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a  b  s  t  r  a  c  t

Genitourinary  syndrome  of menopause  is  a common  condition  that left untreated  can  progress  and  nega-
tively affect  quality  of life  and  sexual  function.  Laser therapy  has  a therapeutic  role  for  several  gynecologic
conditions  and  most  recently  has  gained  interest  as  a  non-hormonal  treatment  for  genitourinary  syn-
drome of menopause  (GSM).  The  laser  is  well  tolerated  and  may  increase  thickness  of  the squamous
epithelium  and  improve  vascularity  of  the  vagina.  These  morphological  changes  presumably  alleviate
eywords:
enitourinary syndrome
ulvo vaginal atrophy
trophic vaginitis
ostmenopausal symptoms
aser therapy

symptoms  of  dryness,  dyspareunia,  and  irritation.  However,  the  duration  of  therapeutic  effects  and  safety
of repeated  applications  at this  point  is  not  clear.  Further  research  is needed  in the  form  of controlled
studies  of  the laser  and  other non-hormonal  GSM  therapies.  The  objective  of this  paper  is  to  review  the
existing  literature  describing  laser  therapy  for GSM.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.

ractional CO2 laser treatment

ontents

1. Introduction  .  .  . .  . .  .  . .  .  . . .  .  . . .  .  . . . .  . . .  . . . .  . . .  . . . .  . . .  .  .  . .  .  .  . .  .  . . . . . .  .  .  . .  . . . . .  . .  .  . . .  .  . . . . .  . . . . . . .  .  . .  . . . . . . .  . . . . .  . .  .  . . . . . .  .  . . . .  .  . . . .  . . . . . .  .  . .  .  .  .  .  . . . .  . . .  . . . . . 00
2.  Etiology  of the  symptoms  of  genitourinary  syndrome  of menopause  . . . .  . . . . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  .  . . . . .  . .  . . . .  .  . . . .  .  .  . . . . .  . . .  .  .  .  . . .  . . . . . . . .  . . . . . 00
3. Treatment  options  for  GSM  . . . .  . . . . . . .  . . .  .  .  . . .  . . . .  . . .  . . . .  . . .  .  . . . . . .  .  .  . . .  . .  .  . . . . . . . . . . . .  .  . . .  . . . . .  . . .  . . . . . . .  . . .  . .  . .  .  . . . . . .  . . . . . . .  .  . .  .  .  .  .  . . . .  . . . . . .  . . .  . .  . .  . 00

3.1.  Non-hormonal  therapy.  . . .  . . . .  . . .  .  . . .  .  . .  .  .  . .  . .  . .  . .  . .  . . .  .  .  . . . . . . .  .  . . . .  . .  .  . . . . . . .  . . . . . . .  .  . . .  . . . .  . . .  . . . . .  . . . . . . . .  . . . . . . .  . .  .  .  .  .  .  . .  .  . . . . . . . . .  .  . . .  .  .  . .00
3.2.  Hormonal/pharmacologic  therapy  . . . . . . . . . .  . . . .  .  . .  .  . . . . . .  .  . . . .  . . .  . . . . . .  . . .  . . . . .  . . .  . .  .  . . .  .  . . .  . .  . . .  . . . . . .  . . . . .  . .  .  .  . . . . .  .  . . .  .  .  .  . . .  .  . . . . . .  . . .  .  . . .  . .  00

