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INTRODUCTION: OXYGEN AND HYALURONIC ACID IN THE TREATMENT OF GYNAECOLOGICAL DISEASES 
 
Topical oxygen therapy is a cosmetic procedure that is becoming popular in skin treatment and other 
medical applications. Oxygen therapy is not a recent innovation in the medical field, other techniques 
of oxygen therapy, such as hyperbaric oxygen treatments, are widely used in the treatment 
of other skin diseases, including wound healing, burns, skin grafts, and others. Hyperbaric oxygen 
therapy was also proposed as a skin rejuvenation and antiaging treatment. 
Oxygen therapy has a powerful regenerative, antibacterial and biostimulating effect, increases the 
availability of oxygen to the tissues, promotes the increase in tissue repair processes and increases the 
synthesis of collagen allowing normal hydroxylation of this protein. In fact, at tissue oxygen tensions 
lower than normal, collagen is not synthesized correctly, slowing the healing of ulcers and wounds. In 
addition, oxygen induces a neo-angiogenic stimulus by releasing factors such as the Vascular 
Endothelial Growth Factor (VEGF). This function is essential for the restoration of the microcirculation 
in compromised vascular situations, re-establishing a vascular flow in the hypoxic areas that 
guarantees correct tissue regeneration.  
Hyaluronic acid is a natural polysaccharide that forms a fundamental part of the extracellular matrix of 
the skin and cartilage. Hyaluronic acid: has remarkable adhesive, moisturizing and reparative 
properties of the vaginal mucosa.  
Because of these properties, the synergistic association of high concentration oxygen and hyaluronic 
acid has been shown to have therapeutic effects in diseases involving tissue regeneration problems, 
including many gynaecological diseases. 

 

 

Topical oxygen therapy should be proposed as an adjuvant therapy in the treatment of these conditions. 
The aim of this issue is to review the role of oxygen and hyaluronic acid in tissue pathophysiology and to 
analyse the available methods that have been proposed to improve tissue regeneration, with a particular 
focus on the potential usefulness of oxygen and Hyaluronic acid treatment for gynaecological diseases. 

Vascular 
Endothelial 
Growth Factor

Epithelial
Growth
Factor
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Abstract. – OBJECTIVE: To evaluate the ef-
fectiveness of a topical vaginal preparation con-
taining hyaluronic acid in controlling signs and
symptoms correlated with postmenopausal vul-
vovaginal atrophy (VVA).

PATIENTS AND METHODS: A prospective,
observational study has been performed at the
Obstetrics and Gynecology Department of the
Vita Salute San Raffaele University of Milan,
Italy. Forty-six (46) consecutive postmenopausal
women complaining of genital discomfort due to
postmenopausal estrogen lack have been en-
rolled. All patients have been investigated by the
use of the Vaginal Health Index (VHI) and of a Vi-
sual Analogic Scale (VAS) of symptoms at base-
line and one month after the end of the study.
The treatment protocol consisted of the admin-
istration of a hyaluronic acid-based liquid prepa-
ration for vaginal use (Justgin®, Just Pharma,
Rome, Italy) three times a week, for a total of 8
weeks. Statistical analysis of VHI and VAS
scores has been performed by the use of the
Wilcoxon signed-rank test for repeated values,
assuming a p-value < 0.05 as significant.

RESULTS: Both Vaginal Health Index (VHI) and
Visual Analogic Scale (VAS) of genital symp-
toms showed statistically significant (p < 0.0001)
improvements at the end of the study protocol.
Patients’ degree of satisfaction at the end of
treatment was reported as high.

CONCLUSIONS: Conventional treatment of
the postmenopausal syndrome, either in terms
of systemic and genital symptoms, is based on
hormonal replacement therapy (HRT). The limita-
tions to this approach are represented by the
need to discontinue the treatment after some
years and the contraindications that some
women present about the estrogens. For these
reasons, alternative approaches have been re-
cently investigated and indicate promising per-
spectives. Hyaluronic acid topical approach with
a liquid preparation for vaginal use (Justgin®,
Just Pharma, Roma, Italy) to control signs and
symptoms of vulvovaginal atrophy (VVA) in

Postmenopausal vulvovaginal atrophy (VVA) is
positively improved by topical hyaluronic acid
application. A prospective, observational study
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postmenopausal women demonstrated signifi-
cant effectiveness both in terms of objective and
subjective improvement.

Key Words:
Menopause, VVA, Vulvovaginal atrophy, Vaginal

Dryiness, Dyspareunia, Hyaluronic acid.

Introduction

During women reproductive ages, the vaginal
epithelium undergoes changes in response to the
level of circulating estrogens. When menopause
occurs, circulating estrogens levels show a dra-
matic reduction. Parallel with the onset of sys-
tematic negative effects, the estrogens lack also
determines several modifications of the genital
tissues; significant cytological transformations
follow estrogen reduction, including the prolifer-
ation of connective tissue, fragmentation of
elastin and collagen hyalinization. These changes
may result in granulation, fissures, ecchymosis,
telangiectasia and ulcerations, resulting in a con-
dition described as vulvovaginal atrophy
(VVA)1. The major symptoms of VVA are: de-
creased vaginal lubrication, leading to vaginal
dryness, followed by other vaginal and urinary
symptoms, such as burning, itching, bleeding,
leucorrhea, dyspareunia and dysuria. These
symptoms usually appear some 2-4 years after
the onset of menopause. VVA is particularly rel-
evant regarding the prevalence, affecting 20-45%
of women. In contrast to postmenopausal vaso-
motor symptoms, VVA demonstrates a progres-
sive and worsening feature over time and a less
likely attitude to solve without targeted interven-
tions. Several surveys have reported that VVA
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symptoms significantly contribute to determine
an adverse emotional and physical impact on pa-
tients and their partners through unsatisfactory
sexual relationships2,3. The main therapeutic ob-
jective in managing VVA is to relieve genital
symptoms as well as trying to restore the vaginal
environment to a healthy condition4. Historically,
vaginal estrogens have been considered the gold
standard of treatment for the relief of VVA
symptoms; topical estrogen administration has
been widely preferred compared to the systemic
modality when genital symptoms are the only
complaint and, moreover, low-dose vaginal es-
trogen administration has been proven to reach
optimal effectiveness with minimal side effects
and systemic absorption5. On the other side, the
estrogen-based approach represents, in a signifi-
cant percentage of postmenopausal women, a
kind of limiting factor for several reasons: fear of
cancer risk increase, personal and/or cultural rea-
sons, or even identified contraindications. In fact,
no conclusive data are available about the long-
term safety of vaginal administration of estro-
gens in particular subgroups of patients6. In this
view, the state-of-the-art position statements
about the optimal approach for the relief of VVA
symptoms take into great consideration the pa-
tients’ preferences and willing, the personal needs
and the cultural positions. A quite extensive num-
ber of non-hormonal vaginal preparations has
been suggested in recent years and proposed as an
alternative approach, lubricants and vaginal mois-
turizers being the most frequently prescribed in
clinical practice. For this, it is now a good prac-
tice to give patients a comprehensive and detailed
information about the available options. In the
group of non-hormonal treatments, hyaluronic
acid owns many of the characteristics that repre-
sent a consistent background for the treatment of
VVA symptoms7.

Background
The vaginal epithelium is particularly sensitive

to the effects of circulating estrogens in women;
at menopause, when a dramatic reduction of es-
trogens occurs, this epithelium strongly modify
its structure, with progressive and worsening at-
rophic changes. Hyaluronic acid is a natural
polysaccharide that represents an important part
of the extra-cellular matrix of the skin and carti-
lage. This substance is able to storage large
amounts of water molecules and has a key role
due to the properties of formation and conserva-
tion of extra-cellular inflation, skin moistening in

the case of inflammation and preservation of wa-
ter equilibrium. Also, it is widely effective in the
treatment of skin diseases due to the preservation
of tissue consistency, facilitating the cellular mi-
gration in cases of inflammation and also the
process of improvement and regeneration of
damaged tissues8.

Patients and Methods

The study has been performed between 2015
and 2016 at the Department of Obstetrics and
Gynecology of Vita Salute San Raffaele Uni-
versity School of Medicine, Milan, Italy. In this
period, 46 consecutive postmenopausal women
have been identified, recruited and enrolled in
the trial. All patients participated to the trial on
a volunteer basis after having received the pro-
posal in the office visits of the Gynecological
Department consultations. The selection criteria
of cases were based on the presence of patients’
complaint of vulvovaginal signs and symptoms
correlated with postmenopausal lack of estro-
gens: vulvovaginal atrophy, genital dryness,
vaginal burning, itching and painful intercours-
es were the major discomforts reported. Exclu-
sion criteria were: previous use of systemic or
topical estrogen-based preparations. All patients
were extensively informed of the study design
and hypothesis and a signed consent was ob-
tained. According to the study design and the
preparation administered, Institutional Review
Board (IRB) gave exempt to ethical approval.
All patients were prospectively enrolled in the
trial after having been comprehensively investi-
gated on the basis of: duration of menopause,
gynecological visit, Vaginal Health Index
(VHI) score, Visual Analogic Score (VAS) of
signs and symptoms. VHI is an objective, score-
based investigation tool, firstly elaborated and
published by Gloria Bachmann9 and comprising
of five vaginal parameters evaluated by clinical
inspection: elasticity, fluid volume, pH, epithe-
lial integrity and moisture. Each parameter is
graded from 1 (worst condition) to 5 (best con-
dition). The VAS of signs and symptoms was
subjectively recorded by patients on a personal
diary; the parameters evaluated were: vaginal
dryness, burning, itching and painful intercours-
es. Patients were asked to score their symptoms
from 1 (best condition) to 10 (worst condition).
The study protocol of treatment was based on
the application of a hyaluronic acid-based liquid
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Figure 1. Vaginal Health Index (VHI) mean scores at
baseline and after treatment (Wilcoxon signed-rank test: p <
0.0001).

Baseline Final p-value

Vaginal dryiness 7.65 3.95 < 0.0001
Vaginal burning 5.15 2.93 < 0.0001
Genital itching 2.21 1.13 < 0.0001
Painful intercourses 5.63 3.54 < 0.0001

Table I. Visual Analogic Scale (VAS) mean scores of symptoms.

painful intercourses (mean VAS 5.63) emerged
as the most relevant negative symptoms in this
group of patients. On the other end, vaginal itch-
ing (mean VAS 2.21) was reported as less invali-
dating. At the end of treatment, all the baseline
VAS scores showed a statistically significant (p
< 0.0001) improvement as high as 3.95, 2.93,
1.13 and 3.54 respectively; these improvements
are summarized in Table I and Figure 2. Con-
cerning the personal satisfaction, according to
the 5-point Likert scale, a 95% degree of pa-
tients’ satisfaction was obtained.

Discussion

VVA is a chronic, progressive and worsening
condition depending on the estrogen dramatic
decrease that occurs at menopause. According
to several surveys published in recent years, the
prevalence of VVA among postmenopausal
women is particularly relevant, accounting for
almost 50% of women. These findings can rea-
sonably underestimate the real dimension of the
condition, as these patients are frequently reluc-
tant to complain and report their symptoms,

preparation for vaginal use (Justgin®, Just Phar-
ma, Rome, Italy) three times a week for a total
of 8 weeks. All cases have been again investi-
gated with the use both VHI and VAS of symp-
toms one month after the end of treatment, At
the same time, patients were asked to report
their degree of satisfaction, according to a 5-
point Likert scale (very satisfied, satisfied, un-
certain, dissatisfied and very dissatisfied).
Treatment was considered satisfactory when pa-
tients were very satisfied or satisfied.

Statistical Analysis
Statistical analysis of VHI and VAS scores has

been performed by the use of the Wilcoxon
signed-rank test for repeated values, assuming a
p-value < 0.05 as statistically significant.

Results

The study group consisted of 46 consecutive
postmenopausal women; mean age of patients
was 57.8 years (min. 49 – max. 67 yrs, 95% CI
8.9 to 10.4) and mean duration of menopause
was 6.5 years from onset. All 46 patients com-
pleted the trial since neither adverse effects nor
spontaneous dropouts were observed. As far as it
concerned the Vaginal Health Index (VHI), mean
VHI at the enrollment in the trial was 9.65 (min.
5 – max. 16; 95% CI 8.90 to 10.40) underlying
that vulvovaginal atrophy objective signs were
particularly relevant. When the patients under-
went final VHI evaluation one month after the
end of the hyaluronic acid-based protocol, mean
VHI showed a statistically significant improve-
ment to the value of 19.96 (min. 15 – max. 23;
95% CI 19.38 to 20.54) (p < 0.0001) (Figure 1).
With regard to patients’ subjective Visual

Analogic Scale (VAS) of symptoms – dryness,
burning, itching and dyspareunia – a mean value
of 7.65, 5.15, 2.21, and 5.63 was reported for the
four parameters respectively; it is noteworthy
that vaginal dryness (mean VAS 7.65) and
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symptoms significantly contribute to determine
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sion criteria were: previous use of systemic or
topical estrogen-based preparations. All patients
were extensively informed of the study design
and hypothesis and a signed consent was ob-
tained. According to the study design and the
preparation administered, Institutional Review
Board (IRB) gave exempt to ethical approval.
All patients were prospectively enrolled in the
trial after having been comprehensively investi-
gated on the basis of: duration of menopause,
gynecological visit, Vaginal Health Index
(VHI) score, Visual Analogic Score (VAS) of
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published by Gloria Bachmann9 and comprising
of five vaginal parameters evaluated by clinical
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lial integrity and moisture. Each parameter is
graded from 1 (worst condition) to 5 (best con-
dition). The VAS of signs and symptoms was
subjectively recorded by patients on a personal
diary; the parameters evaluated were: vaginal
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es. Patients were asked to score their symptoms
from 1 (best condition) to 10 (worst condition).
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Figure 1. Vaginal Health Index (VHI) mean scores at
baseline and after treatment (Wilcoxon signed-rank test: p <
0.0001).
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Table I. Visual Analogic Scale (VAS) mean scores of symptoms.
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as the most relevant negative symptoms in this
group of patients. On the other end, vaginal itch-
ing (mean VAS 2.21) was reported as less invali-
dating. At the end of treatment, all the baseline
VAS scores showed a statistically significant (p
< 0.0001) improvement as high as 3.95, 2.93,
1.13 and 3.54 respectively; these improvements
are summarized in Table I and Figure 2. Con-
cerning the personal satisfaction, according to
the 5-point Likert scale, a 95% degree of pa-
tients’ satisfaction was obtained.

Discussion

VVA is a chronic, progressive and worsening
condition depending on the estrogen dramatic
decrease that occurs at menopause. According
to several surveys published in recent years, the
prevalence of VVA among postmenopausal
women is particularly relevant, accounting for
almost 50% of women. These findings can rea-
sonably underestimate the real dimension of the
condition, as these patients are frequently reluc-
tant to complain and report their symptoms,

preparation for vaginal use (Justgin®, Just Phar-
ma, Rome, Italy) three times a week for a total
of 8 weeks. All cases have been again investi-
gated with the use both VHI and VAS of symp-
toms one month after the end of treatment, At
the same time, patients were asked to report
their degree of satisfaction, according to a 5-
point Likert scale (very satisfied, satisfied, un-
certain, dissatisfied and very dissatisfied).
Treatment was considered satisfactory when pa-
tients were very satisfied or satisfied.

Statistical Analysis
Statistical analysis of VHI and VAS scores has

been performed by the use of the Wilcoxon
signed-rank test for repeated values, assuming a
p-value < 0.05 as statistically significant.

Results

The study group consisted of 46 consecutive
postmenopausal women; mean age of patients
was 57.8 years (min. 49 – max. 67 yrs, 95% CI
8.9 to 10.4) and mean duration of menopause
was 6.5 years from onset. All 46 patients com-
pleted the trial since neither adverse effects nor
spontaneous dropouts were observed. As far as it
concerned the Vaginal Health Index (VHI), mean
VHI at the enrollment in the trial was 9.65 (min.
5 – max. 16; 95% CI 8.90 to 10.40) underlying
that vulvovaginal atrophy objective signs were
particularly relevant. When the patients under-
went final VHI evaluation one month after the
end of the hyaluronic acid-based protocol, mean
VHI showed a statistically significant improve-
ment to the value of 19.96 (min. 15 – max. 23;
95% CI 19.38 to 20.54) (p < 0.0001) (Figure 1).
With regard to patients’ subjective Visual

Analogic Scale (VAS) of symptoms – dryness,
burning, itching and dyspareunia – a mean value
of 7.65, 5.15, 2.21, and 5.63 was reported for the
four parameters respectively; it is noteworthy
that vaginal dryness (mean VAS 7.65) and
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GPs are often poorly educated to investigate
properly their patients and gynecologists should
be encouraged to be proactive. For these rea-
sons, VVA despite its high prevalence remains
poorly recognized and undertreated10. Based on
the available data, systemic estrogen replace-
ment therapy is not recommended for the sole
purpose of VVA symptoms treatment. Sympto-
matic postmenopausal women might derive
benefit from systemic hormones, which could
improve some aspects of sexual function by ad-
dressing bothersome estrogen deficiency symp-
toms. However, the decision to start a systemic
estrogen therapy must be personalized and pa-
tients must be adequately informed about the
risks and benefits, with particular attention to
cardiovascular, thrombotic, and breast cancer
risks. There is clear and consistent evidence for
the benefits of vaginal estrogen therapy in
women who have vaginal symptoms and dys-
pareunia. Vaginal estrogen therapy and os-
pemifene are effective and indicated for the
treatment of VVA11,12. In spite of available reas-
surances to the contrary, many women still fear
estrogen therapy and feel very uncomfortable or
present some kind of limitations, according to
personal history and/or risk factors. Moreover,
no data are available regarding the long-term

safety of vaginal estrogen therapy. Alternative
options to obtain relief of VVA symptoms in-
clude non-hormonal vaginal lubricants and
moisturizers, as well as regular sexual activity.
Regular use of non-hormonal vaginal lubricants
and moisturizers may reduce friction-related ir-
ritation of atrophic tissue during vaginal inter-
course, thus providing a transient benefit. Re-
cently, very interesting evidence of safety, ef-
fectiveness and acceptability of fractional CO2

laser treatment of VVA symptoms has been re-
ported in the literature13-16. As far as it concerns
hyaluronic acid, this compound has been largely
studied and investigated in many dermatologic,
ocular and osteoarticular applications requiring
tissue remodeling; vaginal atrophy has also
been investigated with promising results17-19.
The results of the present investigation with a
hyaluronic acid-based vaginal liquid prepara-
tion commercially available in Italy (Justgin®,
Just Pharma, Rome, Italy), strongly supports the
indication of such a preparation for the relief of
genital symptoms due to VVA. In terms of
mechanisms of action details, the high molecu-
lar weight hyaluronic acid acts as a protective
macromolecule for the vaginal mucosa and also
favours the penetration of the low molecular
weight molecule into the deeper vaginal layers.

Figure 2. Visual Analogic Scale (VAS) mean scores of symptoms at baseline and after treatment (Wilcoxon signed-rank test:
p < 0.0001).
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Our results indicate a robust statistical signifi-
cance of the improvements of symptoms, both
objectively by the use of the Vaginal health In-
dex (VHI) and subjectively with a Visual Ana-
logic Scale (VAS) of symptoms, after a 2-
month treatment with the hyaluronic acid liquid
preparation for vaginal use. In particular, the
most significant improvements have been re-
ported as far as it concerned vaginal dryness
and painful intercourses, therefore strongly im-
proving the Quality of Life (QoL) of these
women; in this view, the patients’ degree of sat-
isfaction at the end of the trial was reported as
high as 95%. Previous positive results of the use
of vaginal hyaluronic acid preparations in
symptomatic postmenopausal women20-22 are
available in literature and, even when compared
with vaginal estrogen, hyaluronic acid demon-
strated similar effectiveness19. The results of the
present work differ from the previous experi-
ences concerning the hyaluronic acid way of
vaginal administration; in fact, all the previous-
ly published results refer to vaginal creams
and/or suppositories that, as underlined by sev-
eral surveys, often determine a low degree of
satisfaction and compliance, leading to a signif-
icant percentage of treatment discontinuation10.
The liquid preparation, due to its intrinsic char-
acteristics, appears to be very well tolerated and
accepted by patients, determining the absence
of dropout cases from the study group and con-
tributing to the final degree of satisfaction.

Conclusions

In accordance with the actual statement that
postmenopausal women complaining of VVA
discomforts should always comprehensively be
informed of all the therapeutic available alterna-
tives, and in accordance with experts’ opinions
that sexual satisfaction and QoL after menopause
should be of primary importance for care
providers, the results of the present study support
the effectiveness of hyaluronic acid in obtaining
significant improvements of VVA related symp-
toms and the inclusion of hyaluronic acid in the
pool of effective non-hormonal treatments.
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abstract
Background: Vaginal atrophy is a common complication in menopause which does not improve 
with time and, if untreated, can affect the quality of life for women. The aim of this study was to 
compare the effectiveness of the vaginal cream of hyaluronic acid and conjugated estrogen (Premarin) 
in treatment of vaginal atrophy.
Methods: This study was a randomized controlled clinical trial on 56 menopausal women with 
symptoms of vaginal atrophy; they were randomly allocated to two groups (recipient conjugated 
estrogen and hyaluronic acid). The severity of each sign of atrophy was evaluated by visual analog 
signals (VAS) and on the basis of a four point scale. Also to recognize the cellular maturation with 
pap smear and the maturation degree were calculated according to the formula and scores 0-100. As 
to the vaginal PH, we used PH marker band, the rate of which was divided into 4 degrees. Data were 
analyzed using SPSS, version 20, and P≤0.05 was considered as significant. 
Results: The results of this study showed that the symptoms of vaginal atrophy compared with the 
baseline level were relieved significantly in both groups. Dryness, itching, maturation index, PH 
and composite score of the vaginal symptoms were relieved significantly in both groups (P<0.001). 
Dyspareunia in Premarin (P<0.05) and hyaluronic acid (P<0.001) decreased compared with pre-
treatment. Urinary incontinence only showed improvement in the hyaluronic acid group (P<0.05). 
Improvement in urinary incontinence, dryness, maturation index (P<0.05) and composite score of 
vaginal symptoms (P<0.001) in the hyaluronic acid group was better than those in the Premarin group.
Conclusion: According to the results of the present study, hyaluronic acid and conjugated estrogen 
improved the symptoms of vaginal atrophy. But hyaluronic acid was more effective and this drug is 
suggested for those who do not want to or cannot take local hormone treatment. 
Trial Registration Number: IRCT2013022712644N1
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intrOductiOn

Menopause is defined as the permanent 
experience of long-lasting endocrinal, somatic 
and psychological changes.1 During these 
periods, women experience some symptoms 
which begin with vasomotor signs (like flushing, 
night sweat, etc.), changes in menstruation 
cycle, vaginal dryness, Itching and dyspareunia 
and continue with temper changes, memory 
reduction, disorders of sexual arousal reduction, 
stress urinary incontinence and complaint from 
musculo-eskeletal pains.

Even though some of the complications 
subside during the time, the symptoms of 
vasomotor, vaginal dryness and dyspareunia 
which are connected to disorder in sexual 
function related to lack of sexual hormones 
(especially Estrogen) irrespective of treatment 
will progress markedly and unfortunately will 
not be solved without treatment.2,3

Following the subsidence or discontinuity 
of this hormone, women are affected by 
symptomatic vaginal atrophy and basic 
changes will occur in their genitor-urinary 
mucous.4 These changes include vaginal 
dryness, irritation, itching, post-coital 
bleeding, vaginal discharge and dyspareunia 
and in the urinary system, urine frequency 
and urinary incontinence appear.3,5

As a whole, it is estimated that 10.0-40.0% 
of women experience the symptoms connected 
with atrophy and on the other hand about 16 
million women (500 thousand new cases) show 
such symptoms every year.4 In confirmation 
to the prevalence of this problem, Crandall 
C et-al. (2004) and Mac Bride et-al. (2010) 
considered this matter and reported that the 
vaginal dryness was observed from 23.4% pre-
menopause to 61.5% post-menopause among 
the women under the study.3,6 The results 
of the researches conducted by Kingerberg 
et-al. (2009) and Mehta and Bachman also 
showed that 10.0-40.0% of women at the 
post-menopause stage face inconvenience and 
problems related to vulva and vaginal atrophy 
that requires treatment but only 25.0% of them 
refer for treatment.7,8

Two hormonal and non-hormonal methods 
are usually used in treatment of such problems. 
In the studies which applied non-hormonal 
method, materials like lubricants and vaginal 
moistures,4,9,10 vitamin E oil and improving 
lifestyle like stopping cigarette smoking have 
been mentioned.5 For hormonal methods 
also the conjugated Estrogen in two forms 
of systemic (oral and parenteral) and topical 
are prescribed.11,12 The systemic method is 
useful for those women who are suffering 
from flushing and sleep disorder related to 
vaginal atrophy.13,14

On the other hand, the contraindication of 
this method for tumors sensitive to Estrogen, 
liver failure and having thromboembolization 
history related to Estrogen should also be 
considered. Also, attention should be paid 
to their side effects like breast sensitivity, 
nausea and vomiting, vaginal bleeding, mild 
increase in the risk of affecting the neoplasms 
dependent on Estrogen and in lesser amount 
the pain in the perineal area.13,15,16

Topical treatment in the form of cream, 
tablet and ring (conjugated Estrogen 0.625) 
which has been confirmed by FDA (Food 
and Drug Association) with the objective of 
preparing sufficient Estrogen for reducing 
the symptoms of atrophy and relief of its 
resultant complications is applied.11,17 In this 
regard, researches show that topical drugs 
have similar effect18,19 and even though the 
probability of general absorption is there, 
as to the influence and improvement of the 
symptoms to the rate of 80.0-90.0%, which 
is expected, they are similar.12

Topical hormones are also not without 
complication; the results of a study (2004) 
showed that they have similar effects 
in the incidence rate of hyperplasia and 
endometrial thickening.20 Creams are 
probably accompanied with more side-effects 
compared with ring or tablet which may be 
due to the application of a dose more than 
recommended.4

Considering the aforesaid points, for those 
who do not select Estrogen-therapy due to the 
medical prohibitions or having side-effects,1 
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the non-hormonal interventions which are 
mostly neglected for the sexual problems 
are propounded. In these methods, applying 
lubricants, moisture creams and using dilators 
are recommended. It was reported in a study 
in the year 2010 that their use will reduce the 
complications of vaginal atrophy.21 Also, in 
this connection, materials which could be 
applied as gel  in the form of the extract of 
some plants like Vitex Agnus-Castus and 
compounds like Hyaluronic Acid alone or in 
combination with Vitamin E for the treatment 
of sexual disorders and vaginal atrophy are 
mentioned.22,23

Regarding Hyaluronic Acid which is a 
natural polysaccharide, it can be mentioned 
that, it forms an important part of extra-
cellular matrix of the skin and cartilage. 
This substance is able to conserve a large 
amount of water molecules and due to the 
properties like formation and conservation 
of extra-cellular inflation, skin moistening in 
the case of inflammation and preservation of 
water equilibrium has a key role. Also, it is 
effective widely in treatment of skin diseases 
due to preservation of tissue consistency, 
facilitating the cellular emigration in the 
cases of inflammation and also the process of 
improvement and regeneration of the tissues.24

Various studies carried out regarding 
Hyaluronic Acid have shown that this 
compound has been tolerated well without 
side-effects among patients and the 
complications have been observed only 
when applied in the form of parenteral jelly 
by creating susceptibility at injection sites 
as mild inconveniences, redness, edema and 
cyanosis.25,26 It should be notified that this 
medicine in the form of suppositories or tablets 
has rarely been used in Iran for treatment of 
atrophy of genitor-urinary system. 

The present study aimed at achieving an 
appropriate and uncomplicated treatment, 
which is accepted by those who have 
contraindication for hormonal drug and 
or desire to use non-hormonal methods. 
Therefore, we tried to compare the effects 
of conjugated Estrogen cream 0.625 mg 

(hormonal) and hyaluronic acid cream (non-
hormonal) for the treatment of atrophy and 
its complications with the aim to promote the 
health of menopause women. In spite of the 
importance of the matter and effect of vaginal 
atrophy symptoms on women’s life, they are 
mostly not reported and do not go under 
treatment subsequently. Therefore, to remove 
such problems, beginning of treatment and 
taking care of them by physical evaluation, 
talking about their sexual problems and 
the qualitative problems of their life seem 
necessary.27

Materials and MethOds

This study was approved by ethics committee 
under number: CT-92-6681 on Oct 2013 and 
was carried out in multi-stages as a simple 
randomized controlled clinical trial on 56 
menopause women referred to Shahid Motahari 
Clinic during 6 months (September to March 
2013-2014). They were selected on the basis of 
the aim and by sample size determination with 
error of 5% , confidence of 95%,  a power of 
80%, an effect size of 6.0 (mean=4 and standard 
deviation=6), and correlation of 70% using the 
formula:
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To consider the possibility of loss of 15% 
and the longitudinal nature of the study and 
sizes repeated, we used the formula: 
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Finally, the sample size in each group was 
determined 28.

Inclusion Criteria
Married and menopause women, existence 

of moderate to severe dryness at the vaginal 
region, endometrial thickening with vaginal 
sonography maximum 5mm were among the 
inclusion criteria. 

Exclusion Criteria
Smoking cigarette, and using anti-coagulate 
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drugs (Heparin), topical hormonal and 
nonhormonal drugs one month before the 
study, existence of vaginal infection requiring 
treatment in the primary examination for Pup 
Smear, sensitivity (such as Rash, Erythema, 
Inflammation) to drug or its compounds, 
existence of doubtful or known history of 
hormone relative diseases (such as breast 
cancer, unknown cases of vaginal bleeding, 
severe Thrombophlebitis or Thromboebolism 
disorders related to Estrogen), existence of 
chronic diseases (such as cardiac diseases, 
hypertension, diabetes) .

At first, multi-stage sampling was done 
with no blinding eligible individuals. In this 
way, the researcher selected the existing 
centers in proportion to the number of 
referrals from 30 to 50 percent through simple 
sampling method. The design and protocol of 
the study is shown in Figure 1.

Then, the numbers from 1 to 80 were 
written on the same card and then put in a bag 
covered; then we assigned the odd numbers 
to one group (group A) and even numbers 

to the other group (group B). Groups of A 
and B (both groups had inclusion criteria) 
filled in the informed consent form. Group A 
received conjugated Estrogen 0.625 mg cream 
(production by Aborayhan Pharmaceutical 
Company) and group B received Hyaluronic 
Acid vaginal cream (containing 5 mg sodium 
salt), which had been prepared from Shiraz 
Pharmacy College.

Group A applied one applicator of drug 
(0.058 mg) every night before sleep for a 
period of two weeks and two times a week 
for the next six weeks and group B used one 
applicator 5( mg) every night before sleep for 
a period of 8 weeks. The manner of putting 
cream inside vagina, proper place and using 
at a specified time were explained for both 
groups and follow-up through telephone calls.

The study of the rate of vaginal atrophy 
symptoms at zero week (before treatment) 
and eighth week (after treatment) was carried 
out for both groups with a compound scale 
including vaginal dryness and itching, 
dyspareunia and urinary incontinence. Stress 

Figure 1: Consort flow diagram of participants
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Discontinued intervention (n=0) 

Allocated to intervention (n=28) 
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urinary incontinence (the urinary incontinence 
followed by increasing the intra-abdominal 
pressure at the time of sneezing, coughing, 
etc.) and urgency (sudden and severe feeling in 
urinary urgency) were considered in this study.

The severity of each sign of atrophy was 
evaluated by VAS (Visual Analog Signals) 
before and after the intervention  and on 
the basis of four points scale in which 
zero=asymptomatic, one=mild (score 1 to 3), 
two=moderate (score 4 to 6) and three=severe 
(score 7 to 10) were propounded, respectively. 
The signs were evaluated by the researcher 
with attending the interview sessions.

To recognize the cellular maturation (before 
and after intervention) also by carrying out 
vaginal and cervical Pap Smear, the available 
rate and type of cells (para-basal, medial and 
surface) were determined. The Smear samples 
were colored with Ethyl alcohol 90.0%, studied 
as uni-blind by a cytologist (unaware of the 
type of treatment) and the maturation degree 
was calculated according to the formula 
[(percentage of surface cells x1)+(percentage 
of medial cells x0.5)+(percentage of Para-
basal cellsx0)=maturation degree]   with 
index: Lack  0-25, low estrogenic effect=26-
49,moderate estrogenic effect=50-75,sevear 
estrogenic effect=76-100.9

The vaginal PH was studied before and 
after the intervention using PH indicator 
strip inserted into the vagina; its rate was 
divided into 4 degrees as zero (PH<5.0), one 
(PH=5.0-5.49), two (PH=5.5-6.49) and three 
(PH>6.49) (9). It is necessary to mention 
that the cytologist, sample taker, the type 
of PH marker band and the laboratory were 
fixed throughout the study. Finally, the 
collected data were analyzed through SPSS 

20 software, using descriptive statistics, Chi-
square, paired and independent t-tests, and 
retest by Wilcoxon and Mann-Whitney tests 
at the confidence interval of 95.0%.

results

The results showed that from the view point of 
age, menarche, age of menopause beginning, 
number of pregnancies, occupation, education, 
disease history and drug consumption both 
therapeutic groups were similar and the Chi-
square test did not show any statistical significant 
difference (P>0.05) (Table 1).

As to the atrophy symptoms before 
and after the intervention, it was specified 
that vaginal dryness and itching and also 
dyspareunia were significantly improved 
after the intervention among the groups 
(P<0.001). The relief of vaginal dryness in 
the hyaluronic acid group was observed more 
in the intra-group comparison (P<0.05) and 
urinary incontinence was also improved in 
this group only (P<0.05).

On the other hand, studying the compound 
mean score from vaginal atrophy symptoms 
(itching, dryness, dyspareunia and urinary 
incontinence) after treatment showed a 
reduction in group A at a rate of 1.7±.62 and 
in group B at a rate of 3.32±0.76 (the mean 
after-the mean before the intervention) and 
a significant result was obtained (P<0.001). 
This reduction was more in the hyaluronic 
acid group; comparison of the results of both 
groups showed that the drug has had a better 
effect on group B (P<0.001) (Table 2). 

As to the vaginal cellular maturation, 
the results indicated the maturity of cells; 
both groups had a significant difference 

Table 1: Demographic characteristics of the samples in the study groups
Variables Hyaluronic acid group

(n=28)
Premarin group
(n=28)

P value

Mean±SD Mean±SD
Age (year) 56.4±5.47 51.92±4.31 0.44
Age menarche (year) 13±1.26 12.5±1.40 0.139
Age menopause (year) 47.71±5.26 46.2±4.16 0.823
Parity 4.92±2.32 5±2 0.551
*Frequency Mean±SD Chi-square
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comparedwith the results before treatment 
(P<0.05) (Table 3). 

