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ABSTRACT
“bjective: The aim of this study was to evaluate the effects of non-ablative, monopolar transcutaneous

temperature controlled radiofrequency (TTCRF) technology in the treatment of postmenopausal
women suffering from genuine stress urinary incontinence (SUI) related to menopause and to evaluate
histological changes vaginally associated with the treatment.
Materials and Methods: Subjective and objective symptoms of SUI were assessed in study subjects before and
after TTCRE, (1 treatment every 30 days, for 3 months; n=10) and compared with the effects of a placebo
treatment on a control group of demographically similar women (n =10). SUI was subjectively evaluated with

subjective Urogenital Distress Inventory (UDI-6) and with the International Consultation on Incontinence
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Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF) before and after TTCRF treatments and
objectively with cough stress test. Vaginal health was evaluated with the Vaginal Health Index (VHI) score
and visual analogue score (VAS) for dyspareunia and dryness. Punch biopsies were obtained at the urethra-
vesical junction in the anterior compartment, before and at the end of the treatment protocol. Basic and
histochemical staining methods were used.

Results: In subjects suffering SUI, TTCRF treatment was associated with a significant (p<0.01) improvement
of ICIQ-SF and UDI-6 scores. Seven of 10 patients (70%) had a negative cough stress test after the treatment
protocol. Improvements were maintained up to the 12th week of follow-up. The results were supported by
the positive histologic changes seen vaginally in women suffering from postmenopausal vaginal atrophy.
TTCRF was well tolerated with no complications reported in study patients.

Conclusion: TTCRF treatment in postmenopausal women suffering from SUI showed significant improvement
in both objective and subjective symptoms. Vaginal health scores also improved as did VAS for dryness and

dyspareunia. We feel these improvements were related to histological Changes related to improvement in

vaginal atrophy that were not observed in placebo patients.

INTRODUCTION

Female genuine stress urinary
incontinence (SUI) affects women of
child-bearing age as well as peri- and
postmenopausal women. As women
age, it is well known that they may suf-
fer from increasing genitourinary
symptoms including SUI, urinary
urgency and frequency, urinary urge
incontinence, as well as vaginal dryness
and atrophy. These symptoms have
been theorized to be secondary to
some of the histologic changes seen
vaginally that are related to a decreas-
ing level of estrogen. The term geni-

Figure 1. TTCRF device.

tourinary syndrome of menopause
(GSM)(1) emerged following a consen-
sus conference held in May 2013. GSM
is a more descriptive term than vulvo-
vaginal atrophy (VVA), however, and
does not necessarily imply pathology.
There are some concerns that GSM is
all encompassing and includes not only
symptoms resulting from estrogen
deficiency, but also those arising from
the effects of aging and other processes
on the bladder and pelvic floor. Focus-
ing on symptoms related to estrogen
deficiency, the update provides a prac-
tical guide for health and allied health
professionals on the impact of GSM on
women and their partners, assessment,
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management, and areas for future
research.’

GSM has been affiliated with a wide
range of urogynecological symptoms
including urinary incontinence as well
as vaginal symptoms related to estrogen
depletion associated with the aging
process. In women going through
menopause, there has been shown to be
a decrease in both diameter and quanti-
ty of peri-urethral striated muscle
which may be responsible for intrinsic
and extrinsic continence mechanisms.
Additionally, collagen I and III content
and quality at the level of the endo
pelvic fascia is affected and has been
shown to have a close relationship with

Figure 2. Vulvar application of the special ergonomic probe for vulva and
vagina.