4.  Laser  use  for  therapy  of GSM  . .  . . . .  . . .  .  . . .  .  . . .  .  . .  . .  . .  . .  . . . . .  .  . . .  .  . . . .  .  .  .  . . .  . . . .  . . . . .  . . .  . . . .  .  . . . . .  . . .  . . . . .  .  .  .  . .  .  . . . .  . . .  . . . . .  . . . . . .  . .  .  .  .  .  . . . .  . . . . . .  . . .  . . . .  00
4.1.  Laser  use in  treatment  of  GSM  . . . .  . . .  . . .  .  . . .  . . .  .  .  . . .  . . .  . . . .  .  . . . .  .  .  .  . . . .  . . .  . . . .  .  . .  . . .  .  . . . . . . .  . . . .  .  . . . . . .  . . . . . . .  .  . . . . . .  .  . .  .  . . . . .  .  . . . .  . .  . .  .  .  .  .  .  .  . . . 00
4.2. How  does  it  work?  Stratified  squamous  epithelial  restoration  of structure  .  . . . . . . .  . . .  . . . .  .  . . . . .  .  . .  .  . . .  .  . . .  . . . .  .  .  . . . . .  .  .  .  .  . .  . . . .  . . . . .  .  . .  .  . . . . .  00

5.  Research  needs  in  the  future  . . . .  . . .  .  . . .  .  . . .  .  . . .  . . . .  . . .  .  . . . . . .  .  . . . . . . .  . . . .  . .  .  . . . . . .  .  . .  . . .  . . .  . . . .  .  . . . .  . . .  . . .  . . .  . . . .  .  . .  .  . .  .  .  .  . . .  . . . . . .  .  . .  .  .  .  . . . .  .  .  .  . . .  .  . . .  00
6.  Summary  . . . . .  . .  .  . . .  .  . . .  .  . . .  .  . .  . . . . . . .  .  . . .  .  . . .  .  . . . . . . . . . . . . . .  . . .  . . . . . . . . . .  . .  .  . . . . . .  . .  .  . . . .  .  . .  . . .  . . .  . . . .  .  .  . . . . . . .  . . .  . . . . . . .  .  .  . . . .  .  . . . . . .  .  .  .  .  . . .  .  . .  . .  . . .  . .  . 00

Contributors  .  . . . .  . . .  . . . .  . . . .  . . .  .  . . .  .  . . .  .  . . .  .  . . . . . . .  . . . .  . . .  . . . . . . .  . . .  . . . .  . .  . . .  . . .  . . . . .  . .  .  . . . . . .  .  . . . . .  . . .  . . . . . . . .  . .  . . .  .  . . . .  . . .  .  . . .  . . . .  . . . .  .  . .  .  . .  .  .  . . . . . .  .  . 00
Conflict  of  interest  . . . . . . .  .  . . .  . . . .  .  . . .  .  . . .  .  . .  . . . . . . . . . . . .  . . . . . . .  . . . . .  . . .  .  . . .  .  . .  . . . . . . .  . . .  . . .  . . . .  . . . . . . . .  .  . . . . .  .  .  . . .  . .  .  .  . . . .  . .  .  .  .  .  .  .  . . .  .  . . . . . .  . .  .  .  .  . .  . .  .  . .  00
Funding  .  . . .  . .  . . .  .  . . . .  . . .  . . . .  . . .  .  . . .  . . .  .  . . .  .  . . . .  . . .  . . . .  . . .  .  . . . . . .  .  . . . .  . . .  .  . . .  . . .  .  . . . . .  . . .  .  . . . . . . .  . . . . . . .  .  . .  . . . . .  . . . . .  . .  . . . . . .  .  .  .  . . . .  .  . . . . .  . .  . .  . .  .  .  . .  .  . .  .  . 00
Provenance  and  peer  review  . .  .  . . .  . . . . . . .  . . .  .  .  . .  .  . . .  .  . . .  . . .  .  . . . . . .  .  . . . . . .  .  . . . .  . . .  . . . . .  . . .  . .  . . . . .  . . .  .  . . . .  .  . . . . . . .  . .  .  . . .  . . . .  . . . .  . . .  .  . .  . .  .  .  . . . . .  . . . .  . . . .  .  .  00
Acknowledgements .  .  .  . . .  . . . .  . . . .  . . .  .  . . .  .  . . .  . . .  .  . . .  .  . . .  .  . . .  .  . . .  . .  .  .  . . .  .  .  . .  . . . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . .  .  . . .  . . . .  .  . . .  . . . . .  . .  . . . .  .  . . . . .  .  . . .  .  .  . . .  . .  . . . . .  .  . . .  .  .00
References  . . .  .  . .  .  . . .  . . . .  . . . .  . . .  .  . . .  . . . . . . .  . . . .  .  . .  .  .  . .  .  . . . . . . .  .  . .  . . . .  .  . .  . . . . .  . .  . . .  .  . .  . . . . .  . .  . . . .  .  . . .  .  . . . . . . .  . . . . . . .  .  . .  . . . .  .  . . . . . . .  . . . . . .  . .  .  .  .  .  .  . .  .  .  . .  .  . .  .  00
Please cite this article in press as: J. Hutchinson-Colas, S. Segal, Geni
Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.2015.08.001