Also, studies showed that comparing 
the results of intra-group (before and after 
treatment), the amount of PH of both groups 
reduced, moving towards acidity (P<0.001) 
and no significant difference was obtained 
when the results of both groups were compared 
(P>0.05) (Table 4).

discussiOn

The results showed that the women in both 

groups did not have any difference and were 
similar with respect to some of the demographic 
characteristics (P>0.05). In a study by Ziagham 
et-al. (2012) which compared the effect of 
hyaluronic acid vaginal suppository with 
vitamin E in the treatment of vaginal atrophy 
among menopause women, both groups were 
similar as to the age, menopause duration, 
occupation, educational level and economical 
status and had no statistical difference.28

In a study, the effect of Hyaluronic Acid 
vaginal tablet and Estradiol was compared on 
the vaginal atrophy for a period of 8 weeks; no 

Table 3: Comparison of the frequency of vaginal cell maturation index in the g roups treated before and after 
the intervention
VCMIa Premarin group

N (%)
P value within 
groups

Hyaluronic acid 
group
N (%)

P value within 
groups

P value 
between groups

Before None (0-25) 10 (35.7) *P<0.001 3 (10.7) *P<0.001 0.593
Mild (26-49) 14 (50) 25 (89.3)
Moderate (50-75) 4 (14.3) 0 (0)
Severe (76-100) 0 (0) 0 (0)

After None (0-25) 0 (0) 0 (0) *0.018
Mild (26-49) 0 (0) 1 (3.6)
Moderate (50-75) 25 (89.3) 25 (89.3)
Severe (76-100) 3 (10.7) 2 (7.1)

aVaginal Cell Maturation Index; *Paired and independent t test retest by Wilcoxon and Mann-Whitney tests

Table 4: Comparison of the frequency of vaginal pH in the groups treated before and after the intervention
Vaginal pH Premarin group

N (%)
P value within 
groups

Hyaluronic acid 
group
N (%)

P value within 
groups

P value 
between 
groups

Before 
intervention

<5.0 11 (39.3) *P<0.001 11 (39.3) *P<0.001 0.507
5-5.49 1 (3.6) 4 (14.3)
5.5-6.49 3 (10.7) 3 (10.7)
>6.49 13 (46.4) 10 (35.7)

After 
intervention

<5 12 (42.9) 17 (60.7) 0.463
5-5.49 6 (21.4) 7 (25.1)
5.5-6.49 6 (21.4) 2 (7.1)
>6.49 4 (14.3) 2 (7.1)

*Paired and independent t-test retest by Wilcoxon and Mann-Whitney tests

Table 2: Comparison of the mean±SD within and between groups of the composite score of vaginal atrophy 
symptoms (vaginal dryness and itching, dyspareunia and urinary incontinence) before and after the treatment
Composite score 
of vaginal atrophy 
symptoms

Premarin group
(n=28)

P-value 
within 
groups

Hyaluronic acid group
(n=28)

P-value 
within groups

P-value 
between 
groupsMean±SD Mean±SD

Before treatment 5.8±2.28 *P<0.001 5.92±2.15 *P<0.001 0.904
After treatment 4.10±1.66 2.60±1.39 *P<0.001
* Mean±SD paired and independent t retest by Wilcoxon and Mann-Whitney tests
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comparedwith the results before treatment 
(P<0.05) (Table 3). 

Also, studies showed that comparing 
the results of intra-group (before and after 
treatment), the amount of PH of both groups 
reduced, moving towards acidity (P<0.001) 
and no significant difference was obtained 
when the results of both groups were compared 
(P>0.05) (Table 4).

discussiOn

The results showed that the women in both 

groups did not have any difference and were 
similar with respect to some of the demographic 
characteristics (P>0.05). In a study by Ziagham 
et-al. (2012) which compared the effect of 
hyaluronic acid vaginal suppository with 
vitamin E in the treatment of vaginal atrophy 
among menopause women, both groups were 
similar as to the age, menopause duration, 
occupation, educational level and economical 
status and had no statistical difference.28

In a study, the effect of Hyaluronic Acid 
vaginal tablet and Estradiol was compared on 
the vaginal atrophy for a period of 8 weeks; no 

Table 3: Comparison of the frequency of vaginal cell maturation index in the g roups treated before and after 
the intervention
VCMIa Premarin group

N (%)
P value within 
groups

Hyaluronic acid 
group
N (%)

P value within 
groups

P value 
between groups

Before None (0-25) 10 (35.7) *P<0.001 3 (10.7) *P<0.001 0.593
Mild (26-49) 14 (50) 25 (89.3)
Moderate (50-75) 4 (14.3) 0 (0)
Severe (76-100) 0 (0) 0 (0)

After None (0-25) 0 (0) 0 (0) *0.018
Mild (26-49) 0 (0) 1 (3.6)
Moderate (50-75) 25 (89.3) 25 (89.3)
Severe (76-100) 3 (10.7) 2 (7.1)

aVaginal Cell Maturation Index; *Paired and independent t test retest by Wilcoxon and Mann-Whitney tests

Table 4: Comparison of the frequency of vaginal pH in the groups treated before and after the intervention
Vaginal pH Premarin group

N (%)
P value within 
groups

Hyaluronic acid 
group
N (%)

P value within 
groups

P value 
between 
groups

Before 
intervention

<5.0 11 (39.3) *P<0.001 11 (39.3) *P<0.001 0.507
5-5.49 1 (3.6) 4 (14.3)
5.5-6.49 3 (10.7) 3 (10.7)
>6.49 13 (46.4) 10 (35.7)

After 
intervention

<5 12 (42.9) 17 (60.7) 0.463
5-5.49 6 (21.4) 7 (25.1)
5.5-6.49 6 (21.4) 2 (7.1)
>6.49 4 (14.3) 2 (7.1)

*Paired and independent t-test retest by Wilcoxon and Mann-Whitney tests

Table 2: Comparison of the mean±SD within and between groups of the composite score of vaginal atrophy 
symptoms (vaginal dryness and itching, dyspareunia and urinary incontinence) before and after the treatment
Composite score 
of vaginal atrophy 
symptoms

Premarin group
(n=28)

P-value 
within 
groups

Hyaluronic acid group
(n=28)

P-value 
within groups

P-value 
between 
groupsMean±SD Mean±SD

Before treatment 5.8±2.28 *P<0.001 5.92±2.15 *P<0.001 0.904
After treatment 4.10±1.66 2.60±1.39 *P<0.001
* Mean±SD paired and independent t retest by Wilcoxon and Mann-Whitney tests
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significant difference was observed between 
the mean age and the age of menopause 
beginning among both groups.29 In another 
study, the researchers compared the effect of 
Genestine with Hyaluronic Acid on vaginal 
Atrophy also no significant difference was 
observed between age, menopause age and 
their effects on vaginal symptoms.30

The results of the research also indicated 
that both Hyaluronic Acid and Permarine 
improved the vaginal atrophy symptoms, 
cellular maturation increase and reduced 
PH; this improvement was sometimes more 
among the Hyaluronic Acid group.

We did not have access to the same study. 
But many researchers studied separately 
the effect of two aforesaid drugs on atrophy 
and their results were similar to those of the 
present study in selection of the objective 
group and effect of drug but there were some 
differences in terms of drug form and duration 
of the intervention. 

In this respect, we reviewed some studies 
as Castelo-Branco C et al (2005) to study 
the management of post-menopausal vaginal 
atrophy and atrophic vaginitis with focuses 
on the changes involved in vaginal aging. It 
was shown that estrogen increased the content 
of the skin collagen, and hyaluronic acid to 
improve the skin moisture and genitourinary 
symptoms.31

Another researcher studied the effect of 
conjugated Estrogen cream in treatment of 
atrophy which was consumed daily or two 
times a week for a period of 12 weeks. The 
results indicated that applying both methods 
of using the drug caused more improvement 
in symptoms of atrophy, maturation index and 
vaginal PH significantly compared with the 
placebo group.32

In another study, the conjugated Estrogen 
vaginal cream was used twice a week for 
a period of 12 weeks for the treatment of 
vaginal atrophy. The results showed that 
Estrogen cream caused a reduction in the 
vaginal dryness, dyspareunia and PH and 
an increase in the vaginal cells maturation 
index.33 The findings of our study  is similar 

to the results of the above studies in terms 
of improving atrophy symptoms after taking 
estrogen, but does not agree in the amount 
of consumption, the duration of intervention  
and use of a single drug without comparison 
with other drugs.

The effect of hyaluronic acid on treatment 
of vaginal atrophy was studied in other 
researc-, the results f which were similar to 
those of the present study as to improving the 
symptoms of atrophy in the genito-urinary 
system. Especially, the results of evaluating 
the effect of hyaluronic acid suppository of 
another study in Iran on the severity of the 
symptoms of vaginal Atrophy 2, 4 and 8 
weeks after treatment became significant and 
more effect was observed in improvement of 
symptoms compared with the group receiving 
vitamin E.28 Our findings are similar to the 
mentioned study in terms of reduction of 
symptoms and duration of the use drugs but 
and doesn’t match in terms of drug form and 
comparison with vitamin E.

Another researcher studied the effectiveness 
of three drugs, i.e. hyluronic acid, vitamin E 
and A in the form of suppository for a period 
of one month firstly in continuous days and 
then every other day on menopaused women 
and the results showed that using hyaluronic 
acid caused a significant reduction in signs 
and symptoms of vaginal atrophy.25

The results of the present study showed a 
significant reduction in symptoms with using 
hyluronic acid that is similar to the results 
obtained by Castantino and Guaraldi’s study. 
But is there was a difference in terms of 
comparison of vitamin A and E and drug form.

It is also reported that the effect of the gel 
of hyaluronic acid on the symptoms of vaginal 
atrophy was due to the chemo-therapy started 
from the first week.28 Our results are in the 
same line with Tea et al.’s study in terms of 
improving the symptoms  using hyaloronic  
acid and  is different in terms of drug form, 
target - group and comparison with other drugs.

Another study on the effect of prescribing 
genestine vaginal suppository compared 
with hyaluronic acid suppository on the 
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epithelium atrophy showed that using drugs 
for 15 continuous days in each month for a 
period of 3 months improved the symptoms 
of vaginal dryness and itching, dyspareunia, 
colposcopy specialties and the rate of vaginal 
cellular maturation.30 The results of our study 
were similar  to those of Le Donne et-al.’s 
survey in term of drug effects on atrophy  and 
drug type, but  they were different  as to the 
drug form and duration of the intervention.  

To the best of our knowledge, no study was 
previously done in Iran that used hyaloronic 
acid cream for vaginal atrophy treatment. The 
variety of admitted patients to the clinic and   
finding the menopause women from different 
department were the limitations of this study. 

cOnclusiOn

This study showed the better and more relief of 
the symptoms of urinary incontinence, cellular 
maturation and vaginal dryness in menopause 
women in the hyaluronic acid cream therapeutic 
group compared with Estrogen-therapy group. 
Therefore, the hyaluronic acid could be a suitable 
alternative for those women who suffer from the 
complications of atrophy of the genital system 
and those with medical contraindications or 
negative experience in using hormonal drugs. 
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Introduction

Menopause is a physiological step in a wom-
an’s life, which is associated with a decrease in
the estrogens levels, due to a reduction in their
endogenous production. Low estrogens circulat-
ing levels lead to some negative effects on all
those organs whose function and health is linked
to their presence. The lower genitor-urinary tract
is negatively affected by a decrease in endoge-
nous estrogens production1,2. The vaginal epithe-
lium becomes atrophic and its physiological lu-
brication is consistently reduced. This modifica-
tions lead to many physical discomforts as local
itching and dyspareunia. In addition, the thin-
ning of endometrium tissues and the enhancing
of the vaginal pH due to estrogens deficiency,
leads to increased incidence of vaginal infec-
tions and to a marked structural weakness). The
vaginal dryness is also responsible for sexual
dysfunctions and for libido reduction4,5. The
condition of vaginal atrophy is associated with a
reduction of estrogens and thus it can be associ-
ated to all those women who are in pre-
menopause but that have lower levels of endoge-
nous estrogens for medical (anti-estrogenic
drugs administration) or surgical reasons. The
aging of female reproductive tract, due to re-
duced estrogens levels have serious influences
on the quality of women’s life, especially when
its expectation is going to increase5.
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Abstract. – Menopause, due to the physi-
ological decrease in the estrogens levels, is of-
ten associated with many symptoms related to
vaginal atrophy such vaginal dryness, dyspare-
unia, burning, itching, decreasing in libido and
therefore a worsening of the quality of life and
in particular of the sexual activity. 

There are many pharmacological remedies to
solve these events, first of all hormone replace-
ment therapy (HRT) that up to the 90s was the
therapy of choice for the care of the menopause
symptoms. This hormonal therapy, however,
has been re-considered due to its side effects. 

As alternative, a clinical trial has been per-
formed to investigate the efficacy and safety, in
postmenopausal women with urogenital atro-
phy, of the use of suppositories for vaginal use,
containing hyaluronic acid, vitamin E and vita-
min A. The trial, according to a open, non-con-
trolled design, was performed on 150 post-
menopausal women, 1 vaginal suppository per
day, for the first 14 days and then a vaginal sup-
pository, day in and day out, for other 14 days.

The primary endpoint was the evaluation of
vaginal dryness assessed by a Visual Analogue
Scale (VAS) both by the investigator and the pa-
tient. The secondary endpoints were the evalua-
tion of all the other symptoms and signs associ-
ated with the vaginal atrophy (itching, burning,
dyspareunia, vaginal inflammation or swelling,
irritation, assessed by a 4-point scale, presence
of vaginal abrasions and irritation), and the
recording of the adverse events occurring dur-
ing the trial.

The patients have not reported adverse ef-
fects during the treatment, and the results in
terms of effectiveness on the vaginal atrophy
symptoms were markedly positive. A high level
of compliance was registered. 

The product tested can therefore be consid-
ered a safe and effective alternative for the
treatment of vaginal atrophy symptoms in post-
menopausal women, especially when HRT is
not recommended.
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Hormonal replacement therapy, per systemic
or topical way, have been often used, up to the
90s, for the treatment of menopausal effects on
the urogenital tract, including those related to
vaginal atrophy6. The WHI study (Women’s
Health Initiative) in 2002 and other published
studies from that date onwards have changed rad-
ically the knowledge about the relationship be-
tween the risks and the benefits of the HRT7,8. In
particular, with regard to the risks of developing
endometrial and breast cancer, the study pub-
lished in 20059, performed on approximately one
million of postmenopausal women treated with
HRT, reported a significant increase of the inci-
dence of such cancer forms in women treated
with estrogens alone or with a combined therapy
(estrogens plus progestin compounds)10. 

An alternative to the HRT was the use of estro-
genic products for topical use11,12. However, they
are still considered at risk in case of prolonged use.

Considering these last results, there is an in-
creasing need for new safe and effective thera-
pies for the treatment of vaginal atrophy in post-
menopausal women, which can be a valid alter-
native to hormonal therapy13.

To reduce the disorders associated with vaginal
dryness, in postmenopausal women vaginal mois-
turizing or lubricants can be effective. The first
can have short or long term effects, by improving
the balance of intracellular fluids in the vaginal
epithelium. The tissues seem to be more trophic
and the physical disorders seem to get better. 

The vaginal lubricants rather have a short term
action as mechanical barrier between the vaginal
epithelium and the external environment, and are
mainly used to improve the dryness related to
sexual activity.

The results of the clinical trial in open, non-
controlled design are reported. It investigated the
use of vaginal suppositories contain hyaluronic
acid, vitamin E and vitamin A, intravaginal ad-
ministered in women suffering from vaginal atro-
phy. The trial doesn’t include the placebo group,
due to the fact that the vaginal administration of
a placebo can cause local alterations of the clini-
cal results (e.g. vaginal pH and local epithelial
alterations)14. 

Hyaluronic acid sodium salt is a high weight
molecule belonging to the class of glycosamino-
glycans and consists of repeated disaccharides
units (glycuronic acid and N-acetylglucosamine).
Hyaluronic acid is able to retain very high
amount of water molecules, forming a moisturiz-
ing, not greasy and permeable to water and light

film on skin. Hyaluronic acid is the main compo-
nent of the derma’s fundamental substance, and it
is widely used in dermatology because it helps to: 

– Form extracellular water film;
– Maintain the extracellular swelling; 
– Moisturize the skin in case of inflammation. 

It then helps to maintain water balance and
thus makes the skin smooth and elastic15. Also
plays a key role to maintain the tissues integrity
and to ease the cells migration in case of inflam-
mation. Hyaluronic acid inhibits the pericellular
migration of viruses and bacteria and sets on its
structure the free radicals (antioxidant action), fa-
cilitating the healing process and the tissue re-
generation16,17. Vitamin E, a fat-soluble vitamin
with great antioxidant properties, takes part to
the metabolism of all cells. It prevents the degra-
dation of the tissue due to oxidant agents. How-
ever, vitamin E, despite the lack of literature, has
a rational in this context: it can be used on the
skin, because of its properties of antioxidant, an-
ti-inflammatory and healing active agent. Even
though few studies have been performed on the
effects of vitamin E on vaginal mucosa, the Au-
thors recommend it (taken orally, topically, or
vaginally) for certain types of vaginosis18. In fact,
Vitamin E as vaginal suppositories or oil can be
used once or twice per day for 3 to 14 days to
soothe the vaginal and vulvar mucosa. The use of
vitamin E suppositories dates back to 1954 to
treat yeast vulvovaginitis19. A very high soothing
effect has been found when they are used once or
twice daily for 7 or more days to reduce the
symptoms associated with vaginal infections:
vaginal irritation, swelling, local redness, burning
and itching. The tissue becomes less irritated
with a decrease in redness, swelling, and conges-
tion. Vitamin A is a fat-soluble vitamin that has
shown to have properties to increase the function
of the immune local cells as well as ensure the
integrity of morphological and functional vaginal
epithelium20,21. The lack of vitamin A also leads
to growth inhibition and bones deformation, to
serious changes in epithelial structures and repro-
ductive organs22,23.

Materials and Methods 

One-hundred and fifty women, aged between
44 to 64, were admitted to participate to the trial,
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all in surgical or physiological menopause from
even 1 year, presenting vaginal dryness and cor-
related symptoms. Exclusions criteria were: no
compliance to the treatment, genital abnormali-
ties, positive Pap-test within the last three
months, vaginal infections (confirmed by micro-
biological analysis), contact allergy in vulvo-
vaginal zone, the use of drugs for vaginal admin-
istration in the last 15 days before the beginning
of the study, alcohol or drugs abuse, taking part
to other studies in the month before the recruit-
ment. 

All patients gave a written informed consent to
the procedure. The trial was approved by the lo-
cal Ethics Committee. The study followed the
good clinical practice (GCP), and was performed
according to an open, non-controlled design to
evaluate local and systemic effects of the admin-
istration of a preparation of hyaluronic acid, vita-
min E and vitamin A (Santes® ovuli, LO.LI.
Pharma Srl, Italy) to treat post-menopausal vagi-
nal atrophy. 

All the patients were treated with daily appli-
cation of one suppository, deeply in vagina (in
the evening, before going to bed), for 14 days
continuously. Then, for other 14 days, the admin-
istration of one suppository per day, one day in
one day out.

Within the period of the study (4 weeks), four
visits were performed: at baseline, after 7 days
from the beginning of the treatment (visit 1), af-
ter 14 days (visit 2) and at the end of the treat-
ment (day 28) (visit 3).

At baseline visit the exclusion/inclusion crite-
ria were evaluated. Furthermore, demographic,
medical and gynecological data were collected.
A Pap-test was performed when not available in
the last 3 months, urine and vaginal tampons
were obtained.

During each visit a gynaecological inspec-
tion was done including vulvoscopie,
vaginoscopie, cervix, ovarian, uterus and tubal
analysis. Registration of objective vaginal
symptoms (inflammation, edema, vulvo-vagi-
nal abrasions) and of subjective vaginal symp-
toms (dryness, hitching, burning, dyspareunia)
were made.

The evaluation of the vaginal dryness (primary
endpoint) was performed according to an analog-
ical scale between 0 (no vaginal dryness feeling)
to 10 (unbearable vaginal dryness feeling), by re-
porting data in the patient’s diary.

Other symptoms and signs were evaluated by
the investigator using a 4-point scale (1 = absent,

2 = mild, 3 = moderate, 4 = severe). Vaginal
abrasions were only assessed as present or ab-
sent.

During all the treatment each patient noted
daily the symptoms (hitching, burning, dyspareu-
nia), evaluating by a 4 points scale (1 = absent, 2
= mild, 3 = moderate, 4 = severe).

Statistical Analysis
Statistical analysis have been performed with

SAS (version 8). Data belonging to all the pa-
tients that followed the protocol were included in
the statistical analysis (PP population). Some re-
sults are expressed as means ± SD. The primary
endpoint (vaginal dryness) differences were com-
pared using the two-tailed Student’s t test for in-
dependent data and chi2 test.

A P value < .05 was considered statistically
significant.

Analysis of secondary variables has performed
by using Friedman test.

Results

Among 165 women recruited for the study,
150 were enrolled. 15 women do not copy with
the inclusion criteria. 150 women enrolled, aged
between 44 and 64 (mean ± SD, 51.6 ± 7.6), with
a BMI between 18.1 and 37.47 (mean ± SD; 24 ±
10.6) were assigned to the treatment according to
the study protocol; demographic characteristics
of the patients are reported in Table I.

Twenty patients did not complete the study:
four spontaneously abandoned the study, seven
did not have compliance to the treatment, nine
had a negative follow-up. A total of 130 patients
completed the study (PP population).

The vaginal dryness (primary endpoint), mea-
sured with VAS scale, decreased in PP popula-
tion from 7.92 at baseline to 4.22 at visit 1 (7
days after the beginning of the treatment), to 0.84
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Table I. Demographic characteristics of the women taking
part to the trial.

Patients Values

Included in the trial 150
Age 51.6 ± 7.6 

(min 44 max 64)
BMI (Body Mass Index) 24 ± 10.6

(min 18.1 max 37.47)
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at visit 2 (14 days), to 0.0 at visit 3 (28 days, end
of the treatment). Differences revealed by ANO-
VA analysis was highly significant (F = 1029,2;
P<0.001). Multiple comparison confirmed a sig-
nificant decrease of the symptom, even at the
first time point of the study (visit 1, after 7 days),
in comparison with the baseline value. 

During the baseline visit, the hitching symp-
tom was severe in 106 women and moderate in
24 women; it disappeared progressively during
the treatment period and only 4 women still re-
ported the symptom at the end of the treatment
(visit 3). The results are reported in Table II. The
mean values of hitching, measured with a 4-point
scale decreased from 3.82 at baseline, to 2.89 at
visit 1, to 1.35 at visit 2 and to 1.03 at visit 3
(P<0.001).

During the baseline visit, burning was present
as severe symptom in 93 women, moderate in 26
women and mild in 11. The symptom is progres-
sively disappeared during the treatment. At the
end of the treatment only 4 women complained
about a mild burning symptom. Data are reported
in Table II. The mean values of burning, mea-
sured with a 4-point scale decreased from 3.63 at
baseline, to 2.45 at visit 1, to 1.31 at visit 2 and
to 1.03 at visit 3 (P<0.001).

Dyspareunia, at the baseline visit, was regis-
tered as severe symptom in 18 women, as mod-
erate in 78 women and as mild in 34. The symp-
tom decrease progressively and only 5 women
reported mild dyspareunia at the end of the
treatment. Data are reported in Table II. The

mean values of dyspareunia, measured with a 4-
point scale decreased from 2.88 at baseline, to
2.19 at visit 1, to 1.43 at visit 2 and to 1.04 at
visit 3 (P<0.001).

During the baseline visit, the inflammation/
edema of vaginal mucosa was registered severe
in 30 women, moderate in 52 women, mild in 28
and absent in 20; it disappeared progressively
during the treatment, and only 5 women still re-
ported the mild symptom at the end of the treat-
ment (visit 3). The mean values of the symptom,
measured with a 4-point scale decreased from
2.71 at baseline, to 1.93 at visit 1, to 1.65 at visit
2 and to 1.04 at visit 3 (P<0.001).

During the baseline visit, the vaginal mucosa
irritation was severe in 25 women, moderate in
32, mild in 50 and absent in 23 women; it disap-
peared progressively during the treatment in all
the patients. The mean values of the irritation,
measured with a 4-point scale decreased from
2.45 at baseline, to 1.78 at visit 1, to 1.34 at visit
2 and to 1.00 at visit 3 (P<0.001).

The compliance to the treatment was complete
for 126 patients and partial for the other 4 pa-
tients. Data are reported in Figure 1A.

The overall judgement of the product’s effec-
tiveness reported by the investigator was optimal
in 108 patients, good in 20 patients and moderate
in 2 patients. Data are reported in Figure 1B.

The overall judgement of the product’s safety
was reported by the investigator optimal in 124
patients, good in 4 and sufficient in 2 patients.
Data are reported in Figure 1C.

D. Costantino, C. Guaraldi

Table II. Subjective symptoms in post-menopausal women treated with the product for 28 days (visit 1 = 7 days; visit 2 = 14
days; visit 3 = 28 days).

Hitching Burning Dyspareunia

Baseline Absent 0 0 0
Mild 0 11 34
Moderate 24 26 78
Severe 106 93 18

VISIT 1 Absent 0 15 27
Mild 20 45 53
Moderate 104 67 48
Severe 6 3 2

VISIT 2 Absent 95 100 78
Mild 25 20 48
Moderate 10 10 4
Severe 0 0 0

VISIT 3 Absent 126 126 125
Mild 4 4 5
Moderate 0 0 0
Severe 0 0 0

26



Strictly Private and Confidential. Not for Distribution.

Acceptability of the medical device by the
patients was evaluated as decidedly acceptable
by 97 patients, easily acceptable by 31 and ac-
ceptable by 2 patients. Data are reported in
Figure 1D. 

Discussion

In the last years is great the need of new thera-
peutic forms, safe and effective, to restore normal
condition in post-menopausal women affected
from vaginal atrophy. This new product in sup-
positories form has been studied in order to be a
new alternative form of treatment of the symp-
toms correlated to genital atrophy.

The trial was assessed on post-menopausal
women, in order to evaluate the safety and the ef-
fectiveness of this product on the clinical and sub-
jective symptoms correlated to vaginal atrophy. 

The results confirmed a favourable safety profile
of the product even after a longer period of treat-
ment. The effectiveness on vaginal dryness and on
correlated symptoms was good right from the first
week of treatment. The overall judgement on effec-
tiveness and safety was optimal for the main part
of the patients. The compliance was favourable in
almost the whole group of women treated.

The only guidelines available for the study
were those correlated to the treatment of vaginal
condition: “Guidance for industry. Bacterial
vaginosis – Developing antimicrobial drugs for
treatment” of FDA (Food and Drugs Administra-
tion) that suggest do not use placebo to avoid any
alteration of the clinical results14.

The components of the suppositories are re-
sponsible for slowing down the natural process
of aging of the vaginal and vulvar tissues and of
increasing their natural hydration. Effectiveness
of the single components of the product should
be investigate separately in further trials.
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Figure 2. A-D, Overall judgement and compliance in post-menopausal women after 28 days of treatment (data expressed in
percentage). 

Overall compliance Overall judgement of effectiveness

Overall judgement of safety

Accetable           Easly accetable           Decidedly
accettable

Partial                               Complete

Sufficient                Good                  Optimal

Moderate                 Good                    Optimal

3.077
1.5

1.6
1.5 3.1

95.4

23.8

74.6

15.4

83.1
96.92

Overall judgement of acceptability
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Abstract
1. Chronic wounds, especially in diabetics, represent a serious threat to human health.

2. Correcting a compromised state of tissue oxygenation by the administration of supplemental
O2 is known to benefit wound healing. Beyond its role as a nutrient and antibiotic, O2
supports wound healing by driving redox-signaling.

3. HBO (hyperbaric oxygen) therapy is widely used and approved by CMS to treat specific
ulcerations. The current literature supports that approaches to topically oxygenate wounds
may be productive.

4. Here, we present the results of two simultaneous studies testing the effects of HBO and
portable topical oxygen (TO) therapies. These two therapeutic approaches have several
contrasting features.

5. A total of 1854 patients were screened in outpatient wound clinics for non-randomized
enrollments into the HBO (n=32, 31% diabetic) and TO (n=25, 52% diabetic) studies.

6. Under the conditions of the current study, HBO treatment seemed to benefit some wounds
while not benefiting the others. Overall, HBO did not result in statistically significant
improvements in wound size in the given population over the time monitored in this study.

7. TO significantly improved wound size. Among the three (VEGF, TGFβ1 and COL1A1)
O2-sensitive genes studied in wound-edge tissue biopsies, TO treatment was associated with
higher VEGF165 expression in healing wounds. Expression of the other genes mentioned
was not affected by TO. All of the genes studied did not significantly change in expression
in patients of the HBO study. This work establishes a link between VEGF gene expression
and healing outcome for TO therapy.

8. Taken together, this report presents evidence demonstrating that TO treatment benefits
wound healing in patients suffering from chronic wounds. TO treatment is associated with
induction in VEGF expression in the wound edge tissue and improvement in wound size.
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Abstract
1. Chronic wounds, especially in diabetics, represent a serious threat to human health.

2. Correcting a compromised state of tissue oxygenation by the administration of supplemental
O2 is known to benefit wound healing. Beyond its role as a nutrient and antibiotic, O2
supports wound healing by driving redox-signaling.

3. HBO (hyperbaric oxygen) therapy is widely used and approved by CMS to treat specific
ulcerations. The current literature supports that approaches to topically oxygenate wounds
may be productive.

4. Here, we present the results of two simultaneous studies testing the effects of HBO and
portable topical oxygen (TO) therapies. These two therapeutic approaches have several
contrasting features.

5. A total of 1854 patients were screened in outpatient wound clinics for non-randomized
enrollments into the HBO (n=32, 31% diabetic) and TO (n=25, 52% diabetic) studies.

6. Under the conditions of the current study, HBO treatment seemed to benefit some wounds
while not benefiting the others. Overall, HBO did not result in statistically significant
improvements in wound size in the given population over the time monitored in this study.

7. TO significantly improved wound size. Among the three (VEGF, TGFβ1 and COL1A1)
O2-sensitive genes studied in wound-edge tissue biopsies, TO treatment was associated with
higher VEGF165 expression in healing wounds. Expression of the other genes mentioned
was not affected by TO. All of the genes studied did not significantly change in expression
in patients of the HBO study. This work establishes a link between VEGF gene expression
and healing outcome for TO therapy.

8. Taken together, this report presents evidence demonstrating that TO treatment benefits
wound healing in patients suffering from chronic wounds. TO treatment is associated with
induction in VEGF expression in the wound edge tissue and improvement in wound size.
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Introduction
Hypoxia, caused by disrupted vasculature as well as complicating vasculopathies and other
systemic limitations, limits wound healing. Correcting a compromised state of tissue
oxygenation by the administration of supplemental O2 benefits wound healing in the peri-
operative and outpatient settings 1. Clinical trials have shown that keeping patients warm and
administering supplemental O2, both of which enhance wound oxygenation, decreases the rate
of wound infection in surgical patients and shortens the average length of hospitalization 2,3.
Beyond its role as a nutrient and antibiotic, O2 supports wound healing by driving redox-
sensitive gene expression and signal transduction which influences a wide array of healing
responses 4–6.

Clinical use of O2 to promote wound healing began in the 1960’s with administration of
systemic HBO to treat wounds 7. Today, HBO therapy is approved by the Center for Medicare
and Medicaid Services in the United States to treat specific ulcerations. Our own laboratory
has noted beneficial effects of HBO therapy in restoring wound healing that was impaired by
psychological stress8. Encouragingly, recent reports have demonstrated that HBO therapy may
mobilize bone marrow-derived endothelial progenitor cells which could benefit the healing of
chronic wounds affected by diabetes and peripheral arterial disease 9. On the down side, HBO
poses the threat of oxygen toxicity in specific cases 10–12. This risk may be managed by
adopting a personalized approach for HBO therapy where the treatment specifically aims at
addressing wound hypoxia on a case by case basis. Although HBO is a clearly promising mode
of wound therapy, it requires extensive facilities which may not be available to all patients.
Furthermore, a population of wound patients may simply not qualify or consent to receive HBO
therapy. The approach to topically oxygenate wounds using a variety of approaches is distinct
from the conventional HBO therapy in many ways. For example, topical approaches do not
involve high pressure, are not systemic in nature and therefore do not pose the uncommon risk
of systemic oxygen toxicity 13. The hypothesis that wounds may benefit when oxygenated
topically is supported by the current literature13–16.

Among many known growth factors, VEGF is believed to be the most prevalent, efficacious
and long-term signal that is known to stimulate angiogenesis in wounds 17. This work
represents the side-by-side presentation from the result of two simultaneous studies testing the
effects of HBO therapy and topical oxygen (TO) therapy, respectively. The goals were to
examine changes in wound closure outcomes and in the expression of oxygen-sensitive genes
including VEGF in biopsies collected from the wound-edge tissue.

Materials and Methods
Study Design

This study was approved by the Institutional Review Board of The Ohio State University.
Subjects were duly consented and enrolled at Ohio State University’s Comprehensive Wound
Center (CWC) outpatient sites. At total of 1854 patients that visited our wound clinics were
screened to successfully enroll 57 patients in the HBO and TO studies. The inclusion criteria
were: (a) age: 30–70 years; (b) the wound had been present for at least 4 weeks; (c) patients
were not immunosuppressed or therapeutically anticoagulated; (d) patients were able to give
their own consent. The selected age group represents >90% of the patients seen in our wound
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clinics. Patients were excluded if they had previously received oxygen therapy for the wound
being studied. The type of oxygen therapy administered was based upon the clinical decision
of the physician managing the wound. Patients that did not qualify for HBO were asked if they
wanted to enroll in the TO study. In order to qualify for HBO therapy, patients were required
to meet CMS criteria which include standards that have been established for fourteen clinical
diagnoses that are currently approved for HBO.

Wound-edge tissues were rapidly freed from blood by rinsing in saline and snap frozen in liquid
nitrogen. For those subjects who consented, wound-edge biopsies were obtained three time
points (T0, T1 and T2) during the 14 week study period. Three mm punch biopsy was performed
exactly on the perimeter of the wound which represented the wound edge. The tissue harvested
was immediately freed of blood using ice-cold saline and placed in OCT and snap-frozen in
liquid nitrogen. Wound dimension recording was performed at all of these time-points on all
patients enrolled. The three time points were defined as follows:

β-actin GTACCACTGGCATCGTGATGGACT
CCGCTCATTGCCAATGGTGAT

VEGF-A165 TGCCCACTGAGGAGTCCAACAT
CACGTCTGCGGATCTTGTACAAACA

T0, just before the first round of oxygen therapy

T1, seven weeks into the study or upon meeting specific criteria set for the HBO and TO studies
whichever came first. For the HBO study, completion of 50% of therapy was set as the criterion.
This would refer to say completion of five out of a total of ten dives prescribed. For the TO
study, 50% wound closure was set as the criterion.

T2, fourteen weeks into the study or wound closure whichever came first.

Supplemental Oxygen Therapy
HBO was administered to patients that met specified CMS criteria for receiving HBO therapy.
It was administered at the CWC outpatient clinics under the supervision of physicians
according to the Undersea and Hyperbaric Medicine Society (UHMS) guidelines 18. Sechrist
model 3200 chambers (Sechrist Industries, Anaheim, CA) were used for the HBO treatments.

