionnaire

Pain 1 4 2 25 21,8 % 75,2 %
Nocturia 2 4 3 23 28,1 % 71,9 %
Infections 1 2 1 28 12,5 % 87,5 %
Urgency 2 5 6 19 40,6 % 59,4 %
Sexual problem 1 1 6 24 25,0 % 75,0 %
isrzzsnsﬁnence 2 1 6 13 593% 40,7%
Physical and 1 9 14 8| 750% 25.0 %
social limitations

Degree of affectation: --no, + mild, ++ moderade, +++ server
(Cidranes & Estrada 2018 CIMEG MADRID)

Pelvic and Perineal Examination

It is one of the most important parts to define diagnosis and behavior.
The advanced examination of pelvic floor should serve to rule out
associations to prolapses of pelvic organs. The evaluation of the
pelvic floor musculature is essential as well as the evaluation of
vulvovaginal disorders due to urigenital atrophy. In complex cases
and with recurrent UTI, interdisciplinary evaluation will be useful
and necessary [4].

HIFEM Technology (The BLUE CHAIR EMSELLA)
EMSELLA™ utilizes High-Intensity Focused Electromagnetic
technology (HIFEM) to cause deep pelvic floor muscles stimulation
and restoration of the neuromuscular control. Key effectiveness
is based on focused electromagnetic energy, in-depth penetration
and stimulation of the entire pelvic floor area. A single BTL
EMSELLA™ session brings thousands of supramaximal pelvic
floor muscle contractions, which are extremely important in muscle
reeducation of incontinent patients [5-7].

Material and Method

Thirty-two patients with light and moderate urinary incontinence
were recruited to perform 6 sessions of BTL EMSELLA during
three weeks of initial treatment. Follow-up after three months.
(Figure 1) The first session lasted 7 minutes, (Figure 2) the second
session 14 minutes to achieve a dose of priming and adequate muscle

adjustment assessed in real time by elastography of muscles and
fascias. (Figure 3) The patients received four sessions lasting 28
minutes, completing the different treatment protocols. Initially the
patients underwent to quality of life test before and after treatment,
evaluation with advanced ultrasound using elastography to measure
the initial tissue's elasticity and be able to compare after treatment,
clinical functional evaluation and urodynamic test.
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Initial Assessment with Urinary Incontinence Test
Initial Assessment with VAS Scale of Pain

Initial Assessment with Advanced Ultrasound (Elastography and Strain Rate)
Explain to the patient the keys to magnetic therapy at the neuromuscular level
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Figure 1: Emsella CIMEG MADRID / Key Points

PROTOCOL EMSELLA L4
— |
CIMEG MADRID !-_..“i |
32 patients studied
Urinary incontinence  Test Initial, Physical exam and Image control

s
et
Informed consent signature

Verify the correct position of the patient in the chair

First session: ’

Measure acceptability power
No more than 45 % in initial session
Seleet pelvie floor toning
7 minutes with low and slow stimulation
Select incontinence program
7 minutes with high stimulation
Do not spend more than 14 minutes in the first session
Initial priming treatment with trapezoidal selection without
supramaximal shmulation

Al rights reserved, Dr. Cidrones- Dra Estroda (IMEG MADRID

Figure 2: Emsella Protocol Cimeg Madrid First Session

PROTOCOL EMSELLA (7
CIMEG MADRID / 32 patients studied

Second session:
Urinary incontinence Image control
Informed consent signature
Verify the correct position of the patient in the chair
Measure acceptability power
No more than 55% in Second session
Select pelvic floor toning
14 minutes with low and slow stimulation
Select incontinence program
14 minutes with high stimulation
28-minute full session with alternating programs
Explain to the patient the possibility of light and transient muscle
pain in the pelvic area of greater intensity in the first 4 hours