. Introduction

Genitourinary syndrome of menopause encompasses a constel-
ation of symptoms related to the decline of circulating ovarian

∗ Corresponding author at: Department of Obstetrics, Gynecology, and Reproduc-
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378-5122/© 2015 Elsevier Ireland Ltd. All rights reserved.
hormones. The syndrome may  be characterized by complaints vagi-
nal dryness, dyspareunia, pain, urinary incontinence, and recurrent
urinary tract infections. Genitourinary syndrome of menopause
(GSM) replaces the prior term vulvovaginal atrophy as agreed upon
by the joint terminology conference sponsored by the North Amer-
ican Menopause Society (NAMS) and the International Society for
tourinary syndrome of menopause and the use of laser therapy,

the Study of Women’s Sexual Health (ISSWSH) [1]. Since the aver-
age age of menopause 51 years and the population is aging, with
projected life expectancy of 81 years by 2050, more women  will be
presenting to their clinician with GSM [2]. As well, because of this

dx.doi.org/10.1016/j.maturitas.2015.08.001
dx.doi.org/10.1016/j.maturitas.2015.08.001
http://www.sciencedirect.com/science/journal/03785122
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ncreased life expectancy, many women will live 40% of their lives
fter menopause with these associated symptoms.

Several therapeutic options are available to alleviate GSM
ymptoms, including hormonal and non-hormonal products. Most
ecently, fractionated laser therapy using the principles of regen-
rative medicine, has been introduced as another management
ption. This paper reviews the available data with regards to
ractionated laser therapy for treatment of symptoms of GSM.
iterature search was performed using PubMed, with key words
ncluding genitourinary syndrome, vulvo vaginal atrophy, atrophic
aginitis, postmenopausal symptoms, laser therapy and fractional
O2 laser treatment. All publications reviewed were in English and
ere published within the last 8 years.

. Etiology of the symptoms of genitourinary syndrome of
enopause

Genitourinary symptoms may  cause progressive symptoms in
idlife and menopausal women whereas, the vasomotor symp-

oms usually ameliorate or resolve over time. Several women desire
reatment for the bothersome symptoms that are caused by the

etabolic and tissue changes associated with the menopausal
ormonal changes and aging changes. The most frequent com-
laints women with GSM present with include vaginal dryness,

tching, burning, dysuria and dyspareunia [3]. Consequently, these
ymptoms, that include diverse clinical symptoms and derma-
ologic features, account for a decline in the quality of life in
0–50% of aging women [3]. Recurrent infections also are occur-
ing as the result of a decrease in mucosal lactobacilli and an
ncrease in pathogenic bacteria consequent to a decrease in

ucosal glycogen delivery triggered by declining ovarian hormonal
evels [3].

The symptoms associated with GSM are often underreported
y women, under-recognized by health-care providers and, there-
ore, under-treated [4]. Health-care providers should be proactive
n helping their patients discuss this topic in order for the

oman to feel comfortable in disclosing her symptoms and
o be prescribed adequate education, counseling and treatment
4].