pelvic floor dysfunction, including
Sur.*°

Available treatment options to date
for SUI and postmenopausal urinary
symptoms have included: behavioral
therapy with pelvic floor exercises and
physical therapy, bladder training and
timed voiding, and pharmacologic ther-
apy and/or surgical intervention. Phar-
macologic therapy has been limited to
anticholinergic agents for urinary
urgency/frequency, estrogen use, cither
local or systemic, for vaginal atrophy
symptoms. Unfortunately, vaginal estro-
gen therapy has not been shown to sig-
nificantly improve symptoms of
urgency/frequency or SUI by itself,
however, it is well known to improve
vaginal health and help with symptoms
of atrophy and dryness and sexual dys-
function related to these deficits. Surgi-
cal options for SUI include sub-urethral
mesh tape slings (SUS), traditional pub-
ovaginal slings, or bladder neck suspen-
sion surgery such as the Burch
colposuspension. These surgical options
have all been shown to have cure rates
in the range of 80—90% for SUI, howev-
er, they are all invasive surgical inter-
ventions with inherent risks of invasive
surgery. Many women today are not
willing to risk surgical intervention or
do not want to have to undergo the
recovery that is necessary with surgery
and therefore are secking non-surgical
alternatives to treat SUI and associated
symptoms of GSM. Additionally, with
the recent negative public perception of
mesh use in pelvic floor surgery and
incontinence foiiowing the FDA safet
notifications starting in 2011, women
arc shying away from surgery—specifi-
cally mesh use in surgery—and are
secking less invasive treatment options
for urinary leakage. Despite position
statements from many organizations,
including the American Urogynecologic
Society and the American Urologic
Association, stating that mesh tape
slings are considered to be the gold
standard treatment for female SUI,
women are still looking for less invasive
alternatives.

TTCREF treatment has been shown to
improve collagen levels in dermis and
result in clinical improvement in skin
tightening and the aesthetic appearance
of skin in different parts of the body.6'7
More recently, a vaginal probe to deliv-
er this technology to the vaginal walls
has been developed and has shown evi-
dence of improving the health of the
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Figure 3. Punch biopsy.

vaginal epithelium leading to improved
vaginal health and improvement in
symptoms such as vaginal dryness, uri-
nary symptoms, and sexual function.®

MATERIALS AND METHODS

This prospective descriptive double-
blind randomized controlled trial was
performed at Hospital Universitario San
Jorge Pereira Colombia. This single-site
study recruited patients attending the
Urogynecology unit. Postmenopausal
women presenting at the clinic were
given a survey rcgarding their symp-
toms of stress urinary incontinence and
vaginal relaxation syndrome. Those
women that answered positive to the
presence of these symptoms were
recruited to be involved in the study.

After gaining informed consent, 20
patients were included in this prospec-
tive randomized descriptive study.

Patients all presented with symptoms of
stress urinary incontinence and/or Vagi—
nal laxity including the presence of
passing vaginal winds or water entrap-
ment, which are common problems
reported by patients with wide vagina.
Stress urinary incontinence was con-
firmed with the presence of a positive
cough stress test with 300cc in the blad-
der, in the supine position.

Primary outcomes

Symptoms were assessed relating to
the genitourinary syndrome of
menopause subjective and objective
cure of stress urinary incontinence by
the International Consultation On
Incontinence Short Form (ICQ-SF),”!°
and the Urogenital Distress Inventory
(UDI-6)"" in an attempt to demonstrate
histoiogicai changes related to the vagi-
nal trophism restoration at the urethra-
vesical junction, correlated to the
subjective and objective cure of stress
urinary incontinence.

Table |
Demographics and clinical variables
Active Group Control Group
Age 55+/-5,8 56,9 +/- 3,1
Parity 2,4 +/- 0,8 2,3+/-0,8
Menopause n=10 N=10
HRT 2-10 (20%) 3-10 (30%)
Sexual Activity N=10 N=10
Urogynecology Examination
Urethral hypermovility N=10 N=10
Sul N=10 N=10
Pelvic Organ Prolapse POP -Q
Stage 0 0
Stage 1 82,31 17,69
Stage 2 42,33 57,67
Stage 3 0
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Table Il
Stress Urinary Incontinence International Consultation on
Incontinence Questionnaire-Urinary Incontinence Short
Form (ICIQ-UI SF) at baseline and at 12 weeks after TTCRF
protocol in vaginal walls expressed as mean value SD

ICQ-SF Active Group (AG) p 0.017 Control Group (CG)

Patients N=10 N=10

Baseline 17,3 +/- 0,78 17,1 +/- 0,94

12-week follow-up 11,4 +/- 0,66 16,5 +/- 2,0
Table Il

Urinary Incontinence Urinary Distress Inventory (UDI-6)
Urinary Incontinence Short Form before and after TTCRF pro-
tocol, expressed as mean value SD

