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ABSTRACT

The aim of this paper is to present a novel laser technology utilizing the erbium YAG laser for various
minimally invasive, non-surgical procedures in gynecology. Non-ablative, thermal-only SMOOTH-mode
erbium pulses are used to produce vaginal collagen hyperthermia, followed by collagen remodeling and the
synthesis of new collagen fibers, resulting in improved vaginal tissue tightness and elasticity. This erbium laser
technology is used for treatments of vaginal laxity, stress urinary incontinence, pelvic organ prolapse and
vaginal atrophy. In the period from 2010 to 2014, several clinical studies covering all four indications were
conducted with the aim to prove the efficacy and safety of this novel technology. An overview is presented
of the results of these studies where several objective as well as subjective assessment tools were used. The
results have shown that SMOOTH-mode erbium laser seems to be an effective and safe method for treating
vaginal laxity, stress urinary incontinence, pelvic organ prolapses and vaginal atrophy.

INTRODUCTION

One of the first reports on the use of erbium YAG (Er:YAG)
laser technology for gynecological treatments dates back to
2000 when Dr Claudia Pidal and colleagues reported on the
use of a Fotona Fidelis Er:YAG laser for treating vaginal
tissue!. The results were impressive. The treatment was effec-
tive and painless and led to the rapid development of various
erbium ablative procedures, including the treatment of human
papilloma virus infections, cervical ectropion, vulvar intraepi-
thelial neoplasia, dystrophic lesions, melanosis and many
other conditions'. These treatments have also obtained US
FDA clearance, and since then thousands of such procedures
have been performed in many countries. A high rate of
success, with only minor complications, was reported when
performing ablation of the lower genital tract, treatment of
multifocal and multicentric lesions, excisions and tissue
coagulation.

As an interesting and unexpected side-effect, many patients
reported that they felt a vaginal tightening effect follow-
ing these Er:YAG treatments, which resulted also in their
enhanced sexual experience. This discovery initiated further
research in the direction of developing a minimally invasive,
non-surgical and non-ablative erbium treatment for vaginal
relaxation syndrome (VRS).

The first studies of the thermal effects of a non-ablative
Er:YAG laser on human soft tissue, using precisely con-
trolled, sequentially packaged bursts of erbium long pulses
(Fotona ‘SMOOTH mode’) were performed by Majaron and
colleagues in 2000? and Drnovsek and colleagues in 20043,
The studies revealed that deep collagen remodeling and new
collagen synthesis occur as a result of the SMOOTH-mode
treatment. Collagen exposed to an appropriate temperature
increase results in the sudden contraction of its fibers, leading
to the contraction and shrinking of the irradiated bulk tissue*.
The thermal effect on collagen is not just momentary during
exposure to increased temperature, but it continues through-
out the processes of collagen remodeling and neocollagenesis,
resulting in the generation of new collagen and an overall
improvement of tightness and elasticity of the treated tissue.

Based on the above findings, SMOOTH-mode Er: YAG lasers
also began to be used on mucosal tissue. The first experiences
in targeting mucosal tissue were intra-orally. Application of
several passes of SMOOTH-mode pulses on the soft palate
produces tissue contraction, which is an ideal non-invasive
method for treating snoring and apnea complications. The
first trials with SMOOTH-mode erbium tightening of the
vaginal canal had already begun in 2008/2009°. Tightening
of the vaginal canal and consequently the improvement of
sexual gratification were observed>.
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These trials also revealed another important beneficial effect
of the SMOOTH-mode Er:YAG treatment — the improvement
of stress urinary incontinence (SUI) in women.

Since then, special G-set applicators (Figure 1) have been
designed to enable a uniform and well-controlled irradiation
of the whole length and circumference of the vaginal canal.
Two protocols for two new minimally invasive, non-surgical
and non-ablative procedures were developed and clinically
validated: IntimaLase® (for VRS) and IncontiLase® (for
SUI)’~. During the last 4 years, the use of erbium SMOOTH
technology for vaginal tightening and incontinence has rap-
idly spread around the world and many additional studies
have been initiated to further assess and prove this technology
and treatment approach.