Genitourinary symptoms can be characterized according to the
natomic and physiologic changes that occur. Most of these changes
re directly related to the decline in circulating estrogen levels
nd aging. The vaginal epithelium is a stratified squamous epithe-
ium, which until menopause is moist and thick with rugae [3].
s epithelial cells exfoliate and die, they release glycogen, which

s hydrolyzed to glucose that is subsequently transformed to lac-
ic acid by the action of a normal vaginal commensal organism,
actobacillus. At menopause, epithelial thinning with decreased
lycogenated superficial cells leads to changes in vaginal flora
nd a relative loss of lactobacilli, an increased pH, and a change
n the microbiome [1]. The changes in vaginal flora that result
re an increased growth of pathogenic bacteria such as group B
treptococcus, staphylococci, coliforms, and diphtheroids. These
rganisms in turn, can cause symptomatic vaginal infections and
nflammation [3].

High concentration of estrogen receptors in the vagina,
estibule, and trigone of the bladder modulates cellular prolif-
ration and maturation [1]. The decline of circulating estrogen
herefore results in reduced collagen content and hyalinization,
ecreased elastin, thinning of the epithelium, altered appearance
nd function of smooth muscle cells, increased density of con-
Please cite this article in press as: J. Hutchinson-Colas, S. Segal, Geni
Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.2015.08.001

ective tissue, and fewer blood vessels. The anatomic changes
nclude regression and thinning of the labia minora, retraction
f the introitus with reduced elasticity, often leading to signifi-
ant entry dyspareunia. The urethral meatus becomes prominent
 PRESS
turitas xxx (2015) xxx–xxx

relative to the introitus and is vulnerable to physical irritation and
trauma. Physiologic changes result in reduced vaginal blood flow,
diminished lubrication, decreased flexibility and elasticity of the
vaginal vault, and increased vaginal pH [1]. Furthermore, decreases
in vaginal tissue strength and increased friability may  predispose
to epithelial damage with vaginal penetrative sexual activity, lead-
ing to vaginal pain, burning, fissuring, irritation, and bleeding after
sex [1].

Symptoms related to vaginal atrophy have been reported to
affect up to 45% of women. The Vaginal Health: Insight, Views
and Attitudes (VIVA) study, surveyed 1578 women with vaginal
discomfort. The most prevalent individual symptoms were vaginal
dryness (83%) and pain during intercourse (42%). In this same
study most women with discomfort (62%) reported the severity as
moderate or severe [5]. Despite the high prevalence of such symp-
toms, only about 25% of affected women  seek medical assistance
[6]; reasons for not seeking medical help include patient embar-
rassment and the belief that their symptoms are an inevitable part
of aging [5].

GSM also can have significant impact on quality of life. In the
Women’s Voices in Menopause study, 52% of the respondents
reported some degree of negative impact on their quality of life,
including negative consequences of their sex life, self-esteem, mar-
riage/relationship and social life [7]. It also has been reported by
Levine et al. that sexually active postmenopausal women with
sexual dysfunction were four times more likely to have symp-
toms of vulvovaginal atrophy [8]. Postmenopausal women also
report the avoidance of sexual intimacy because they experience
pain or the expectation of pain with the onset of symptoms,
making the prospect of sex-life with their partner no longer
feasible [9].

In regard to postmenopausal breast cancer survivors (BCS),
atrophic vaginitis affect nearly 70% of them as compared to 50%
of postmenopausal women without breast cancer [10]. GSM  symp-
toms appear to be more common and severe in older breast cancer
survivors, especially in those requiring pharmacologic treatment.
The majority of women with breast cancer receive systemic phar-
macologic treatment consisting of chemotherapy and/or hormonal
therapy. These therapies significantly improve clinical outcomes
but lead to biological changes that may  affect long-term vagi-
nal health and impact quality of life in survivors [10]. Aromatase
inhibitors (AIs) are frequently prescribed for postmenopausal
breast cancer patients and have become the standard of care
because of improved clinical outcomes as compared to Systemic
Estrogen Receptor Modulator (SERMS). However, AIs are associated
with increased atrophic vaginitis that may  compromise compliance
with treatment [11].