Al Fights reserved, Dr. Lidranes- Ura ESIG0a LIMED MALRID

Figure 3: Emsella Protocol Cimeg Madrid , Second Session, Urinary
Incontinence

Data Collection
The impact of HIFEM Emsella in our patients has been evaluated
through the Spanish version of King's Health Questionnaire 1993
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obtaining demographic, subjective, objective variables as well as [ N3, After three
quality of life. (Table 1) The urinary incontinence questionnaire months
ICIQ-SF (International Consultation of Incontinence Questionnaire) Py P - 1o | % positive | % Negative
was carried out. (Table 2) We value in all patients the degree of King’s- | Health- | Questionnaire
tissue elasticity through advanced ultrasound and elastography :
. Pain 0 2 1 29 | 093% 90,7 %
using ESAOTE technology.
Nocturia 1 3 1 27 | 156% 84,4 %
fecti 0 0 0 32 | 000% 100 %
ICISF / n 32 0 | 1-3 |46 | 7-10 | Total % nfections
Positive Urgency 1 3 3 26 21,8 % 79,2 %
Frequency of urine loss 0 19 | 11 2 100 % Sexual problem 0 0 4 28 123% 87.5%
Stress
i i o 0 2 2 28 | 125% 87,5 %
i(\)m;)gl;; tof urine lost according 0o | 2| g 2 100 % incontinence
P 5 , X Physical and 0 2 4 28 | 18,7% 81,5 %
dES’iapll'I}g urine and affecting 2 19 | 7 4 93.75 % social limitations o o
aily life ’
When do you lose urine? ) 10| 13 7 93.75 % Degree of affectation: --no, + mild, ++ moderade, +++ server
Small activities to big activities 220 (Cidranes & Estrada 2018 CIMEG MADRID)

Degree of affectation: 0 no, 1-3 mild, 4-6 moderade, 7-10 server Figure 4
ICIQ-SF Positive greater than 1 Clinical improvement and degree of patient satisfaction in relation to the first visit
(Cidranes & Estrada 2018 CIMEG MADRID)
T ——
Results After 5 Months n24/75%
No adverse reactions were observed. All the patients finished
the treatment sessions. Two patients reported increased pain -
after treatment in the first session corresponding to a VAS scale After 3 Months | B n 27/ saak i
greater than 5 with duration greater than three hours. The degree _ Ia staction UI
of improvement after three months was already remarkable and e — :u":pmeme"t
maintained. (Table 3). The treatment was highly satisfactory in After 6 Seccions |
84,4% of the patients. (Figure 4) After the first five months the
improvement was maintained in 75% of the patients. No muscle l\ I — T
injuries were observed. Elastographic changes and improvement of Basal - o O K e
muscle tone were detected by advanced ultrasound (elastography) in MrSMeh & #
94 % of patients. (Table 4). After 5 months the degree of satisfaction 0 5 10 15 20 25 30 Chbmne  Sarade 038
of patients reaches 84.4% and 75% have solved the problem that
generated their urinary incontinence. Figure 4: Clinical improvement and degree of patient satisfaction
in relation to the first visit
N32 First Visit After three months After five months
Positive Negative Positive Negative % Positive % Negative
Elastography 30 2 7 25 3/09,3 % 29/90,6 %
Strain Rate 30 2 9 23 7/21,8% 25/78,2 %
Urogynecological 14 18 12 16 3/09,3 % 29/90,6 %
ultrasound Findings
MRI 9 23 5 27 2/09,3 % 30/93,7%
Uroflowmetry 17 15 2 30 2/0,9,3% 30/93,7 %
Urethrocytoscopy 4 28 4 28 4/12,5% 28 /87,5 %
- 27
Clinical Improvement - - 84.4 -

Positive: Pathological findings, Negative Non Pathological (Cidranes & Estrada 2018 CIMEG MADRID)

Conclusion

BTL EMSELLA is safe, well tolerated and effective for the treatment of mild and moderate urinary incontinence. The observed elastographic
changes demonstrate the improvement of pelvic floor muscle tone after treatment. A reduction in the symptoms of urinary incontinence
was demonstrated.