The wide use of erbium SMOOTH technology brought fur-
ther discoveries — in 2013 Bizjak-Ogrinc and Sencar reported
excellent results achieved in the reduction of pelvic organ pro-
lapses®, and in the same year Gaspar presented his pioneering
work on vaginal atrophy”.

In addition to the above new and exciting procedures with
the Er:YAG SMOOTH modality, Er:YAG laser technology
is also being used today for ablating various lesions on the
cervix and vaginal wall, for the removal of genital warts,
resurfacing, whitening and tightening of the vulvar region, as
well as labioplasty, lichen sclerosus et atrophicus and many
other procedures.

MATERIALS AND METHODS

The IntimalLase® and Incontilase® protocols are based on
heating the vaginal wall mucosa up to approximately 65°C
and include two treatment sessions with a 4—6-week interval.
The time needed to execute the IntimaLase protocol is approx-
imately 8 minutes, and for IncontiLase around 15 minutes (as
measured by Guimaraes®).

The protocol for treatment of pelvic organ prolapses
(ProlapLase®) is based on the same principle of collagen
hyperthermia as are the protocols for vaginal tightening and
incontinence, although with a difference in the treatment
intensity (increased) and the location of the major area treated
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Figure1 G-Setaccessoriesneeded forapplication of the erbium:YAG
laser beam to the vaginal mucosa, consisting of a laser speculum
plus angular and circular adapters
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(the prolapsed part of the vaginal wall). The ProlapLase pro-
tocol requires three to five sessions at 4—6-week intervals. The
number of sessions is dependent on the severity (grade) of the
prolapse.

The vaginal atrophy protocol (RenovaLase™) is based on a
slightly different concept of milder hyperthermia, whereby the
mucosa is warmed up to some 45°C, thus causing the stimula-
tion of cell proliferation via heat shock protein activation, an
increase of collagen production as well as anti-inflammatory
action. The Renoval.ase protocol consists of three sessions at
intervals of 3 weeks.

RESULTS OF CLINICAL EVALUATIONS

Measurements of an average shrinkage of the vaginal canal
after a single IntimaLase treatment, as measured by Rivera on
27 women, showed 17% shrinkage’, while Bezmenko mea-
sured an average 56 % thickening of the vaginal wall 6 months
after two IncontiLase treatments on 77 patients!’. Using MRI
measurements of the shrinkage of the vaginal canal cross-
section, Bezmenko and colleagues!® also demonstrated signifi-
cant shrinkage of the vaginal canal treated with erbium
SMOOTH technology.

Several subjective and objective assessment tools were
used to measure the efficacy of IntimaLase treatment for the
improvement of sexual gratification through tightening of
the vaginal canal, namely the Pelvic organ prolapse/urinary
Incontinence Sexual Questionnaire (PISQ-12) and Female
Sexual Function Index (FSFI), 4-point Likert scales and peri-
neometric measurements. For each assessment tool used, sig-
nificant improvement was reported. Fistonic and colleagues
showed an average improvement in PISQ-12 value of 5.5
points (an increase of average value from 33.8 to 39.3) at
6 months after a single treatment!!. Guimaraes interviewed
male partners with a 4-grade scale and, 4 months after a
single treatment, 69% of partners assessed the improvement
as excellent, 27% as good and 4% as mild®. Using FSFI
questionnaires, Garcia found that 96.6% of patients reported
improvement after two sessions of IntimaLase’. The first
results from Rivera showed that better results were achieved
if a second session of erbium SMOOTH treatment was addi-
tionally performed, and his findings were also confirmed by
the results of Garcia’.