3. Treatment options for GSM

3.1. Non-hormonal therapy

First-line therapies to alleviate symptoms of GSM include non-
hormonal vaginal lubricants and moisturizers as well as regular
sexual activity with a partner, a sex device, or masturbation [12].
Vaginal moisturizers are designed to be used on a regular basis to
reduce vaginal dryness [13]. Regular use of non-hormonal, long-
acting vaginal moisturizing agents can decrease vaginal pH to
premenopausal levels, although they do not improve vaginal matu-
ration index (VMI) [12]. Use of lubricants during vaginal intercourse
tourinary syndrome of menopause and the use of laser therapy,

cants, which may  be water-based or silicone-based, are intended to
be used during sexual activity, and provide temporary relief from
vaginal dryness and dyspareunia; however, they have no long-term
therapeutic effects.

dx.doi.org/10.1016/j.maturitas.2015.08.001
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.2. Hormonal/pharmacologic therapy

Local, low-dose estrogen preparations are considered first-line
harmacologic treatment for persistent symptoms related to vul-
ovaginal atrophy and are recommended over systemic estrogen
/−progestin therapy. Exogenous estrogen has several important
ffects on the vulvovaginal tissue, including increased blood flow,
ncreased secretions, increased thickness of the vaginal epithelium,
nd reduced pH. The reduced pH is especially important as this
cidity change may  help restore the healthy vaginal microorgan-
sms again, which will prevent infection. There are numerous local
strogen delivery products to choose from, including vaginal rings,
reams, suppositories, and tablets. Although there are patient and
linician preferences with respect to delivery system, side effect
rofiles are similar. Systemic hormonal replacement therapy (HRT)
ay  be indicated as a broader approach for severe vasomotor symp-

oms.
Pharmacologic therapies such as ospemifene, provides an alter-

ative to oral and local estrogen therapies for moderate to severe
ostmenopausal dyspareunia. This estrogen agonist/antagonist
ppears to be safe and effective in normalizing vaginal matura-
ion index and pH and improving the symptoms of vaginal dryness
nd dyspareunia associated with GSM [25]. In patients with a
istory of hormone-dependent cancer, an oncologist should be con-
ulted before any hormonal treatment. The use of vaginal hormone
roducts, safety profiles, and levels of systemic bioavailability and
bsorption in breast cancer patients remains understudied.

. Laser use for therapy of GSM

.1. Laser use in treatment of GSM

Regenerative medicine offers new ways of being able to replace,
estore, or regenerate damages or diseased tissue and organs and
urther, to reestablish normal function in the human body. The idea
s to use laser to activate the body’s own repair mechanism, in order
o repair, grow and heal tissues. Minimally ablative fractional laser
herapy has gained acceptance as a preferred method for skin resur-
acing and restoration, especially in the field of dermatology. This

ethod has now been applied to the vaginal tissues and thermo-
blative fractional CO2 laser is a recent management method for
he treatment of symptomatic vulvar and vaginal atrophy.

In September 2014, the SmartXide2 CO2 laser from the Italian
ompany DEKA, along with a CO2 laser from the American company
ynosure, were cleared by the US Food and Drug Administration
FDA) for “incision, excision, vaporization and coagulation of body
oft tissues in medical specialties including esthetic (dermatology
nd plastic surgery), podiatry, otolaryngology (ENT), gynecology,
eurosurgery, orthopedics, general and thoracic surgery (including
pen and endoscopic), dental and oral surgery and genitourinary
urgery. The use with the scanning unit is indicated for ablative skin
esurfacing.” [14]. There are now several laser systems marketed for
se in the treatment of GSM. Since the FDA release, laser technol-
gy is being introduced extensively to healthcare practitioners and
irectly to consumers.