Recommendations
Continue increasing the number of cases for research and increase the variables that we have decided to incorporate in the next research
section such as Fusion Image and pressure calculation.
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ORIGINAL ARTICLE

A Comparative Study on the Effects of High-Intensity Focused
Electromagnetic Technology and Electrostimulation for the
Treatment of Pelvic Floor Muscles and Urinary Incontinence in
Parous Women: Analysis of Posttreatment Data

Elena Silantyeva, MD, PhD,* Dragana Zarkovic, MSc, i Evgeniia Astafeva, MD,* Ramina Soldatskaia, MD,*
Mekan Orazov, MD, PhD,} Marina Belkovskaya, MD, PhD,*
Mark Kurtser, MD, PhD,* and Academician of the Russian Academy of Sciences

Objectives: Pelvic floor muscles (PFMs) weakening and urinary inconti-
nence (UI) represent health issues that have a negative impact on daily life.
This study compares the immediate efficiency of high-intensity focused
electromagnetic (HIFEM) therapy and electrostimulation for the treatment
of weakened PFMs, accompanied by the UL

Methods: Ninety-five parous women were considered for the study.
Symptomatic patients received either HIFEM or electrostimulation treat-
ment. Treated patients completed 10 therapies scheduled 2 to 3 times per
week (HIFEM) or every other day (electrostimulation). Patients underwent
examination by 3-dimensional transperienal ultrasound at the baseline and
posttreatments. Levator-urethra gap, anteroposterior diameter, laterolateral
diameter of levator hiatus, and hiatal area were measured. In addition,
Pelvic Floor Disability Index 20 questionnaire and subjective evaluation
of patient’s intimate health were assessed.

Results: Enrolled patients were divided into group I (n = 50, HIFEM),
group II (n =25, electrostimulation), and group III (n = 20, control) accord-
ing the indication and treatment modality. Three-dimensional ultrasounds
showed positive changes in dynamics of the pelvic floor posttreatment
(decreased anteroposterior diameter, laterolateral diameter, and hiatal area).
However, the significant (P < 0.05) changes of pelvic floor integrity were
observed only in group I. In addition, group I achieved greater level of im-
provement in Pelvic Floor Disability Index 20 questionnaire compared
with group II (52% and 18% respectively; P <0.001). Substantially fewer
patients in group I reported urine leakage after treatments.
Conclusions: Posttreatment results suggest that HIFEM technology is
suitable for treatment of PFMs weakening and showed to be more effective
when compared with electrostimulation in short-term. Therefore, we rec-
ommend HIFEM as treatment option for weakened PFMs and UL

Key Words: pelvic floor, ultrasonography, urinary incontinence

(Female Pelvic Med Reconstr Surg 2019;00: 00-00)

he pelvic floor is highly complex, consisting of skeletal and
striated muscles. It plays an important role in the maintenance
of continence mechanism. For its proper functioning, strong and
well-conditioned pelvic floor muscles (PFMs) are required,' ensuring
the pelvic viscera’s integrity.> Weakening of the PFMs may promote
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awide range of health issues, such as pelvic organ prolapse or bladder
dysfunction manifested as urinary incontinence (UI). Symptoms
associated with UI directly affect the patient’s quality of life.?

Between 4% and 8% of the human population suffer from Ul
as implied by the data released by Global Forum of Incontinence.*
Prevalence of UI tends to increase with age® and can be triggered
by risk factors such as surgical intervention or childbirth (especially
vaginal delivery).®” These may have a negative impact on the pelvic
floor muscle’s activity and morphology.® The deconditioning of
PFMs accompanied with UT often influences the patient’s mental
and physical health. Fortunately, there are both surgical and non-
surgical methods of treatment available for such conditions. How-
ever, the nonsurgical approach should be always recommended as
first-line therapy.’

Pelvic floor muscles can be treated with either monotherapy
or combination therapy, which includes a combination of available
treatment modalities to enhance treatment outcomes.'®'? In gen-
eral, nonsurgical approaches for the correction of pelvic muscle
dysfunction include biofeedback therapy,'? Kegel exercises (and
its modifications),'* magnetic stimulation,'*'> and a wide range of
electrostimulation methods.'® Lately, a novel noninvasive technology
utilizing the high-intensity focused electromagnetic (HIFEM) field
was introduced for treating PFMs.'”'® The HIFEM field depolarizes
membranes of peripheral motoneurons and initiates muscle con-
traction.'® High repetition rate of stimulation ensures that pelvic
muscles reach nonvoluntary contractions of great intensities, re-
ferred to as “supramaximal” contractions. Although the effective-
ness of HIFEM therapy was described earlier,!”"'® comparative
assessment with other treatment modalities is still lacking.