Various evaluation tools were used to measure the efficacy
of erbium therapy for SUIL Several investigators used the
International Consultation on Incontinence Questionnaire-
Urinary Incontinence (ICIQ-UI) questionnaires and all found
significant reductions in the ICIQ-UI score. Fistonic and
colleagues reported a reduction of more than 6 points at
6 months after a single treatment!', Lukanovic reported an
improvement of 3.7 points after 3 months and a single ses-
sion'2, while Gambacciani and Levancini reported more than
6 points of improvement after 3 months and three sessions
of erbium therapy'3. Sencar and Bizjak-Ogrinc used ICIQ-UI
to define the incontinence severity index (ISI) according to
Klovning; after the treatment, the ISI decreased by 2.6 + 1.0
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points in patients diagnosed with mild UI before the treat-
ment, by 3.6+ 1.4 points in those with moderate Ul, by
5.7+ 1.8 points in those with severe Ul and by 8.4+2.6
points in those with very severe Ul They reported 77% of
SUI patients cured (dry) after 12 months'4. Fistonic also
measured the reduction of residual urine volume (RUV) and
Q-tip angulation. His results showed a large reduction in
RUYV, which on average decreased from 9 +12.1to 1.6 + 1.9
ml at 6 months after the treatment. Q-tip angulation under
strain reduced from 61.3 +24.0 to 47.2 +23.7 degrees!!.
Bezmenko’s group performed urodynamic measurements of
opening and closing urethral pressures before and 6 months
after the erbium therapy and found large increases in both
pressures: the opening pressure changed from 13.1+3.7
to 25.1+4.8 mmHg and the closing from 12.2+3.5 to
25.2+4.9 mmHg!0. They also observed some biochemi-
cal parameters of connective tissue metabolism and found
a significant decrease of the collagen amino acids oxylizine
(from 8.4+ 0.4 to 5.3 + 0.5 mkmol/g) and oxyproline (from
5.440.3 to 3.7+ 0.6 pmol/g)"’. A reduction of both amino
acids means a reduced level of collagen degradation and
thus more vital and stable collagen. Looking into histologi-
cal changes after erbium therapy, they found an increase in
the quantity and activity of fibroblasts, an increased density
of connective tissue and the emergence of neoangiogenesis!®.
Gaspar used 3-day voiding diaries for evaluating the efficacy
of the IncontiLase procedure and observed a reduction of
leakage frequency and quantity at follow-ups at 2, 6, 8 and
12 months. Leakage frequency reduced by 89.8%, 77.5%,
73.5% and 59.2% at 2, 6, 8 and 12 months, respectively!”.
The efficacy of the non-ablative Er:YAG laser in the treatment
of SUI and the improvement of sexual function in premeno-
pausal, parous women was also evaluated in comparison with
a placebo treatment in Lukanovic’s randomized, controlled
trial, with the laser showing improved SUI and sexual dys-
function significantly better than the placebo!Z.

For evaluation of the efficacy of erbium SMOOTH treat-
ment of vaginal atrophy, Gaspar used the following tools:
Visual Analog Scale (VAS) (0=no symptoms, 1=mild,
2 =moderate and 3 =severe) for assessment of the severity
of atrophy symptoms (pain, dryness, irritation and leukor-
rhea), maturation value and pH value. He also made histo-
logical analyses of the vaginal mucosa at 3 months after the
treatment’ and found significant improvement in all observed
parameters: pain reduced from 2.44+0.65 to 1.08 +1.00,
dryness from 2.24+40.60 to 1.04 +0.89, irritation from
2.04+0.79 to 0.96 + 0.93 and leukorrhea from 2.28 + 0.83
to 0.83+0.79 at the 6-month follow-up. Maturation value
improved from 20.8 to 47.9 points at 6 months, while the pH
value decreased from 5.0+ 0.4 to 4.1+ 0.4 after 3 months,
showing a return of vaginal acidity. Histology showed signifi-
cant changes in the tropism of the vaginal mucosa. Gambac-
ciani and colleagues'® also observed the atrophy symptoms
of pain and dryness and measured the Vaginal Health Index
Score (VHIS). After Renovalase treatment, they reported a
reduction of VAS score (on a scale from 0 to 10) for both
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dyspareunia and dryness of more than 5 points and an increase
of VHIS by 9 points. In studies by Gaspar and Gambacciani,
the laser treatment of vaginal atrophy was compared with
hormonal replacement therapy (HRT). Gaspar found that
the laser treatment, in comparison to HRT, provides signifi-
cantly greater and longer-lasting improvement in maturation
value, pH and the signs and symptoms of vaginal atrophy’.
Similarly, Gambacciani’s results for dryness, dyspareunia
and VHIS showed that the Er:YAG treatment is significantly
better than HRT'S,