UDI-6 Active Group Control Group
Baseline 33,7 +/- 12,5 32,91+/- 5,45
12-week follow-up 16,2 +/- 6,0 33,3 +/- 5,6
P (p<0.017)

Table IV

Vaginal Health Index (VHI) Scores
Vaginal health evaluated by Vaginal Health Index, Gloria Bachman
et al., at baseline and at 12 weeks after TTCRF protocol,
expressed as mean value SD

VHI Active Group Control Group (CG)
Baseline 11,5 +/-0,67 11,6 +/- 0,66
12-week follow-up 19,3 +/-2,01 11,8 +/- 2,1

Secondary outcomes

Assessment of clinical changes relat-
ed to Vaginal trophism were evaluated
by clinical examination and change of
scores in the Vaginal Health Index
(VHI) by Gloria Bachman et al.'” Treat-
ment satisfaction was evaluated by the
visual analogue scale (VAS)'"* comparing
baseline values to the end of the treat-
ment protocol values as well as vulvar
laxity and changes in the quality of the
connective tissue with cosmetic
improvement in vulva.

The active group subjects were fol-
lowed prospectively in a three month
follow up to treatment with TTCREF

protocol in the vaginal walls. The con-
trol group did not have an active treat-
ment, but instead a sham treatment
protocol. Statistical analysis was per-
formed using SPSS 11.5.1 (SPSS,
Chicago, Illinois). Quantitative variables
were obtained using the following para-
meters: mean, median, and standard
deviation in both groups, the qualitative
variables were compared with the ¥’
distribution formula of Pearson and
“Student’s t7, both with an expected sig-
nificant value of p < 0.05; the number
of the sample was 20 women who
entered the study active group n=10
and the control group n=10.

Inclusion criteria

. Early stages of SUI

. Positive cough stress test

. Non—previous treatments

. Voluntary participation

. SUI impact on quality of life

. SUl-related sexual dysfunction

. No prolapse associated POP Q> 1
anterior 4:0mpartment14

8. Menopause

N oo W=

Exclusion Criteria
1. Non-adequately classified
2. Previous surgery
3. Recurrent lower urinary tract
infection
4. BMI > 35

Treatment protocol

Treatment protocol of the active
treatment group receiving TTCREF was
as follows:

Technique: Utilized the spccially
designed vaginal ThermiVa® (Thermi-
Aesthetics, Irving, Texas) probe and
generator—the active portion of the
probe is passed slowly and with wide
sweeps of the desired zone of treatment
for three to five minutes until the tissue
is gradually heated to the therapeutic
level of 40-45°C. Ultrasound gel is uti-
lized during the treatment to the tis-
sues.

Zones of treatment

#Labia majora and Labia minora: Treat-
ed bilaterally from the lowest edge of
the mons pubis to the perineal body
and laterally to the crural folds, includ-
ing the clitoral hood.

#Vaginal canal: Treatment of the vaginal
sidewalls as well as anterior and poste-
rior vaginal walls moving in sweeping
half-moon motion, and in and out.
From 2cms to 10cms deep (or greater
depending on vaginal length of patient)
area.

¢ Warm-up time per each zone was
approximately 30 seconds to 3 min-
utes. Once a therapeutic temperature
of 40-45°C was reached, treatment
time was three to five minutes per
zone. If the patient could not tolerate
the temperature, the temperature was
decreased (maintaining minimal treat-
ment temperature) and/or a larger
surface of tissue was treated (i.c.,
increasing size of sweeping or move-
ment arc) and multiple passes in the
same area was avoided.

Mild to moderate pressure was applied
during treatment, while maintaining



full contact with the skin. Treatment
began with small sweeping movements
and increased to larger/longer move-
ments. The entire treatment zone was

heated to a uniform probe temperature
of 40-45°C.

Patients randomized to the non-
treatment group were treated using the
same protocol as above, however, the
generator was not turned on, therefore,
they received no heating or RF therapy
from the vaginal probe during the treat-
ment (Figs. 1 and 2).