The changes of the function of PFMs with regards to the UL
are often assessed by the subjective standardized questionnaires,
in particular with Pelvic Floor Impact Questionnaire or Pelvic
Floor Disability Index (PFDI).° These are designed to allow pa-
tients comprehensively describe their perception of their pelvic
area. This serves as a powerful tool for the practitioners when used
in combination with some objective evaluation (magnetic reso-
nance, ultrasound imaging, or electromyography).?'>* Especially,
the 3-dimensional (3D) transperineal ultrasonography of the pel-
vic floor has become widely used due to its ability to promptly as-
sess essential parameters of pelvic floor integrity. >

The goal of this pilot study is to investigate and compare the
immediate efficiency of HIFEM technology and electrical stimu-
lation, for the treatment of weakened PFMs accompanied by UL

MATERIALS AND METHODS
Inclusion Criteria and Ethical Principles

Between the 2018 and early 2019, 95 postpartum women in
reproductive age referred to the Hospital Lapino (MD Medical
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Group) were considered for the study. The present study is a retro-
spective analysis of all the short-term data, which were gathered
during their pretreatment and posttreatment examination.

The inclusion criteria were age 18 to 45 years and history of
vaginal childbirth (not earlier than 6 months ago). The exclusion
criteria included the following: pelvic organ prolapse; pregnancy
at the time of therapy initiation (urinary pregnancy test was done
in both groups at the baseline); the presence of metal implants in
the area of lumbosacral spine, pelvis, or hip joints or intrauterine
device, which includes any metal components, cardiac pacemaker,
or other inner electronic devices; and general contraindications for
physiotherapy. All the patients signed a voluntary informed consent.

Treatment Protocol

Patients who showed PFMs weakness and continence issues
received either therapy with the BTL EMSELLA (BTL Industries
Inc, Boston, MA) or BioBravo (MTR+ Vertriecbs GmbH, Ger-
many) device. BTL EMSELLA uses HIFEM technology for
PFM strengthening and reduction of UL The device is consisted
of a power generator and a circular coil mounted in the seat of
the chair. During the treatment, the patient is fully clothed and
seated on the center of the chair while the alternating magnetic
fields with intensities of up to 2.5 T have been penetrating the pel-
vic area. In total, 10 HIFEM treatments (for 28 minutes each) with
frequency 2 to 3 sessions per week were delivered to match the
electrostimulation protocol.

BioBravo portable low-frequency stimulator is used for self-
administered PFMs stimulation to treat urinary/fecal incontinence
symptoms (approved by European Union conformity mark, not
Food and Drug Administration cleared or approved). Patients per-
formed a course of 10 procedures at home (every other day or, at
least, 3 times a week) with BioBravo device, after they passed pre-
liminary training. Time of each BioBravo session was set to 28 mi-
nutes to mirror the duration of Emsella’s treatment.

Evaluation of Study Outcomes

Various methods for documentation of treatment outcomes
were used. The first (baseline) visit consisted of medical anamne-
sis, gynecological examination, and 3D transperineal ultrasound
of the pelvic floor area by Voluson E10 device (RIC6-12-D
transducer). During the examination, patients were placed in the
dorsal lithotomy position with both hips symmetrically flexed,
legs abducted, and knees flexed. The transducer was located on
the perineum between the mons pubis and the anal margin. In par-
ticular, measured biometric indices of pelvic floor integrity in-
cluded anteroposterior diameter (LH-AD) and laterolateral
diameter (LH-LD) of levator hiatus and hiatal area (HA). In addi-
tion, levator-urethra gap (LUG) was studied before the first treat-
ment (pelvic prolapse detection due to the levator ani avulsion).
The ultrasound examination was repeated after the prescribed
course of treatments.

Treated women were also asked to complete PFDI-20 stan-
dardized questionnaire to assess the degree of PFM functioning
and continence issues. These patients also evaluated their intimate
health on bimodal basis (yes/no), according to following ques-
tions: Q1 — Are you experiencing vaginal laxity during intimacy?
Q2 — Are you experiencing changes of vaginal topography?
Q3 — Does the water or air enter the vagina during swimming
and exercise? Q4 — Are you experiencing stress Ul symptoms
(eg, involuntary urine leakage during physical activity, when
coughing or sneezing or before you can visit the toilet)? After the
successful completion of all treatments, the patients reevaluated
their continence and PFM functioning.