Assessment of the efficacy of laser treatment for pelvic
organ prolapses using the erbium ProlapLase protocol was
performed by observation of the prolapse degree, measured
with the Baden—Walker scale. Bizjak-Ogrinc and Sencar
reported on a study performed on 61 patients having pro-
lapses of grade II or higher!®. Before the treatment there
were 40 patients with cystocele of grade II, 15 of grade III
and 6 of grade IV. At the final follow-up, the great majority
of patients (58, or 95%) reduced their prolapse grades by
at least one grade, 27 of them (44%) by two grades and 8
(13%) even by three grades. At the 12-month follow-up,
85% of the patients had either grade 0 or I prolapse and the
remaining 15% of patients had grade II prolapses.

The treatment discomfort for all of these four protocols
was very low (the maximum score was 3 on a 10-point scale)
and a large majority of the patients assessed their improve-
ment very positively. There were no adverse effects of these
treatments reported.

DISCUSSION

There are many approaches to the treatment of vaginal laxity,
urinary incontinence, pelvic organ prolapses and vaginal atro-
phy, ranging from conservative methods to the most complex
surgical interventions. However, none of the existing proce-
dures was ideal and most presented multiple challenges. Such
a situation called for a search for new therapeutic methods
for all four of the discussed indications.

Erbium SMOOTH technology for minimally invasive treat-
ments in gynecology is based on a concept of a controlled
heating of the vaginal mucous tissue. A precisely controlled
sequence(s) of sub-ablative Er:YAG laser pulses are delivered
to the mucous tissue in order to achieve a controlled heating
of the collagen in the deeper mucosa layers without over-
heating the mucosa surface. Published data show that the
shortening of the collagen fibrils without irreversible dena-
turation of their structure requires that temperatures do not
exceed the optimal temperature range of 60-70°C2°. Our
in vivo thermal camera measurements show that the erbium
SMOOTH treatments using a Fotona SP Dynamis laser sys-
tem with an Er:YAG 2940-nm laser and the IntimaLase®
and IncontiLase® protocols for vaginal tightening and stress
urinary incontinence result in the temperature increase of
vaginal wall mucosa up to approximately 65°C, i.e. to
the optimal temperature range, without exceeding the
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Figure 2 Mechanism of action of non-ablative SMOOTH-mode erbium laser on the vaginal mucosa: (a) the structure of vaginal mucosa

consisting of the epithelium, lamina propria, muscularis, adventitia and fascia; (b) irradiation by special SMOOTH-mode pulsing sequence

of erbium:YAG laser produces collagen hyperthermia in the epithelium and lamina propria; (c) temperature increase to around 65°C on the

mucosa surface causes immediate shrinkage of the upper layers of the vaginal wall as well as mechanical pull of the lower lying structures;

(d) 6 months after the treatment there is a significant thickening of the vaginal wall due to new collagen synthesis

temperature threshold for surface ablation or irreversible
denaturation of collagen.

The Er:YAG laser irradiation acts almost like a surface heater
due to the extremely shallow penetration depth of its optical
mid-infrared radiation, and relies on heat diffusion to affect
deeper layers of the mucosa. Collagen exposed to an appropri-
ate temperature increase results in a contraction of its fibers,
leading to the contraction and shrinkage of the irradiated bulk
mucous tissue. The thermal effect on collagen is not just momen-
tary during exposure to increased temperature, but continues
throughout the processes of collagen remodeling and neocol-
lagenesis, resulting in the generation of new collagen and an
overall improvement of the tightness and elasticity of the treated
tissue. After immediate tissue shrinkage, the process of neocol-
lagenesis could take up to 6 months to complete (Figure 2).
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