Historically, laser treatment has been safely and effectively used
n many areas of the body such as the skin of the face, neck and chest
nd also in the mouth. This application has been tested by Salvatore
nd colleagues on ex vivo vaginal specimens from postmenopausal
omen. These investigators observed tissue remodeling without
amage to surrounding tissue, after the application of fractional
Please cite this article in press as: J. Hutchinson-Colas, S. Segal, Geni
Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.2015.08.001

O2 laser technology [15]. A subsequent pilot study demon-
trated the efficacy of microabalative fractional CO2 laser in the
reatment of GSM, with significant improvement reported at 12-
eek follow-up [16]. This technique appears a feasible option in
 PRESS
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improving vaginal health in postmenopausal women [17]. Sal-
vatore et al. [17] also reported that women treated noted
improvement in vulvo-vaginal symptoms (dryness, itching,
dysuria, burning, and dyspareunia); there also was  an improvement
in the Vaginal Health Index Score at 12 weeks after 3 CO2 laser appli-
cations. Furthermore, women’s quality of life and sexual function
measured by the SF-12 and FSFI questionnaires were significantly
improved over baseline at 12 weeks [18]. Perino and colleagues
also confirmed the safety, efficacy and feasibility of vaginal laser
therapy in the treatment of GSM [19]. Histologic evidence of the
restoration of vaginal mucosal structure following fractional car-
bon dioxide (CO2) laser treatment has been published by Zerbinati,
and results were attributed to the wavelength, profile pulse and
pulse width used [20].

4.2. How does it work? Stratified squamous epithelial restoration
of structure

Low-level laser therapy (LLLT) has been proven as a beneficial
therapeutic modality for many disease conditions. Very specific
laser and light-emitting diode irradiation parameters have been
shown to induce specific cellular activities, such as, cellular prolif-
eration and viability [21]. The stimulation of mitochondrial activity,
results in adenosine triphosphate (ATP) production, synthesis of
DNA and RNA, and activation of cell signaling cascades for the
production and release of growth factors and cytokines [21]. The
molecular effects of LLLT are not well studied but the clinical
effects of increased proliferation and viability of tissue have been
demonstrated in dentistry and dermatology, with reduction of
patient reported pain, anti-inflammatory effects, wound healing
and remodeling of collagen [21].

The development of the new CO2 laser system for micro-ablative
fractional resurfacing, has allowed for superficial epithelial resur-
facing as compared to that of the usual CO2 and Er:YAG lasers.
Ablative lasers (usual CO2 and Er:YAG) used for other treatments
and not for epithelial resurfacing, cause complete vaporization of
the epidermis and variable thermal damage to the dermis. These
deeper penetration lasers result in delayed re-epithelization, per-
sistent erythema, permanent hypopigmentation, and in some cases
even scars or keloids [22]. It appears that with proper selection
of the wavelength and frequency of laser pulse, selective therapy
can be safely administered with a modified device and associ-
ated software to deliver fractional CO2 laser exposures, leaving
intact skin between foci of ablated tissue [23]. Morphological
findings of improved vaginal epithelial thickness and denser lam-
ina propria were observed in postpartum with vaginal atrophy
or relaxation has been shown with the use of the Erbium: YAG
laser [24]. These effects were observed at 2 months and improve-
ment quantified with perineometer values and sexual satisfaction
scores [24].

5. Research needs in the future

Although laser technology appears to be another option for the
treatment of GSM, long-term efficacy and safety data are lack-
ing. What is promising is that the laser has broad indications and
applications. Thus far, most studies report observed results after
12 weeks, with no further follow up. Therefore, assumptions can-
not yet be made regarding the durability of this treatment nor the
long term effects, either positive or negative. Continued evalua-
tourinary syndrome of menopause and the use of laser therapy,

needed to remove the obvious gaps in knowledge. More research
to better outline the indications for and specific applications of this
technology is desirable before advocating its universal use for the
management of GSM.

dx.doi.org/10.1016/j.maturitas.2015.08.001
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. Summary