The first TO treatment for all patients was performed in outpatient sites of CWC so that pre-
treatment wound-edge tissue biopsies could be obtained and patients could be instructed on
the use of the device. Treatments, other than the T0, T1 and T2 time-points during which
biopsies were collected, were performed in the patients’ homes. Treatments which followed
the collection of wound-edge biopsies were performed in the clinic. The TO device (GWR
Medical Inc., Chadds Ford, PA) is a single use disposable device that connects to a portable
oxygen source as described previously 19. The device inflates to approximately 1 atmosphere
of pressure and has a release valve in the event of excess pressure build up. Representatives
from the manufacturer of the TO devices provided patients with instruction on device usage.
TO was administered to the wound for 90 minutes per day for 4 consecutive days in a week
followed by three days of no oxygen supplementation. This cycle was repeated each week. TO
therapy was discontinued at the discretion of the managing physician.

RNA Isolation
Total RNA was isolated from wound biopsy tissue material stored in liquid nitrogen using the
RNeasy Fibrous Tissue Mini Kit (Qiagen, Valencia, CA). Samples were placed in a 2 ml
microcentrifuge tube with RLT buffer from the RNeasy Fibrous Tissue Mini Kit and 5 mm
stainless steel beads. Tissue samples were disrupted and homogenized using a TissueLyser
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Introduction
Hypoxia, caused by disrupted vasculature as well as complicating vasculopathies and other
systemic limitations, limits wound healing. Correcting a compromised state of tissue
oxygenation by the administration of supplemental O2 benefits wound healing in the peri-
operative and outpatient settings 1. Clinical trials have shown that keeping patients warm and
administering supplemental O2, both of which enhance wound oxygenation, decreases the rate
of wound infection in surgical patients and shortens the average length of hospitalization 2,3.
Beyond its role as a nutrient and antibiotic, O2 supports wound healing by driving redox-
sensitive gene expression and signal transduction which influences a wide array of healing
responses 4–6.

Clinical use of O2 to promote wound healing began in the 1960’s with administration of
systemic HBO to treat wounds 7. Today, HBO therapy is approved by the Center for Medicare
and Medicaid Services in the United States to treat specific ulcerations. Our own laboratory
has noted beneficial effects of HBO therapy in restoring wound healing that was impaired by
psychological stress8. Encouragingly, recent reports have demonstrated that HBO therapy may
mobilize bone marrow-derived endothelial progenitor cells which could benefit the healing of
chronic wounds affected by diabetes and peripheral arterial disease 9. On the down side, HBO
poses the threat of oxygen toxicity in specific cases 10–12. This risk may be managed by
adopting a personalized approach for HBO therapy where the treatment specifically aims at
addressing wound hypoxia on a case by case basis. Although HBO is a clearly promising mode
of wound therapy, it requires extensive facilities which may not be available to all patients.
Furthermore, a population of wound patients may simply not qualify or consent to receive HBO
therapy. The approach to topically oxygenate wounds using a variety of approaches is distinct
from the conventional HBO therapy in many ways. For example, topical approaches do not
involve high pressure, are not systemic in nature and therefore do not pose the uncommon risk
of systemic oxygen toxicity 13. The hypothesis that wounds may benefit when oxygenated
topically is supported by the current literature13–16.

Among many known growth factors, VEGF is believed to be the most prevalent, efficacious
and long-term signal that is known to stimulate angiogenesis in wounds 17. This work
represents the side-by-side presentation from the result of two simultaneous studies testing the
effects of HBO therapy and topical oxygen (TO) therapy, respectively. The goals were to
examine changes in wound closure outcomes and in the expression of oxygen-sensitive genes
including VEGF in biopsies collected from the wound-edge tissue.

Materials and Methods
Study Design

This study was approved by the Institutional Review Board of The Ohio State University.
Subjects were duly consented and enrolled at Ohio State University’s Comprehensive Wound
Center (CWC) outpatient sites. At total of 1854 patients that visited our wound clinics were
screened to successfully enroll 57 patients in the HBO and TO studies. The inclusion criteria
were: (a) age: 30–70 years; (b) the wound had been present for at least 4 weeks; (c) patients
were not immunosuppressed or therapeutically anticoagulated; (d) patients were able to give
their own consent. The selected age group represents >90% of the patients seen in our wound
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clinics. Patients were excluded if they had previously received oxygen therapy for the wound
being studied. The type of oxygen therapy administered was based upon the clinical decision
of the physician managing the wound. Patients that did not qualify for HBO were asked if they
wanted to enroll in the TO study. In order to qualify for HBO therapy, patients were required
to meet CMS criteria which include standards that have been established for fourteen clinical
diagnoses that are currently approved for HBO.

Wound-edge tissues were rapidly freed from blood by rinsing in saline and snap frozen in liquid
nitrogen. For those subjects who consented, wound-edge biopsies were obtained three time
points (T0, T1 and T2) during the 14 week study period. Three mm punch biopsy was performed
exactly on the perimeter of the wound which represented the wound edge. The tissue harvested
was immediately freed of blood using ice-cold saline and placed in OCT and snap-frozen in
liquid nitrogen. Wound dimension recording was performed at all of these time-points on all
patients enrolled. The three time points were defined as follows:

β-actin GTACCACTGGCATCGTGATGGACT
CCGCTCATTGCCAATGGTGAT

VEGF-A165 TGCCCACTGAGGAGTCCAACAT
CACGTCTGCGGATCTTGTACAAACA

T0, just before the first round of oxygen therapy

T1, seven weeks into the study or upon meeting specific criteria set for the HBO and TO studies
whichever came first. For the HBO study, completion of 50% of therapy was set as the criterion.
This would refer to say completion of five out of a total of ten dives prescribed. For the TO
study, 50% wound closure was set as the criterion.

T2, fourteen weeks into the study or wound closure whichever came first.

Supplemental Oxygen Therapy
HBO was administered to patients that met specified CMS criteria for receiving HBO therapy.
It was administered at the CWC outpatient clinics under the supervision of physicians
according to the Undersea and Hyperbaric Medicine Society (UHMS) guidelines 18. Sechrist
model 3200 chambers (Sechrist Industries, Anaheim, CA) were used for the HBO treatments.

The first TO treatment for all patients was performed in outpatient sites of CWC so that pre-
treatment wound-edge tissue biopsies could be obtained and patients could be instructed on
the use of the device. Treatments, other than the T0, T1 and T2 time-points during which
biopsies were collected, were performed in the patients’ homes. Treatments which followed
the collection of wound-edge biopsies were performed in the clinic. The TO device (GWR
Medical Inc., Chadds Ford, PA) is a single use disposable device that connects to a portable
oxygen source as described previously 19. The device inflates to approximately 1 atmosphere
of pressure and has a release valve in the event of excess pressure build up. Representatives
from the manufacturer of the TO devices provided patients with instruction on device usage.
TO was administered to the wound for 90 minutes per day for 4 consecutive days in a week
followed by three days of no oxygen supplementation. This cycle was repeated each week. TO
therapy was discontinued at the discretion of the managing physician.

RNA Isolation
Total RNA was isolated from wound biopsy tissue material stored in liquid nitrogen using the
RNeasy Fibrous Tissue Mini Kit (Qiagen, Valencia, CA). Samples were placed in a 2 ml
microcentrifuge tube with RLT buffer from the RNeasy Fibrous Tissue Mini Kit and 5 mm
stainless steel beads. Tissue samples were disrupted and homogenized using a TissueLyser

Gordillo et al. Page 3

Clin Exp Pharmacol Physiol. Author manuscript; available in PMC 2009 August 1.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

31



Strictly Private and Confidential. Not for Distribution.

equipment (Qiagen, Valencia, CA). Tissue disruption was carried out twice for 3 minutes each
at 20–30 Hz.

mRNA Quantification
mRNA were quantified by real-time PCR assay using double-stranded DNA binding dye
SYBR green-I as described previously 6,20,21. Gene expression results were standardized
relative to β-actin. The primer-set used for the individual genes were as follows:

Primer sets for TGFβ-1 (PPH00508A) and collagen1A1 (PPH01299E) were obtained from
SuperArray Bioscience Corporation (Frederick, MD).

Statistical Analyses
Patient demographics were compared across the two studies (HBO and TO) in order to present
a comparative account of the two study populations. Differences in normally distributed
continuous variables were tested using the two-sample t-test while continuous variables that
were not normally distributed were tested using the Wilcoxon rank-sum test. Differences in
categorical variables were tested using Fisher’s exact test. Wound volume, in cm3, was
calculated from the wound surface area and depth as recording during standard clinical practice.
The wound volume data was transformed using a cube root for variance stabilization and
normality assumptions 22–26. The difference in the cubed root of the final minus the cubed
root of the initial wound volume was regressed on oxygen treatment (HBO or TO) and adjusted
for the cubed root of the initial wound volume. Covariate interactions with the treatment
variable were considered significant if the p-value ≤ 0.05 and the scale of the cubed root of the
initial volume was tested using fractional polynomials 27. Gene expression data was collected
from only those patients who consented to provide biopsies. Some patients provided biopsies
for one time point but not the other. Patients from whom paired gene expression data was
available for the two time points being compared statistically were included in the relevant
analyses. For presentation of gene expression data, wound closure was dichotomized a
priori as healing if the final wound volume was less than or equal to the initial wound volume
and not healing if the final wound volume was greater than the initial would volume. Wound
size that got bigger therefore fell into the non-healing category. This categorization was solely
for the purposes of grouping and had nothing to do with the testing of efficacy (as in Fig. 3)
where a ratio of initial:final wound volume of 1 was interpreted as no effect. Data from VEFG,
TGFβ1, and collagen 1A1 gene expression measurements were natural log transformed and
regressed on dichotomized wound healing and adjusted for other covariates. This linear
regression was run separately for both studies i.e. HBO and TO. One-sample t-tests were used
to compare at various time points the VEGF ratio (one time point : another time point as
indicated in the respective illustrations) to 1.0 (reflecting no change) for only those subjects
that were in the healing group. All analyses were conducted using Stata 10.0, Stata Corporation,
College Station, Texas.

Results
A total of 1854 patients were screened in the outpatient clinics of CWC for enrollments into
the HBO and TO studies. The demographics of the subject populations of the HBO and TO
studies were comparable as illustrated in Table 1. A total of fifty-seven patients with chronic
wounds were enrolled. Based on the assessment of the respective physicians, thirty-two patients
qualified for HBO therapy. Twenty-five patients consented to receive TO therapy. The mean
age of the subjects in the HBO and TO studies was 52.3 and 54.7 years, respectively. The
subject population of the HBO study primarily consisted of men who represented 90.6% of the
total population. The subject population in the TO study was more even balanced for gender-
distribution. Fifty-two percent of the TO subject population were men while the balance of
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48% were women. Wound site was confined to either the trunk or lower extremity and there
were no significant differences between the subject populations of the HBO and TO studies.
The fractions of known diabetics in the HBO and TO studies were 31% and 52%, respectively.
The wound etiology and location for each study are illustrated in Figure 1. While enrollment
into the two treatment modalities was not randomized thus making direct comparison of the
findings between the two studies not possible, the study design enabled the determination of
whether the two modalities share a common mechanism of action.

The wound volume data was transformed using a cube root for variance stabilization and
normality assumptions 22–26. The difference in the cubed root of the final minus the cubed
root of the initial wound volume was regressed on oxygen treatment (HBO or TO) and adjusted
for the cubed root of the initial wound volume. Analysis of the effects of HBO on wound closure
was based on a model which included the cubed root of the initial volume as a covariate and
the best fit was determined to be linear using fractional polynomials. The untransformed results
are shown in Figure 2. The diagonally dashed line of reference represents no change in wound
volume in response to treatment. Observations (black dots) on or above the dashed line
represents no benefit in wound size in response to treatment. Observations plotted below the
dashed line of reference represent that the treatment improved wound closure outcome. The
solid line represents the linear regression model based on wound closure data as collected from
the HBO study (Fig. 2). Covariate interactions with the treatment variable were considered
significant if the p-value ≤ 0.05 and the scale of the cubed root of the initial volume was tested
using fractional polynomials 27. In the case of the HBO study, the p-value was observed to be
0.150 (R2=0.068). Thus, under the conditions of the current study, HBO treatment did not result
in significant improvements in wound closure (Fig. 2). The statistical approach to determine
the efficacy of TO treatment on wound closure outcomes was exactly identical to the approach
described above for the HBO study. The untransformed results related to changes in wound
volume in response to TO treatment are illustrated in Figure 3. In the present study, TO
treatment significantly improved wound closure by decreasing wound volume. For the TO
study, the regression line shown in solid was significantly (p-value, 0.001, R2=0.414) different
from the reference dashed line (Fig. 3).

Next, we turned towards the examination of O2-sensitive genes in the wound-edge tissue
biopsies collected from consenting patients. Three genes, VEGF, TGFβ1 and collagen 1A1
(COL1A1) were selected based on their known sensitivity to oxygen and functional relevance
of the gene products to wound healing. Each subject had a baseline level of gene expression
determined by using the T0 biopsy for real-time PCR measurements, since they were obtained
prior to any exposure to oxygen therapy. All measured mRNA expression levels were
standardized against β-actin mRNA expression. The effect of supplemental oxygen therapy
was analyzed by measuring the relative change in target gene expression for each individual
compared to their baseline (T0). This allowed each patient to serve as their own control for
these analyses. Relative change in gene expression was calculated dividing the rate of gene
expression at a selected time-point by the observed baseline. All data were log transformed to
perform statistical comparisons between ratios.

At the intermediate time-point T1, results adjusted for age of each subject were analyzed. Both
TGFβ1 as well as COL1A1 did not exhibit any statistically meaningful responsiveness to TO
treatment (Table 2). In contrast, VEGF expression was significantly higher in TO treated
healing wounds (Table 2). This finding led to our emphasis on the study of VEGF. The
expression of VEGF was analyzed also for the final time-point T2. Analysis of the VEGF
expression data from the three time-points in TO treated healing wounds are illustrated in Table
3. Interestingly, when the initial time-point (T0) was compared with the intermediate time-
point (T1), a trend in favor of TO-induced VEGF expression in the wound-edge tissue was
noted (Table 3). However, the observation was not statistically significant (p-value = 0.07).
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equipment (Qiagen, Valencia, CA). Tissue disruption was carried out twice for 3 minutes each
at 20–30 Hz.

mRNA Quantification
mRNA were quantified by real-time PCR assay using double-stranded DNA binding dye
SYBR green-I as described previously 6,20,21. Gene expression results were standardized
relative to β-actin. The primer-set used for the individual genes were as follows:

Primer sets for TGFβ-1 (PPH00508A) and collagen1A1 (PPH01299E) were obtained from
SuperArray Bioscience Corporation (Frederick, MD).

Statistical Analyses
Patient demographics were compared across the two studies (HBO and TO) in order to present
a comparative account of the two study populations. Differences in normally distributed
continuous variables were tested using the two-sample t-test while continuous variables that
were not normally distributed were tested using the Wilcoxon rank-sum test. Differences in
categorical variables were tested using Fisher’s exact test. Wound volume, in cm3, was
calculated from the wound surface area and depth as recording during standard clinical practice.
The wound volume data was transformed using a cube root for variance stabilization and
normality assumptions 22–26. The difference in the cubed root of the final minus the cubed
root of the initial wound volume was regressed on oxygen treatment (HBO or TO) and adjusted
for the cubed root of the initial wound volume. Covariate interactions with the treatment
variable were considered significant if the p-value ≤ 0.05 and the scale of the cubed root of the
initial volume was tested using fractional polynomials 27. Gene expression data was collected
from only those patients who consented to provide biopsies. Some patients provided biopsies
for one time point but not the other. Patients from whom paired gene expression data was
available for the two time points being compared statistically were included in the relevant
analyses. For presentation of gene expression data, wound closure was dichotomized a
priori as healing if the final wound volume was less than or equal to the initial wound volume
and not healing if the final wound volume was greater than the initial would volume. Wound
size that got bigger therefore fell into the non-healing category. This categorization was solely
for the purposes of grouping and had nothing to do with the testing of efficacy (as in Fig. 3)
where a ratio of initial:final wound volume of 1 was interpreted as no effect. Data from VEFG,
TGFβ1, and collagen 1A1 gene expression measurements were natural log transformed and
regressed on dichotomized wound healing and adjusted for other covariates. This linear
regression was run separately for both studies i.e. HBO and TO. One-sample t-tests were used
to compare at various time points the VEGF ratio (one time point : another time point as
indicated in the respective illustrations) to 1.0 (reflecting no change) for only those subjects
that were in the healing group. All analyses were conducted using Stata 10.0, Stata Corporation,
College Station, Texas.

Results
A total of 1854 patients were screened in the outpatient clinics of CWC for enrollments into
the HBO and TO studies. The demographics of the subject populations of the HBO and TO
studies were comparable as illustrated in Table 1. A total of fifty-seven patients with chronic
wounds were enrolled. Based on the assessment of the respective physicians, thirty-two patients
qualified for HBO therapy. Twenty-five patients consented to receive TO therapy. The mean
age of the subjects in the HBO and TO studies was 52.3 and 54.7 years, respectively. The
subject population of the HBO study primarily consisted of men who represented 90.6% of the
total population. The subject population in the TO study was more even balanced for gender-
distribution. Fifty-two percent of the TO subject population were men while the balance of
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48% were women. Wound site was confined to either the trunk or lower extremity and there
were no significant differences between the subject populations of the HBO and TO studies.
The fractions of known diabetics in the HBO and TO studies were 31% and 52%, respectively.
The wound etiology and location for each study are illustrated in Figure 1. While enrollment
into the two treatment modalities was not randomized thus making direct comparison of the
findings between the two studies not possible, the study design enabled the determination of
whether the two modalities share a common mechanism of action.

The wound volume data was transformed using a cube root for variance stabilization and
normality assumptions 22–26. The difference in the cubed root of the final minus the cubed
root of the initial wound volume was regressed on oxygen treatment (HBO or TO) and adjusted
for the cubed root of the initial wound volume. Analysis of the effects of HBO on wound closure
was based on a model which included the cubed root of the initial volume as a covariate and
the best fit was determined to be linear using fractional polynomials. The untransformed results
are shown in Figure 2. The diagonally dashed line of reference represents no change in wound
volume in response to treatment. Observations (black dots) on or above the dashed line
represents no benefit in wound size in response to treatment. Observations plotted below the
dashed line of reference represent that the treatment improved wound closure outcome. The
solid line represents the linear regression model based on wound closure data as collected from
the HBO study (Fig. 2). Covariate interactions with the treatment variable were considered
significant if the p-value ≤ 0.05 and the scale of the cubed root of the initial volume was tested
using fractional polynomials 27. In the case of the HBO study, the p-value was observed to be
0.150 (R2=0.068). Thus, under the conditions of the current study, HBO treatment did not result
in significant improvements in wound closure (Fig. 2). The statistical approach to determine
the efficacy of TO treatment on wound closure outcomes was exactly identical to the approach
described above for the HBO study. The untransformed results related to changes in wound
volume in response to TO treatment are illustrated in Figure 3. In the present study, TO
treatment significantly improved wound closure by decreasing wound volume. For the TO
study, the regression line shown in solid was significantly (p-value, 0.001, R2=0.414) different
from the reference dashed line (Fig. 3).

Next, we turned towards the examination of O2-sensitive genes in the wound-edge tissue
biopsies collected from consenting patients. Three genes, VEGF, TGFβ1 and collagen 1A1
(COL1A1) were selected based on their known sensitivity to oxygen and functional relevance
of the gene products to wound healing. Each subject had a baseline level of gene expression
determined by using the T0 biopsy for real-time PCR measurements, since they were obtained
prior to any exposure to oxygen therapy. All measured mRNA expression levels were
standardized against β-actin mRNA expression. The effect of supplemental oxygen therapy
was analyzed by measuring the relative change in target gene expression for each individual
compared to their baseline (T0). This allowed each patient to serve as their own control for
these analyses. Relative change in gene expression was calculated dividing the rate of gene
expression at a selected time-point by the observed baseline. All data were log transformed to
perform statistical comparisons between ratios.

At the intermediate time-point T1, results adjusted for age of each subject were analyzed. Both
TGFβ1 as well as COL1A1 did not exhibit any statistically meaningful responsiveness to TO
treatment (Table 2). In contrast, VEGF expression was significantly higher in TO treated
healing wounds (Table 2). This finding led to our emphasis on the study of VEGF. The
expression of VEGF was analyzed also for the final time-point T2. Analysis of the VEGF
expression data from the three time-points in TO treated healing wounds are illustrated in Table
3. Interestingly, when the initial time-point (T0) was compared with the intermediate time-
point (T1), a trend in favor of TO-induced VEGF expression in the wound-edge tissue was
noted (Table 3). However, the observation was not statistically significant (p-value = 0.07).
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This effect became statistically significant if the initial time-point (T0) was compared with the
final time-point (T2). Plotting of individual VEGF response data points against log-transformed
wound closure (T2:T0) demonstrated the results presented in Table 3 on a individual basis (Fig.
4). Data points to the left of the vertical line (wound volume ratio < 1) indicate that the wound
was smaller than the original size while observations to the right indicate the wound got bigger
with time as represented in the Y-axis. Data points below the horizontal line (VEGF ratio < 1)
indicate lowering of VEGF gene expression over the specified time period. Data points above
the horizontal line (VEGF ratio > 1) indicate induction of VEGF gene expression. Of note, all
the healing wounds in the TO treatment study showed VEGF induction (Fig. 4c), an effect that
is listed to be statistically significant in Table 3.

The difference in gene expression over dichotomized (healing vs. non-healing) wound
outcomes for the HBO study was not statistically significant for VEGF, TGFβ1, or collagen
1A1 for any of the time intervals compared (Table 4). Analysis of the VEGF expression data
from the three time-points in HBO treated healing wounds are illustrated in Table 5. HBO did
not cause a significant increase in VEGF expression at any interval (T1:T0 or T2:T1) or
cumulatively over the course of treatment (T2:T0). In the contrast to the findings noted in the
TO study, changes in VEGF expression in the wound-edge tissue of patients enrolled in this
study were not statistically significant. However, a closer look at the scatter plot data reveals
that in numerous subjects HBO treatment did markedly induce VEGF. However, there were
some subjects did not respond. Therefore, taken together, the effect was not statistically
significant (Fig. 5). It would be of interest to identify the conditions under which HBO is
effective in inducing VEGF in the wound tissue of patients.

Discussion
Achieving closure in a chronic wound requires provision of adequate oxygen delivery to the
tissue, adequate protein and other nutritional factors, a moist environment, an appropriate
inflammatory milieu, debridement, appropriate management of infection, and correction of
contributing medical diagnoses. Hypoxia is a limitation that is commonly noted in problem
wounds. Achieving appropriate levels of tissue oxygenation to support healing represents a
major requirement in the treatment of chronic wounds 28–30. Systemic HBO represents a
therapeutic modality that is widely utilized as a standard of care in numerous wound clinics.
Adjunctive HBO therapy has been demonstrated to be clinically effective in several studies
31–34. In the treatment of hypoxic and ischemic wounds, the most important effects of
hyperbaric oxygenation are the stimulation of fibroblast proliferation and differentiation,
increased collagen formation and cross-linking, augmented neovascularization, and the
stimulation of leukocyte microbial killing. Ischemic soft tissues also benefit from
hyperoxygenation through improved preservation of energy metabolism and reduction of
edema 35. In addition, HBO therapy may have important effects on the biology of cytokines
and other mediators of inflammation 36. In patients whose wounds were favorably affected by
HBO therapy, increased levels of nitric oxide were observed in response to HBO treatment
37. Therapeutic HBO can increase the mobilization of endothelial progenitor cells from the
bone marrow into peripheral blood which has the clear potential of benefiting wound healing
in patients affected by diabetes and peripheral arterial disease 9. A randomized blind study
examining the effects of HBO therapy on experimental wounds in humans noted that the HBO
group significantly benefited from a 42% reduction in wound hyperemia, a 35% reduction in
the size of the lesion, and a 22% reduction in wound exudation 38. The favorable effects of
HBO in clinical studies are supported by numerous experimental studies demonstrating that
HBO therapy improves tissue oxygenation 39–44. Our own studies in mice have demonstrated
that impairments in wound closure caused by psychological stress can be corrected by HBO
therapy 8.

Gordillo et al. Page 6

Clin Exp Pharmacol Physiol. Author manuscript; available in PMC 2009 August 1.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Factors that have limited a wider acceptance of HBO therapy in mainstream wound care include
inconsistent results in a clinical setting 45,46, arguable flaws in some study designs 47 and
insufficient number of clinical trials 48,49. The high cost of providing HBO has also raised
concerns 47. In that vein, the cost of not accepting a potentially productive treatment modality
may be also counter-argued 50. Our observation that HBO therapy did not favorably impact
wound closure outcome in the total population studies is on one hand consistent with the
previous literature reporting lack of efficacy of HBO under specific conditions. On the other
hand, however, examination of individual outcomes revealed that the lack of efficacy of HBO
on wound closure was not uniformly noted over the entire population of subjects studied. One
may rationally argue that the HBO study included responders as well as non-responders. The
mixed findings resulted in a lack of statistical significance under the conditions specified. It
becomes increasingly important to identify the specific conditions under which HBO becomes
effective in favorably affecting wound outcomes. Of note in that context is the fact that HBO
superoxygenates tissues to levels multi-fold higher than their baseline pO2 51–53. From a
mechanistic standpoint, it is important to recognize that while correction of wound hypoxia is
desirable, excessive oxygenation may pose the risk of oxygen toxicity and cell cycle arrest
11,54–56. This notion is supported by findings of a mathematical model developed to assess
the effect of wound tissue pO2 on healing outcomes 57. We posit that a personalized approach
to utilize HBO therapy that is based on achieving a prescribed wound tissue oxygen tension as
opposed to utilizing the same regimen for all patients will provide more consistent favorable
beneficial effects of HBO therapy.

Topically applied oxygen gas is able to modestly raise the pO2 of the superficial wound tissue
15. Of note, a series of recent observations demonstrate that the topical route of wound
oxygenation may be effective in benefiting wound healing 13–16. Both HBO as well as TO
devices are FDA approved. Recently, FDA has proposed to reclassify TO devices from the
most stringent class III (pre-market approval) to a safer class II
(http://www.fda.gov/cdrh/ode/guidance/1582.html). Encouraging results obtained from the
use of TO in both clinical 13 as well as pre-clinical 15 settings warrant further interest
addressing the significance of TO in treating problem wounds in a clinical setting. If proven
to be effective, portable TO therapy has the added advantage of benefiting a much larger
potential patient population especially under conditions of public disaster and in a field-setting
where HBO therapy may not be applicable. In this context it is important to recognize that
although HBO and TO both seek to oxygenate wounds, they are quite different treatment
approaches. The current study examined the effects of TO in patients that were not selected
for HBO therapy. For the first time, the effects of TO has been studied not only to examine
closure outcomes in a clinical setting but to also gain mechanistic insight on how TO therapy
may influence wound healing.

The state of tissue oxygenation is a key determinant of inducible VEGF expression and
angiogenesis. While hypoxia can initiate neovascularization by inducing angiogenic factor
expression, it cannot sustain it. A threshold level of oxygenation is required to support the
metabolic needs of tissue remodeling. Acute hypoxia facilitates the angiogenic process 59
while chronic hypoxia impairs wound angiogenesis 60. Sustained hypoxia causes death and
dysfunction of tissue. VEGF is a major long-term angiogenic stimulus at the wound site. On
one hand, hypoxia is a potent trigger of inducible VEGF expression 61. On the other hand,
hyperoxia induces VEGF as well 54,62–65. This study provides the first evidence that
supplemental TO treatment significantly induces VEGF expression in the wound-edge tissue
of patients suffering from chronic wounds. This work is consistent with previous findings
suggesting that TO treatment may induce wound angiogenesis 66.

Given the essential role of angiogenesis in wound healing, it is not surprising that there was a
statistically significant correlation between VEGF and healing outcomes, as shown with TO
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This effect became statistically significant if the initial time-point (T0) was compared with the
final time-point (T2). Plotting of individual VEGF response data points against log-transformed
wound closure (T2:T0) demonstrated the results presented in Table 3 on a individual basis (Fig.
4). Data points to the left of the vertical line (wound volume ratio < 1) indicate that the wound
was smaller than the original size while observations to the right indicate the wound got bigger
with time as represented in the Y-axis. Data points below the horizontal line (VEGF ratio < 1)
indicate lowering of VEGF gene expression over the specified time period. Data points above
the horizontal line (VEGF ratio > 1) indicate induction of VEGF gene expression. Of note, all
the healing wounds in the TO treatment study showed VEGF induction (Fig. 4c), an effect that
is listed to be statistically significant in Table 3.

The difference in gene expression over dichotomized (healing vs. non-healing) wound
outcomes for the HBO study was not statistically significant for VEGF, TGFβ1, or collagen
1A1 for any of the time intervals compared (Table 4). Analysis of the VEGF expression data
from the three time-points in HBO treated healing wounds are illustrated in Table 5. HBO did
not cause a significant increase in VEGF expression at any interval (T1:T0 or T2:T1) or
cumulatively over the course of treatment (T2:T0). In the contrast to the findings noted in the
TO study, changes in VEGF expression in the wound-edge tissue of patients enrolled in this
study were not statistically significant. However, a closer look at the scatter plot data reveals
that in numerous subjects HBO treatment did markedly induce VEGF. However, there were
some subjects did not respond. Therefore, taken together, the effect was not statistically
significant (Fig. 5). It would be of interest to identify the conditions under which HBO is
effective in inducing VEGF in the wound tissue of patients.

Discussion
Achieving closure in a chronic wound requires provision of adequate oxygen delivery to the
tissue, adequate protein and other nutritional factors, a moist environment, an appropriate
inflammatory milieu, debridement, appropriate management of infection, and correction of
contributing medical diagnoses. Hypoxia is a limitation that is commonly noted in problem
wounds. Achieving appropriate levels of tissue oxygenation to support healing represents a
major requirement in the treatment of chronic wounds 28–30. Systemic HBO represents a
therapeutic modality that is widely utilized as a standard of care in numerous wound clinics.
Adjunctive HBO therapy has been demonstrated to be clinically effective in several studies
31–34. In the treatment of hypoxic and ischemic wounds, the most important effects of
hyperbaric oxygenation are the stimulation of fibroblast proliferation and differentiation,
increased collagen formation and cross-linking, augmented neovascularization, and the
stimulation of leukocyte microbial killing. Ischemic soft tissues also benefit from
hyperoxygenation through improved preservation of energy metabolism and reduction of
edema 35. In addition, HBO therapy may have important effects on the biology of cytokines
and other mediators of inflammation 36. In patients whose wounds were favorably affected by
HBO therapy, increased levels of nitric oxide were observed in response to HBO treatment
37. Therapeutic HBO can increase the mobilization of endothelial progenitor cells from the
bone marrow into peripheral blood which has the clear potential of benefiting wound healing
in patients affected by diabetes and peripheral arterial disease 9. A randomized blind study
examining the effects of HBO therapy on experimental wounds in humans noted that the HBO
group significantly benefited from a 42% reduction in wound hyperemia, a 35% reduction in
the size of the lesion, and a 22% reduction in wound exudation 38. The favorable effects of
HBO in clinical studies are supported by numerous experimental studies demonstrating that
HBO therapy improves tissue oxygenation 39–44. Our own studies in mice have demonstrated
that impairments in wound closure caused by psychological stress can be corrected by HBO
therapy 8.
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Factors that have limited a wider acceptance of HBO therapy in mainstream wound care include
inconsistent results in a clinical setting 45,46, arguable flaws in some study designs 47 and
insufficient number of clinical trials 48,49. The high cost of providing HBO has also raised
concerns 47. In that vein, the cost of not accepting a potentially productive treatment modality
may be also counter-argued 50. Our observation that HBO therapy did not favorably impact
wound closure outcome in the total population studies is on one hand consistent with the
previous literature reporting lack of efficacy of HBO under specific conditions. On the other
hand, however, examination of individual outcomes revealed that the lack of efficacy of HBO
on wound closure was not uniformly noted over the entire population of subjects studied. One
may rationally argue that the HBO study included responders as well as non-responders. The
mixed findings resulted in a lack of statistical significance under the conditions specified. It
becomes increasingly important to identify the specific conditions under which HBO becomes
effective in favorably affecting wound outcomes. Of note in that context is the fact that HBO
superoxygenates tissues to levels multi-fold higher than their baseline pO2 51–53. From a
mechanistic standpoint, it is important to recognize that while correction of wound hypoxia is
desirable, excessive oxygenation may pose the risk of oxygen toxicity and cell cycle arrest
11,54–56. This notion is supported by findings of a mathematical model developed to assess
the effect of wound tissue pO2 on healing outcomes 57. We posit that a personalized approach
to utilize HBO therapy that is based on achieving a prescribed wound tissue oxygen tension as
opposed to utilizing the same regimen for all patients will provide more consistent favorable
beneficial effects of HBO therapy.

Topically applied oxygen gas is able to modestly raise the pO2 of the superficial wound tissue
15. Of note, a series of recent observations demonstrate that the topical route of wound
oxygenation may be effective in benefiting wound healing 13–16. Both HBO as well as TO
devices are FDA approved. Recently, FDA has proposed to reclassify TO devices from the
most stringent class III (pre-market approval) to a safer class II
(http://www.fda.gov/cdrh/ode/guidance/1582.html). Encouraging results obtained from the
use of TO in both clinical 13 as well as pre-clinical 15 settings warrant further interest
addressing the significance of TO in treating problem wounds in a clinical setting. If proven
to be effective, portable TO therapy has the added advantage of benefiting a much larger
potential patient population especially under conditions of public disaster and in a field-setting
where HBO therapy may not be applicable. In this context it is important to recognize that
although HBO and TO both seek to oxygenate wounds, they are quite different treatment
approaches. The current study examined the effects of TO in patients that were not selected
for HBO therapy. For the first time, the effects of TO has been studied not only to examine
closure outcomes in a clinical setting but to also gain mechanistic insight on how TO therapy
may influence wound healing.

The state of tissue oxygenation is a key determinant of inducible VEGF expression and
angiogenesis. While hypoxia can initiate neovascularization by inducing angiogenic factor
expression, it cannot sustain it. A threshold level of oxygenation is required to support the
metabolic needs of tissue remodeling. Acute hypoxia facilitates the angiogenic process 59
while chronic hypoxia impairs wound angiogenesis 60. Sustained hypoxia causes death and
dysfunction of tissue. VEGF is a major long-term angiogenic stimulus at the wound site. On
one hand, hypoxia is a potent trigger of inducible VEGF expression 61. On the other hand,
hyperoxia induces VEGF as well 54,62–65. This study provides the first evidence that
supplemental TO treatment significantly induces VEGF expression in the wound-edge tissue
of patients suffering from chronic wounds. This work is consistent with previous findings
suggesting that TO treatment may induce wound angiogenesis 66.