2| www.fpmrs.net

Safety and comfort of the patients were monitored (any pos-
sible adverse effects or adverse events, for example, pain, muscle
fatigue, or bruising induced by therapies). Patients who performed
treatments at home were instructed to record any inconveniences
caused by electrotherapy.

There was a large number of patients to provide sufficient
sample for statistical analysis, further verified by G-power 3.1.9.2
software.”® Gathered results were statistically analyzed using
Statistica version 6 software (StatSoft Inc, Tulsa, OK) using the
paired ¢ test and 2-way analysis of variance followed by least sig-
nificant difference post hoc test. Level of significance o was set to
5%. Assumption of normality was tested by Kolmogorov-
Smirnov and Lilliefors tests.

RESULTS

All 95 patients were recruited. In total, 75 women reported
PFMs weakness and incontinence issues. Symptomatic patients
were divided into 2 groups. Group I (n = 50, mean + SD age of
31.1 £ 5.4 years) received therapy with the EMSELLA device.
Group II (n =25, mean + SD age of 32.0 + 7.7 years) was treated
with BioBravo stimulator. The remaining patients marked as a
group III (n = 20, mean age of 27.2 + 4.3 years) were classified
as healthy participants and were used only as control for 3D
ultrasound measurements.

Each patient from groups I and II finished the prescribed
course of treatments. No adverse events or pain were reported.
None of the patients experienced prolapse of pelvic floor, which
can be seen in Table 1. Thickness of LUG on both sides of the
pelvis did not exceed the cutoff value of 25 mm as stated in liter-
ature,? and thus, both treated groups met the inclusion criteria.
The minor differences in LUG thickness within the groups
were insignificant.

3D Ultrasounds of Pelvic Floor

The rest of the parameters obtained by 3D ultrasounds are
documented in Table 2. Before the treatment, significantly higher
values were documented in all studied indices against the con-
trol group. After the last therapy, the initially high values of
LH-AD, LH-LD, and HA were significantly reduced only in
group I (P <0.05), approaching the averages of group III. Results
of group Il showed similar yet insignificant trend (P > 0.05). Such
difference indicates the significant effect only in patients treated
by HIFEM technology.

The examples of 3D ultrasounds obtained before and after
HIFEM treatments are visualized on the Figure 1. There is visible
improvement in LH-AD and HA parameters. Thickness of LH--
AD was decreased by 2.6 mm, which is comparable with mean
difference of whole group I (—3.12 mm on average). In addition,
HA showed more profound reduction of 1.83 cm? that exceeds
the group I average difference (—1.38 cm?) of almost 0.5 cm?.

TABLE 1. Examination of LUG Thickness for Determination of
Levator Ani Avulsion as Sign of Pelvic Organ Prolapse

LUG Right Side, LUG Left Side,
Levator Avulsion Mean (SD), mm Mean (SD), mm
Group | 20.94 (3.22) 21.76 (3.14)
Group 11 20.96 (2.49) 21.48 (2.68)
Group III 20.70 (2.68) 20.85(2.94)

Data are expressed as mean with SD.

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Three-dimensional Ultrasound Examination of Intervention (I and Il) and Control (lll) Groups

LH-AD, Mean (SD), mm

LH-LD, Mean (SD), mm

HA, Mean (SD), cm?

PFM Integrity Before After Before After Before After
Group | 51.10 (6.80)F 47.98 (6.25)* 41.44 (6.43)t 38.40 (6.03)* 14.47 (1.72)t 13.09 (1.78)*
Group 11 52.52 (5.75)t 51.36 (5.36)1 46.60 (6.70)F 45.56 (6.41)t 14.77 (1.82)} 14.69 (1.79)F
Group III 46.60 (2.30) N/A 35.40 (2.50) N/A 11.59 (0.35) N/A

Data are expressed as mean with SD. Group III was measured only at the baseline as a reference, therefore values after treatment are not available.

*Statistically significant differences against baseline (P < 0.05).
FStatistically significant differences against control.
N/A, not available.