Genitourinary syndrome of menopause is a common condition
hat if left untreated can negatively impact a woman’s quality of
ife and vulvovaginal health. Usually women with contraindications
r those declining local vaginal estrogen therapies or ospemifene
ave limited management options other than vaginal lubricants or
ther non-hormonal treatments. Short-term data regarding the use
f laser therapy has reported improvement in vaginal epithelium
orphology and symptoms and therefore appears to be a non-

ormonal therapeutic modality. Controlled studies with long-term
ollow-up are needed to provide more data on how this new treat-

ent can be used for long periods of time, since aging women can
ave GSM for several decades.

ontributors

Both authors contributed equally to this review.

onflict of interest

None declared.

unding

None was sought or secured for this review.

rovenance and peer review

Commissioned; externally peer reviewed.

cknowledgements

The authors thank Professor Gloria Bachmann for her helpful
omments.

eferences

[1] D.J. Portman, M.L.S. Gass, Vulvovaginal Atrophy Terminology Consensus
Conference Panel, Genitourinary syndrome of menopause: new terminology
for vulvovaginal atrophy from the International Society for the Study of
Women’s Sexual Health and the North American Menopause Society, J. Sex.
Med. 11 (2014) 2865–2872.
Please cite this article in press as: J. Hutchinson-Colas, S. Segal, Geni
Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.2015.08.001

[2] N. Redfern, P. Gallagher, The ageing anaesthetist, Anaesthesia (2014).
[3] M.B. MacBride, D.J. Rhodes, L.T. Shuster, Vulvovaginal atrophy, Mayo Clin.

Proc. 85 (1) (2010) 87–94.
[4] R.E. Nappi, S. Palacios, Impact of vulvovaginal atrophy on sexual health and

quality of life at postmenopause, Climacteric 17 (1) (2014) 3–9.

[

 PRESS
turitas xxx (2015) xxx–xxx

[5] R.E. Nappi, M.  Kokot-Kierepa, Vaginal Health: Insights Views & Attitudes
(VIVA): results from an international survey, Climacteric 15 (1) (2012) 36–44.

[6] C. Ibe, J.A. Simon, Vulvovaginal atrophy: current and future therapies (CME), J.
Sex. Med. 7 (2010) 1042–1050.

[7] R.E. Nappi, M. Kokot-Kierepa, Women’s voices in the menopause: results from
an  international survey on vaginal atrophy, Maturitas 67 (2010) 233–238.

[8] K.B. Levine, R.E. Williams, K.E. Hartmann, Vulvovaginal atrophy is strongly
associated with female sexual dysfunction among sexually active
postmenopausal women, Menopause 15 (4 Pt 1) (2008) 661–666.

[9] R.E. Nappi, S. Kingsberg, R. Maamari, J. Simon, The CLOSER (CLarifying Vaginal
Atrophy’s Impact on SEx and Relationships) survey: implications of vaginal
discomfort in postmenopausal women and in male partners, J. Sex. Med. 10
(2013) 2232–2241.

10] J. Lester, G. Pahouja, B. Andersen, M.  Lustberg, Atrophic vaginitis in breast
cancer survivors: a difficult survivorship issue, J. Pers. Med. 5 (2015) 50–66.

11] I. Kyvernitakis, V. Ziller, O. Hars, M.  Bauer, M.  Kalder, P. Hadji, Prevalence of
menopausal symptoms and their influence on adherence in women with
breast cancer, Climacteric 17 (2011) 252–259.

12] Management of symptomatic vulvovaginal atrophy: 2013 position statement
of the North American Menopause Society, Menopause 20 (September (9))
(2013) 888–902 (Position Statement).

13] O. Tan, K. Bradshaw, B.R. Carr, Management of vulvovaginal atrophy-related
sexual dysfunction in postmenopausal women: an up-to-date review,
Menopause: J. N. Am. Menopause Soc. 19 (January (1)) (2012) 109–117.

14] US Food and Drug Administration letter to Paolo Peruzzi. September 5, 2014.
www.accessdata.fda.gov/cdrh docs/pdf13/K133895.pdf (accessed 23.07.15).