Given the essential role of angiogenesis in wound healing, it is not surprising that there was a
statistically significant correlation between VEGF and healing outcomes, as shown with TO
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therapy. A similar effect was expected with HBO, but was not observed. Healing responses
induced by HBO in this patient population occurred by means that were independent of VEGF
expression. This hypothesis is consistent with the current literature 9,37. One potential reason
for this is the differences in the levels of wound tissue oxygenation achieved with each of these
modalities. The levels of oxygenation achieved with 2 atmospheres of pressure in HBO therapy
can range from 300–1200 mmHg, which far exceeds the pO2 of healthy skin or that achieved
in the wound tissue with TO 15,19. This work establishes a link between VEGF gene expression
and healing outcome for TO therapy. If validated in a larger population, this finding could help
identify a biomarker to gauge response to TO treatment. Taken together, this study presents
evidence supporting that TO treatment may benefit wound healing in patients suffering from
chronic wounds. TO treatment is associated with induction in VEGF expression in the wound
edge tissue and improvement in wound closure outcome. Approaches to topically oxygenate
exposed dermal wound tissue warrant serious interest.
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therapy. A similar effect was expected with HBO, but was not observed. Healing responses
induced by HBO in this patient population occurred by means that were independent of VEGF
expression. This hypothesis is consistent with the current literature 9,37. One potential reason
for this is the differences in the levels of wound tissue oxygenation achieved with each of these
modalities. The levels of oxygenation achieved with 2 atmospheres of pressure in HBO therapy
can range from 300–1200 mmHg, which far exceeds the pO2 of healthy skin or that achieved
in the wound tissue with TO 15,19. This work establishes a link between VEGF gene expression
and healing outcome for TO therapy. If validated in a larger population, this finding could help
identify a biomarker to gauge response to TO treatment. Taken together, this study presents
evidence supporting that TO treatment may benefit wound healing in patients suffering from
chronic wounds. TO treatment is associated with induction in VEGF expression in the wound
edge tissue and improvement in wound closure outcome. Approaches to topically oxygenate
exposed dermal wound tissue warrant serious interest.
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Figure 1.
Wound etiology and locations for patients enrolled in the HBO and topical oxygen studies.

Gordillo et al. Page 12

Clin Exp Pharmacol Physiol. Author manuscript; available in PMC 2009 August 1.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Figure 2. Wound closure in response to HBO treatment
Analysis of the effects of HBO on wound closure was based on a model which included the
cubed root of the initial volume as a covariate and the best fit was determined to be linear using
fractional polynomials. The untransformed results are shown here. The diagonally dashed line
of reference represents no change in wound volume in response to treatment. Observations
(black dots) on or above the dashed line represents no benefit in wound size in response to
treatment. Observations plotted below the dashed line of reference represent that the treatment
improved wound closure outcome. The solid line represents the linear regression model based
on wound closure data. The solid line was tested to be statistically not significantly different
from the reference dashed line (p-value = 0.150, R2 = 0.068)
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Figure 1.
Wound etiology and locations for patients enrolled in the HBO and topical oxygen studies.
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cubed root of the initial volume as a covariate and the best fit was determined to be linear using
fractional polynomials. The untransformed results are shown here. The diagonally dashed line
of reference represents no change in wound volume in response to treatment. Observations
(black dots) on or above the dashed line represents no benefit in wound size in response to
treatment. Observations plotted below the dashed line of reference represent that the treatment
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on wound closure data. The solid line was tested to be statistically not significantly different
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Figure 3. Wound closure in response to topical oxygen treatment
Analysis of the effects of topical oxygen on wound closure was conducted as described in the
legend of Figure 2. The solid line represents the linear regression model based on wound closure
data from the topical oxygen study. The solid line was tested to be significantly different from
the reference dashed line (p-value < 0.001, R2 = 0.414) indicating that topical oxygen treatment
improved wound closure.
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Figure 4. Scatter plot illustrating individual data points plotting topical oxygen induced changes
in VEGF gene expression in the time period specified on the y-axis against changes in wound volume
over the entire study period
Both the VEGF ratio and the wound volume ratio were log transformed. The number against
each data point represent the age of the respective patient in years. a, VEGF changes during
the time period T0 (initial) to T1 (interim); b, VEGF changes during the time period T1 (interim)
to T2 (final); and c, VEGF changes during the time period T0 (initial) to T2 (final) i.e the entire
study duration.
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Figure 3. Wound closure in response to topical oxygen treatment
Analysis of the effects of topical oxygen on wound closure was conducted as described in the
legend of Figure 2. The solid line represents the linear regression model based on wound closure
data from the topical oxygen study. The solid line was tested to be significantly different from
the reference dashed line (p-value < 0.001, R2 = 0.414) indicating that topical oxygen treatment
improved wound closure.
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the time period T0 (initial) to T1 (interim); b, VEGF changes during the time period T1 (interim)
to T2 (final); and c, VEGF changes during the time period T0 (initial) to T2 (final) i.e the entire
study duration.
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Figure 5. Scatter plot illustrating individual data points plotting changes in HBO-induced VEGF
gene expression in the time period specified on the y-axis against changes in wound volume over
the entire study period
Both the VEGF ratio and the wound volume ratio were log transformed. The number against
each data point represent the age of the respective patient in years. a, VEGF changes during
the time period T0 (initial) to T1 (interim); b, VEGF changes during the time period T1 (interim)
to T2 (final); and c, VEGF changes during the time period T0 (initial) to T2 (final) i.e the entire
study duration.
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Figure 5. Scatter plot illustrating individual data points plotting changes in HBO-induced VEGF
gene expression in the time period specified on the y-axis against changes in wound volume over
the entire study period
Both the VEGF ratio and the wound volume ratio were log transformed. The number against
each data point represent the age of the respective patient in years. a, VEGF changes during
the time period T0 (initial) to T1 (interim); b, VEGF changes during the time period T1 (interim)
to T2 (final); and c, VEGF changes during the time period T0 (initial) to T2 (final) i.e the entire
study duration.
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Summary Background As oxygen is essential for wound healing and there is limited diffusion

across the stratum corneum into the epidermis, we wanted to evaluate whether the

topical delivery of a total dissolved oxygen in dressing form on intact human subject

skin would improve clinical and histologic skin functioning.

Aims Fifty normal, healthy subjects completed a pilot clinical evaluation to assess the

efficacy and tolerability of a dissolved oxygen dressing (OxygeneSysTM-Continuous) to

improve the health and appearance of intact skin.

Methods Clinical analysis was performed on 50 subjects; histological and gene

expression analysis was performed on 12 of the 50 subjects to assess the effect of the

dissolved oxygen dressing.

Results Clinical data demonstrate that the dressing is well tolerated, and several

measures of skin health and integrity showed improvements compared with a control

dressing site. Skin hydration measurements showed a statistically significant increase in

skin hydration at 0–4, 4–8, and 0–8 weeks (P < 0.05 at each time point). The blinded

clinical investigator’s grading of desquamation, roughness, and skin texture show

significant decreases from baseline to the 8-week time point (P < 0.05). The dressings

were removed prior to the blinded clinical investigator’s grading. These data were

supported by the histological and gene expression studies, which showed a general

reduction in inflammatory response markers and transcription products (IL-6, IL-8,

TNF-alpha, MMP-1, and MMP-12), while facilitating a general increase in structural

skin proteins (collagen I, elastin, and filaggrin). Additionally, p53 signals from biopsy

samples support the clinical investigator’s observations of no safety concerns.

Conclusion The data from this study demonstrate that the dressing has no deleterious

effects and stimulates beneficial effects on intact, nonwounded skin.

Keywords: skin, topically dissolved oxygen, inflammation, structural proteins,

filaggrin, aquaporin, aquaglyceroporin channel, AQP3

Introduction

Skin, the largest organ serves many functions, includ-

ing protection from external environmental insults such
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as pathogenic organisms, UV radiation, regulation of

water and temperature and participating in the

immune system.1 Skin health is dependent on a number

of fluctuating physiologic mechanisms. Many of these

physiologic processes are compromised with age. For

example, wound healing is significantly compromised in

older subjects.1 If left untreated, these wounds can

become chronic in nature and present serious clinical

sequelae for patients.2 Nonhealing chronic wounds,

pressure ulcers, and bed sores can be especially debili-

tating in the geriatric population.

Our aging population is not the only subject group

with issues or concerns about skin health. As the larg-

est and most esthetically important organ in the body,

the skin is a growing area of focus for individuals from

all age groups. Geriatric people are interested in curb-

ing the effects of age, while younger people are inter-

ested in maintaining a youthful, healthy skin condition

that will last as long as possible. Rapid and complete

healing from all kinds of skin wounds is an essential

component of skin health. Therefore, therapies and

conventions that target not only healthy but also

wounded skin have appealing clinical and quality-

of-life benefits.

A central dogma in skin care states that the nutri-

tional supply of oxygen to the skin is delivered

through the internal circulation. However, recent

data have shown that significant amounts of oxygen

may enter via diffusion from the external overlying

surface.3 There is a close dependency between tissue

oxygenation and wound healing. Specifically, it has

been shown that wounds with <30 mmHg are con-

sidered to by hypoxic and have more clinical issues

such as being slow to heal, having little or no granu-

lation tissue, and having accumulations of necrotic

deposits.4 In contrast, those wounds with oxygen

levels >30 mmHg usually have few longer-term clini-

cal issues and follow a normal course of wound

healing.4

Maintaining physiologic oxygen levels is critical for

normal homeostasis in all tissues. In the skin, white

blood cells require oxygen for the respiratory burst

mechanism that is necessary for killing ingested bacte-

ria.5–7 Skin fibroblasts normally secrete a variety of

extracellular matrix molecules; this process is critically

dependent on physiologic oxygen levels.8,9 The events

of angiogenesis and granulation tissue formation are

dependent upon oxygenation.5,10 Wounds deprived of

oxygen deposit collagen poorly and are easily infected.

Epithelialization represents a final resolution of the

wound, and its mechanisms are optimized at high oxy-

gen levels.11 As oxygen is essential for wound healing

and there is limited diffusion across the stratum corne-

um into the epidermis, we wanted to evaluate whether

the topical delivery of a total dissolved oxygen in dress-

ing form on intact human subject skin would improve

clinical and histologic skin functioning. Biopsy samples

were taken from subjects at active and control sites

following 8 weeks of treatment. Biopsy samples were

coronally sectioned, with one half processed for histo-

pathology to assess impact on hydration, oxidative

stress, and structural proteins, and the second half pro-

cessed for real-time RT-PCR analysis to assess impact

on inflammatory markers. Results from these evalua-

tions suggest active mechanisms are in play with the

use of topical oxygen therapy to intact, healthy skin.

No safety issues were seen in the current study, and

structurally significant and biologically relevant differ-

ences were detected as a result of 8 weeks of active

treatment.

Materials and methods

Human subjects

A total of 50 healthy subjects (men and women ages

50–69 years; mean age 58.4) completed a single site,

randomized controlled, 8-week study. Subjects had

age-appropriate photoaging and stable concomitant

medications. Informed consent was obtained from all

subjects in the study, which was approved by the

Concordia Clinical Research Institutional Review

Board, New Jersey.

The semi-occlusive, absorbent, oxygen-enriched

dressing (Active Group, OxygeneSysTM-Continuous,

AcryMed, Inc., Beaverton, OR, USA) was affixed to the

skin covering the anterior tibia on one limb, and the

contralateral limb was covered with a Kling� bandage

(Johnson & Johnson Consumer Products Company,

Skillman, NJ, USA) to function as the control. A com-

puter-generated randomization scheme determined

which limb (left or right) would receive the experimen-

tal dressing. The dressing was wet with an ampule of

eye moisturizer and affixed to the shin with a Kling�

dressing held together with paper tape. The dressing

was applied daily by the subject following bathing and

worn for 24 h continuously. The location of the dress-

ing placement was noted by the investigator with black

indelible ink. Subjects were permitted to continue using

their own skin care, cleansing, and makeup products,

but were not allowed to begin any new products for

the 8-week duration of the study. No skin care prod-

ucts of any kind were used on the shins where the

dressing was applied.

© 2013 Wiley Periodicals, Inc. 87
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as pathogenic organisms, UV radiation, regulation of

water and temperature and participating in the

immune system.1 Skin health is dependent on a number

of fluctuating physiologic mechanisms. Many of these

physiologic processes are compromised with age. For

example, wound healing is significantly compromised in

older subjects.1 If left untreated, these wounds can

become chronic in nature and present serious clinical

sequelae for patients.2 Nonhealing chronic wounds,

pressure ulcers, and bed sores can be especially debili-

tating in the geriatric population.

Our aging population is not the only subject group

with issues or concerns about skin health. As the larg-

est and most esthetically important organ in the body,

the skin is a growing area of focus for individuals from

all age groups. Geriatric people are interested in curb-

ing the effects of age, while younger people are inter-

ested in maintaining a youthful, healthy skin condition

that will last as long as possible. Rapid and complete

healing from all kinds of skin wounds is an essential

component of skin health. Therefore, therapies and

conventions that target not only healthy but also

wounded skin have appealing clinical and quality-

of-life benefits.

A central dogma in skin care states that the nutri-

tional supply of oxygen to the skin is delivered

through the internal circulation. However, recent

data have shown that significant amounts of oxygen

may enter via diffusion from the external overlying

surface.3 There is a close dependency between tissue

oxygenation and wound healing. Specifically, it has

been shown that wounds with <30 mmHg are con-

sidered to by hypoxic and have more clinical issues

such as being slow to heal, having little or no granu-

lation tissue, and having accumulations of necrotic

deposits.4 In contrast, those wounds with oxygen

levels >30 mmHg usually have few longer-term clini-

cal issues and follow a normal course of wound

healing.4

Maintaining physiologic oxygen levels is critical for

normal homeostasis in all tissues. In the skin, white

blood cells require oxygen for the respiratory burst

mechanism that is necessary for killing ingested bacte-

ria.5–7 Skin fibroblasts normally secrete a variety of

extracellular matrix molecules; this process is critically

dependent on physiologic oxygen levels.8,9 The events

of angiogenesis and granulation tissue formation are

dependent upon oxygenation.5,10 Wounds deprived of

oxygen deposit collagen poorly and are easily infected.

Epithelialization represents a final resolution of the

wound, and its mechanisms are optimized at high oxy-

gen levels.11 As oxygen is essential for wound healing

and there is limited diffusion across the stratum corne-

um into the epidermis, we wanted to evaluate whether

the topical delivery of a total dissolved oxygen in dress-

ing form on intact human subject skin would improve

clinical and histologic skin functioning. Biopsy samples

were taken from subjects at active and control sites

following 8 weeks of treatment. Biopsy samples were

coronally sectioned, with one half processed for histo-

pathology to assess impact on hydration, oxidative

stress, and structural proteins, and the second half pro-

cessed for real-time RT-PCR analysis to assess impact

on inflammatory markers. Results from these evalua-

tions suggest active mechanisms are in play with the

use of topical oxygen therapy to intact, healthy skin.

No safety issues were seen in the current study, and

structurally significant and biologically relevant differ-

ences were detected as a result of 8 weeks of active

treatment.

Materials and methods

Human subjects

A total of 50 healthy subjects (men and women ages

50–69 years; mean age 58.4) completed a single site,

randomized controlled, 8-week study. Subjects had

age-appropriate photoaging and stable concomitant

medications. Informed consent was obtained from all

subjects in the study, which was approved by the

Concordia Clinical Research Institutional Review

Board, New Jersey.

The semi-occlusive, absorbent, oxygen-enriched

dressing (Active Group, OxygeneSysTM-Continuous,

AcryMed, Inc., Beaverton, OR, USA) was affixed to the

skin covering the anterior tibia on one limb, and the

contralateral limb was covered with a Kling� bandage

(Johnson & Johnson Consumer Products Company,

Skillman, NJ, USA) to function as the control. A com-

puter-generated randomization scheme determined

which limb (left or right) would receive the experimen-

tal dressing. The dressing was wet with an ampule of

eye moisturizer and affixed to the shin with a Kling�

dressing held together with paper tape. The dressing

was applied daily by the subject following bathing and

worn for 24 h continuously. The location of the dress-

ing placement was noted by the investigator with black

indelible ink. Subjects were permitted to continue using

their own skin care, cleansing, and makeup products,

but were not allowed to begin any new products for

the 8-week duration of the study. No skin care prod-

ucts of any kind were used on the shins where the

dressing was applied.
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Clinical measurements

Subjects were evaluated in a blinded fashion by collect-

ing a variety of observations at the designated time

points. All study subjects were evaluated by a single

investigator. The dressings were removed prior to the

blinded clinical investigator’s grading. A 5-point ordi-

nal scale was used for all investigator and subject-

assessed parameters at baseline, 1 week (compliance

check visit), 4 weeks, and 8 weeks, ranging from 0 =
no signs or symptoms to 4 = very dramatic signs and

symptoms resulting in discomfort, representing an

adverse reaction. Investigator-assessed efficacy parame-

ters were as follows: desquamation, roughness,

erythema, skin texture, and tolerability parameters

were as follows: itching, stinging, and burning. Sub-

ject-assessed parameters included: flakiness, roughness,

redness, and overall problems. Digital photography of

each shin was taken at baseline, 4 and 8 weeks

(Fig. 1).

Skin hydration (lS, micro siemens) was measured

with the Dermalab pin probe corneometer (Cortex

Technology, Hadsund, Denmark) that used low grade

current and conductivity to indirectly measure water

content. Transepidermal water loss (TEWL; g/m2 h)

was measured with the Dermalab TransEpidermal

Water Loss module (Cortex Technology). Elasticity

was measured with the Dermalab skin elasticity mod-

ule (Cortex Technology, Denmark), and skin colora-

tion was measured with the Dermalab DSM II

Colormeter (Cortex Technology). Sensory monofila-

ment test was performed by drawing a cotton fiber

over the skin.

Biopsy

Biopsies were performed in a controlled office envi-

ronment, 25% humidity, 22°C, during the summer

season. Full-thickness biopsies were collected from 12

randomly selected subjects. One 3 mm biopsy was

taken from each shin (randomized active and control)

at week 8. Biopsies were immediately cut in coronal

halves (superficial to deep). One half was immediately

placed in ice-cold 2% paraformaldehyde (PFA; Elec-

tron Microscopy Sciences, Hatfield, PA, USA) in PBS

for histological and immunohistologic analysis and

the other half in ice-cold RNAlater (Sigma Chemical

Company, St. Louis, MO, USA) for real-time RT-PCR

analysis. Histology samples were stored in 2% PFA

at 4 °C for 48 h then transferred to 70% ethanol

and stored at 4 °C until processed and paraffin

embedded. RNAlater samples were stored overnight

at 4 °C then stored at �80 °C until processed for

RNA.

Histology

All histologic analyses were performed at the 8-week

time point, comparing active site to control. Histopath-

ologic evaluations were assessed from paraffin embed-

ded tissues, serially sectioned at 5 lm and stained with

hematoxylin and eosin. Immunohistochemistry evalua-

tions were performed by reacting 5 lm sections with

the following primary antibodies: oxidative stress DNA

adduct 8-hydroxy 2-deoxyguanosine (8-OHdG; Abcam,

Cambridge, MA, USA), water-glycerol channel aquapo-

rin-3 (AQP3; Santa Cruz Biotechnology, Santa Cruz,

CA, USA), structural proteins filaggrin (Vector Labora-

tories, Burlingame, CA, USA), collagen I (Abcam), and

elastin (Abcam), and processed using standard immu-

nohistochemistry methods. Digital, whole-slide scans

(Aperio ScanScope CS; Aperio, Vista, CA, USA) were

used for all evaluations to quantify changes in levels,

using established digital pathology algorithms. Quanti-

tative assessments on digitally scanned slides have

been used to quantify immunohistochemistry in several

different tissues.12 All artifacts were manually excluded

prior to digital algorithm. H-score, a widely used

pathology method for quantitatively evaluating stain-

ing features is directly related to staining intensity (0,

+1, +2 or +3) of the area, cell or object and calculated

by the formula: (3 x %3+) + (2 x %2+) + (1 x %1+).
Results range from 0 to 300.13

Real-time PCR

Tissues were thawed on ice, then homogenized in RLT

lysis buffer (Qiagen, Valencia, CA, USA) using an Omni

THq rotor stator (Omni International, Kennesaw, GA,

USA) for 30 s per sample. Total RNA was isolated with

RNeasy Mini Kit (Qiagen). The cDNA was reverse tran-

scribed with the Superscript III first-strand synthesis

system (Invitrogen, Carlsbad, CA, USA). cDNA was

diluted 2:1 prior to addition to 10 lL PCRs containing

29 Taqman Universal PCR Master Mix (Applied

Biosystems, Carlsbad, CA, USA) and amplified on a

7900 Real-Time PCR System (Applied Biosystems). Real-

time analysis was performed with the following Taqman

probes: IL-6, IL-8, MMP-1 (collagenase), MMP-12 (elas-

tase), TNF-a, TP53, and VEGF and normalized to

GAPDH. Samples were analyzed using the 2�DDCt

method, using GAPDH as the housekeeping gene to nor-

malize for sample-to-sample variations in RNA/cDNA.

Data are presented as “fold change” in active vs. control.
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Clinical measurements
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and stored at 4 °C until processed and paraffin

embedded. RNAlater samples were stored overnight

at 4 °C then stored at �80 °C until processed for

RNA.

Histology
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ologic evaluations were assessed from paraffin embed-

ded tissues, serially sectioned at 5 lm and stained with

hematoxylin and eosin. Immunohistochemistry evalua-

tions were performed by reacting 5 lm sections with

the following primary antibodies: oxidative stress DNA

adduct 8-hydroxy 2-deoxyguanosine (8-OHdG; Abcam,

Cambridge, MA, USA), water-glycerol channel aquapo-

rin-3 (AQP3; Santa Cruz Biotechnology, Santa Cruz,

CA, USA), structural proteins filaggrin (Vector Labora-

tories, Burlingame, CA, USA), collagen I (Abcam), and

elastin (Abcam), and processed using standard immu-

nohistochemistry methods. Digital, whole-slide scans

(Aperio ScanScope CS; Aperio, Vista, CA, USA) were

used for all evaluations to quantify changes in levels,

using established digital pathology algorithms. Quanti-

tative assessments on digitally scanned slides have

been used to quantify immunohistochemistry in several

different tissues.12 All artifacts were manually excluded

prior to digital algorithm. H-score, a widely used

pathology method for quantitatively evaluating stain-

ing features is directly related to staining intensity (0,

+1, +2 or +3) of the area, cell or object and calculated

by the formula: (3 x %3+) + (2 x %2+) + (1 x %1+).
Results range from 0 to 300.13

Real-time PCR

Tissues were thawed on ice, then homogenized in RLT

lysis buffer (Qiagen, Valencia, CA, USA) using an Omni

THq rotor stator (Omni International, Kennesaw, GA,

USA) for 30 s per sample. Total RNA was isolated with

RNeasy Mini Kit (Qiagen). The cDNA was reverse tran-

scribed with the Superscript III first-strand synthesis

system (Invitrogen, Carlsbad, CA, USA). cDNA was

diluted 2:1 prior to addition to 10 lL PCRs containing

29 Taqman Universal PCR Master Mix (Applied

Biosystems, Carlsbad, CA, USA) and amplified on a

7900 Real-Time PCR System (Applied Biosystems). Real-

time analysis was performed with the following Taqman

probes: IL-6, IL-8, MMP-1 (collagenase), MMP-12 (elas-

tase), TNF-a, TP53, and VEGF and normalized to

GAPDH. Samples were analyzed using the 2�DDCt

method, using GAPDH as the housekeeping gene to nor-

malize for sample-to-sample variations in RNA/cDNA.

Data are presented as “fold change” in active vs. control.
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Statistical analysis

A paired Student’s t-test was performed to determine

whether differences existed between the active group

vs. the control group. A P-value < 0.05 was considered

to be statistically significant.

Results

Human subjects

A total of 50 subjects completed the study without any

major adverse events or deviations from the study

design.

Clinical measurements

Skin hydration measurements showed a statistically

significant increase in stratum corneum hydration from

baseline to 4 weeks, 4–8 weeks, and baseline to 8 weeks

(P < 0.05 at each time point), with an average increase

in hydration of 41 lS in active vs. control from baseline

to 8 weeks (Table 1). There were no statistically significant

changes in skin coloration with the dermospectropho-

tometer, nor were there significant changes in TEWL,

monofilament sensorial measurement, or elasticity

measures across all time points (data not shown).

Blinded clinical investigator-measured outcomes of

itching, burning, stinging, and erythema were not sig-

nificantly different between the active vs. control at all

time points compared (data not shown). However, the

blinded clinical investigator measures of desquamation,

roughness, and skin texture showed significant

decreases from baseline to 8-week time points only

(P < 0.05), see Table 1. There were no significant dif-

ferences for these measures in active vs. control from

baseline to 4 week and 4- to 8-week comparisons. Sub-

ject assessment of flakiness, roughness, redness, and

overall problems were not significantly different

between the active group and the control group at all

time points (data not shown).

Subject #2, control     Subject #2, active 

Subject #3, control     Subject # 3, active 

Subject #11, control     Subject # 11, active 

Figure 1 Clinical pictures of control vs. active at the 8-week time point.
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Histology

Histopathology comparisons between active vs. control

sites at the 8-week time point did not reveal any

noticeable differences with respect to acanthosis,

spongiosis, chronic inflammation, hyperkeratosis, epi-

dermal mononuclear infiltration, focal acantholysis, or

dermal edema. Subtle differences exist in epidermal

thickness, vascular prominence, and occasional peri-

vascular mononuclear cells. However, these features

were concluded to be consistent of normal human

skin. No trend change was observable for any of these

characteristics between active and control samples.

Representative histopathology is shown in Figure 2.

Rete peg analysis showed a slightly lower level in

active vs. control sites; however, no statistically signifi-

cant differences were seen.

Immunohistochemistry

Immunohistochemical (IHC) analysis of coronal, seri-

ally sectioned biopsies from the 12 subjects revealed a

modest increase in 8-OHdG levels in active vs. control

sites, suggesting increased oxygen was penetrating the

epidermis through the dressing, resulting in a measur-

able effect of higher 8-OHdG levels.

The aquaglyceroporin channel, AQP3 showed a

slight decrease in active vs. control sites; however,

active sites had a more “circumferential” or mem-

brane-localized staining pattern, suggesting recruit-

ment of AQP3 from the cytoplasm to the membrane to

facilitate water and glycerol transport (Fig. 3). IHC

analysis revealed an increase in H-score of filaggrin,

collagen I, and elastin proteins in active vs. control

sites. The H-score value represents a quantitative mea-

surement of staining intensity (quantity of antibody)

from whole-slide digital scans of IHC-reacted slides.

Evaluated collectively, while not statistically significant,

a trend analysis of these key structural proteins dem-

onstrates that these parameters all increase, suggesting

a mechanism of influencing structural organization in

the skin (Fig. 4 and Table 2).

Real-time RT-PCR

GAPDH was used as the housekeeping gene to normal-

ize for sample-to-sample variations in mRNA. Analysis

was performed on a range of inflammatory, structural,

angiogenic, and cellular stress genes. Proinflammatory

cytokines IL-6, IL-8, and TNF-alpha showed a modest

decrease in active vs. control sites. MMP-1 (collage-

nase) and MMP-12 (elastase) showed a more robust

decrease. During inflammation or damage, both MMP-

1 and -12 are up-regulated to degrade extracellular

matrix (ECM). Trend analysis of these markers suggests

Table 1 Clinical measurements between control and treatment sites

Control Treatment P value

Skin hydration (lS) 0–4 weeks �8.18 � 44.01 15.88 � 46.17 0.010

4–8 weeks �2.04 � 32.34 15.22 � 41.96 0.025

0–8 weeks �10.22 � 33.91 31.10 � 44.71 <0.001
Desquamation 0–4 weeks �0.27 � 1.09 �0.49 � 1.29 0.356

0–8 weeks �0.12 � 0.99 �1.08 � 1.19 <0.001
Roughness 0–4 weeks �0.33 � 1.12 �0.53 � 1.24 0.396

0–8 weeks �0.18 � 0.99 �1.14 � 1.15 <0.001
Skin texture 0–4 weeks �0.33 � 1.12 �0.53 � 1.24 0.396

0–8 weeks �0.18 � 0.99 �1.14 � 1.15 <0.001

(a) (b)

Figure 2 Representative histopathology (hematoxylin and esosin stain). (a) Subject #10, control site at the 8-week time point. (b) Sub-

ject #10 active site at the 8-week time point. Scale bars = 100 lm.
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Histology

Histopathology comparisons between active vs. control

sites at the 8-week time point did not reveal any

noticeable differences with respect to acanthosis,

spongiosis, chronic inflammation, hyperkeratosis, epi-

dermal mononuclear infiltration, focal acantholysis, or

dermal edema. Subtle differences exist in epidermal

thickness, vascular prominence, and occasional peri-

vascular mononuclear cells. However, these features

were concluded to be consistent of normal human

skin. No trend change was observable for any of these

characteristics between active and control samples.

Representative histopathology is shown in Figure 2.

Rete peg analysis showed a slightly lower level in

active vs. control sites; however, no statistically signifi-

cant differences were seen.

Immunohistochemistry

Immunohistochemical (IHC) analysis of coronal, seri-

ally sectioned biopsies from the 12 subjects revealed a

modest increase in 8-OHdG levels in active vs. control

sites, suggesting increased oxygen was penetrating the

epidermis through the dressing, resulting in a measur-

able effect of higher 8-OHdG levels.

The aquaglyceroporin channel, AQP3 showed a

slight decrease in active vs. control sites; however,

active sites had a more “circumferential” or mem-

brane-localized staining pattern, suggesting recruit-

ment of AQP3 from the cytoplasm to the membrane to

facilitate water and glycerol transport (Fig. 3). IHC

analysis revealed an increase in H-score of filaggrin,

collagen I, and elastin proteins in active vs. control

sites. The H-score value represents a quantitative mea-

surement of staining intensity (quantity of antibody)

from whole-slide digital scans of IHC-reacted slides.

Evaluated collectively, while not statistically significant,

a trend analysis of these key structural proteins dem-

onstrates that these parameters all increase, suggesting

a mechanism of influencing structural organization in

the skin (Fig. 4 and Table 2).

Real-time RT-PCR

GAPDH was used as the housekeeping gene to normal-

ize for sample-to-sample variations in mRNA. Analysis

was performed on a range of inflammatory, structural,

angiogenic, and cellular stress genes. Proinflammatory

cytokines IL-6, IL-8, and TNF-alpha showed a modest

decrease in active vs. control sites. MMP-1 (collage-

nase) and MMP-12 (elastase) showed a more robust

decrease. During inflammation or damage, both MMP-

1 and -12 are up-regulated to degrade extracellular

matrix (ECM). Trend analysis of these markers suggests

Table 1 Clinical measurements between control and treatment sites

Control Treatment P value

Skin hydration (lS) 0–4 weeks �8.18 � 44.01 15.88 � 46.17 0.010

4–8 weeks �2.04 � 32.34 15.22 � 41.96 0.025

0–8 weeks �10.22 � 33.91 31.10 � 44.71 <0.001
Desquamation 0–4 weeks �0.27 � 1.09 �0.49 � 1.29 0.356

0–8 weeks �0.12 � 0.99 �1.08 � 1.19 <0.001
Roughness 0–4 weeks �0.33 � 1.12 �0.53 � 1.24 0.396

0–8 weeks �0.18 � 0.99 �1.14 � 1.15 <0.001
Skin texture 0–4 weeks �0.33 � 1.12 �0.53 � 1.24 0.396

0–8 weeks �0.18 � 0.99 �1.14 � 1.15 <0.001

(a) (b)

Figure 2 Representative histopathology (hematoxylin and esosin stain). (a) Subject #10, control site at the 8-week time point. (b) Sub-

ject #10 active site at the 8-week time point. Scale bars = 100 lm.
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consistency in the data and a mechanism of down-reg-

ulating the expression of inflammatory markers (Fig. 5

and Table 2). VEGF expression levels were unchanged,

suggesting the oxygen dressing neither decreased tissue

pO2 levels to hypoxic levels nor increased pO2 to

hyperoxic levels, both of which would lead to an

increase in VEGF expression. TP53 (p53) levels were

unchanged. As a central monitor of cellular stress and

its environment, including sensing reactive oxygen spe-

cies (ROS) levels, the data suggest the topical oxygen

dressing-covered skin was in a healthy state with

respect to p53 levels (Table 2).

Discussion

In the current study, normal, healthy subjects were

enrolled in a pilot clinical evaluation to assess the effi-

cacy and tolerability of a dissolved oxygen dressing in
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Figure 4 Immunohistochemistry trend plot of structural proteins collagen I, elastin, and filaggrin at 8 weeks.

(a) (c)

(b) (d)

Figure 3 Representative aquaporin-3 levels at 8 weeks. (a) Subject #10, control site. (c) Subject #10, active site. (b) Subject #13, con-

trol site. (d) Subject #13, active site.

© 2013 Wiley Periodicals, Inc. 91

Oxygen reduces inflammation and influences structural proteins . R S Kellar et al.

55



Strictly Private and Confidential. Not for Distribution.

improving skin health and appearance. The dressing

provides an oxygen-enriched environment that may

promote a favorable environment for promotion of

healing. Clinical analysis was performed on 50 sub-

jects; histological and gene expression analyses were

performed on 12 of the 50 subjects. Clinical data

showed the dressing was well tolerated, and several

measures of skin health and integrity showed improve-

ment compared with the dressing-only control site. No

safety issues were seen during the 8-week study period.

These data were supported by the immunohistological

and gene expression studies, which showed a general

reduction in inflammatory response markers and tran-

scription products and a general increase in structural

proteins. Additionally, there was a significant decrease

in investigator-measured desquamation, roughness,

and skin texture in active vs. control sites.

The skin, like all tissues, relies on physiologic levels

of oxygen for the maintenance of normal homeostasis.

The role of oxygen in maintaining skin homeostasis has

been previously described.14 Numerous homeostatic

mechanisms in the skin are dependent on physiologic

oxygenation of the skin. When the skin is damaged,

wound healing processes are initiated to restore the

barrier function, for example, the respiratory burst

mechanism leveraged by white blood cells to kill harm-

ful bacteria requires oxygen.5–7 Additionally, physio-

logic oxygen levels are needed to enable fibroblasts to

perform their normal production of structurally critical

extracellular matrix proteins.5–7 The delivery of topical

dissolved oxygen to the epidermis and potentially the

dermis has many implications, including the potential

to enhance the wound healing process.3 While an

increase in oxygen is beneficial to the wound healing

process, it also increases the amount of ROS-induced

physiological changes that may have negative conse-

quences downstream.

Reactive oxygen species are continuously formed in

living cells of aerobic organisms as part of normal

physiologic processes. Endogenously produced ROS,

including H2O2, superoxide anion radical (O�
2 ), and the

hydroxyl radical (*OH), have many important func-

tions in healthy cells and tissues, acting as secondary

messengers in the regulation of cell cycle, proliferation,

apoptosis, and response to inflammation or damage.15

ROS levels are managed by glutathione, glutathione

peroxidase, superoxide dismutase, and other scaveng-

ing systems.15 The hydroxyl radical is highly reactive,

short-lived and can induce damage to purine and

pyrimidine bases and the deoxyribose backbone.15 The

most frequently studied reaction of *OH with DNA is

the formation of 8-OHdG, which when left intact can

result in G:C?T:A transversions.