Protocol

#Pre-Tx photos

OBiopsy pre—treatment

#No anesthesia

#Five minutes per area /Total treat-
ment time of 30 minutes

eHeat to 40-45°C

@ Three total treatments

#Four weeks apart

#Photos, histology, histochemical and
questionnaires at set intervals (what
intervals were used specifically)

#Placebo/non-treatment group—same
protocol but no active RF utilized
during treatment

Histological study

Biopsies were obtained at the ure-
thra-vesical junction in the anterior
compartment with a dermatology
punch, before and at the end of the
treatment protocol. Biopsies of the skin
of the vulva were also obtained, before
and after the protocol in order to cor-
roborate histological changes and cos-
metic improvement (Fig. 3). The
pathologist was blinded to the source of
the biopsy.

Two histologic preparations were
utilized to analyze the biopsy samples:
Hematoxylin and cosin (H&E) and
modified Masson’s trichrome.
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Table V
Visual analogue scale (VAS) for dyspareunia before and
after TTCRF protocol, expressed as mean value SD

Visual analogue scale .

(VAS) Active Group Control Group
Baseline 6,6 +/-0,66 6,4 +/-0,8
12-week follow-up 2,9 +/-0,83 6,3 +/- 0,64

Figure 4a. Before treatment with ThermiVa®
(TTCRF).

Hematoxylin and Eosin (H&E)
The H&E prep of the nucleus and
parts of the cytoplasm that contain
RNA were stained in one color (pur-
ple), and the rest of the cytoplasm were
stained in a different color (pink). Most
proteins in the cytoplasm are basic, so
eosin binds to these proteins and stains
them pink. This includes cytoplasmic
filaments in muscle cells, intracellular
membranes, and extracellular fibers.

'Eﬂ. N
E
-

Figure 5a and b. Before and after one session with TTCRF.

Figure 4b. After first session with ThermiVa®
(TTCRF).

Modified Masson’s trichrome
staining in collagen evaluation in
wound healing

The most important is collagen fiber
as it plays a dominant role in maintain-
ing the structural integrity of wound
healing. The purpose of the trichrome
stain is primarily to demonstrate colla-
gen and muscle in normal tissue.
Trichrome stains are used to distinguish
collagen from muscle and aid in the
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Figure 7a and b. Before and after three sessions of TTCRF.

diagnosis of fibrotic changes. It is also
used to demonstrate increased collagen
deposition in tissue or to indicate
fibrotic changes. This method was mod-
ified from Kiernan (2008).'>'¢

Ethical considerations

Patients recruited for this study
were volunteers from the Urogynecol-
ogy unit. They offered to participate
prior to obtaining informed consent
and a written authorization to be
included in their medical records
according to Helsinki declaration,
Belmont report, CIOMS rules,
GPC/ICH, and 008430 resolution of
Colombia government stabilised on
October 4, 1993. The present investi-
gation considered minimal risk or
beyond minimal risk as follows:

# Adjust and briefly explain the ethical
principles that warrant investigation
according to international standards.

#Based on previously conducted
experiments on animals in laborato-
ries and other scientific facts that
show a secure intervention in
humans.

#Clearly express the risks and security
guarantees to participants.

¢ Having the written informed consent
of research subjects or their legal
representatives.

#Relates the experience of researchers

and the responsibility of a health entity.

Informed consent
The type of informed consent used
was specifically designed for the treat-

ment of menopausal vaginal atrophy and
SUl with TTCRE.

Demographics and clinical variables
of the two groups are seen in Table 1.
Twenty patients completed the study,
10 in the active group and 10 in the
control group. The baseline QOL
scores as well as VHI and VAS were sta-
tistically not different between the two
groups. QOL outcomes were analyzed
utilizing the validated tools UDI-6,
International Consultation on Inconti-
nence-Urinary Incontinence Short
Form (ICIQ-UI SF), and VAS before
and at least three months after three
sessions of TTCRF treatment protocol
in the Vaginal walls. Vaginal health was
evaluated via the VHI score over the
same timeframe. Treatment was well
tolerated by all patients and no patient
discontinued treatment due to adverse
events.

Urinary incontinence

Urinary leakage symptoms were
evaluated by the use of the ICIQ-UI SF
as well as UDI-6. Baseline scores were
not different between the treatment
group and the placebo group. Follow-
up scores in the treatment group
showed statistically significant
improvement in urinary leakage symp-
toms, whereas the control group
showed no improvement in scores
(Table II and III).