15] S. Salvatore, U. Leone Roberti Maggiore, S. Athanasiou, et al., Histological
study on the effects of microablative fractional CO2 laser on atrophic vaginal
tissue: an ex vivo study, Menopause 20 (January) (2015).

16] S. Salvatore, U. Maggiore, N. Zerbinati, et al., Microablative fractional CO2 laser
improves dyspareunia related to vulvovaginal atrophy: a pilot study, J.
Endometr. 6 (3) (2014) 150–156.

17] S. Salvatore, R.E. Nappi, N. Zerbinati, et al., A 12-week treatment with
fractional CO2 laser for vulvovaginal atrophy: a pilot study, Climateric 17
(2014) 363–369.

18] S. Salvatore, R.E. Nappi, M. Parma, et al., Sexual function after fractional
microablative CO2 laser in women with vulvovaginal atrophy, Climacteric 18
(2015) 219–225.

19] A. Perino, A. Calligaro, F. Forlani, C. Tiberio, G. Cucinella, A. Svelato, S. Saitta, G.
Calagna, Vulvo-vaginal atrophy: a new treatment modality using
thermo-ablative fractional CO2 laser, Maturitas 80 (2015) 296–301.

20] N. Zerbinati, M.  Serati, M.  Origoni, M.  Candiani, S. Salvatore, T. Iannitti, F.
Marotta, A. Calligaro, Microscopic and ultrastructural modifications of
postmenopausal atrophic vaginal mucosa after fractional carbon dioxide laser
treatment, Lasers Med. Sci. 30 (2015) 429–436.

21] H. Abrahamse, Regenerative medicine, stem cells, and low-level laser
therapy: future directives, Photomed. Laser Surg. 30 (12) (2012).

22] F. Prignano, P. Campolmi, P. Bonan, F. Ricceri, G. Cannarozzo, M.  Troiano, T.
Lotti, Fractional CO2 laser: novel therapeutic device upon
photobiomodulation of tissue remodeling and cytokine pathway of tissue
repair, Dermatol. Ther. 22 (2009) S8–S15.

23] A.L. Berlin, M.  Hussain, R. Phelps, D.J. Goldberg, A prospective study of
fractional scanned nonsequential carbon dioxide laser resurfacing: a clinical
and histopathologic evaluation, Dermatol. Surg. 35 (2009) 222–228.

24] M.S. Lee, Treatment of vaginal relaxation syndrome with an Erbium: YAG
tourinary syndrome of menopause and the use of laser therapy,

laser using 90◦ and 360◦ scanning scopes: a pilot study & short-term results,
Laser Ther. 23.2 (2014) 129–138.

25] G.A. Bachmann, J.O. Komi, Ospemifene Study Group, Ospemifene effectively
treats vulvovaginal atrophy in postmenopausal women: results from a pivotal
phase 3 study, Menopause: J. N. Am. Menopause Soc. 17 (3) (2010) 480–486.

dx.doi.org/10.1016/j.maturitas.2015.08.001
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0130
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0135
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0140
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0145
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0150
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0155
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0160
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0165
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0170
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0175
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0180
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0185
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0190
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K133895.pdf
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0200
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0205
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0210
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0215
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0220
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0225
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0230
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0235
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0240
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0245
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250
http://refhub.elsevier.com/S0378-5122(15)30036-0/sbref0250

	Genitourinary syndrome of menopause and the use of laser therapy
	1 Introduction
	2 Etiology of the symptoms of genitourinary syndrome of menopause
	3 Treatment options for GSM
	3.1 Non-hormonal therapy
	3.2 Hormonal/pharmacologic therapy

	4 Laser use for therapy of GSM
	4.1 Laser use in treatment of GSM
	4.2 How does it work? Stratified squamous epithelial restoration of structure

	5 Research needs in the future
	6 Summary
	Contributors
	Conflict of interest
	Funding
	Provenance and peer review
	Acknowledgements
	References