The overall health of the cells and the skin is contin-

ually monitored through a complex series of signals,

including degree of DNA damage by the level of 8-

OHdG. In healthy cells, the cellular repair system,

including base excision repair, nucleotide excision

repair and mismatch repair, removes the mutations.

However, when ROS are produced in amounts that
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Figure 5 Real-time RT-PCR trend plot of inflammatory markers at 8 weeks.
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improving skin health and appearance. The dressing

provides an oxygen-enriched environment that may

promote a favorable environment for promotion of

healing. Clinical analysis was performed on 50 sub-

jects; histological and gene expression analyses were

performed on 12 of the 50 subjects. Clinical data

showed the dressing was well tolerated, and several

measures of skin health and integrity showed improve-

ment compared with the dressing-only control site. No

safety issues were seen during the 8-week study period.

These data were supported by the immunohistological

and gene expression studies, which showed a general

reduction in inflammatory response markers and tran-

scription products and a general increase in structural

proteins. Additionally, there was a significant decrease

in investigator-measured desquamation, roughness,

and skin texture in active vs. control sites.

The skin, like all tissues, relies on physiologic levels

of oxygen for the maintenance of normal homeostasis.

The role of oxygen in maintaining skin homeostasis has

been previously described.14 Numerous homeostatic

mechanisms in the skin are dependent on physiologic

oxygenation of the skin. When the skin is damaged,

wound healing processes are initiated to restore the

barrier function, for example, the respiratory burst

mechanism leveraged by white blood cells to kill harm-

ful bacteria requires oxygen.5–7 Additionally, physio-

logic oxygen levels are needed to enable fibroblasts to

perform their normal production of structurally critical

extracellular matrix proteins.5–7 The delivery of topical

dissolved oxygen to the epidermis and potentially the

dermis has many implications, including the potential

to enhance the wound healing process.3 While an

increase in oxygen is beneficial to the wound healing

process, it also increases the amount of ROS-induced

physiological changes that may have negative conse-

quences downstream.

Reactive oxygen species are continuously formed in

living cells of aerobic organisms as part of normal

physiologic processes. Endogenously produced ROS,

including H2O2, superoxide anion radical (O�
2 ), and the

hydroxyl radical (*OH), have many important func-

tions in healthy cells and tissues, acting as secondary

messengers in the regulation of cell cycle, proliferation,

apoptosis, and response to inflammation or damage.15

ROS levels are managed by glutathione, glutathione

peroxidase, superoxide dismutase, and other scaveng-

ing systems.15 The hydroxyl radical is highly reactive,

short-lived and can induce damage to purine and

pyrimidine bases and the deoxyribose backbone.15 The

most frequently studied reaction of *OH with DNA is

the formation of 8-OHdG, which when left intact can

result in G:C?T:A transversions.

The overall health of the cells and the skin is contin-

ually monitored through a complex series of signals,

including degree of DNA damage by the level of 8-

OHdG. In healthy cells, the cellular repair system,

including base excision repair, nucleotide excision

repair and mismatch repair, removes the mutations.

However, when ROS are produced in amounts that
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Figure 5 Real-time RT-PCR trend plot of inflammatory markers at 8 weeks.
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exceed the cell’s capacity to remove the DNA adducts,

a series of responses are induced to recruit additional

resources to handle the insult. A critical stress response

involves phosphorylation and subsequent stabilization

of p53 protein, the guardian of the genome, resulting

in two major cell pathways – cell cycle arrest for DNA

repair, promoting cell survival or apoptosis, eliminating

cells that are damaged beyond repair.16

In the current study, we observed an increase in 8-

OHdG in active vs. control epidermis, suggesting addi-

tional oxygen, delivered by the dressing, penetrated the

skin and caused an increase in *OH-intermediates. The

DNA analogs appear to be managed by normal physio-

logical processes without deleterious consequences. If

the DNA damage were beyond the capacity of the cell

to manage, we would anticipate seeing an up-regula-

tion of p53 mRNA expression.

Tumor protein 53 (TP53, p53) is the central monitor

of stress in the cell and has been described as the

guardian of the genome. p53 has a high turnover rate

and is present in cells in low levels in a nonphosphory-

lated, inactive state. In response to DNA damage, p53

is phosphorylated at multiple sites, along with several

feedback loop proteins (ATM, Mdm2, Akt, PTEN), initi-

ating a series of transient p53 pulses. The amount of

these p53 pulses ultimately determines cell fate to

either cell cycle arrest or apoptosis.16

In the current study, p53 expression levels were

slightly down-regulated in active treatment sites. This

minor change in p53 message expression in active vs.

control sites, in combination with the increased pro-

duction of 8-OHdG indicates that the topical oxygen

therapy is penetrating the skin and resulting in positive

changes that are not causing excessive stress to the

skin. This strongly suggests an active therapy mecha-

nism is in effect without negatively impacting cell and

tissue health. Furthermore, VEGF levels were

unchanged in active vs. control sites, suggesting the

dissolved oxygen dressing created no hypoxic or hyper-

oxic states.17 VEGF expression is extremely sensitive to

deleterious physiologic changes in oxygen levels.

Therefore, as VEGF expression in the current study

was unchanged and p53 levels were effectively

unchanged, we can conclude that the therapeutic con-

ditions were safe at the cell and tissue level.

Aquaporin-3, the most abundant aquaglyceroporin

in the skin, has been shown to transport both water

and glycerol.18 It is primarily found in the stratum ba-

sale and stratum spinosum layers of the epidermis and

has been identified to play an important role in epider-

mis and SC hydration, elasticity, wound healing,

enhancing keratinocyte proliferation, migration, and

differentiation.18

Aquaporin-3 levels decreased slightly among subjects

in the study. Interestingly, there was an observable

change in subcellular distribution of AQP3, shifting

from a general cytoplasmic distribution in the control

to more of a membrane or circumferential distribution

in the active treatment group (Fig. 3). One hypothesis

is that active treatment results in a redistribution of

AQP3 water channels to the cell membrane to provide

a more consistent level of water and glycerol to the

epidermis. In the literature, decreased AQP3 levels are

associated with dry skin.18 Additionally, a more cyto-

plasmic distribution of AQP3 is associated hyperprolif-

erative skin disorders.18–20 If subjects did not have

clinically significant dry skin at the start of the study,

we might conclude that either the reduced level of

AQP3 channel in active treatment is not of clinical sig-

nificance or the redistribution of the AQP3 channels

counteracts the decrease in AQP3 protein. Alterna-

tively, if a subject had dry skin at the start of the

study, the persistent presence of the dissolved oxygen

dressing on the active treatment site for 8 weeks could

result in reduced evaporation, which could have sig-

naled a reduced need for AQP3 expression or a redistri-

bution to the membrane to further facilitate water and

glycerol transport. The redistribution of AQP3 to the

membrane and its likely beneficial effect of providing

additional water and glycerol to the epidermal layers is

supported by clinical data, specifically the statistically

significant increase in skin hydration (P < 0.001), and

Table 2 Data summary

Marker Analysis Result

Stress monitor 8-OHdG IHC Increase

p53 PCR No change

VEGF PCR No change

Stratum corneum

barrier

AQP-3 IHC Slight decrease

Redistributed
to membrane

Hydration Clinical Increase

Desquamation Clinical Decrease

Roughness Clinical Decrease

Skin texture Clinical Decrease

Inflammation markers IL-6 PCR Decrease

IL-8 PCR Decrease

TNF-a PCR Decrease

MMP-1 PCR Decrease

MMP-12 PCR Decrease

Epidermis structure Filaggrin IHC Increase

Elastin IHC Increase

Collagen I IHC Increase
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significant decrease in investigator measures of rough-

ness, desquamation, and skin texture, reflecting an

increase in moisture in the stratum corneum.

Filaggrin, a structural protein produced in the epi-

dermis by terminally differentiating keratinocytes,

facilitates the organization and condensation of kerati-

nocytes and contributes to the formation of the stra-

tum corneum. Filaggrin is synthesized as a profilaggrin

polypeptide, containing 10–12 tandem filaggrin repeats

and is stored in intracellular keratohyalin granules in

the granular layer of the epidermis. As terminal differ-

entiation continues, Ca2+ levels increase, which signal

the dissolution of the granules and dephosphorylation

and cleavage of profilaggrin into filaggrin monomers.

The free filaggrin binds to keratin intermediate fila-

ments, which condense the keratin cytoskeleton, con-

tributing to the cell compaction process that is

required for the squamous cell phenotype of the stra-

tum corneum. Filaggrin is further degraded to produce

hydrophilic acids, components of natural moisturizing

factor, which are significant contributors to hydration

and the mildly acidic cutaneous pH.21 Reductions in

profilaggrin or filaggrin lead to a poorly formed stra-

tum corneum (ichthyosis), which is also prone to

water loss (xerosis).21 Filaggrin levels were higher in

active vs. control sites, suggesting treatment increased

the production of filaggrin in the skin, potentially con-

tributing to more natural moisturizing factor and a

more structurally sound barrier function of the stratum

corneum. Additionally, increased filaggrin levels corre-

late with the increase in investigator-measured skin

hydration and decrease in skin texture, roughness, and

desquamation. Collagen and elastin, other well-evalu-

ated skin proteins, demonstrated positive changes in

active sites in the current study. Collagen I protein lev-

els were slightly higher in active sites vs. control sites.

Greater collagen I presence in the dermis may provide

skin with greater structural integrity. The consistency

in the data lies in the fact that three major structural

skin proteins (filaggrin, elastin, and collagen), all

increase in their expression in active sites when com-

pared to control sites in the same subject.

Elastin is a structural protein found in the dermis as

well as other critical tissues such as blood vessels,

heart, bladder, and ligaments where it provides physio-

logically relevant elasticity. Elastin levels appear to be

higher in active vs. control sites. Greater elastin pres-

ence in the dermis may provide skin with greater

structural integrity and elasticity. Additionally, a trend

analysis was conducted on key structural proteins

within the skin: collagen, elastin, and filaggrin. Trend

analysis of these three proteins suggests consistency in

the data and a mechanism of positively influencing the

expression of key structural proteins (Fig. 4). Because

these proteins trend together, we can conclude with a

higher level of confidence that the active treatment is

stimulating beneficial structural changes within the

underlying skin.

Inflammatory markers IL-6, IL-8, TNF-a, and the

matrix metalloproteinases MMP-1 (collagenase), and

MMP-12 (elastase) are up-regulated when inflamma-

tory processes or mechanisms are in play. They are

secreted by leukocytes and regulate a wide range of

cellular and tissue responses, recruiting macrophages,

neutrophils, inducing angiogenesis and inducing

remodeling of damaged tissue.22 In this study, expres-

sion of these markers was down-regulated in active vs.

control sites, suggesting a decrease in inflammatory

pathways or mechanisms and a decrease in breakdown

or remodeling of the extracellular matrix within the

skin following active treatment.

Conclusions

The dissolved oxygen dressing was applied to normal,

healthy, age-appropriate, photoaged skin and com-

pared with a nontreated site on the contralateral limb

in the same subject. The data from this study demon-

strate that the total dissolved oxygen dressing has no

deleterious effects; rather it stimulates beneficial effects

on intact, nonwounded skin.

The increase in 8-OHdG levels in active vs. control

sites suggests the dissolved oxygen dressing is increas-

ing O2 levels in the skin. The levels of both VEGF and

p53 are unchanged, suggesting the increased O2 is

within acceptable levels within the cells. Decreases in

IL-6, IL-8, TNF-a, MMP-1, MMP-12 also suggest insig-

nificant stresses within the cells and skin. The

increases in structural proteins collagen I and elastin is

likely explained by reduced turnover by a decrease in

MMP-1 and MMP-12 mRNA levels (Table 2).

The blinded clinical investigator’s measurements of

decreased desquamation, roughness, and skin texture

in treated vs. control sites correlate with the significant

increase in skin hydration. These data are supported

histologically by an increase in filaggrin, resulting in

increased production of natural moisturizing factor and

a redistribution of aquaglyceroporin, AQP3 from the

cytoplasm to the membrane.

In summary, the data from this study demonstrate

that the dressing has no deleterious effects and appears

to stimulate beneficial effects on intact, nonwounded

skin.
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significant decrease in investigator measures of rough-

ness, desquamation, and skin texture, reflecting an

increase in moisture in the stratum corneum.

Filaggrin, a structural protein produced in the epi-

dermis by terminally differentiating keratinocytes,

facilitates the organization and condensation of kerati-

nocytes and contributes to the formation of the stra-

tum corneum. Filaggrin is synthesized as a profilaggrin

polypeptide, containing 10–12 tandem filaggrin repeats

and is stored in intracellular keratohyalin granules in

the granular layer of the epidermis. As terminal differ-

entiation continues, Ca2+ levels increase, which signal

the dissolution of the granules and dephosphorylation

and cleavage of profilaggrin into filaggrin monomers.

The free filaggrin binds to keratin intermediate fila-

ments, which condense the keratin cytoskeleton, con-

tributing to the cell compaction process that is

required for the squamous cell phenotype of the stra-

tum corneum. Filaggrin is further degraded to produce

hydrophilic acids, components of natural moisturizing

factor, which are significant contributors to hydration

and the mildly acidic cutaneous pH.21 Reductions in

profilaggrin or filaggrin lead to a poorly formed stra-

tum corneum (ichthyosis), which is also prone to

water loss (xerosis).21 Filaggrin levels were higher in

active vs. control sites, suggesting treatment increased

the production of filaggrin in the skin, potentially con-

tributing to more natural moisturizing factor and a

more structurally sound barrier function of the stratum

corneum. Additionally, increased filaggrin levels corre-

late with the increase in investigator-measured skin

hydration and decrease in skin texture, roughness, and

desquamation. Collagen and elastin, other well-evalu-

ated skin proteins, demonstrated positive changes in

active sites in the current study. Collagen I protein lev-

els were slightly higher in active sites vs. control sites.

Greater collagen I presence in the dermis may provide

skin with greater structural integrity. The consistency

in the data lies in the fact that three major structural

skin proteins (filaggrin, elastin, and collagen), all

increase in their expression in active sites when com-

pared to control sites in the same subject.

Elastin is a structural protein found in the dermis as

well as other critical tissues such as blood vessels,

heart, bladder, and ligaments where it provides physio-

logically relevant elasticity. Elastin levels appear to be

higher in active vs. control sites. Greater elastin pres-

ence in the dermis may provide skin with greater

structural integrity and elasticity. Additionally, a trend

analysis was conducted on key structural proteins

within the skin: collagen, elastin, and filaggrin. Trend

analysis of these three proteins suggests consistency in

the data and a mechanism of positively influencing the

expression of key structural proteins (Fig. 4). Because

these proteins trend together, we can conclude with a

higher level of confidence that the active treatment is

stimulating beneficial structural changes within the

underlying skin.

Inflammatory markers IL-6, IL-8, TNF-a, and the

matrix metalloproteinases MMP-1 (collagenase), and

MMP-12 (elastase) are up-regulated when inflamma-

tory processes or mechanisms are in play. They are

secreted by leukocytes and regulate a wide range of

cellular and tissue responses, recruiting macrophages,

neutrophils, inducing angiogenesis and inducing

remodeling of damaged tissue.22 In this study, expres-

sion of these markers was down-regulated in active vs.

control sites, suggesting a decrease in inflammatory

pathways or mechanisms and a decrease in breakdown

or remodeling of the extracellular matrix within the

skin following active treatment.

Conclusions

The dissolved oxygen dressing was applied to normal,

healthy, age-appropriate, photoaged skin and com-

pared with a nontreated site on the contralateral limb

in the same subject. The data from this study demon-

strate that the total dissolved oxygen dressing has no

deleterious effects; rather it stimulates beneficial effects

on intact, nonwounded skin.

The increase in 8-OHdG levels in active vs. control

sites suggests the dissolved oxygen dressing is increas-

ing O2 levels in the skin. The levels of both VEGF and

p53 are unchanged, suggesting the increased O2 is

within acceptable levels within the cells. Decreases in

IL-6, IL-8, TNF-a, MMP-1, MMP-12 also suggest insig-

nificant stresses within the cells and skin. The

increases in structural proteins collagen I and elastin is

likely explained by reduced turnover by a decrease in

MMP-1 and MMP-12 mRNA levels (Table 2).

The blinded clinical investigator’s measurements of

decreased desquamation, roughness, and skin texture

in treated vs. control sites correlate with the significant

increase in skin hydration. These data are supported

histologically by an increase in filaggrin, resulting in

increased production of natural moisturizing factor and

a redistribution of aquaglyceroporin, AQP3 from the

cytoplasm to the membrane.

In summary, the data from this study demonstrate

that the dressing has no deleterious effects and appears

to stimulate beneficial effects on intact, nonwounded

skin.

94 © 2013 Wiley Periodicals, Inc.
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Background. It has been commonly perceived that
skin receives its oxygen supply from the internal circu-
lation.However, recent investigations have shown that
a significant amount of oxygenmay enter skin from the
external overlying surface. A method has been devel-
oped for measuring the transcutaneous penetration of
humanskinbyoxygenasdescribedherein.Thismethod
was used to determine both the depthandmagnitude of
penetration of skin by topically applied oxygen.
Material and Methods. An apparatus consisting of

human skin samples interposed between a topical oxy-
gen source and a fluid filled chamber that registered
changes in dissolved oxygen. Viable human skin sam-
ples of variable thicknesses with and without epider-
mis were used to evaluate the depth and magnitude
of oxygen penetration from either topical dissolved
oxygen (TDO) or topical gaseous oxygen (TGO)devices.
Results and Conclusion. This model effectively

demonstrates transcutaneous penetration of topically
applied oxygen. Topically applied dissolved oxygen
penetrates through>700 mm of human skin. Topically
applied oxygen penetrates better though dermis than
epidermis, and TDOdevices deliver oxygenmore effec-
tively than TGO devices. � 2010 Elsevier Inc. All rights reserved.

Key Words: topical oxygen; dissolved oxygen; trans-
cutaneous; wound healing; hypoxia.

INTRODUCTION

Chronic wounds are those that ‘‘fail to progress
through a normal, orderly, and timely sequence of
repair [1].’’ Several key processes in wound healing
are dependent upon an adequate supply of oxygen.
Chronic wounds are often in need of an adequate supply

due to poor perfusion, which causes a decreased oxygen
tension. Oxygen is necessary for multiple wound heal-
ing processing including bacterial killing by leukocytes,
synthesis, and hydroxylation of collagen, proliferation
of fibroblasts, promotion of wound resurfacing by kera-
tinocytes, oxidative pathways for ATP formation, and
nitric oxide dependent signaling pathways [2,3].

There is an association between tissue oxygenation
and wound healing in the clinical setting. For example,
nonhypoxic wounds with O2 levels greater than 30
mmHg typically have little or no accumulated necrotic
debris, develop normal granulation tissue, and close un-
eventfully [4]. In contrast, wounds with less than 30
mmHg are termed hypoxic and, depending on O2 levels,
followpredictable courses.Woundswith13–30mmHgof
O2 usually have accumulated necrotic deposits over the
wound bed, form little or no granulation tissue, and are
stalled or very slow to heal. Wounds with less than 13
mmHg of O2 tension have insufficient oxygen to support
even static metabolic activities and become gangrenous.

The goal of an oxygen therapy for wound care is to
transfer sufficient oxygen to interstitial tissues to
maintain a concentration near the 40 mmHg found in
healthy, well perfused tissues. Therapies such as surgi-
cal revascularization and hyperbaric oxygen therapy
have demonstrated that improved perfusion and
oxygenation of the wound accelerates healing. These
procedures are expensive and often unavailable to
many patients. This report is on a newmethod for mea-
suring the capacity of topically applied oxygen delivery
devices to penetrate through human skin samples.
Topical dissolved oxygen (TDO) and topical gaseous
oxygen (TGO) devices were analyzed using this in vitro
model.We hypothesized that topical oxygen devices can
effectively deliver oxygen into and through viable hu-
man skin and that TDO may be more effective than
TGO in doing so.

1 To whom correspondence and reprint requests should be
addressed at Department of Research and Development, AcryMed
Inc., 9660 SW Nimbus Ave., Beaverton, OR 97008. E-mail: droe@
acrymed.com.
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MATERIALS AND METHODS

Model and Apparatus for Transcutaneous Oxygen Transfer

The objective was to determine the rate at which oxygen was
transferred from oxygen delivering devices to physiologic saline
through test substrates. This was done by using saline (0.9%
NaCl) equilibrated to 21% saturation/159 mmHg partial pressure ox-
ygen content of atmospheric air at 37�C in an apparatus designed for
measuring dissolved oxygen (Fig. 1). The apparatus consisted of an
11 mL chamber for the containment of fluid (saline) in a closed sys-
tem with a 2 cm 3 2 cm window onto which human skin samples of
varying thicknesses were adhered. The apparatus described in Fig. 1
was filled with saline equilibrated with atmospheric oxygen at 159
mmHg and maintained at 37�C. To determine baseline transfer
kinetics for oxygen delivery, a support polypropylene mesh was
adhered across the sample window and used as control recordings.
The topical oxygen devices were placed on the mesh and recordings
were made, to assay the effects of 100% gaseous oxygen, the entire
apparatus was placed into a Captair airtight glovebox (Terra Uni-
versal, Fullerton, CA), and medical grade 100% oxygen was applied
at a continuous flow rate of 5 L/min.

Measurements were taken with a Diamond General Chemical
microsensor (Ann Arbor, MI) instrument for the amperometric mea-
surement of dissolved oxygen. A silicone disk was placed around
a chemical microsensor, Clark style dissolved oxygen probe. The
Clark probe was inserted into fluid chamber and held in place with
flexible clearNexCare 3M (St. Paul,MN,USA)medical tape. The final
assembly was set in a water bath at 37�C. Measurements were re-
corded after 5 min intervals for 90 min.

Oxygen Delivery Devices

Two topical dressings were tested, a hydrophilic closed-cell oxygen
foam [5], and an alginate-catalyst dressing treatedwith a 0.3% hydro-
gen peroxide (Fisher Scientific, Pittsburg PA.) solution [6]. One hun-
dred percent gaseous oxygen was used in some of the testing for
comparative purposes. The foam dressing was a polyacrylate polymer
specifically modified to enhance flexibility, elasticity, and moisture
absorbency. The polyacrylatematrix was initially a semi-solid gel and
was transformed to a closed-cell, oxygen rich foam by a proprietary
treatment. The alginate-catalyst dressing consisted of the hydrophilic
alginate Kaltostat (ConvaTec, Skillman, NJ.) containing w60–
80 mg/cm2 of the inorganic catalyst manganese dioxide (Sigma-
Aldrich, St. Louis, MO). An aqueous substrate of 0.3% H2O2 was
added to the dressing and was subsequently decomposed to produce
high levels of oxygen and water.

Human Donor Skin Samples

Viable human organ donor skin samples were obtained through
Community Tissue Services in Portland, Oregon and designated for
research purposes. Donors were Caucasian men and women whose
ages were not revealed for privacy purposes. Three skin sample thick-
nesses were tested. Two dermal thicknesses, intermediate (0.012–
0.018 in. or 304–457mm) and thick (0.018–0.030 in. or 457–762 mm)
harvested at the time of organ donation were tested. An intermediate
(0.012 in. or 304 mm) split-thickness sample consisting of epidermis
and dermis was also tested. It was hypothesized that skin samples
with epidermis would present a greater barrier to oxygen penetration
than would dermis only samples of equivalent thickness. All samples
were excised from the back or thigh using a dermatome. The samples
were stored in the cell culture media RPMI-1640 (Invitrogen, Carls-
bad, CA.) and refrigerated at 4�C until use. No samples were used
after 2 wk in storage. Skin samples were fixed over the window of
the test apparatus using veterinary skin adhesive. The saline was
equilibrated to atmospheric levels of oxygen, 159 mmHg, using an
aerator and room air at 37�C. Topical dressing devices were placed

atop the skin samples and recordings of dissolved oxygen were made
for 90 min. Only intermediate dermis was tested using 100% gaseous
oxygen, in which case the entire apparatus was placed inside an air-
tight glove box with continuous 5 L/min flow of 100% oxygen gas.

Calculation of Oxygen Volume

Partial pressuremeasurements of oxygenwere converted tomg/L of
oxygen in saline within the apparatus. The value was based on the

FIG. 1. Photographs and diagram of apparatus for measuring de-
livery of dissolved oxygen. Constructed from silicone sheeting and
polystyrene dish. An 11 mL volume fluid chamber (7 mm depth 3
46 mm diameter) within dish filled with saline. A 2 cm3 2 cm sample
window over fluid chamber. Oxygen transfer test material (i.e., skin
sample) is adhered over window. Oxygen release into a fluid medium
was measured using the Diamond General Chemical micro-sensor
(Clark Style Electrode).
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solubility of oxygen at 37�C and 1.54 S/m conductivity of a 0.9% saline
solution [7, 8], whereas a partial pressure of 159 mmHg is equal to
6.31 mg/L oxygen solubility.

Statistical Analysis

Results are expressed as means 6 standard deviation. Student’s
t-test was used to assess the statistical significance between two
means. Differences were considered significant when P < 0.05.

RESULTS

Baseline Production of Dissolved Oxygen by TDO and TGO

Devices

Initial experiments were performed to determine the
transfer kinetics of oxygen from the delivery device to
saline without introducing the variable of interposed
human skin in the system. As shown in Fig. 2, dissolved
oxygen (dO2) measurements begin to rise immediately
with each device. The TDO devices showed an initial
high rate of oxygen transfer, which was significantly
greater than TGO device at 30 min (P value < 0.005
closed cell foam and P value < 0.05 alginate catalyst),
and also at 60 min (P value < 0.005 closed cell foam
and P value < 0.01 alginate catalyst) shown in Table 1.
The maximum change in oxygen partial pressure
reached 231 mmHg for the closed-cell oxygen foam, 152
mmHg for the alginate catalyst dressing, and 109
mmHg for gaseous oxygen. There was a significant
difference in peak oxygen level achieved at 90 min com-
paring a TDO with TGO (P < 0.05, closed cell foam).

Transfer of dO2 ThroughHuman Skin by TDO and TGODevices

Theseexperiments examine theability of theTDOand
TGOdevices to deliver oxygen through interposedviable
human skin in the apparatus. As seen in Fig. 3, each de-
vice effectively transferred oxygen through intermedi-
ate thickness (0.012–0.018 in. or 304–457 mm) dermis
samples. TDO devices were significantly more effective
in transferring oxygen across viable human dermis
than TGO device at 30 min (P value < 0.005 for closed
cell foam and P value < 0.01 alginate catalyst), and at
60min (Pvalue<0.05 for closed cell foam), as seen inTa-
ble 1. There was also a significant difference in peak ox-
ygen level reached at 90 min by a TDO device compared
with the TGO device (P value < 0.05, closed cell foam).

Transfer of dO2 Through Variable Thickness Human Skin

Samples by TDO

Next, the diffusion of oxygen from devices through
thick dermis (0.018–0.030 inch or 457–762 mm) was
measured. Both TDO devices were able to cause an
elevation in the transfer of oxygen, but there was no
significant difference in rate between the two TDO

devices. As shown in Fig. 4, the closed-cell foam
dressing achieved a change in partial pressure of
148 mm Hg for the closed-cell foam and 111 mm Hg for
the alginate-catalyst. The level of partial pressure due
to oxygen delivery in the thick dermis was comparable

FIG. 2. Transfer of dissolved oxygen for control recording into sa-
line at 37�C; n ¼ 3 oxygen delivery devices; n ¼ 2 control. (A) Foam
dressing; (B) alginate-catalyst dressing; (C) 100% gaseous oxygen;
(D) change in partial pressure at 90 min from T ¼ 0. Closed cell
foam greater than gaseous (P < 0.05).
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to that attained in the intermediate dermis, with no
significant difference between the two TDO devices.

Transfer of dO2 Through Human Skin Sample With and Without

Epidermis by TDO

The efficiency of oxygen delivery in skin samples with
orwithout dermiswas also investigated. An intermediate
(0.012 in. or 304 mm) split thickness skin sample contain-
ing the entire epidermis and part of the dermis was used
in this investigation. We hypothesized the epidermis
would present a greater barrier to oxygen penetration
than dermis alone. This was contrasted to a dermis only

sample of equivalent thickness. However, no significant
difference in rate of oxygen penetration was observed
when TDOdeviceswere applied to epidermal versus non-
epidermal skin samples. Figure 5 shows that the maxi-
mum change in oxygen partial pressure achieved by
closed-cell foam dressing was 96 mmHg and the algi-
nate-catalyst dressing reached 102 mmHg in this skin
sample with no significance between the two devices.

Table 1 shows a comparison of the rate of oxygen par-
tial pressure change between the different TDO and
TGO devices. Both TDO devices demonstrate a faster
rate of oxygen penetration then does the TGO device.
Rate of oxygen transfer through equal thickness

TABLE 1

Rate of Change in Oxygen Partial Pressure Per Min at 30 Min:60 Min (mmHg/Min)

Skin sample

Topical oxygen device Control Intermediate dermis 304-457 mm Thick dermis 457-762 mm Epidermis 304 mm

Closed-cell foam 6.5*:4.0* 3.2*:2.3* 3.1:2.5 2.1:1.4
Alginate catalyst 4.4*:2.7* 3.1*:1.9 2.5:1.7 2.9:1.7
Gaseous 1.1:0.9 1.0:0.7 na na

Rate is expressed as change in mm Hg per min, in which starting partial pressure was subtracted from partial pressure at each time point.
Values are means of multiple measurements. Both closed-cell foam and alginate catalyst dressings showed significantly (P< 0.05) faster rates
than gaseous oxygen in controls at 30 and 60 min. Only closed-cell foam showed significantly faster rates through intermediate dermis at 30
and 60min relative to gaseous oxgyen. The alginate catalyst was significantly faster through intermediate dermis at 30min relative to gaseous
(na ¼ not applicable).

*Denotes a significance (p > 0.05) relative to gaseous sample.
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samples of skin with or without epidermis was different
but not significant. Also, alginate-catalyst TDO was
more effective through intact skin than closed-cell
foam TDO though the difference was not significant.

Table 2 represents the volume of oxygen delivered dur-
ing the initial 30 min of measurement derived from the
Figs. 2–5. Initially, there is a maximal oxygen driving
gradient that lessens as the saline reservoir accumu-
lates oxygen. Therefore, the rate of oxygen transfer
gradually trends toward a plateau. If the reservoir
were living skin, oxygenwould be continually extracted
and the maximal oxygen driving gradient would likely
be preserved.

DISCUSSION

Topical Oxygenation Background

Distribution of oxygen through human dermal tissue
is dependent upon oxygen partial pressure gradients
and the solubility of oxygen in the tissue. These factors

FIG. 3. Transfer of dissolved oxygen through intermediate dermis
(304–457 mm) into saline at 37�C; n¼ 3 oxygen delivery devices; n¼ 2
control. (A) Foam dressing; (B) alginate-catalyst dressing; (C) 100%
gaseous oxygen; (D) change in partial pressure at 90 min. from
T ¼ 0. Closed cell foam greater than gaseous (P < 0.05).

FIG. 4. Transfer of dissolved oxygen through thick dermis (457–
762 mm) into saline at 37�C; n ¼ 3 oxygen delivery devices; n ¼ 2
control. (A) Foam dressing; (B) alginate-catalyst dressing; (C) change
in partial pressure at 90 min from T ¼ 0.

ROE GIBBINS AND LADIZINSKY: TOPICAL DISSOLVED OXYGEN PENETRATES SKIN e33

64



Strictly Private and Confidential. Not for Distribution.

determine whether the tissue layers can be supplied by
external atmospheric or internal vascular sources of
oxygen. This allocation of oxygen involves internal
transport by cutaneous circulation via dermal papillae
and externally by transcutaneous diffusion of atmo-
spheric oxygen. The first evidence of cutaneous respira-
tion occurred when Gerlach (1851) secured a varnished
horse bladder to his skin and then measured a decrease
in oxygen content and increase in carbon dioxide after
24 h. In terms of the respiratory needs of the individual,
the contribution by skin is negligible, providing only
w2% of total respiration needs [9]. However, in several
lower vertebrates, cutaneous respiration has been
shown to contribute significantly to physiologic needs
[10]. Cutaneous respiration in a prenatal marsupial
mammal is the primary site of respiration [11]. In hu-
mans, cutaneous respiration is seen in preterm infants
of <31 wk, where oxygen and carbon dioxide exchange

was 5 to 6 times higher than an adult, and may provide
up to 20% of physiologic need [12].

Measurements of Topical Oxygenation

The degree to which cutaneous respiration can con-
tribute to dermal metabolic needs is dependent upon
the depth to which topical oxygen penetrates into
human skin. Penney et al. (1968) took sheets of isolated
human stratum corneum andmeasured the diffusion of
oxygen from a chamber of water equilibrated with air to
a chamber that contained water deoxygenated by nitro-
gen [13]. It was shown that oxygen diffused through the
stratum corneum, raising the oxygen partial pressure
of the de-oxygenated water. The thickness of the stra-
tum corneum was estimated to average 12 mm. Gruber
et al. (1970) used full-thickness skin samples to demon-
strate that gaseous oxygen can penetrate into live
dermis taken from the abdomen [14]. Exposing samples
to 100% gaseous oxygen at a pressure of 3 atms, oxygen
could penetrate to 300–340 mm passing through the
epidermis into the dermis. Although, measurements
at deeper dermis layers, 1.8–2.2 mm, showed no change
in oxygen. Also, oxygen administered at 1 atm was
unable to penetrate even at the more superficial layers.
Using an oxygen flux optode, a more advanced tech-
nique for measuring cutaneous oxygen, Stucker [15]
showed that atmospheric oxygen supplies the outer
250–400 mm of human skin in vivo.

Our data has confirmed and extended these existing
observations. Viable human skin samples demon-
strated oxygen penetration by both the TDO dressings
and TGO. In most cases, TDO devices deliver oxygen
into skin faster and to greater depth than do TGO de-
vices. Our model has demonstrated oxygen penetration
into viable skin by TDO devices to beyond 700 mm,

TABLE 2

Rate of Oxygen Delivered Through Skin During Initial
30 min (mL/Min)

Skin sample

Topical
oxygen device Control

Intermediate
dermis

304-457 mm

Thick
dermis

457-762 mm
Epidermis
304 mm

Closed-cell foam 2.1* 1.0* 0.97 0.63
Alginate catalyst 1.4* 0.97 0.77 0.9
Gaseous 0.27 0.2 na na

Amount is expressed as the mL of oxygen permin. Values aremeans
ofmultiplemeasurements. Both closed-cell foamand alginate catalyst
dressings showed significantly (P< 0.05) larger volumes than gaseous
oxygen through control at 30 min. Only closed-cell foam showed sig-
nificantly greater volumes through intermediate dermis at 30min rel-
ative to gaseous oxgyen (na ¼ not applicable).

*Denotes a significance (P > 0.05) relative to gaseous sample.

FIG. 5. Transfer of dissolved oxygen through intact skin, epider-
mis, and dermis (304 mm), into saline at 37�C; n ¼ 4 oxygen delivery
devices; n ¼ 3 control. (A) Foam dressing; (B) alginate-catalyst dress-
ing; (C) change in partial pressure at 90 min from T ¼ 0.
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a depth previously not reported in the literature. In ad-
dition, our model is the first to compare viable human
skin samples with and without epidermis. It has been
felt that the epidermis, including the stratum corneum,
provided a significant barrier to transcutaneous oxy-
genation. Our initial data show that the epidermis is
not prohibitive of transcutaneous oxygenation.