Regarding the 20 patients suffering
from SUI related to GSM, TTCRF
treatment induced improvement in the
scores of the ICIQ-UI SF before and
after the treatment in the treatment
group (17.3 +/- 0.78 to 11.4 +/-
0.66) (Table II).

UDI-6 also revealed statistical
improvement from baseline to the end
of the treatment in the active group
(37.5 +/- 7,2 t0 16.23 +/- 6.6). No
improvement was seen in the con-
trol/placebo group. As an objective
evaluation, we found that 7 of 10
patients in the treatment group (70%)
had a negative stress test after the
treatment protocol, a positive stress
test was maintained in the control

group in all patients (Table IIT).

Vaginal health
Vaginal health scores significantly
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Figure 8a. Labia majora pre-TTCRF H&E. Stain demonstrates squamous epithe-

lium with low surface coating, thin granulosa layer.
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maturation.

improved utilizing the VHIS in the
treatment group; however, the scores
were unchanged in the control group
(Table IV).

In the follow up period, the dryness
and dyspareunia values were 6,6 +/=

0,66 (AG) and 6,4 +/- 0,8 (CG) four

Figure 10a. Vagina pre-TTCRF. Pre-epithelium with few cell layers and poor
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mis with increase of the number of cell layers (granulosa), proper maturation
of the epithelium.

b - TR o
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Figure 9b. Vagina post-TTCRF (H&E) anterior vaginal wall urethra vesical junc-
tion.
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Figure 10b. Vagina post-TTCRF. Post-e|;ithelium with increased cellularity mat-

uration and the epithelium growing toward the surface, with more basal cells
and an increase in the thickness of the stroma.

weeks after TTCRF, and scores
improved to 2,9+/- 0,83 in the active
group. The VAS values in the control
group did not show any significant
changes during the treatment period—
6,4 +/- 0,8 (CG) 6,3 +/- 0,64 (CG)
(Figs. 416, Table V).

-7-

TTCRF has been shown to be a
proven technology and have numerous
advantages for the treatment of skin
laxity. RF has been established as an
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Figure 11a. Vaginal stroma pre-TTCRF. Lax stroma with

Figure 12a. Vagina histochemical Masson’s stain modified pre-TTCRF: flat-

tened epithelium, lax stroma.

Figure 13a. Labia majora epithelium pre-TTCRF H&E stain.

excellent modality for tissue tightening
via stimulation of neocollagenesis,
denaturation of collagen, contraction,
and activation of the healing cascade.
Numerous studies in dermatology'’
have demonstrated tissue contraction
and have determined a therapeutically

little collagen.

Figure 13b. Labia majora epithelium post-TICRF H&E. Epithelium with matura-
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Figure 11b. Vaginal stroma post-TTCRF. Stroma increased the number of fibrob-
lasts and collagen.

Figure 12b. Post-TTCRF. Epithelium increased
surface as well as collagen.
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tion, increased presence of papillae, and greater presence of fibroblasts stromal

more loose.

ideal temperature range 40-45°C).
Neocollagenesis (via the healing cas-
cade) is stimulated without causing
unnecessary damage to the skin or inte-
gral tissue structures.'® Low-dose RF
continues to be used in other areas of
medicine for the treatment of facial and

neck skin laxity as well as periorbital
rhytides. ThermiVa® (TTCRF) is the
first and only temperature controlled
radio frequency system used for non-
surgical dermatological application in
aesthetics and other medical specialties
(Fig. 17)."
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Figure 14b. Labia majora vulva stroma masson’s modified post-TTCRF.

Shows increased presence of collagen.
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Figure 15b. Labia majora vulva epithelium masson’s modified post-TTCRF.

Epithelium with increased activity in the basal layer, further maturation of the
epithelium, and the presence of glycogen. Intense blue collagen.

Figure 16a. Control group Pre-epithelium flattened atrophic dense stroma
cells.

Recently, a vaginal probe (ThermiVa®)
was developed to be able to treat the
Vulvovaginal tissues with this technolo-
gy. TTCRF brings with it numerous
advantages for the treatment of vagina
laxity and GSM symptoms.

ThermiVa® has mastered the deliv-

changes).

ery of controlled-heating, The technol-
ogy uses real-time temperature moni-
toring and regulation, ensuring the
therapeutic temperature delivered to
the sub-q layer is reached, but more
importantly, it is maintained for the
treatment timeframe (Fig. 18a—d).”