PFDI-20 Standardized Questionnaire

No difference in the baseline PFDI-20 score was found. Al-
though the baseline score was slightly higher in group II, this ten-
dency showed to be insignificant (P = 0.45). The more profound
change has been achieved by group I. After the HIFEM treat-
ments, patients improved by 31.45 points (52%, P < 0.001). On
the contrary, group II showed lesser yet significant mean differ-
ence of 11.70 points (18%, P < 0.001). The comparison of results
obtained after the last treatments revealed also significant differ-
ence between the group I and Il mean scores (P <0.001; Table 3).

Patient’s Self-Evaluation

Results of the patient’s subjective bimodal evaluation are
summarized in Table 4. The percentages describe a portion of pa-
tients who answered questions Q1 to Q4 positively (yes). After the

treatments, the percentage of answers regressed in both groups;
however, group I showed substantially greater differences in
comparison with group II. On average, the subjective assessment
revealed that patient self-reported 2 times greater results after
HIFEM treatment. Especially remarkable improvement was ob-
served in questions Q1 (laxity) and Q4 (incontinence). In group
I, the differences reached up to 30% (Q1) and 44% (Q4), respec-
tively, whereas group II reported much lower change of 16%.

Sample Size and Verification of Power

Using G-power software, we calculated the minimal sample
size to reveal statistical significance in gathered data as 16 patients
for both 2-tailed ¢ test (a = 0.05; power, 0.95; effect size, 1) and
analysis of variance (o = 0.05; power, 0.95; 3 groups; effect

FIGURE 1. A 39-year-old patient, 1 childbirth. Visualization of ultrasound measurements (Voluson E10, equipped with RIC6-12-D
transducer) before (A) and after (B) HIFEM treatments. Midsagittal plane on the left, axial rendered volume on the right. Red line indicates
LH-AD dimensions. Area of HA is bordered by blue line. Direction of view in 3D is indicated by yellow lines and @ mark.

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 3. Mean Scores of the Standardized PFDI-20
Questionnaire Including the 95% Cls

PFDI-20  Baseline Score (CI)  After Tx Score (CI) P
Group I 60.22 (50.62-69.82)  28.77 (20.74-36.81)  <0.001
Group I  66.21 (54.08-78.34)  54.51 (43.92-65.11)  <0.001
P value 0.45 <0.001

Data were gathered at baseline and after treatments (After Tx).
CI, confidence interval;Tx, treatment.

size, 1). In addition, the power of conduced statistical analysis was
verified post hoc and showed to be equal to 0.99.

DISCUSSION

According to the documented results, we suggest that
HIFEM therapy was more effective method for treatment of weak-
ened pelvic floor than electrostimulation in short-term. Apparently,
based on the evaluation by both subjective (questionnaires) and ob-
jective (3D transperineal ultrasound) methods, HIFEM therapy pro-
duces more profound improvement in PFMs and UI posttreatment.

Besides the magnetic resonance, one of the most reliable
methods for examination of pelvic area is diagnostic ultrasound.
Because of the complex manner of structures forming the pelvic
floor, 2-dimensional image may not always provide proper visual-
ization. Hence, the examination should be combined with 3D
analysis.> The use of such technology in routine practice may help
to reveal pelvic floor muscles weakening even if the patient does not
have any subjective complaints. Early diagnosis helps start timely
treatment, as the 3D reconstruction of pelvic floor allows to obtain
specific parameters of its integrity (LUG, LH-AD, LH-LD, and HA).

Recent research demonstrated that LUG is strongly associated
with puborectalis avulsion, and the cutoff threshold for its diagnosis
appears to be 25 to 27.5 mm.?***® Our initial gynecological ex-
amination showed no levator avulsion, which would exclude
patients from the study. Levator-urethra gap ranged from 20.70
to 21.76 mm (Table 1), and thus, no pelvic organ prolapse was di-
agnosed because measured values showed to be substantially
lower than cut-off threshold.

The biometric indices of control group are comparable with
the results reported in literature for nuliparous women at rest.>’
It was found that LH-AD in healthy patients ranges from 45.2 to
484 mm, LH-LD from 32.8 to 37.5, and HA from 11.3 to
12.0 cm?, which corresponds to our observations in healthy parous
women (group IIT). However, both treated groups at the baseline
showed significantly higher LH-AD, LH-LD, and HA in compar-
ison with the group III. As a result of the treatments, these indices
decreased toward the control values. Nonetheless, significant changes

of the pelvic floor anatomy were demonstrated only in patients
treated by HIFEM technology (Table 2; Fig. 1).