The average adult has 2 square meters (20,000 cm2)
of skin that weighs approximately 4000 g. This gives
a single square centimeter of skin a mass of 0.2 g
(4000 g/20000 cm2). It has been reported that skin
consumes 5 mL/min of oxygen from circulating blood
supply [16] (5 mL/min/4000 g equals 1.25 mL/min per
g of oxygen consumption). In our model, we used skin
tissue samples of 4 square centimeters (0.8 g). This
area of tissue would consume generally 1 mL/min of
oxygen. According to Table 2, the TDO devices have
a potential delivery capacity of 40–60 mL within the
initial 30 min as shown in control recording. When
measured through intact skin the TDO devices deliver
20–27 mL of oxygen. This mode of topical oxygen deliv-
ery could therefore meet nearly all of the physiologic
oxygen requirements of skin.

Topical Oxygenation via Dissolved Oxygen or Gaseous

Oxygen Sources

For oxygen to become biologically available, it must
leave the gaseous phase and enter the liquid phase so
that it can diffuse into a cell. Gaseous oxygen must
overcome several barriers and partial resistances to
enter the liquid phase, including the resistance within
the gas film to the phase boundary, penetration of the
phase boundary itself, and transfer from the phase
boundary to the liquid. A dissolved oxygen source
does not have these limitations. It was therefore
hypothesized that a dissolved oxygen source would be
more effective than a gaseous oxygen source for provid-
ing transcutaneous oxygenation. Movement of oxygen
within the tissue is governed by Graham’s law of
diffusion stating that gases move independently and
at different rates from areas of high pressure to low
pressure. Once in the tissue extracellular matrix, the
diffusion of oxygen occurs at a rate dictated by diffusion
coefficient, which for human dermis has been estimated
at 1.8–3.13 10�5 cm2/s [17]. If one begins with a higher
oxygen concentration from the source, there will be
greater tissue penetration. Our data confirm that topi-
cally applied dissolved oxygen penetrates the human
skin at a faster rate and to a greater depth than does
topically applied gaseous oxygen. This may be clinically
relevant, as oxygen therapy may be achieved to
a greater tissue depth and in a shorter time with TDO
devices. The transport of oxygen to tissue is faster
when the oxygen is dissolved in fluid. The fact that

removal of the lipid rich stratum corneum increases
the diffusion of oxygen through the skin suggests the
importance of oxygen dissolved in a solution [18]. The
removal of the stratum corneum can also increase
transcutaneous oxygenation of hemoglobin due to the
removal of the corneal lipid rich layer and an increased
surface water content of the skin, which allows applied
dissolved oxygen to directly enter the skin [19]. There-
fore, as expected, in our results, the topical dressings
that deliver oxygen dissolved in a fluid phase (TDO)
were more capable of oxygen delivery than 100%
gaseous oxygen (TGO).Not only is the final partial pres-
sure of oxygen delivered by TDO devices greater than
that from TGO after 90 min, but the rate of transfer is
faster as well.

There are several ways oxygen may penetrate
through skin, which has porous and nonporous regions.
Oxygen is a small molecule and can easily pass through
skin pores, which span the full thickness of skin layers.
Eccrine sweat glands vary in number throughout the
body (up to 350/cm2 in the palmer skin), and each gland
has a pore 15–20 mm in size [20]. Alternatively, oxygen
may cross the nonporous portion of the skin, possibly
via transmembrane proteins such aquaporin, whose
tetrameric structures create oxygen permeable chan-
nels that allow passage of oxygen [21]. An earlier study
contrasting oxygen passage across sheets of viable and
nonviable epidermis showed similar rates, suggesting
that themajor route of oxygen transmission ismediated
by physiochemical structure rather than active cellular
function [22].

Other topical oxygen delivery modalities have been
developed. A supersaturated oxygen emulsions (SOS)
containing perfluorocarbon which, due to its high affin-
ity and carrying capacity, is capable of incorporating
high levels of oxygen has been shown to improve wound
healing in animal model [23,24]. Recent reports have
shown topically applied gaseous oxygen can increase
pO2 of superficial wound tissue and has shown promise
clinically [25,26]. Epithelial healing is improved by
a transdermal sustained delivery treatment with bub-
bled gaseous oxygen [27].

This study reports on the transcutaneous delivery of
oxygen using an in vitro viable human skin penetration
model. It has now been shown that the oxygen penetra-
tion through >700 mm of live human dermis can be
achieved with both gaseous and topical dissolved
oxygen delivery devices. Our use of dermis only skin
samples offers similarity to a partial thickness wound,
which lacks epidermis (such as partial thickness burn
or excoriation). The ability to deliver topical oxygen to
partial thickness wounds may allow the clinician to
support the metabolically active wounded tissue, which
may be compromised by ischemia. We have demon-
strated that TDO devices can provide the necessary

ROE GIBBINS AND LADIZINSKY: TOPICAL DISSOLVED OXYGEN PENETRATES SKIN e35

66



Strictly Private and Confidential. Not for Distribution.

oxygen supply to ensure skin survival, even in the
absence of tissue perfusion. This measurement plat-
form offers a reliable tool for the evaluation of topical
oxygen delivery to simulated wound environments.
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Abstract

Oxygen has an important role in normal wound healing. This article reviews the
evidence concerning the role of oxygen in wound healing and its influence on the
different stages of wound healing. The evidence reviewed has demonstrated that
improving oxygenation may be helpful in limiting wound infection, although there
is a lack of good quality studies on the role of oxygen in the proliferative phase and
in reepithelialisation. Overall, the relationship between oxygen and wound healing
is complex. Knowledge of this aspect is important as many treatment modalities for
refractory wounds are based on these principles.

Introduction

The process of wound healing consists of the partially overlap-
ping phases of haemostasis, inflammation, proliferation, epithe-
lialisation and remodelling (1), within which each step requires
oxygen (2). The role of oxygen in wound healing has been stud-
ied extensively since the 1960s when Hunt et al. (3) identified
that adequate wound oxygenation could enhance formation of
granulation tissues and synthesis of collagen. Oxygen is essen-
tial for the production of adenosine triphosphates (ATPs) and
other biological energy sources via various metabolic cycles
in cellular respiration (4). Furthermore, sufficient oxygenation
is especially important for cell proliferation, bacterial defence,
angiogenesis, collagen synthesis and epithelialisation (5). The
latter are important for proper cellular function, especially dur-
ing wound healing when there is an increased demand for repar-
ative processes where sufficient tissue oxygenation is required
to maintain high energy levels (6). This article reviews the evi-
dence concerning the role of oxygen in wound healing and its
influence on different stages of wound healing.

Inflammatory phase

The inflammatory phase of wound healing starts immedi-
ately after wounding and may last up to 1week (1). Bacte-
rial killing by phagocytosis is an important element, which
depends on a high partial pressure of oxygen. After engulfing
the pathogen, respiratory burst occurs. By transferring electrons
from nicotinamide adenine dinucleotide phosphate (NADPH),
NADPH oxidase in the neutrophil membrane produces super-
oxide, which combines with oxygen molecules and undergoes
further changes to produce reactive oxygen species (ROS) (7).

ROS subsequently mediates bactericidal killing (8). Common
ROS include peroxide anion (HO2

−), hydroxyl ion (OH−),
superoxide anion (O2

−) and hydrogen peroxide (H2O2) (9).
Allen et al. (10) performed an in vitro experiment using neu-

trophils from blood of healthy volunteers and wounds of two
patients undergoing mastectomy. The bacterial killing capac-
ity of the neutrophils was measured by oxygen consumption
using a Clark-type oxygen polarograph. The authors found that
the concentration of atmospheric oxygen was directly propor-
tional to neutrophil oxygen consumption during the respiratory
burst, with other confounders such as temperature, pH and glu-
cose concentration being tightly controlled. The half-maximal
velocity (Km) for the NADPH oxidase with oxygen as a sub-
strate was 40–80mmHg. Clinically, the resistance to infection
with reference to the neutrophil activity was expected to be crit-
ically impaired by wound hypoxia, but became more efficient
with an increase in the tissue oxygen partial pressure, rising up
to very high levels (500–1000mmHg).
This study demonstrated that oxygen tension was an impor-

tant factor affecting the respiratory burst and antimicrobial
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• this article reviews the evidence concerning the role of

oxygen in wound healing and its influence on different
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effects of neutrophils, which may in turn affect infection rates
and wound healing. However, the study was neither blinded
nor randomised, which may limit its reliability and external
validity.
Hopf et al. (11) conducted a prospective study of 130 sur-

gical patients to determine whether subcutaneous wound oxy-
gen tension could predict the development of wound infec-
tion. The authors found that the subcutaneous wound oxygen
tension was inversely proportional to the risk of infection as
predicted by an anticipated Study on the Effect of Nosoco-
mial Infection Control (SENIC) score, a result that was also
statistically significant (P< 0⋅03). This suggests that improv-
ing wound oxygen tension may reduce the risk of infection
and subsequently promote wound healing. The validity of the
SENIC index as a predictor of surgical wound infection risk
has been well verified (12); therefore, this was an objective and
comprehensive measurement of infection risk, which makes
the result more reliable. However, since other potential con-
founders, such as supplemental oxygen or prophylactic antibi-
otics, were not controlled, the overall reliability of the study
may be questionable.
Greif et al. (13) conducted the first randomised controlled

trial (RCT) recruiting 500 patients undergoing colorectal
surgery to examine whether peri-operative supplemental oxy-
gen reduced the incidence of wound infection. Patients were
given either 30% or 80% oxygen during their operation, up to
two hours postoperatively. The wound infection rate during the
first 15 days postsurgery was halved in the 80% oxygen group
compared with the control group (P< 0⋅01). The anaesthetic
procedures and surgery were standardised and similar in both
groups, which limited potential confounding effects. More-
over, supplemental oxygen was given via endotracheal tubes
and non-rebreathing masks to all patients, with subcutaneous
oxygen tension (PscO2) and arterial oxygen partial pressure
being measured and documented throughout the process. This
ensured correct delivery of the planned oxygen concentration
to the different groups and hence improved the validity of
the study. However, in contrast to the study by Hopf et al.
(11) who used a validated tool, in this study a wound was
considered to be infected only when there was culture-positive
pus. Therefore, the incidence of wound infection may have
been underestimated as not all infected wounds would have
fulfilled this criterion.
These in vitro and in vivo studies demonstrated a reduction in

the rates of infection with increasing wound oxygenation. Sub-
sequent trials designed with similar objectives demonstrated
more heterogeneous results.
A recent RCT conducted by Thibon et al. (14) recruited 434

patients to study the effects of hyper-oxygenation with inspired
oxygen of 80% compared with 30% oxygen on the frequency
of surgical site infection (SSI) within 30 days postoperation in
patients who had undergone routine abdominal, gynaecologic
and breast surgery. Using a computer-generated allocation list,
226 and 208 patients were randomised into the 80% and 30%
inspired oxygen groups, respectively. These oxygen fractions
were administered only during intubations, and only the anaes-
thesiologists were aware of the group to which the patients
had been allocated. The baseline characteristics were similar in
both groups. In contrast to Greif et al., (13) this study found no

statistically significant difference in the outcome between the
two groups.
In this study, the researchers utilised the National Nosoco-

mial Infection System (NNIS) risk index to evaluate SSI, which
was different from the one used in the previous two trials. The
different results of these studies maybe due to the different
types of operations performed on the subjects, the different
methods of oxygen administration, or the different ways of
result assessment. Moreover, the authors did not measure
PscO2 or arterial oxygen partial pressure, which may limit the
validity of the findings.
Recently, Kao et al. (15) conducted a systematic litera-

ture review and Bayesian meta-analysis to determine whether
peri-operative supplemental oxygen reduced SSI in patients
undergoing surgery. The authors identified a total of eight suit-
able RCTs to be included in the review and found a 77–85%
chance of reduction in SSI with hyperoxia of up to 80% oxy-
gen. Furthermore, they confirmed a higher probability of ben-
efit of hyperoxia in patients with colorectal operations, with
an 86–92% chance of reduction in SSI in this patient subset.
However, the treatment hazards of hyperoxia were not stud-
ied, which may limit its use in clinical practice despite the
demonstrated potential benefits in SSI reduction and wound
healing.

Proliferative phase

The proliferative phase starts approximately 4–5 days after
wounding and may last for a number of weeks (16). It con-
sists of angiogenesis, formation of granulation tissue and extra-
cellular matrix (ECM) and reepithelialisation, processes which
Schreml et al. (5) suggested required oxygen to progress.

Angiogenesis

Angiogenesis is stimulated by both hypoxia and ROS (17).
Hypoxia initiates angiogenesis by activating the transcription
factor hypoxia-inducible factor (HIF)-1a, which in turn upreg-
ulates vascular endothelial growth factor (VEGF), the major
growth factor of angiogenesis (18). Paradoxically, a review by
Chambers and Leaper (19) suggested that VEGF expression is
linked to ROS. Sen et al. (20) suggested that hyperoxic con-
ditions, for example, by increasing local ROS, could induce a
higher degree of angiogenesis.
An animal study by Hopf et al. (21) demonstrated stimula-

tion of angiogenesis with hyperoxia. In their experiment, mice
were administered a subcutaneous injection of an unsupple-
mented gel, gel with VEGF or with anti-VEGF antibodies.
They were then maintained under various environments of 13%
(hypoxia), 21% (normoxia) and 100% oxygen (hyperoxia) at
1 absolute atmosphere (ATA), 2ATA, 2⋅5ATA and 3ATA.
These gels were then explanted, sectioned and graded for
the degree of angiogenesis. Angiogenesis was statistically
significantly decreased in the hypoxic animals (P= 0⋅001) but
increased in the hyperoxic group (P< 0⋅05) with unsupple-
mented gels compared with normoxic controls. The authors
concluded that oxygen was required for angiogenesis. How-
ever, it was also found that this significant finding vanished
with VEGF-supplemented gel in the hyperoxic mice under
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Abstract

Oxygen has an important role in normal wound healing. This article reviews the
evidence concerning the role of oxygen in wound healing and its influence on the
different stages of wound healing. The evidence reviewed has demonstrated that
improving oxygenation may be helpful in limiting wound infection, although there
is a lack of good quality studies on the role of oxygen in the proliferative phase and
in reepithelialisation. Overall, the relationship between oxygen and wound healing
is complex. Knowledge of this aspect is important as many treatment modalities for
refractory wounds are based on these principles.

Introduction

The process of wound healing consists of the partially overlap-
ping phases of haemostasis, inflammation, proliferation, epithe-
lialisation and remodelling (1), within which each step requires
oxygen (2). The role of oxygen in wound healing has been stud-
ied extensively since the 1960s when Hunt et al. (3) identified
that adequate wound oxygenation could enhance formation of
granulation tissues and synthesis of collagen. Oxygen is essen-
tial for the production of adenosine triphosphates (ATPs) and
other biological energy sources via various metabolic cycles
in cellular respiration (4). Furthermore, sufficient oxygenation
is especially important for cell proliferation, bacterial defence,
angiogenesis, collagen synthesis and epithelialisation (5). The
latter are important for proper cellular function, especially dur-
ing wound healing when there is an increased demand for repar-
ative processes where sufficient tissue oxygenation is required
to maintain high energy levels (6). This article reviews the evi-
dence concerning the role of oxygen in wound healing and its
influence on different stages of wound healing.

Inflammatory phase

The inflammatory phase of wound healing starts immedi-
ately after wounding and may last up to 1week (1). Bacte-
rial killing by phagocytosis is an important element, which
depends on a high partial pressure of oxygen. After engulfing
the pathogen, respiratory burst occurs. By transferring electrons
from nicotinamide adenine dinucleotide phosphate (NADPH),
NADPH oxidase in the neutrophil membrane produces super-
oxide, which combines with oxygen molecules and undergoes
further changes to produce reactive oxygen species (ROS) (7).

ROS subsequently mediates bactericidal killing (8). Common
ROS include peroxide anion (HO2

−), hydroxyl ion (OH−),
superoxide anion (O2

−) and hydrogen peroxide (H2O2) (9).
Allen et al. (10) performed an in vitro experiment using neu-

trophils from blood of healthy volunteers and wounds of two
patients undergoing mastectomy. The bacterial killing capac-
ity of the neutrophils was measured by oxygen consumption
using a Clark-type oxygen polarograph. The authors found that
the concentration of atmospheric oxygen was directly propor-
tional to neutrophil oxygen consumption during the respiratory
burst, with other confounders such as temperature, pH and glu-
cose concentration being tightly controlled. The half-maximal
velocity (Km) for the NADPH oxidase with oxygen as a sub-
strate was 40–80mmHg. Clinically, the resistance to infection
with reference to the neutrophil activity was expected to be crit-
ically impaired by wound hypoxia, but became more efficient
with an increase in the tissue oxygen partial pressure, rising up
to very high levels (500–1000mmHg).
This study demonstrated that oxygen tension was an impor-

tant factor affecting the respiratory burst and antimicrobial
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effects of neutrophils, which may in turn affect infection rates
and wound healing. However, the study was neither blinded
nor randomised, which may limit its reliability and external
validity.
Hopf et al. (11) conducted a prospective study of 130 sur-

gical patients to determine whether subcutaneous wound oxy-
gen tension could predict the development of wound infec-
tion. The authors found that the subcutaneous wound oxygen
tension was inversely proportional to the risk of infection as
predicted by an anticipated Study on the Effect of Nosoco-
mial Infection Control (SENIC) score, a result that was also
statistically significant (P< 0⋅03). This suggests that improv-
ing wound oxygen tension may reduce the risk of infection
and subsequently promote wound healing. The validity of the
SENIC index as a predictor of surgical wound infection risk
has been well verified (12); therefore, this was an objective and
comprehensive measurement of infection risk, which makes
the result more reliable. However, since other potential con-
founders, such as supplemental oxygen or prophylactic antibi-
otics, were not controlled, the overall reliability of the study
may be questionable.
Greif et al. (13) conducted the first randomised controlled

trial (RCT) recruiting 500 patients undergoing colorectal
surgery to examine whether peri-operative supplemental oxy-
gen reduced the incidence of wound infection. Patients were
given either 30% or 80% oxygen during their operation, up to
two hours postoperatively. The wound infection rate during the
first 15 days postsurgery was halved in the 80% oxygen group
compared with the control group (P< 0⋅01). The anaesthetic
procedures and surgery were standardised and similar in both
groups, which limited potential confounding effects. More-
over, supplemental oxygen was given via endotracheal tubes
and non-rebreathing masks to all patients, with subcutaneous
oxygen tension (PscO2) and arterial oxygen partial pressure
being measured and documented throughout the process. This
ensured correct delivery of the planned oxygen concentration
to the different groups and hence improved the validity of
the study. However, in contrast to the study by Hopf et al.
(11) who used a validated tool, in this study a wound was
considered to be infected only when there was culture-positive
pus. Therefore, the incidence of wound infection may have
been underestimated as not all infected wounds would have
fulfilled this criterion.
These in vitro and in vivo studies demonstrated a reduction in

the rates of infection with increasing wound oxygenation. Sub-
sequent trials designed with similar objectives demonstrated
more heterogeneous results.
A recent RCT conducted by Thibon et al. (14) recruited 434

patients to study the effects of hyper-oxygenation with inspired
oxygen of 80% compared with 30% oxygen on the frequency
of surgical site infection (SSI) within 30 days postoperation in
patients who had undergone routine abdominal, gynaecologic
and breast surgery. Using a computer-generated allocation list,
226 and 208 patients were randomised into the 80% and 30%
inspired oxygen groups, respectively. These oxygen fractions
were administered only during intubations, and only the anaes-
thesiologists were aware of the group to which the patients
had been allocated. The baseline characteristics were similar in
both groups. In contrast to Greif et al., (13) this study found no

statistically significant difference in the outcome between the
two groups.
In this study, the researchers utilised the National Nosoco-

mial Infection System (NNIS) risk index to evaluate SSI, which
was different from the one used in the previous two trials. The
different results of these studies maybe due to the different
types of operations performed on the subjects, the different
methods of oxygen administration, or the different ways of
result assessment. Moreover, the authors did not measure
PscO2 or arterial oxygen partial pressure, which may limit the
validity of the findings.
Recently, Kao et al. (15) conducted a systematic litera-

ture review and Bayesian meta-analysis to determine whether
peri-operative supplemental oxygen reduced SSI in patients
undergoing surgery. The authors identified a total of eight suit-
able RCTs to be included in the review and found a 77–85%
chance of reduction in SSI with hyperoxia of up to 80% oxy-
gen. Furthermore, they confirmed a higher probability of ben-
efit of hyperoxia in patients with colorectal operations, with
an 86–92% chance of reduction in SSI in this patient subset.
However, the treatment hazards of hyperoxia were not stud-
ied, which may limit its use in clinical practice despite the
demonstrated potential benefits in SSI reduction and wound
healing.

Proliferative phase

The proliferative phase starts approximately 4–5 days after
wounding and may last for a number of weeks (16). It con-
sists of angiogenesis, formation of granulation tissue and extra-
cellular matrix (ECM) and reepithelialisation, processes which
Schreml et al. (5) suggested required oxygen to progress.

Angiogenesis

Angiogenesis is stimulated by both hypoxia and ROS (17).
Hypoxia initiates angiogenesis by activating the transcription
factor hypoxia-inducible factor (HIF)-1a, which in turn upreg-
ulates vascular endothelial growth factor (VEGF), the major
growth factor of angiogenesis (18). Paradoxically, a review by
Chambers and Leaper (19) suggested that VEGF expression is
linked to ROS. Sen et al. (20) suggested that hyperoxic con-
ditions, for example, by increasing local ROS, could induce a
higher degree of angiogenesis.
An animal study by Hopf et al. (21) demonstrated stimula-

tion of angiogenesis with hyperoxia. In their experiment, mice
were administered a subcutaneous injection of an unsupple-
mented gel, gel with VEGF or with anti-VEGF antibodies.
They were then maintained under various environments of 13%
(hypoxia), 21% (normoxia) and 100% oxygen (hyperoxia) at
1 absolute atmosphere (ATA), 2ATA, 2⋅5ATA and 3ATA.
These gels were then explanted, sectioned and graded for
the degree of angiogenesis. Angiogenesis was statistically
significantly decreased in the hypoxic animals (P= 0⋅001) but
increased in the hyperoxic group (P< 0⋅05) with unsupple-
mented gels compared with normoxic controls. The authors
concluded that oxygen was required for angiogenesis. How-
ever, it was also found that this significant finding vanished
with VEGF-supplemented gel in the hyperoxic mice under
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1ATA and 2ATA. These findings suggested that the role of
VEGF may dominate that of oxygen in angiogenesis under
normoxic environments, while the role of oxygen may be
significant only under hyperbaric conditions.
Another more recent animal study by Sander et al. (22)

determined the effects of hyperbaric oxygen (HBO) on wound
neovascularisation in mice. HBO treatment was provided to a
‘non-impaired healing’ group (n= 8) and a ‘macrophage reduc-
tion’ group (n= 8), with equal numbers of controls. Thewounds
were measured by photographic images, while neovasculari-
sation was directly visualised and measured using intravital
video microscopy and computerised planimetry. Measurement
was assessed by blinded investigators unaware of the treat-
ment groups. The results demonstrated that neovascularisation
occurred earlier in the HBO treatment groups compared with
controls, with faster rates of wound closure observed. This
finding was statistically significant (P< 0⋅05). However, pho-
tographic measurements rather than histological analysis were
used in this study. Such methods may limit the reliability and
reproducibility of results, as they may be affected by other con-
founders such as blood oxygenation, surrounding temperature
and hydration status (19).

Extracellular matrix

Angiogenesis and ECM synthesis are interdependent processes
(5). The new capillaries that form as a result of angiogenesis
branch out and invade the surrounding matrix, which is then
replaced by a new ECM produced and deposited by fibroblasts.
This ECMconsists of collagen fibres, proteoglycans, glycosam-
inglycans, fibrin, fibronectin and hyaluronic acid. Hydroxyla-
tion of proline and lysine is an important oxygen-dependent
step in the production of collagen (6).
Tissue fibroblast growth and collagen biosynthesis are

related to oxygen tension (23). Kan et al. (24) conducted an in
vitro study on human fibroblasts. They found that hypoxia was
responsible for delayed wound healing with a reduction in the
amount of collagen in the wound, which was associated with
an increase in MMP-1 synthesis. Moreover, Kang et al. (25)
conducted another in vitro study on HBO treatment on human
dermal fibroblasts. They found that daily HBO treatment at 2⋅0
atmosphere (ATM) selectively stimulated fibroblast prolifera-
tion after 7 days, together with an increase in basic fibroblast
growth factor (bFGF) production.
A prospective RCT on humans (n= 29) was conducted by

Hartmann et al. (26) to compare the accumulation of collagen
in standardised wounds in patients who had abdominal opera-
tions and whose postoperative fluid replacement was decided
either clinically or by measurements of PscO2. Silicone rub-
ber catheters were placed in the upper arm to measure PscO2,
while two tubes of expanded polytetrafluoroethylene (ePTFE)
were implanted subcutaneously parallel to the silicone rubber
catheter to measure the amount of collagen accumulated. They
found that the group treated according to PscO2 measurements
received more fluid on the day of operation than the group
treated according to clinical criteria (P< 0⋅05); also, more col-
lagen accumulated in their ePTFE tubes by day 7 (P< 0⋅05).
Collagen formation in healing wounds seems to be associated
with improvement in PscO2.

However, this trial studied collagen formation as a surrogate
outcome, rather than studyingwound healing directly, that is, by
measuring wound size and depth. Abundant collagen formation
secondary to improved tissue oxygenation or hydration may not
be equivalent to improved wound healing as it is a complicated
process involving other ongoing events, such as migration of
various types of cells across ECM. Further studies are required
to delineate this issue.
Nakada et al. (27) conducted a case series on seven patients

with leg ulcers refractory to conventional therapy who were
administered a combined therapy of HBO and human bFGF.
HBO at 2ATA for 90minutes and spray treatment of bFGF
to the ulcer bed, both daily, were prescribed for an average of
2⋅6months (1⋅3–4⋅4months). Biopsies of ulcers were obtained
for histological examination as well as fibrous tissue measure-
ment. Ulcers in five of the patients were completely healed and
two showed a reduction in ulcer size macroscopically. Prolifer-
ation of connective tissue was found to be induced in the ulcer,
with an increased amount of both collagen and non-collagenous
proteins. However, the result could be questioned as no control
group was recruited for comparison. The improvement could
be due to HBO alone, bFGF alone, their combined effects, or
other confounders. Moreover, no blinding of patients, medical
practitioners and investigators was mentioned, which may
impair the internal validity. In general, this study demonstrates
the induction of connective tissue proliferation in ECM and
enhanced wound healing by the combined effects of improved
tissue oxygenation (with HBO therapy) and growth factor
application (bFGF).

Reepithelialisation

Parallel to the formation of granulation tissue and underlying
ECM, reepithelialisation is initiated to cover the wound surface
by a layer of epithelium and is based on differentiation, prolifer-
ation and migration of epidermal keratinocytes from the margin
of the wound (5).
O’Toole et al. (28) conducted an in vitro study on the motility

of human keratinocytes subjected to either hypoxic (2% oxy-
gen) or normoxic (20% oxygen) conditions, and demonstrated
that keratinocytes migrated faster under hypoxic conditions on
connective tissues, associated with the increased expression of
lamellipodia proteins and collagenase, but decreased expres-
sion of laminin-5, which inhibits keratinocyte motility.
However, a more recent study by Loo and Halliwell (29)

examined the effects of H2O2, one of the common ROS, on
a keratinocyte-fibroblast co-culture model of wound healing.
The re-epithelialisation rate was measured by taking images
of the closure of wounds with a dissection microscope. In
contrast to the study by O’Toole et al., (28) the authors found
that H2O2 increased keratinocyte proliferation and the rate of
reepithelialisation.
These contradictory results may be due to the different cul-

ture models used as well as the different experimental settings.
Oxygen may mediate activities of keratinocytes via other ROS,
apart from H2O2, giving rise to different effects. An in vivo
study, if practically possible, might be helpful in delineating
such issues. Such information is important for future devel-
opment of local treatments, such as local oxygen therapy or
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1ATA and 2ATA. These findings suggested that the role of
VEGF may dominate that of oxygen in angiogenesis under
normoxic environments, while the role of oxygen may be
significant only under hyperbaric conditions.
Another more recent animal study by Sander et al. (22)

determined the effects of hyperbaric oxygen (HBO) on wound
neovascularisation in mice. HBO treatment was provided to a
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were measured by photographic images, while neovasculari-
sation was directly visualised and measured using intravital
video microscopy and computerised planimetry. Measurement
was assessed by blinded investigators unaware of the treat-
ment groups. The results demonstrated that neovascularisation
occurred earlier in the HBO treatment groups compared with
controls, with faster rates of wound closure observed. This
finding was statistically significant (P< 0⋅05). However, pho-
tographic measurements rather than histological analysis were
used in this study. Such methods may limit the reliability and
reproducibility of results, as they may be affected by other con-
founders such as blood oxygenation, surrounding temperature
and hydration status (19).

Extracellular matrix
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Tissue fibroblast growth and collagen biosynthesis are

related to oxygen tension (23). Kan et al. (24) conducted an in
vitro study on human fibroblasts. They found that hypoxia was
responsible for delayed wound healing with a reduction in the
amount of collagen in the wound, which was associated with
an increase in MMP-1 synthesis. Moreover, Kang et al. (25)
conducted another in vitro study on HBO treatment on human
dermal fibroblasts. They found that daily HBO treatment at 2⋅0
atmosphere (ATM) selectively stimulated fibroblast prolifera-
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growth factor (bFGF) production.
A prospective RCT on humans (n= 29) was conducted by

Hartmann et al. (26) to compare the accumulation of collagen
in standardised wounds in patients who had abdominal opera-
tions and whose postoperative fluid replacement was decided
either clinically or by measurements of PscO2. Silicone rub-
ber catheters were placed in the upper arm to measure PscO2,
while two tubes of expanded polytetrafluoroethylene (ePTFE)
were implanted subcutaneously parallel to the silicone rubber
catheter to measure the amount of collagen accumulated. They
found that the group treated according to PscO2 measurements
received more fluid on the day of operation than the group
treated according to clinical criteria (P< 0⋅05); also, more col-
lagen accumulated in their ePTFE tubes by day 7 (P< 0⋅05).
Collagen formation in healing wounds seems to be associated
with improvement in PscO2.

However, this trial studied collagen formation as a surrogate
outcome, rather than studyingwound healing directly, that is, by
measuring wound size and depth. Abundant collagen formation
secondary to improved tissue oxygenation or hydration may not
be equivalent to improved wound healing as it is a complicated
process involving other ongoing events, such as migration of
various types of cells across ECM. Further studies are required
to delineate this issue.
Nakada et al. (27) conducted a case series on seven patients

with leg ulcers refractory to conventional therapy who were
administered a combined therapy of HBO and human bFGF.
HBO at 2ATA for 90minutes and spray treatment of bFGF
to the ulcer bed, both daily, were prescribed for an average of
2⋅6months (1⋅3–4⋅4months). Biopsies of ulcers were obtained
for histological examination as well as fibrous tissue measure-
ment. Ulcers in five of the patients were completely healed and
two showed a reduction in ulcer size macroscopically. Prolifer-
ation of connective tissue was found to be induced in the ulcer,
with an increased amount of both collagen and non-collagenous
proteins. However, the result could be questioned as no control
group was recruited for comparison. The improvement could
be due to HBO alone, bFGF alone, their combined effects, or
other confounders. Moreover, no blinding of patients, medical
practitioners and investigators was mentioned, which may
impair the internal validity. In general, this study demonstrates
the induction of connective tissue proliferation in ECM and
enhanced wound healing by the combined effects of improved
tissue oxygenation (with HBO therapy) and growth factor
application (bFGF).

Reepithelialisation

Parallel to the formation of granulation tissue and underlying
ECM, reepithelialisation is initiated to cover the wound surface
by a layer of epithelium and is based on differentiation, prolifer-
ation and migration of epidermal keratinocytes from the margin
of the wound (5).
O’Toole et al. (28) conducted an in vitro study on the motility

of human keratinocytes subjected to either hypoxic (2% oxy-
gen) or normoxic (20% oxygen) conditions, and demonstrated
that keratinocytes migrated faster under hypoxic conditions on
connective tissues, associated with the increased expression of
lamellipodia proteins and collagenase, but decreased expres-
sion of laminin-5, which inhibits keratinocyte motility.
However, a more recent study by Loo and Halliwell (29)

examined the effects of H2O2, one of the common ROS, on
a keratinocyte-fibroblast co-culture model of wound healing.
The re-epithelialisation rate was measured by taking images
of the closure of wounds with a dissection microscope. In
contrast to the study by O’Toole et al., (28) the authors found
that H2O2 increased keratinocyte proliferation and the rate of
reepithelialisation.
These contradictory results may be due to the different cul-

ture models used as well as the different experimental settings.
Oxygen may mediate activities of keratinocytes via other ROS,
apart from H2O2, giving rise to different effects. An in vivo
study, if practically possible, might be helpful in delineating
such issues. Such information is important for future devel-
opment of local treatments, such as local oxygen therapy or
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various dressing materials, speeding up reepithelialisation of
partial-thickness wounds or second-degree burns.

Conclusion

The evidence reviewed here has demonstrated that improv-
ing oxygenation may be helpful in reducing wound infection.
However, as the majority of research has been undertaken only
on surgical rather than other types of wounds, the external
validity and generalisability of the studies are limited. Further
research is required to identify the fraction of inspired oxygen
that is most beneficial for wound healing, and the duration for
which supplemental oxygen should be administered for maxi-
mum benefit.
There appears to be a lack of good quality human studies

on the role of oxygen in the proliferative phase of wound
healing, in particular concerning angiogenesis and formation of
granulation tissues or ECM. Current evidence is mainly from
in vitro or animal studies. However, the lack of in vivo clinical
data is probably due to the ethical issues concerning induction
of wound hypoxia in humans.
Moreover, no good quality in vivo or human studies are

available concerning the relationship of oxygen and reep-
ithelialisation. The studies and findings on this issue to date
are contradictory and are mainly from in vitro studies. These
experiments may oversimplify the situation and neglect the
numerous possible interactions of keratinocytes in situ, such as
the presence of other inflammatory cells, bacterial colonisation
and granulation tissue. It may be similar to that of angiogene-
sis, where hypoxia plays a role in initiating the process, while
adequate oxygenation is required for forming a healthy wound
bed in order to complete reepithelialisation. Future studies,
particularly in vivo ones, are surely required to fill this gap in
the current knowledge base.
Overall, it seems the relationship between oxygen and

wound healing is complex. Additional knowledge regarding
this aspect is important as many treatment modalities for refrac-
tory wounds are based on these principles, including HBO,
local oxygen therapy and other specific dressing materials.
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Abstract: Hyperbaric oxygen therapy (HBOT) and topical oxygen therapy (TOT) including con-
tinuous diffuse oxygen therapy (CDOT) are often utilized to enhance wound healing in patients
with diabetic foot ulcerations. High pressure pure oxygen assists in the oxygenation of hypoxic
wounds to increase perfusion. Although oxygen therapy provides wound healing benefits to some
patients with diabetic foot ulcers, it is currently performed from clinical examination and imaging.
Data suggest that oxygen therapy promotes wound healing via angiogenesis, the creation of new
blood vessels. Molecular biomarkers relating to tissue inflammation, repair, and healing have been
identified. Predictive biomarkers can be used to identify patients who will most likely benefit from
this specialized treatment. In diabetic foot ulcerations, specifically, certain biomarkers have been
linked to factors involving angiogenesis and inflammation, two crucial aspects of wound healing. In
this review, the mechanism of how oxygen works in wound healing on a physiological basis, such
as cell metabolism and growth factor signaling transduction is detailed. Additionally, observable
clinical outcomes such as collagen formation, angiogenesis, respiratory burst and cell proliferation
are described. The scientific evidence for the impact of oxygen on biomolecular pathways and its
relationship to the outcomes in clinical research is discussed in this narrative review.