-9-

Figure 16b. Control group post-epithelium. Dense stroma sclerotic (no

TTCREF treatment protocol in the
vaginal walls has the ability to activate
collagen and promote elastin formation
at a molecular level. The goal of treat-
ment is to heat vaginal/ vulvar epitheli-
um to approximately 40—-45°C for a
defined treatment timeframe. This
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Figure 17. ThermiVa® generator (TTCRF).
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Figure 18a, b, c, and d. Special disposable design probe for TTCRF.

temperature has been shown to be nec-
essary to stimulate fibroblasts to pro-
duce collagen de novo, which results in
clinical tightening.

It is our theory, based on the histo-

logic changes seen with RF therapy to
human dermis and our experience to
date, that the biostimulative effect of
TTCRF to the vaginal epithelium
restores most vaginal functions such as

-10 -

secretion, absorption, eclasticity, lubri-
cation, and vaginal epithelium thick-
ness. We also feel that at the urethral
level, it may induce important changes
such as submucosal blood vessel plexus
width increase and peri-urethral mus-
cular tone recovery that are related to
the urethral closure pressure mecha-
nism and, ultimately, urinary conti-
nence in women.

Salvatore et al., demonstrated an
important improvement of stress uri-
nary incontinence in their pilot study
with RF vaginal treatment.”' Treatment
with RF has also shown long-term safe-
ty and effectiveness for stress urinary
incontinence.?? This was demonstrated
in the current trial as well in the treat-
ment group that showed significant
improvement in urinary health symp-
toms with statistically significant
improvement in UDI-6 and ICQ-SF UI
scores, whereas the placebo group
showed no improvement in scores. This
also correlated with the positive histo-
logic changes seen in the treatment
group with increased vaginal wall colla-
gen, fibroblasts, and thickness.

It has been demonstrated that ade-
quately delivered heat via laser?® or RF
to vaginal epithelium and urogenital
structures generates crucial structural
changes that seem to be related to
vaginal trophism and extrinsic conti-
nence mechanisms of the urethra, as
well as treating the symptoms related
to the GSM.”*” In the current report,
we confirmed these findings as we
demonstrated important histological
changes related to the application of
TCTREF therapy to the vulvovaginal
tissues. These changes were not
demonstrated in the histological sam-
ples of the control group, nor did any
of their symptoms improve with the
blinded sham treatment. Additionally,
VAS scores were also shown to signifi-
cantly improvc in the treatment group
with no change seen in the control
group. This gives even more credence
to the RF therapy having a positive
impact on vaginal health and sexual
function.

It is important to remark that
TTCRF has not been shown to ade-
quately treat pelvic organ prolapse in
advanced stages. Prolapse greater than
stage II and/or more severe stress uri-
nary leakage should still be treated with
standard surgical treatment such as
site-specific repair, mesh augmentation,
or laparoscopic repair and SUI with



colposuspension or mid-urethral sling.

The limitations of the current study
include small numbers in each group
and lack of longer term follow-up.
Further studies with larger sample sizes
will be necessary to demonstrate spe-
cific levels of the severity of urinary
incontinence, urgency/frequency
symptoms, and vaginal laxity issues that
can be successfully treated with
TTCRE

Intra vaginal, non-ablative, TTCRF
seems to be a promising alternative for
the treatment of mild to moderate SUI
and other symptoms related to the
GSM, There is a group of patients with
GSM that, either do not have a surgical
indication, or do not want an invasive
procedure. These patients would bene-
fit from this new alternative that is
non-invasive, has no surgical recovery
or down-time, and carries little to no
risk. It is important to remember
though that GSM is a chronic condition
and, therefore, long term therapy may
be required. Hormonal, non-hormonal,
laser, and complementary therapies are
necessary to maintain positive Vaginal
health.

Finally, since the GSM may have a
profound negative impact on QOL of
postmenopausal women, women
should be made aware of their diagno-
sis and treated with an appropriate
effective therapy. Initial results demon-
strate that TTCREF is a safe and effec-
tive non-surgical option for women;
however, further studies with larger
numbers are_necessary to gain further
conclusions.
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