The presented data showed an enhanced functioning of
PFMs with reduction of UI severity and impact on the quality of
life has been achieved (Tables 3 and 4). Differences in PFDI-20
mean scores were found to be highly statistically significant. Both
treatment modalities proved to be effective in treating PFMs weak-
ness accompanied with UI. However, our observations indicate
significantly more profound efficiency of the HIFEM technology
in comparison with the electrostimulation after a course of 10
treatment sessions. Based on the questionnaire data, it was proved
(P < 0.001) that group I reached a higher level of improvement (2.68
times) after a series of 10 treatments. Patients treated by HIFEM tech-
nology showed mean difference in PFDI of over 50%. On the contrary,
group II was only able to reach an average improvement of 18%.

The patient’s subjective bimodal assessment revealed greater
results in group I, which reported reduced incontinence symptoms
after the treatments, when compared with group II. In addition,
those who received HIFEM therapy noticed a substantial reduction
in vaginal laxity symptoms. Modest improvement of incontinence
and laxity issues was seen in group I, probably attributed to the less
recognizable improvement of PFM functioning. Conversely, the
greater results observed in patients from group I correlate to their
significant change in pelvic floor integrity and PFDI-20 score.

For PFM strengthening, the strong contractions with inter-
posed rest periods should be involved to deliver sufficient load.?®
If the muscles are properly stimulated, both endurance and
strength are regained.”® Superior results after HIFEM therapy in
our study may be explained by the deep penetration of high-inten-
sity electromagnetic field into the pelvic area, resulting in uniform
activation of PFMs. On the contrary, electrical devices may
not be able to involve whole pelvic floor with sufficient inten-
sity of the stimuli. Because of its superficial application, the
electrostimulators lost the largest portion of emitted energy
on the surface, and only its fraction reaches deep-lying tis-
sues.’® Although some positive effects of electrostimulation
on PFM strengthening was documented in the past, there is
still not sufficient evidence to determine whether it is more ef-
fective than traditional exercise.>**!-2

In this study, the treated postpartum patient groups were
consisted of relatively young women of average age 31.1 5.4 years
and 32.0 + 7.7 years. However, we assume that our findings are ap-
plicable also in the older postmenopausal patients who would prob-
ably show symptoms of greater severity because of the estrogen
deficiency. Samuels et al,>* for instance, was able to reach similar
degree of immediate posttreatment improvement after the series
of 6 HIFEM treatments in patient group aged 55.5 + 12.8 years.
Almost identically aged group (55.2 4 12.8 years) was established
also by Castro et al** who described significant and continuous
results of electrostimulation therapy.

TABLE 4. Subjective Examination of Patient’s Intimate Health Obtained at the Baseline and After Treatments (After Tx)

Group I Group II
Question Baseline After Tx Difference Baseline After Tx Difference
Ql 48% 18% -30% 44% 28% —16%
Q2 36% 12% —24% 36% 24% —12%
Q3 34% 16% —18% 48% 36% -12%
Q4 74% 30% —44% 72% 56% -16%

The percentages express the portion of patients who answered yes.
Tx, treatment.

4| www.fpmrs.net
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Continuity of results after noninvasive pelvic floor stimula-
tion is still being investigated in the literature. Based on the long-
term observation of treatment outcomes after magnetic and electri-
cal stimulation, it is assumed that beneficial effect of induced PFM
strengthening may be sustained up to 1 year.'*>*> However, after this
period of time, the relapse may occur and maintenance session
should be considered in some patients.

Although the presented data are based on the short-term ob-
servation of patient cohort, the discovered findings showed to be
sufficient to identify contrast in efficacy between the HIFEM
technology and electrostimulation. Future research should verify
the persistence of herein published results and further tendencies
in patient’s PFMs and Ul management as well as retreatment pe-
riod. Treatment groups of at least 16 patients should be established
when the great effect of intervention is observed. Otherwise, the
higher number of patients might be required.

It was demonstrated that HIFEM technology was able to sig-
nificantly improve biometric indices of pelvic floor integrity and
UI symptoms. Therefore, we recommend HIFEM for a wide-
spread uses in practice as the treatment of weakened pelvic mus-
cles and continence issues.
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