Keywords: oxygen; hyperbaric; topical oxygen; continuous diffusion oxygen; diabetic foot ulcer;
molecular biomarkers

1. Introduction

Lower extremity complications in people with diabetes constitute a large worldwide
burden within in already burdened population [1,2]. Every 1.2 s, someone with diabetes
develops a foot ulcer [1]. More than half of these wounds become infected [3–5], leading to
a high rate of emergency department visits, hospitalizations and ultimately amputation [6].
Every 20 s, someone with diabetes undergoes an amputation somewhere in the world [7–9].
Patients with diabetic foot ulcers are at a near three-fold greater risk for death in the year
following wounding than patients with diabetes without foot ulcers [10]. This increases
with additional comorbidities. Following ulceration, Charcot arthropathy, development of
chronic limb threatening ischemia or amputation, 5-year mortality is comparable to most
cancers [11–13]. Additionally, the costs for care for patients with diabetic foot ulcers exceed
the cost of care most individual cancers [11,14,15].

The role of oxygen in wound healing has long garnered interest among researchers
and clinicians alike. This interest has only increased as modalities for delivery of oxygen
have evolved from large hyperbaric chambers to portable, direct topical application using
localized chambers and more recently to handheld, wearable systems which continuously
diffuse oxygen directly into the wound bed. There are distinct differences and advantages
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1. Introduction

Lower extremity complications in people with diabetes constitute a large worldwide
burden within in already burdened population [1,2]. Every 1.2 s, someone with diabetes
develops a foot ulcer [1]. More than half of these wounds become infected [3–5], leading to
a high rate of emergency department visits, hospitalizations and ultimately amputation [6].
Every 20 s, someone with diabetes undergoes an amputation somewhere in the world [7–9].
Patients with diabetic foot ulcers are at a near three-fold greater risk for death in the year
following wounding than patients with diabetes without foot ulcers [10]. This increases
with additional comorbidities. Following ulceration, Charcot arthropathy, development of
chronic limb threatening ischemia or amputation, 5-year mortality is comparable to most
cancers [11–13]. Additionally, the costs for care for patients with diabetic foot ulcers exceed
the cost of care most individual cancers [11,14,15].

The role of oxygen in wound healing has long garnered interest among researchers
and clinicians alike. This interest has only increased as modalities for delivery of oxygen
have evolved from large hyperbaric chambers to portable, direct topical application using
localized chambers and more recently to handheld, wearable systems which continuously
diffuse oxygen directly into the wound bed. There are distinct differences and advantages
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1. Introduction

Lower extremity complications in people with diabetes constitute a large worldwide
burden within in already burdened population [1,2]. Every 1.2 s, someone with diabetes
develops a foot ulcer [1]. More than half of these wounds become infected [3–5], leading to
a high rate of emergency department visits, hospitalizations and ultimately amputation [6].
Every 20 s, someone with diabetes undergoes an amputation somewhere in the world [7–9].
Patients with diabetic foot ulcers are at a near three-fold greater risk for death in the year
following wounding than patients with diabetes without foot ulcers [10]. This increases
with additional comorbidities. Following ulceration, Charcot arthropathy, development of
chronic limb threatening ischemia or amputation, 5-year mortality is comparable to most
cancers [11–13]. Additionally, the costs for care for patients with diabetic foot ulcers exceed
the cost of care most individual cancers [11,14,15].

The role of oxygen in wound healing has long garnered interest among researchers
and clinicians alike. This interest has only increased as modalities for delivery of oxygen
have evolved from large hyperbaric chambers to portable, direct topical application using
localized chambers and more recently to handheld, wearable systems which continuously
diffuse oxygen directly into the wound bed. There are distinct differences and advantages
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Abstract: Hyperbaric oxygen therapy (HBOT) and topical oxygen therapy (TOT) including con-
tinuous diffuse oxygen therapy (CDOT) are often utilized to enhance wound healing in patients
with diabetic foot ulcerations. High pressure pure oxygen assists in the oxygenation of hypoxic
wounds to increase perfusion. Although oxygen therapy provides wound healing benefits to some
patients with diabetic foot ulcers, it is currently performed from clinical examination and imaging.
Data suggest that oxygen therapy promotes wound healing via angiogenesis, the creation of new
blood vessels. Molecular biomarkers relating to tissue inflammation, repair, and healing have been
identified. Predictive biomarkers can be used to identify patients who will most likely benefit from
this specialized treatment. In diabetic foot ulcerations, specifically, certain biomarkers have been
linked to factors involving angiogenesis and inflammation, two crucial aspects of wound healing. In
this review, the mechanism of how oxygen works in wound healing on a physiological basis, such
as cell metabolism and growth factor signaling transduction is detailed. Additionally, observable
clinical outcomes such as collagen formation, angiogenesis, respiratory burst and cell proliferation
are described. The scientific evidence for the impact of oxygen on biomolecular pathways and its
relationship to the outcomes in clinical research is discussed in this narrative review.

Keywords: oxygen; hyperbaric; topical oxygen; continuous diffusion oxygen; diabetic foot ulcer;
molecular biomarkers

1. Introduction

Lower extremity complications in people with diabetes constitute a large worldwide
burden within in already burdened population [1,2]. Every 1.2 s, someone with diabetes
develops a foot ulcer [1]. More than half of these wounds become infected [3–5], leading to
a high rate of emergency department visits, hospitalizations and ultimately amputation [6].
Every 20 s, someone with diabetes undergoes an amputation somewhere in the world [7–9].
Patients with diabetic foot ulcers are at a near three-fold greater risk for death in the year
following wounding than patients with diabetes without foot ulcers [10]. This increases
with additional comorbidities. Following ulceration, Charcot arthropathy, development of
chronic limb threatening ischemia or amputation, 5-year mortality is comparable to most
cancers [11–13]. Additionally, the costs for care for patients with diabetic foot ulcers exceed
the cost of care most individual cancers [11,14,15].

The role of oxygen in wound healing has long garnered interest among researchers
and clinicians alike. This interest has only increased as modalities for delivery of oxygen
have evolved from large hyperbaric chambers to portable, direct topical application using
localized chambers and more recently to handheld, wearable systems which continuously
diffuse oxygen directly into the wound bed. There are distinct differences and advantages
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of each modality for oxygen delivery. Although oxygen therapy can be used for a variety of
etiologies, the focus of oxygen therapy discussed revolves around its most common usage
which is diabetic foot ulcerations due to its element of ischemia, either involving a macro or
micro circulatory component. In hyperbaric oxygen therapy (HBOT) a contained chamber
is pressurized with 100% oxygen to 2.0–2.4 atmospheres absolute for 90 min 5–7 days
per week. HBOT relies on respiration and the circulatory system to deliver oxygen to
the wound bed [16]. The increased pressure supersaturates the plasma; however, oxygen
delivery relies on local capillary structure to reach injured tissues. Deficient or absent
capillary beds may impede the oxygen delivery to ischemic tissues. Traditional TOT uses
high flow oxygen concentrators coupled with chambers or bags placed directly over or
around the wound. TOT applies oxygen directly to the wound, allowing the oxygen
to diffuse directly into the wound and is therefore not reliant on underlying capillary
structures. TOT follows an intermittent treatment regimen similar to HBOT. Currently,
most recent devices are wearable and continuously generate pure, humidified oxygen from
surrounding air using electrochemical oxygen generators. There is no need for an external
oxygen source. They continuously diffuse oxygen (CDO) directly into wounds (24 h a day,
7 days a week) using an oxygen diffuser or oxygen diffusion dressings. CDOT, like TOT,
does not depend on the underlying capillary structure of the wound bed, however, unlike
TOT, the continuous application of oxygen resembles physiologic oxygen delivery. The
biomolecular evidence for the effects of oxygen in wound healing including all modalities
of delivery are presented. Although delivery mechanisms differ, the effect of oxygen at a
cellular level is consistent.

However, the availability of oxygen to injured tissues will depend on the method
of delivery. For HBOT, which relies on inspired oxygen, the availability depends on
arterial pO2, vascular supply, local capillary structures and the diffusion distance for
the oxygen from the capillaries to the cells. Both edema and necrotic debris increase
the diffusion distance. If the local structures are impaired or vasoconstriction is present,
wound perfusion can be significantly impaired such that little to no increase in wound
pO2 levels occurs despite breathing supplemental oxygen [17–19]. Hence, there is a need
for determining local vascular adequacy using methods such as transcutaneous oxygen
pressure measurement prior to initiating HBOT. Modalities that use direct application of
oxygen to the wound, such as TOT and CDOT, still require adequate vascular sufficiency,
yet are significantly less dependent on local capillary structures. Necrotic tissue increases
the diffusion distance to the wound, so debridement is an important step to ensure optimal
diffusion of oxygen into the wound bed for topically applied oxygen. Debridement has been
shown to have significant benefit when applied to standard moist wound therapies [20–22].
The importance of debridement in topically applied oxygen was recently demonstrated in
a double blind, placebo-controlled clinical study, where CDOT showed dramatically higher
wound closure rates and overall closure for wounds that were debrided frequently versus
those that were not [23] in patients with diabetic foot ulcers.

The molecular processes discussed herein are oxygen dependent and do not occur
without oxygen. The reactions are catalyzed by enzymes which typically have about 50%
maximum speed at normal tissue pO2 levels (40–80 mm Hg) and reach 90% of maximum
speed at levels varying between about 150 mm Hg to over 400 mm Hg [24,25]. These
higher levels can only be achieved with supplemental oxygen. An interesting finding
regarding the positive correlation between oxygen concentration and functionality is that
the more oxygen there is, the faster and better the outcomes are compared to normal
wound healing. The differences are even greater when compared to ischemic wounds
which are hypoxic. The definitions of hypoxia and hyperoxia are relative. In the context of
this review, they are relative to the levels normally found in healthy tissue surrounding a
wound (40–80 mm Hg).
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of each modality for oxygen delivery. Although oxygen therapy can be used for a variety of
etiologies, the focus of oxygen therapy discussed revolves around its most common usage
which is diabetic foot ulcerations due to its element of ischemia, either involving a macro or
micro circulatory component. In hyperbaric oxygen therapy (HBOT) a contained chamber
is pressurized with 100% oxygen to 2.0–2.4 atmospheres absolute for 90 min 5–7 days
per week. HBOT relies on respiration and the circulatory system to deliver oxygen to
the wound bed [16]. The increased pressure supersaturates the plasma; however, oxygen
delivery relies on local capillary structure to reach injured tissues. Deficient or absent
capillary beds may impede the oxygen delivery to ischemic tissues. Traditional TOT uses
high flow oxygen concentrators coupled with chambers or bags placed directly over or
around the wound. TOT applies oxygen directly to the wound, allowing the oxygen
to diffuse directly into the wound and is therefore not reliant on underlying capillary
structures. TOT follows an intermittent treatment regimen similar to HBOT. Currently,
most recent devices are wearable and continuously generate pure, humidified oxygen from
surrounding air using electrochemical oxygen generators. There is no need for an external
oxygen source. They continuously diffuse oxygen (CDO) directly into wounds (24 h a day,
7 days a week) using an oxygen diffuser or oxygen diffusion dressings. CDOT, like TOT,
does not depend on the underlying capillary structure of the wound bed, however, unlike
TOT, the continuous application of oxygen resembles physiologic oxygen delivery. The
biomolecular evidence for the effects of oxygen in wound healing including all modalities
of delivery are presented. Although delivery mechanisms differ, the effect of oxygen at a
cellular level is consistent.

However, the availability of oxygen to injured tissues will depend on the method
of delivery. For HBOT, which relies on inspired oxygen, the availability depends on
arterial pO2, vascular supply, local capillary structures and the diffusion distance for
the oxygen from the capillaries to the cells. Both edema and necrotic debris increase
the diffusion distance. If the local structures are impaired or vasoconstriction is present,
wound perfusion can be significantly impaired such that little to no increase in wound
pO2 levels occurs despite breathing supplemental oxygen [17–19]. Hence, there is a need
for determining local vascular adequacy using methods such as transcutaneous oxygen
pressure measurement prior to initiating HBOT. Modalities that use direct application of
oxygen to the wound, such as TOT and CDOT, still require adequate vascular sufficiency,
yet are significantly less dependent on local capillary structures. Necrotic tissue increases
the diffusion distance to the wound, so debridement is an important step to ensure optimal
diffusion of oxygen into the wound bed for topically applied oxygen. Debridement has been
shown to have significant benefit when applied to standard moist wound therapies [20–22].
The importance of debridement in topically applied oxygen was recently demonstrated in
a double blind, placebo-controlled clinical study, where CDOT showed dramatically higher
wound closure rates and overall closure for wounds that were debrided frequently versus
those that were not [23] in patients with diabetic foot ulcers.

The molecular processes discussed herein are oxygen dependent and do not occur
without oxygen. The reactions are catalyzed by enzymes which typically have about 50%
maximum speed at normal tissue pO2 levels (40–80 mm Hg) and reach 90% of maximum
speed at levels varying between about 150 mm Hg to over 400 mm Hg [24,25]. These
higher levels can only be achieved with supplemental oxygen. An interesting finding
regarding the positive correlation between oxygen concentration and functionality is that
the more oxygen there is, the faster and better the outcomes are compared to normal
wound healing. The differences are even greater when compared to ischemic wounds
which are hypoxic. The definitions of hypoxia and hyperoxia are relative. In the context of
this review, they are relative to the levels normally found in healthy tissue surrounding a
wound (40–80 mm Hg).
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2. Cell Metabolism and Energy

Oxygen plays a crucial role in energy production and cell metabolism. In this role,
oxygen is required for intracellular processes such as biosynthesis and transport, not to
mention cell survival [26]. Oxygen dependent enzymes include adenosine triphosphate
(ATP) for chemical energy and nicotinamide adenine dinucleotide phosphate (NADPH)
oxygenase for respiratory burst (reactive oxygen species release). ATP fuels most active
cellular processes and the increased energy demand of tissue that is undergoing healing
leads to a hypermetabolic state wherein additional energy is generated from oxidative
metabolism [27–30]. Other metabolic processes such as aerobic glycolysis, ß-oxidation of
fatty acids and the citric acid cycle are tightly attached to the energy acquisition by oxidative
phosphorylation and are, therefore, oxygen dependent [31]. Conversely, when tissue oxy-
gen levels are consistently too low (<20 mmHg pO2), cells convert to anaerobic metabolism
and go into survival mode in which wound healing activities such as mitotic cell division,
and, therefore, re-epithelialization with collagen production are impaired [32–34]. Pro-
longed exposure to extremely low oxygen levels, if not alleviated by oxygen, can result
in cell death and tissue necrosis due to the inability of the cells to repair the spontaneous
decay of cell components (DNA, RNA and proteins) and inability to maintain calcium
pumps which require ATP to function [35,36].

3. Molecular Biomarkers in Growth Factor Signaling Transduction

Reactive oxygen species (ROS) are essential for the signaling processes of growth
factors and processes such as leukocyte recruitment, cell motility, angiogenesis and extra-
cellular matrix formation involved in wound healing [37]. The rate-limiting substrate for
ROS production is oxygen. In a wound site, almost all wound-related cells can generate
ROS using the enzyme nicotinamide adenine dinucleotide phosphate (NADPH) oxidase.
The functionality of NADPH oxidase correlates positively to pO2 levels, with the maximal
function of NADPH oxidase observed at pO2 > 300 mm Hg, levels only achievable with
supplemental oxygen. In wounds deficient of oxygen, such as diabetic or ischemic wounds,
NADPH oxidase ceases to function at pO2 levels below 20 mm Hg. There have been no
noted adverse effects or increased reports of safety issues associated with high concentra-
tions of oxygen in wound care. The increased ROS levels appear to accelerate the signaling
processes without causing any damage at the cellular level. On a clinical level, studies
have shown comparable or decreased adverse events and hospitalizations compared to
standard of care with no supplemental oxygen [38–41].

Signal transduction of growth factors and cytokines is stimulated by ROS [42]. ROS,
such as superoxide and hydrogen peroxide, increase vascular endothelial growth factor
(VEGF) production in macrophages and keratinocytes [43,44]. ROS are also required for
platelet-derived growth factor (PDGF) to regulate cell growth and division [45]. Like VEGF,
PDGF plays a significant role in blood vessel formation (angiogenesis) [46]. ROS have
effects on other processes such as cytokine action, cell motility and extracellular matrix
formation [47]. Conversely, tissue hypoxia will limit redox signaling and disable the func-
tion of several growth factors such as PDGF, VEGF, keratinocyte growth factor, insulin-like
growth factor one (IGF-1), transforming growth factor beta (TFG-β) and numerous molecu-
lar mechanisms (e.g., leukocyte recruitment, cell motility and integrin function) which rely
on redox signaling [37,48,49]. This positive correlation between pO2 levels, ROS produc-
tion, and growth factor promotion of cytokine expression explains why ischemic diabetic
wounds, having little to no ROS, fail to heal and why wounds supplemented with oxygen
heal faster. Typical molecular biomarkers that are indicative of wound healing are shown
in Table 1 along with the processes that they are associated with. These biomarkers and
their effects on wound healing will be discussed in greater detail throughout this review.
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Table 1. Molecular Biomarkers and Clinical Impact in Wound Healing.

Growth Factors

IGF-1 protein production and cell proliferation and migration

PDGF cell growth and division and chemotaxis

TGF-β
angiogenesis, fibroblast proliferation, collagen synthesis and deposition,

extracellular matrix (ECM) remodeling, tissue remodeling, granulation tissue
stimulant and anti-inflammatory mediator

VEGF angiogenesis and collagen deposition and epithelialization

IGF-1 protein production and cell proliferation and migration

cytokines

CXCL8 angiogenesis, epithelialization, fibroblast migration and inflammatory mediator

IL-6 leukocyte infiltration, angiogenesis, collagen accumulation, anti-inflammatory,
granulation tissue stimulant and mitogenic

TNF-α leukocyte recruitment, cell regulator, ECM synthesis and inflammatory mediator

The impact of continuous diffusion of oxygen therapy (CDOT) on wound cytokines
and growth factors was recently demonstrated in a prospective study of 23 patients with
diabetic foot ulcers below the malleolus [50]. Results showed significant increases in
growth factors, cytokines and transcutaneous oxygen pressure measurement levels after
application of CDOT. Growth factors significantly increased from 280% to 820% of base
levels in the first week and decreased in subsequent weeks [50] (Figure 1). Cytokines
increased significantly (up to 680% compared to baseline levels) in the first two weeks
and then decreased. Significant increases in transcutaneous oxygen pressure measurement
indicated increased oxygen perfusion in the wound periphery. This is evidence that the
topically applied oxygen not only saturated the wound bed, yet also elevated the levels of
oxygen in the surrounding tissues.
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IGF-1 protein production and cell proliferation and migration

PDGF cell growth and division and chemotaxis

TGF-β
angiogenesis, fibroblast proliferation, collagen synthesis and deposition,

extracellular matrix (ECM) remodeling, tissue remodeling, granulation tissue
stimulant and anti-inflammatory mediator

VEGF angiogenesis and collagen deposition and epithelialization
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CXCL8 angiogenesis, epithelialization, fibroblast migration and inflammatory mediator

IL-6 leukocyte infiltration, angiogenesis, collagen accumulation, anti-inflammatory,
granulation tissue stimulant and mitogenic

TNF-α leukocyte recruitment, cell regulator, ECM synthesis and inflammatory mediator

The impact of continuous diffusion of oxygen therapy (CDOT) on wound cytokines
and growth factors was recently demonstrated in a prospective study of 23 patients with
diabetic foot ulcers below the malleolus [50]. Results showed significant increases in
growth factors, cytokines and transcutaneous oxygen pressure measurement levels after
application of CDOT. Growth factors significantly increased from 280% to 820% of base
levels in the first week and decreased in subsequent weeks [50] (Figure 1). Cytokines
increased significantly (up to 680% compared to baseline levels) in the first two weeks
and then decreased. Significant increases in transcutaneous oxygen pressure measurement
indicated increased oxygen perfusion in the wound periphery. This is evidence that the
topically applied oxygen not only saturated the wound bed, yet also elevated the levels of
oxygen in the surrounding tissues.
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4. Collagen Formation

Oxygen is essential to make and properly organize collagen, which is the primary
component of skin, accounting for 70–80% of dry weight and acts as the primary structural
scaffold of skin and structures the matrix for angiogenesis. Organized collagen is bundled
into fibers, which are interwoven and can be stretched in multiple directions without
tearing. At the biomolecular level, oxygen is required for the hydroxylation of proline
and lysine in procollagen [51]. Several posttranslational steps in collagen synthesis are
oxygen dependent. The enzymes prolyl hydroxylase, lysyl hydroxylase and lysyl oxidase
all require oxygen [46,52,53]. The formation of cross-linked triple-helices occurs via the
oxygen-dependent enzyme prolyl hydroxylase and are excreted as collagen fibers. Collagen
fibers are arranged into linear fibrils via cross-linking by lysyl hydroxylase. Linear fibrils
are cross-linked by lysyl oxidase—a necessary step to achieve the necessary tensile strength
for healed wounds.

Higher oxygen concentrations increase the amount of collagen deposition [54] and ten-
sile strength [55–57]. The rate limiting step is the rate of prolyl hydroxylation [52,53]. The
oxygen level required for optimal prolyl hydryoxlase activity is at oxygen levels approach-
ing 250 mmHg, exceeding those present in normal wounds and only achievable using
oxygen therapy treatment [58,59]. It has been shown that increasing oxygen concentrations
above normal physiologic levels enhances collagen synthesis and tensile strength in both
animal and human subjects [55–57] and can increase the level of collagen organization [60].
Correction of vasoconstriction and hypoxia can result in a 10-fold increase in collagen de-
position in wound repair [17,54,56,61]. The rates of collagen deposition increase as oxygen
levels increase, with optimal activity at levels higher than 250 mmHg [62]. Conversely,
hypoxic wounds as in patients with diabetes deposit collagen poorly and become infected
easily [51,54],

In a study using supplemental oxygen at a rate of 4 L/min through nasal cannula
for 12 h a day for 3 days, it was found that three times as much collagen was deposited
in patients with well-perfused and oxygenated wounds compared with those with lower
oxygenation and perfusion scores [54]. A separate study using direct topical oxygen
on chronic diabetic foot ulcers showed significant increases in the expression of genes
associated with collagen production (TGF-β, VEGF and IL-6) during weekly follow-up
visits after application of CDO in patients with diabetic foot ulcers [50].

5. Angiogenesis Biomarkers

The creation of new blood vessels, angiogenesis, is essential to the growth and survival
of repair tissue. Oxygen levels directly affect not only the rate, yet also the quality of new
blood vessel growth. Sufficient oxygen levels are required for correct collagen synthesis
(posttranslational hydroxylation) [63] without which the new capillary tubes assemble
poorly and remain fragile [62,64,65]. Supplemental oxygen has been shown to accelerate
blood vessel growth [66]. Moderate hyperoxia increases the appearance of new blood
vessels in wounds [67]. Similar to ROS activity, the rate of angiogenesis has been shown to
be directly proportional to oxygen levels in damaged tissues [62], with maximum activity
levels at pO2 levels exceeding 250 mm Hg.

VEGF has been shown to be a major long-term angiogenic stimulus at the wound
site and is believed to be most prevalent and efficacious signal for angiogenesis. Oxygen
treatment induces VEGF mRNA levels in endothelial cells and macrophages [68–70] and
VEGF 121/165 protein expression in wounds [71]. Oxygen has also been shown to facilitate
the release of VEGF165 from cell-associated stores [72].

Hyperbaric and topical oxygen therapy have been shown to increase VEGF expression
in wounds [73] and induce angiogenesis [74]. More recently, a clinical study on gene
expression of multiple factors involved in angiogenesis (VEGF, TGF-β, IL-6 and CXCL8)
showed significant increases upon continuous application of oxygen (Figure 1) [50]. The
expression levels over time are similar to gross observations of their effect in the field:
increased redness within the first week and exudate levels that peak within the first
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two weeks and then subside, both indicators of new capillary formation. Furthermore, the
curved response shown in Figure 1 reflects what would be expected of a chronic wound
“reawakening” and entering the inflammatory stage.

6. Respiratory Burst Process and Cytokine Production

Oxygen is essential for respiratory burst, or the production of reactive oxygen species
(ROS), used by phagocytes such as neutrophils and macrophages in bactericidal activity
and the removal of necrotic cellular debris. NADPH oxidase, also known as leukocyte
oxidase, has been shown to support macrophage survival, a delay of apoptosis and enables
dead cell cleansing by phagocytosis [75]. NADPH oxidase in wound phagocytes, such
as neutrophils and macrophages, produces superoxides (O2- and H2O2) for bactericidal
activities [76]. It has been shown that up to 98% of oxygen consumed by these cells is
used to produce ROS during phagocytosis [24]. Leukocyte activity, which involves the
production of ROS which enables oxidative killing, is directly proportional to local oxygen
concentration [77,78]. The optimal ROS production is seen at oxygen levels of greater
than 300 mmHg, levels which can only be achieved with supplemental oxygen [79]. ROS
activity is not restricted to phagocytes. At the wound site, ROS are generated by almost
all wound-related cells [46]. The efficacy of supplemental oxygen has been shown to be
similar to antibiotic administration and has additive effects when used together [80,81].

Interleukins are a type of cytokine protein that play important roles in the differ-
entiation/activation of immune cells in addition to their proliferation, maturation, mi-
gration and adhesion. [https://www.ncbi.nlm.nih.gov/books/NBK499840/ StatPearls
Publishing; 31 January 2021]. The addition of continuous oxygen therapy directly to a
wound has been shown to increaseIL-6 significantly (up to 680% relative to baseline) in
clinical studies [50,82]. IL-6 has been shown to induce chemotaxis of leukocytes into a
wound [83,84]. As inflammation progresses, IL-6 signaling is responsible for the switch to
a reparative environment.

7. Cell Proliferation Molecular Markers

Increasing oxygen levels results in faster cell proliferation, re-epithelialization and
collagen formation. Fibroblast proliferation and protein production have been reported
to be optimal at 160 mmHg, i.e., at pO2 levels two-fold to three-fold higher than those
found in healthy tissues [85], indicating that supplemental oxygen increases the rate of
wound repair. Endothelial progenitor cells (EPCs) are essential in wound healing, but
their circulating and wound level numbers are decreased in diabetes. Elevated oxygen
levels (hyperoxia) reverse the diabetic defect in EPC mobilization [86]. EPC mobilization
into circulation is triggered by hyperoxia through induction of nitric oxide with resulting
enhancement in ischemic limb perfusion and diabetic wound healing [87–89].

Matrix metalloproteinases (MMPs) are a group of enzymes responsible for degrad-
ing a majority of extracellular matrix proteins during tissue development, growth and
turnover [90,91]. MMPs have diagnostic, predictive and indicative power for wound
healing and can be measured from wound fluid. They are required for a wound to heal
properly, at a suitable level, in the correct position and for a certain length of time. Excess
activity may lead to a chronic non healing wound. Chronically increased levels of MMPs
and reduced levels of TIMPs (MMP regulators), or just abnormalities in their ratio, are
associated with non-healing. Studies show that medical interventions which aid in lower-
ing MMP activity will promote the healing of stalled wounds and that decreasing MMP-2
tissue levels will result in wound healing. In one study elevated MMP-1 and TIMP-1 levels
were noted in on oxygen treatment group, yet not in the control group [82].

At the clinical level, the cumulative effects of oxygen in all the various aspects dis-
cussed herein result in significant real-world results. In a clinical study which analyzed
VEGF expression versus wound size reduction using TOT, a significant correlation be-
tween wound closure and VEGF expression was found [73]. Recent results using topically
applied oxygen therapy, both continuously and intermittently, on diabetic foot wounds
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two weeks and then subside, both indicators of new capillary formation. Furthermore, the
curved response shown in Figure 1 reflects what would be expected of a chronic wound
“reawakening” and entering the inflammatory stage.

6. Respiratory Burst Process and Cytokine Production

Oxygen is essential for respiratory burst, or the production of reactive oxygen species
(ROS), used by phagocytes such as neutrophils and macrophages in bactericidal activity
and the removal of necrotic cellular debris. NADPH oxidase, also known as leukocyte
oxidase, has been shown to support macrophage survival, a delay of apoptosis and enables
dead cell cleansing by phagocytosis [75]. NADPH oxidase in wound phagocytes, such
as neutrophils and macrophages, produces superoxides (O2- and H2O2) for bactericidal
activities [76]. It has been shown that up to 98% of oxygen consumed by these cells is
used to produce ROS during phagocytosis [24]. Leukocyte activity, which involves the
production of ROS which enables oxidative killing, is directly proportional to local oxygen
concentration [77,78]. The optimal ROS production is seen at oxygen levels of greater
than 300 mmHg, levels which can only be achieved with supplemental oxygen [79]. ROS
activity is not restricted to phagocytes. At the wound site, ROS are generated by almost
all wound-related cells [46]. The efficacy of supplemental oxygen has been shown to be
similar to antibiotic administration and has additive effects when used together [80,81].

Interleukins are a type of cytokine protein that play important roles in the differ-
entiation/activation of immune cells in addition to their proliferation, maturation, mi-
gration and adhesion. [https://www.ncbi.nlm.nih.gov/books/NBK499840/ StatPearls
Publishing; 31 January 2021]. The addition of continuous oxygen therapy directly to a
wound has been shown to increaseIL-6 significantly (up to 680% relative to baseline) in
clinical studies [50,82]. IL-6 has been shown to induce chemotaxis of leukocytes into a
wound [83,84]. As inflammation progresses, IL-6 signaling is responsible for the switch to
a reparative environment.

7. Cell Proliferation Molecular Markers

Increasing oxygen levels results in faster cell proliferation, re-epithelialization and
collagen formation. Fibroblast proliferation and protein production have been reported
to be optimal at 160 mmHg, i.e., at pO2 levels two-fold to three-fold higher than those
found in healthy tissues [85], indicating that supplemental oxygen increases the rate of
wound repair. Endothelial progenitor cells (EPCs) are essential in wound healing, but
their circulating and wound level numbers are decreased in diabetes. Elevated oxygen
levels (hyperoxia) reverse the diabetic defect in EPC mobilization [86]. EPC mobilization
into circulation is triggered by hyperoxia through induction of nitric oxide with resulting
enhancement in ischemic limb perfusion and diabetic wound healing [87–89].

Matrix metalloproteinases (MMPs) are a group of enzymes responsible for degrad-
ing a majority of extracellular matrix proteins during tissue development, growth and
turnover [90,91]. MMPs have diagnostic, predictive and indicative power for wound
healing and can be measured from wound fluid. They are required for a wound to heal
properly, at a suitable level, in the correct position and for a certain length of time. Excess
activity may lead to a chronic non healing wound. Chronically increased levels of MMPs
and reduced levels of TIMPs (MMP regulators), or just abnormalities in their ratio, are
associated with non-healing. Studies show that medical interventions which aid in lower-
ing MMP activity will promote the healing of stalled wounds and that decreasing MMP-2
tissue levels will result in wound healing. In one study elevated MMP-1 and TIMP-1 levels
were noted in on oxygen treatment group, yet not in the control group [82].

At the clinical level, the cumulative effects of oxygen in all the various aspects dis-
cussed herein result in significant real-world results. In a clinical study which analyzed
VEGF expression versus wound size reduction using TOT, a significant correlation be-
tween wound closure and VEGF expression was found [73]. Recent results using topically
applied oxygen therapy, both continuously and intermittently, on diabetic foot wounds
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has been shown to increase the rate of wound closure, by as much as 460% relative to
moist wound therapy in several double-blinded trials, two of which had placebo control
groups [23,38–41]. As would be predicted by the positive correlation of various mecha-
nisms of action to the relative concentration of oxygen, wounds that were larger, deeper,
more chronic and weight-bearing had improved responses relative to controls than those
that were smaller, shallower, less chronic or non-weight-bearing, respectively [38].

8. Summary

Biomolecular pathways associated with wound care have been shown to be positively
correlated to local tissue oxygen concentration. Maximal activity levels of the related
enzymes, growth factors and cytokines, as well as the associated physiological processes,
are significantly above the levels normally found in healthy tissues. The positive, dif-
ferential effect from supplemental oxygen has been shown to be even higher for tissues
with compromised blood supply leading to ischemic diabetic wounds. Increasing the
levels of oxygen in afflicted tissues significantly increases not only the rate, yet also the
quality of tissue repair. These elevated levels of oxygen can only be achieved through
supplemental oxygen therapy, whether it be respiratory based (HBOT) or directly applied
to the wound (TOT, CDOT), all of which are reliant on diffusion gradients. The recent
research on the scientific basis and clinical outcomes of oxygen therapy lays a foundation
for further research in molecular biomarkers utilizing oxygen therapy.
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Abstract
Genitourinary Syndrome of Menopause (GSM) GSM is a chronic and progressive condition 
that can have many medical consequences (vaginal dryness, vulvar pain, dyspareunia, and 
dysuria) that may affect quality of life. The objective of our study was to evaluate the efficacy 
of vaginal hyperbaric oxygen treatment on GSM. Thirty patients received six weekly sessions 
of 95% pure oxygen that was delivered at a flow of 2 lt/ minute for 15 minutes using a cannula 
designed for vaginal therapy, with a subsequent follow-up after two months. There was a 
significant improvement in vaginal dryness (before treatment VAS 7.52  versus 3.52 after 
treatment -p = 0.05). The same improvement was observed for vulvar burning/pain and 
dyspareunia, but these were not statistically significant. VHI before treatment was 15.1 versus 
19.59 after treatment (p = 0.05). All the parameters maintain their value at 2 months of 
follow-up. No adverse effects were observed.

Introduction
The International Society for the Study of 

Women’s Sexual Health (ISSWSH) and the 
North American Menopause Society (NAMS) 
defined the Genitourinary Syndrome of 
Menopause (GSM) in May 2013 as the clinical 
and functional consequences of vulvovaginal 
and lower urinary tract changes associated 
with menopause [1]. The definition includes 
cellular, histological, anatomical, and 
functional changes due to estrogen deficiency 
[1–3]. GSM is a chronic and progressive 
condition that can have many medical 
consequences that may affect relationships, 
daily activities, quality of life and enjoyment 
of sex [4]. Despite being highly prevalent it is 
frequently underdiagnosed, and thus remains 
untreated [5]. Women with GSM are often 
managed with hormonal treatments by the 
systemic (menopausal hormone therapy 
(MHT)) or local (local estrogen) routes: MHT 
improves vaginal lubrication, blood flow 
and trophicity of genital tissues [5, 6], and 
small doses of intravaginal estrogen increase 
vaginal pH and the epithelial maturation 
index and restore vaginal flora with 
minimal systemic effect [7, 8]. The Women’s 
EMPOWER Survey conducted in 2017 to 
evaluate women’s perception of the different 
therapeutic alternatives of GSM showed that 
approximately 35% of women refuse hormonal 
treatments, whether systemic or local, for 
fear of adverse effects [9]. Non-hormonal 

alternatives in this context are therefore 
essential and currently include lubricants, 
moisturizers, hyaluronic acid, and physical 
methods such as perineal rehabilitation. 
Furthermore, due to contraindications to 
hormonal treatments (hormone-dependent 
cancer) and the constraints of use and variable 
effectiveness of local treatments, other 
therapeutic options have been developed such 
as vaginal therapy with hyperbaric oxygen. 
The application of oxygen therapy determines 
the increase of the reparative processes of the 
tissues and increases the synthesis of collagen 
which is defective in GSM [10]. The objective 
of our study was to evaluate the efficacy of 
vaginal hyperbaric oxygen treatment on GSM 
in a prospective approach based on quality of 
life related to symptoms and signs in treated 
patients..
Methods

Women included in the study were 
postmenopausal with at least 1 year of 
amenorrhea and at least one moderate or 
severe symptom of GSM (vaginal dryness, 
burning, and dyspareunia). Key exclusion 
criteria included the presence of clinically 
significant abnormal gynecological findings

other than signs of vaginal atrophy; use of 
concomitant hormonal medications, SERMs, 
or products expected to have estrogenic and/
or antiestrogenic effects or use of hormone 
therapy (unless a sufficient washout period 
preceded any procedure). Review Board 
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amenorrhea and at least one moderate or 
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approval for the study was obtained and all participating 
individuals gave written informed consent. At the first 
assessment, symptoms of dryness, burning, and dyspareunia 
were evaluated on a 10 cm visual analog scale (VAS), and 
vaginal trophism through Vaginal Health Index was also 
collected. For the treatment, the Caressflow® device (Caress 
Flow srl - Via dei Giudei 39 Funo di Argelato 40050 -BO- 
Italy) was used composed of a compressor unit and a base unit 
(generator) able to deliver up to 6 l/minute of 95% pure oxygen. 
The 95% pure oxygen was delivered at a flow of 3 lt/ minute 
for 15 minutes using a single use cannula specifically designed 
for vaginal therapy. At visit 0, an accurate collection of patient 
history and a complete clinical examination was performed to 
evaluate eligibility criteria. The full treatment cycle included 
six weekly sessions, with a subsequent follow up after 60 
days. The statistical significance of the trend of variation in 
values between treatment sessions was analyzed using the 
one-way variance analysis according to the Kruskal-Wallis 
method. The significance of couples’ comparisons between 
treatment sessions was analyzed using the Wilcoxon test for 
non-parametric data. A p < 0.05 was considered statistically 
significant.
Results

Thirty patients enrolled in the study completed the full 
treatment protocol and attended the follow up consultation at 
2 months. The patients had a mean age of 57.3 years (± 11.1 
years). There was a significant improvement in vaginal dryness; 
the mean VAS before treatment was 7.52 (± 3.14) versus 3.52 
(± 3.12) after treatment (p = 0.05). The same improvement 
was observed for vulvar burning/pain and dyspareunia, but 
these were not statistically significant. Instead, there was 
an improvement with a significant difference for vaginal 
trophism; the mean VHI before treatment was 15.1 versus 
19.59 after treatment (p = 0.05). All the parameters maintain 
their value at 2 months of follow-up (Fig.1). No adverse effects 
were observed.
Discussion and Conclusion

Vaginal hyperbaric oxygen treatment appears to have 
a beneficial impact on the quality of life and management 
of patients with GSM. In our study, all symptoms and signs 

improved, and a significant change was demonstrated in 
vaginal dryness, one of the main symptoms of GSM. One study 
demonstrated the efficacy of vaginal hyperbaric oxygen plus 
hyaluronic acid in patients with GSM, in which a significant 
improvement in well-being, vaginal burning, presence of 
fluid, vaginal epithelium appearance, and vaginal elasticity 
was observed between the first and the last therapy session 
[11]. We also confirmed the efficacy of vaginal hyperbaric 
oxygen treatment, but it was used alone without the adjunct 
of hyaluronic acid, proven the “strength” of vaginal oxygen 
in GSM. We can say that vaginal oxygen could be a valuable 
alternative or adjunct to others GSM treatments. Such device 
is particularly interesting for patients being treated for cancer 
and who suffer the long-term consequences of the treatments 
received or who present a contraindication to hormonal 
treatments. Oxygen therapy has a powerful regenerative and 
bio stimulating effect, promotes the increase in tissue repair 
processes and increases the synthesis of collagen allowing 
normal hydroxylation of this protein [10]. In addition, oxygen 
induces a neo-angiogenic stimulus by releasing factors such 
as the Vascular Endothelial Growth Factor (VEGF) [11]. 
Our results were good but not-so-bright on vulvar pain and 
dyspareunia. It is our experience that many menopausal 
women with complaints of dyspareunia have vestibular 
tenderness with more pronounced atrophic changes in this 
region rather than the vagina. Furthermore, it is likely, as 
Kao et al. suggest, that vulvovaginal atrophy alone does not 
adequately explain the findings of vestibular pain [12]. In 
95% of her postmenopausal cohort with vestibular pain and 
dyspareunia, women used a variety of estrogen supplements, 
and atrophy varied but vestibular pain persisted. A rich nerve 
plexus within the vaginal submucosa was identified, but it is 
composed only of sympathetic and parasympathetic axons 
with smaller contributions by sensory fibers; in the vulvar 
vestibule, the sensory nerve endings are dense and shallow, 
making this region physiologically more sensitive [13]. We can 
therefore hypothesize that vaginal oxygen is not enough to re-
establish a normal vestibular trophism. However, the results 
are encouraging and should stimulate the research regarding 
this innovative therapy, using the device also in vestibular 
area.

Data are expressed as mean

Figure 1. Results before and after vaginal oxygen therapy

85



Strictly Private and Confidential. Not for Distribution.

Page 3 of 3

Fadwa Oudad, et al.: Archives of Clinical Obstetrics and Gynecology Research. 2022; 2(2):1-5

Arch Clin Obs Gyn Res. (2022) Vol 2, Issue 2

References
1. Portman DJ, Gass ML; 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. Menopause. 
2014;21(10):1063-1068.

2. Nappi RE, Palacios S. Impact of vulvovaginal atrophy on sexual 
health and quality of life at postmenopause. Climacteric. 
2014;17(1):3-9.

3. Wysocki S, Kingsberg S, Krychman M. Management of Vaginal 
Atrophy: Implications from the REVIVE Survey. Clin Med 
Insights Reprod Health. 2014;8:23-30.

4. Nappi RE, Palacios S, Bruyniks N, Particco M, Panay N; EVES 
Study investigators. The burden of vulvovaginal atrophy on 
women's daily living: implications on quality of life from a face-
to-face real-life survey. Menopause. 2019;26(5):485-491.

5. Moral E, Delgado JL, Carmona F, et al. Genitourinary syndrome 
of menopause. Prevalence and quality of life in Spanish 
postmenopausal women. The GENISSE study. Climacteric. 
2018;21(2):167-173.

6. Mendoza N, Abad P, Baró F, et al. Spanish Menopause Society 
position statement: use of tibolone in postmenopausal women. 
Menopause. 2013;20(7):754-760.

7. Lethaby A, Ayeleke RO, Roberts H. Local oestrogen for vaginal 
atrophy in postmenopausal women. Cochrane Database Syst 
Rev. 2016;2016(8):CD001500.

8. Cardozo L, Bachmann G, McClish D, Fonda D, Birgerson 
L. Meta-analysis of estrogen therapy in the management of 
urogenital atrophy in postmenopausal women: second report 
of the Hormones and Urogenital Therapy Committee. Obstet 
Gynecol. 1998;92(4 Pt 2):722-727. 

9. Kingsberg SA, Krychman M, Graham S, Bernick B, Mirkin 
S. The Women's EMPOWER Survey: Identifying Women's 
Perceptions on Vulvar and Vaginal Atrophy and Its Treatment. J 
Sex Med. 2017;14(3):413-424. 

10. Hunt TK , Pai MP. The effect of varying ambient oxygen tensions 
on wound metabolism and collagen synthesis. Surg Gynecol 
Obstet 1972;135:561-567.

11. Tandara A, Mustoe T. Oxygen in wound healing–more than a 
nutrient. World J Surg 2004;28:294.

12.  Kao A, Binik YM, Amsel R, Funaro D, Leroux N, Khalife 
S. Challenging atrophied perspectives on postmenopausal 
dyspareunia: a systematic description and synthesis of pain 
characteristics. J Sex Marital Ther. 2012;38:128–50.

13. Goldstein I, Meston C, Davis S, Traish A. Women’s sexual 
function and dysfunction: study diagnosis and treatment. CRC 
Press; 2005..

86



Strictly Private and Confidential. Not for Distribution.

Page 3 of 3

Fadwa Oudad, et al.: Archives of Clinical Obstetrics and Gynecology Research. 2022; 2(2):1-5

Arch Clin Obs Gyn Res. (2022) Vol 2, Issue 2

References
1. Portman DJ, Gass ML; 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. Menopause. 
2014;21(10):1063-1068.

2. Nappi RE, Palacios S. Impact of vulvovaginal atrophy on sexual 
health and quality of life at postmenopause. Climacteric. 
2014;17(1):3-9.

3. Wysocki S, Kingsberg S, Krychman M. Management of Vaginal 
Atrophy: Implications from the REVIVE Survey. Clin Med 
Insights Reprod Health. 2014;8:23-30.

4. Nappi RE, Palacios S, Bruyniks N, Particco M, Panay N; EVES 
Study investigators. The burden of vulvovaginal atrophy on 
women's daily living: implications on quality of life from a face-
to-face real-life survey. Menopause. 2019;26(5):485-491.

5. Moral E, Delgado JL, Carmona F, et al. Genitourinary syndrome 
of menopause. Prevalence and quality of life in Spanish 
postmenopausal women. The GENISSE study. Climacteric. 
2018;21(2):167-173.

6. Mendoza N, Abad P, Baró F, et al. Spanish Menopause Society 
position statement: use of tibolone in postmenopausal women. 
Menopause. 2013;20(7):754-760.

7. Lethaby A, Ayeleke RO, Roberts H. Local oestrogen for vaginal 
atrophy in postmenopausal women. Cochrane Database Syst 
Rev. 2016;2016(8):CD001500.

8. Cardozo L, Bachmann G, McClish D, Fonda D, Birgerson 
L. Meta-analysis of estrogen therapy in the management of 
urogenital atrophy in postmenopausal women: second report 
of the Hormones and Urogenital Therapy Committee. Obstet 
Gynecol. 1998;92(4 Pt 2):722-727. 

9. Kingsberg SA, Krychman M, Graham S, Bernick B, Mirkin 
S. The Women's EMPOWER Survey: Identifying Women's 
Perceptions on Vulvar and Vaginal Atrophy and Its Treatment. J 
Sex Med. 2017;14(3):413-424. 

10. Hunt TK , Pai MP. The effect of varying ambient oxygen tensions 
on wound metabolism and collagen synthesis. Surg Gynecol 
Obstet 1972;135:561-567.

11. Tandara A, Mustoe T. Oxygen in wound healing–more than a 
nutrient. World J Surg 2004;28:294.

12.  Kao A, Binik YM, Amsel R, Funaro D, Leroux N, Khalife 
S. Challenging atrophied perspectives on postmenopausal 
dyspareunia: a systematic description and synthesis of pain 
characteristics. J Sex Marital Ther. 2012;38:128–50.

13. Goldstein I, Meston C, Davis S, Traish A. Women’s sexual 
function and dysfunction: study diagnosis and treatment. CRC 
Press; 2005..

437 

   

Int. j. adv. multidisc. res. stud. 2024; 4(5):437-441 

 

Vaginal Natural Oxygenation Device (VNOD) and Lichen: A Pilot Study on the 
Assessment of Effectiveness of the Simultaneous and Local Administration of 

High Concentration Oxygen and Hyaluronic Acid to treat Vulvar Lichen 
Scleroatrophicus 

1 Raffaella De Simone, 2 Maria Di Pietro, 3 Rosa Elena Frulio, 4 Eleonora Russo, 5 Giampaolo Mainini, 6 Flavio 
Garoia, 7 Claudio Santangelo 

1, 2, 7 UOC di Ginecologia e Ostetricia, AORN “A.Cardarelli”, Napoli, Italy 
3 Ginecologia e Ostetricia, Casa di Cura Nostra Signora di Lourdes, Massa di Somma, Napoli, Italy 

4 Dipartimento di Statistica, Torre Biologica, Università Federico II, Napoli, Italy 
5 UOC di Ginecologia ed Ostetricia, PO “San Leonardo” -ASL NA 3 Sud, Castellammare di Stabia, Napoli, Italy  

6 Polo Scientifico di Ricerca ed Alta Formazione-Ente iscritto Anag. Naz. Ric. MIUR n.61081EFJ, Bologna, Italy 

DOI: https://doi.org/10.62225/2583049X.2024.4.5.3265 Corresponding Author: Raffaella De Simone 

Abstract
Background 
This is a pilot study to assess the effectiveness of 
simultaneous and local administration of high concentration 
oxygen and hyaluronic acid by a specific medical device 
(VNOD) to improve vulvar lichen symptoms healing vulvar 
lesions. 
Methods 
17 women with histological diagnosis of vulvar lichen were 
included. Five weekly administrations of concomitant 
oxygen-hyaluronic acid therapy with VNOD were 
performed. The severity of the pathology was evaluated 
using the Vaginal Health Index (VHI). Patients’ symptoms 
were evaluated with two questionnaires: VAS and FSFI. 
VAS, FSFI and VHI were evaluated at the start and at the 
end of the therapy. The statistical analysis was performed 

according to the Kruskal-Wallis method and using the t-test 
calculator. 
Results 
The study has showed that each subsequent treatment 
determined a significant increase in all parameters, 
especially for VHI hydration index, VAS fluidity index and 
FSFI lubrication index, however all the patients reported a 
recovery of their sexuality at the end of the five treatment 
sessions. All the parameters maintain their value at six 
weeks of follow-up. No adverse effects were observed. 
Conclusions 
Combined topical oxygen therapy with hyaluronic acid by 
VNOD seems to be a valid and totally painless treatment for 
vulvar lichen scleroatrophicus, improving symptomatology, 
and sexual wellbeing. 

Keywords: Vulvar Lichen Scleroatrophicus, Topical Oxygen Therapy, Hyaluronic Acid, Sexual Wellbeing 

Introduction 
Lichen Scleroatrophicus is a cutaneous-mucosal dermatosis characterized by chronic changes in the trophism of epithelial 
maturation together with connective tissue alterations. According to others, it is a chronic inflammatory disease manifested by 
sclerosis, atrophy and ulceration of the involved tissues and leading to the formation of scarring outcomes of varying degrees 
accompanied by more or less disabling symptoms.  
In 80% of cases, it is localized in the ano-genital region with a higher incidence in the female sex (ratio 6 to 1). [1-2]. 
In the ano-genital area, the clitoris and labia minora are mainly affected by the disease; this is followed by the labia majora and 
the perineal area. Lichen Sclerosus can occur at any age although it prefers the peri- and post-menopausal period [3]. 
The causes are not entirely clear to date, but correlations have been noted with hormonal trends, especially in women, 
especially after menopause and with hyperactivity of the immune system [4]. 
Lichen is part of unobligated precancerous, meaning that not all patients with the disease will develop a neoplastic form, 
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however, statistics show that 6-10% of untreated severe 
forms evolve into vulvar cancer. The predominantly 
reported symptom is itching; this is followed by burning, 
spontaneous pain, dyspareunia (painful or impossible 
intercourse), dysuria (difficulty urinating) and skin-mucosal 
dryness with recurrent fissures [5]. 
The vulva is pearly white in colour with an atrophic surface; 
the labia minora may show varying degrees of atrophy up to 
total fusion with hooding of the clitoris. The vestibule is 
rigid and sclerotic; the vaginal introitus appears reduced to 
the point of sometimes not allowing vaginal exploration. 
Fibrosis can involve the periurethral region with dislocation 
of the urethra and cause so-called vaginal urination. Tissues 
so sclerotic go into ulceration causing intense pain and 
burning to the point of difficulty with even simple intimate 
hygiene manoeuvres or contact of the mucosa with clothing 

[6]. 
 
Materials and methods 
17 women with histological vulvar diagnosis of Lichen were 
considered. The mean age at diagnosis of the 17 included 
cases was 56.5 years (range 48 - 65). 
Patients were identified and recruited from investigators 
clinics and referring physicians, with privacy protection and 
avoiding undue influence. Each included patient provided an 
informed consent that allowed treatments, that certified the 
comprehension of the information provided, with voluntary 
agreement of the subject, free from coercion. The treatments 
were administered at Antonio Cardarelli Hospital in Napoli 
(AORN “A. Cardarelli”).  
Every patient was submitted to a colposcopy and 
histological biopsy to confirm lichen diagnosis. Topical 
corticosteroid therapy performed in the previous 30 days 
was considered as an exclusion criteria from the study. 
The clinical study was approved by the local institutional 
review board (Comitato Etico Campania 3 Prot. N. 
00014304-14/06/2024) and conducted in accordance with 
the ethical standards of the Declaration of Helsinki.  
Five weekly administrations of concomitant oxygen-
hyaluronic acid therapy with VNOD were performed. 
The severity of the pathology was evaluated using the 
Vaginal Health Index (VHI) which includes three 
parameters: Vaginal elasticity, vaginal secretions, and 
vaginal hydration. The degree of the health of the vagina 
was defined by the final score obtained after the evaluation 
of each parameter based on a five-point scale: Score 1 = 
absence of elasticity, secretions, hydration, score 2 = weak 
elasticity, secretions, hydration intensity, score 3 = mild 
elasticity, secretions, hydration intensity, score 4 = good 
elasticity, secretions, hydration intensity, score 5 = excellent 
elasticity, secretions, hydration intensity. 
Patients’ symptoms were evaluated with two questionnaires: 
VAS and FSFI.  
VAS studies the intensity of the four following symptoms: 
(I) well-being such as absence of dyspareunia, (II) vaginal 
dryness, vaginal lubrication and presence of fluid, (III) 
vaginal burning, (IV) vulvar or vaginal itching. Symptoms 
were collected from patients based on a six-point scale: 
Score 1 = maximum intensity, score 2 = strong intensity, 
score 3 = average intensity, score 4 = mild intensity, score 5 
= weak intensity and score 6 = absence of symptom).  
The Female Sexual Function Index (FSFI) based on clinical 
interpretations of a principal components analysis, included 
desire, subjective arousal, lubrication, orgasm, satisfaction 

and pain and were evaluated based on a six point score 
scale: Score 0 = absence of symptoms, scores 1 = weakness 
of symptoms, score 2 = mild symptoms intensity, score 3 = 
medium symptoms intensity, score 4 good symptoms 
intensity; score 5 =excellent symptoms intensity.  
VHI, VAS and FSFI were evaluated at the start and at the 
end of the therapy. The final administration was performed 
after 5 weeks. The vaginal well-being and symptoms were 
determined and recorded by the clinician with a numerical 
score according to the scales described above. 
The statistical significance of the trend of variation in values 
between treatment sessions was analysed using the one-way 
variance analysis according to the Kruskal-Wallis method. 
The significance of couples’ comparisons between treatment 
sessions was analysed using the t-test calculator for two 
independent means. A p < 0.05 was considered statistically 
significant. Statistical Analysis was performed using SOCS 
statistics. After 6 weeks since the last treatment a follow up 
was performed, and the three most statistically relevant 
parameters maintained their value. 
For the treatment, the self-cooling Caress Flow (Caress 
Flow- srl, Casette di Funo, Bologna, Italy) device was used 
composed of a compressor-base unit (generator) able to 
deliver up to 2+/- 0,2 L/minute of 93% +/- 3% pure oxygen 
provided at a pression of 1+/- 0,1 bar.  
 

Fig 1:  Cannula 

Two dispensers were used, the first consisting of a vaginal 
cannula, connected to the machine body. The cannula is 
equipped with outlet holes for the delivery of oxygen and 
hyaluronic acid, which is inserted through a special insertion 
hole located in the upper part of the cannula (Fig 1). The 
vaginal cannula is used for treatment inside the vaginal 
canal. 
 

 
 

Fig 2:  Airbrush 
 

In addition to the cannula, an airbrush was used (Fig 2), 
always connected to the machine body, capable of 
delivering oxygen in combination or not with the hyaluronic 
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however, statistics show that 6-10% of untreated severe 
forms evolve into vulvar cancer. The predominantly 
reported symptom is itching; this is followed by burning, 
spontaneous pain, dyspareunia (painful or impossible 
intercourse), dysuria (difficulty urinating) and skin-mucosal 
dryness with recurrent fissures [5]. 
The vulva is pearly white in colour with an atrophic surface; 
the labia minora may show varying degrees of atrophy up to 
total fusion with hooding of the clitoris. The vestibule is 
rigid and sclerotic; the vaginal introitus appears reduced to 
the point of sometimes not allowing vaginal exploration. 
Fibrosis can involve the periurethral region with dislocation 
of the urethra and cause so-called vaginal urination. Tissues 
so sclerotic go into ulceration causing intense pain and 
burning to the point of difficulty with even simple intimate 
hygiene manoeuvres or contact of the mucosa with clothing 

[6]. 
 
Materials and methods 
17 women with histological vulvar diagnosis of Lichen were 
considered. The mean age at diagnosis of the 17 included 
cases was 56.5 years (range 48 - 65). 
Patients were identified and recruited from investigators 
clinics and referring physicians, with privacy protection and 
avoiding undue influence. Each included patient provided an 
informed consent that allowed treatments, that certified the 
comprehension of the information provided, with voluntary 
agreement of the subject, free from coercion. The treatments 
were administered at Antonio Cardarelli Hospital in Napoli 
(AORN “A. Cardarelli”).  
Every patient was submitted to a colposcopy and 
histological biopsy to confirm lichen diagnosis. Topical 
corticosteroid therapy performed in the previous 30 days 
was considered as an exclusion criteria from the study. 
The clinical study was approved by the local institutional 
review board (Comitato Etico Campania 3 Prot. N. 
00014304-14/06/2024) and conducted in accordance with 
the ethical standards of the Declaration of Helsinki.  
Five weekly administrations of concomitant oxygen-
hyaluronic acid therapy with VNOD were performed. 
The severity of the pathology was evaluated using the 
Vaginal Health Index (VHI) which includes three 
parameters: Vaginal elasticity, vaginal secretions, and 
vaginal hydration. The degree of the health of the vagina 
was defined by the final score obtained after the evaluation 
of each parameter based on a five-point scale: Score 1 = 
absence of elasticity, secretions, hydration, score 2 = weak 
elasticity, secretions, hydration intensity, score 3 = mild 
elasticity, secretions, hydration intensity, score 4 = good 
elasticity, secretions, hydration intensity, score 5 = excellent 
elasticity, secretions, hydration intensity. 
Patients’ symptoms were evaluated with two questionnaires: 
VAS and FSFI.  
VAS studies the intensity of the four following symptoms: 
(I) well-being such as absence of dyspareunia, (II) vaginal 
dryness, vaginal lubrication and presence of fluid, (III) 
vaginal burning, (IV) vulvar or vaginal itching. Symptoms 
were collected from patients based on a six-point scale: 
Score 1 = maximum intensity, score 2 = strong intensity, 
score 3 = average intensity, score 4 = mild intensity, score 5 
= weak intensity and score 6 = absence of symptom).  
The Female Sexual Function Index (FSFI) based on clinical 
interpretations of a principal components analysis, included 
desire, subjective arousal, lubrication, orgasm, satisfaction 

and pain and were evaluated based on a six point score 
scale: Score 0 = absence of symptoms, scores 1 = weakness 
of symptoms, score 2 = mild symptoms intensity, score 3 = 
medium symptoms intensity, score 4 good symptoms 
intensity; score 5 =excellent symptoms intensity.  
VHI, VAS and FSFI were evaluated at the start and at the 
end of the therapy. The final administration was performed 
after 5 weeks. The vaginal well-being and symptoms were 
determined and recorded by the clinician with a numerical 
score according to the scales described above. 
The statistical significance of the trend of variation in values 
between treatment sessions was analysed using the one-way 
variance analysis according to the Kruskal-Wallis method. 
The significance of couples’ comparisons between treatment 
sessions was analysed using the t-test calculator for two 
independent means. A p < 0.05 was considered statistically 
significant. Statistical Analysis was performed using SOCS 
statistics. After 6 weeks since the last treatment a follow up 
was performed, and the three most statistically relevant 
parameters maintained their value. 
For the treatment, the self-cooling Caress Flow (Caress 
Flow- srl, Casette di Funo, Bologna, Italy) device was used 
composed of a compressor-base unit (generator) able to 
deliver up to 2+/- 0,2 L/minute of 93% +/- 3% pure oxygen 
provided at a pression of 1+/- 0,1 bar.  
 

Fig 1:  Cannula 

Two dispensers were used, the first consisting of a vaginal 
cannula, connected to the machine body. The cannula is 
equipped with outlet holes for the delivery of oxygen and 
hyaluronic acid, which is inserted through a special insertion 
hole located in the upper part of the cannula (Fig 1). The 
vaginal cannula is used for treatment inside the vaginal 
canal. 
 

 
 

Fig 2:  Airbrush 
 

In addition to the cannula, an airbrush was used (Fig 2), 
always connected to the machine body, capable of 
delivering oxygen in combination or not with the hyaluronic 
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acid solution. The airbrush is used for the treatment of 
external genitalia, nebulizing the combination of oxygen and 
hyaluronic acid. 
The full treatment cycle includes five weekly sessions, 
during which the treatment was performed for 20 minutes, 
and the high purity oxygen and the hyaluronic acid were 
administered in a contemporary way. The treatment began 
with the delivery of the solution through an airbrush for 
vulvar therapy. 3ml hyaluronic acid was delivered with 
oxygen at a flow of 2 L/ minute for 15 minutes; for 5 
minutes 12ml of low molecular weight sodium hyaluronate 
and high purity oxygen, at a concentration of 0.2%, was 
administered through a cannula specifically designed for 
vaginal therapy. At visit 0, an accurate collection of patient 
history and a complete clinical examination was performed 
to evaluate eligibility criteria.  
 
Results 
The analysis of the comparisons between the first and last 
treatment have showed that each subsequent treatment 
determined a significant increase in all parameters, 
especially for VHI hydration index, VAS fluidity index and 
FSFI lubrication index, however all the patients reported a 
recovery of their sexuality at the end of the five treatment 
sessions.  
 

 

Fig 3:  Diagram - VHI hydration pre-/post-treatment 
 
VHI: The intensity of the three symptoms reported 
according to the 5-point VHI scale showed an average 
increase of the elasticity index from 1.8 to 4.2 - p<0,00001, 
an average increase of the secretion index 1,7 to 4,1 and 
average increase of the hydration index from 1.9 to 4.9 (Fig 
3). The analysis of the comparisons between the start and 
the end of the therapy have shown that each subsequent 
treatment determined a significant increase in all 
parameters, including the vulvovaginal elasticity and the 
vulvovaginal wall epithelium hydration. 
 
 

 
 

Fig 4:  Photos of the patient's genitals pre-/post treatment 
 

 
 

Fig 5:  Photos of the patient's genitals pre-/post treatment 
 

 
 

Fig 6:  Photos of the patient's genitals during the 5 weekly 
therapy session 

 
Below are shown as an example the photographic images of 
three of the patients in which it is possible to appreciate the 
differences between the appearance of the genitals before 
and after the treatment (Figures 4, 5) and also the five stages 
of the treatment (Fig 6): All initially show an absent or poor 
overall elasticity and an absent hydration with the mucosa 
vulvar predominantly white and ulcerated, while at the end 
good or excellent elasticity with modest/normal hydration 
with many islands of pink mucosa.  
 

 
 

Fig 7:  Diagram - VAS fluidity index pre-/post-treatment 
 
VAS: The results shown a significative improvement of all 
the mean scores analysed: Well-being such as absence of 
dyspareunia, vaginal dryness, vulvar and/or vaginal itching, 
vaginal burning. The intensity of the symptoms reported 
according to the 6-point VAS scale showed an average 
increase of the well-being index from 2.1 to 4.7, an average 
increase of the burning index 1.9 to 5.3, an average increase 
of the fluidity index from 1.6 to 4.5 (Fig 7) and an average 
increase of the itching index 2.2 to 5.4. 
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FSFI: The results shown a significative improvement of all 
the mean scores analysed: Increasing sexual desire, 
excitement, satisfaction, raised vaginal lubrication and 
ability to join the orgasm and decreased vulvar or vaginal 
pain. 
 

 
 

Fig 8:  Diagram - FSFI lubrication index pre-/post-treatment. 
 
The intensity of the symptoms reported according to the 6-
point FSFI scale showed the following average 
improvements: Sexual desire index from 1.5 to 3.5, 
excitement index from 1.3 to 3.7, satisfaction index from 1.2 
to 3.8, vaginal lubrication index from 0.6 to 4 (Fig 8), ability 
to join the orgasm index from 1.8 to 3.6 and decreased 
vulvar or vaginal pain index from 4.1 to 1. 
 
Discussion 
In this pilot study we found that the combined topical 
oxygen therapy with hyaluronic acid by VNOD is a valid 
and totally painless treatment for vulvar lichen 
scleroatrophicus, improving symptomatology and sexual 
wellbeing. 
Lichen sclerosus is a chronic disorder of the skin and 
mucosal surfaces, and is most commonly seen on the female 
genital skin. It also occurs in other areas of the body. Any 
age group may be affected, although it is seen more often in 
elderly women [1, 2, 3, 4, 7]. 
The exact cause of lichen sclerosus is unknown. There have 
been reports of family members with lichen sclerosus; thus, 
it may have a genetic link [8]. There is also the possibility of 
an autoimmune connection [9]. 
Currently ultra-potent topical corticosteroids (TCS) are the 
medical treatment of choice: Clobetasol propionate and 
mometasone furoato [10, 11, 12]. 
The risk of developing squamous cell carcinoma of the 
vulva approaches 5% in women with vulvar lichen 
sclerosus, and therefore close surveillance by the healthcare 
provider and patient is needed [14, 15, 16]. 
Long-term TCS has a protective effect from malignant 
evolution: Carcinoma developed only in nontreated or 
irregularly treated vulvar lichen sclerosus lesions [17]. It 
could be interesting to evaluate the efficacy of simultaneous 
and local administration of high and hyaluronic acid on the 
malignant evolution of the vulvar lichen in vulvar 
carcinoma. A long-term monitoring is necessary to set the 
timing for another session with VNOD therapy and to 
monitor the evolution of patients’ symptomatology and the 
state of vaginal elasticity and hydration.  
Oxygen therapy determines the increase of the reparative 
processes of the tissues and increases the synthesis of 
collagen allowing a normal hydroxylation of this protein [18]. 

In fact, at oxygen tensions lower than normal, the collagen 
is not correctly synthesised, delaying the healing of the 
wounds. Furthermore, oxygen induces a neo-angiogenic 
stimulation trough the release of VEGF [19]. This function is 
essential for the restoration of the microcirculation in 
compromised vascular tissues, re-establishing a vascular 
flow in the hypoxic areas [20]. Hyaluronic acid is a natural 
polysaccharide and that can bind a large quantity of water 
molecules contributing to the maintenance of water balance, 
proper hydration and structure of skin and mucus 
membranes [21]. 
VNOD therapy increases the elasticity of the tissues and 
improves the VVA(Vulvo-Vaginal Atrophy) and the 
genitourinary symptoms. The therapy has been well 
tolerated without side effects [22, 23, 24]. 
Our findings must be confirmed in a well-designed 
randomised controlled trial. 
 
Conclusions 
Combined topical oxygen therapy with hyaluronic acid is a 
fast, repeatable, and totally painless treatment with no side 
effects for the patients. It proved to be a valid method for 
healing vulvar lesions and improving lichen symptoms with 
excellent compliance by patients.  
The results of the study demonstrate that this therapy 
increases the vulvovaginal mucosa hydration, fluidity and 
lubrification improving women’s sexual health and 
wellbeing also after 6 weeks from the last treatment. 
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FSFI: The results shown a significative improvement of all 
the mean scores analysed: Increasing sexual desire, 
excitement, satisfaction, raised vaginal lubrication and 
ability to join the orgasm and decreased vulvar or vaginal 
pain. 
 

 
 

Fig 8:  Diagram - FSFI lubrication index pre-/post-treatment. 
 
The intensity of the symptoms reported according to the 6-
point FSFI scale showed the following average 
improvements: Sexual desire index from 1.5 to 3.5, 
excitement index from 1.3 to 3.7, satisfaction index from 1.2 
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to join the orgasm index from 1.8 to 3.6 and decreased 
vulvar or vaginal pain index from 4.1 to 1. 
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wellbeing. 
Lichen sclerosus is a chronic disorder of the skin and 
mucosal surfaces, and is most commonly seen on the female 
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age group may be affected, although it is seen more often in 
elderly women [1, 2, 3, 4, 7]. 
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an autoimmune connection [9]. 
Currently ultra-potent topical corticosteroids (TCS) are the 
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The risk of developing squamous cell carcinoma of the 
vulva approaches 5% in women with vulvar lichen 
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provider and patient is needed [14, 15, 16]. 
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malignant evolution of the vulvar lichen in vulvar 
carcinoma. A long-term monitoring is necessary to set the 
timing for another session with VNOD therapy and to 
monitor the evolution of patients’ symptomatology and the 
state of vaginal elasticity and hydration.  
Oxygen therapy determines the increase of the reparative 
processes of the tissues and increases the synthesis of 
collagen allowing a normal hydroxylation of this protein [18]. 

In fact, at oxygen tensions lower than normal, the collagen 
is not correctly synthesised, delaying the healing of the 
wounds. Furthermore, oxygen induces a neo-angiogenic 
stimulation trough the release of VEGF [19]. This function is 
essential for the restoration of the microcirculation in 
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polysaccharide and that can bind a large quantity of water 
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proper hydration and structure of skin and mucus 
membranes [21]. 
VNOD therapy increases the elasticity of the tissues and 
improves the VVA(Vulvo-Vaginal Atrophy) and the 
genitourinary symptoms. The therapy has been well 
tolerated without side effects [22, 23, 24]. 
Our findings must be confirmed in a well-designed 
randomised controlled trial. 
 
Conclusions 
Combined topical oxygen therapy with hyaluronic acid is a 
fast, repeatable, and totally painless treatment with no side 
effects for the patients. It proved to be a valid method for 
healing vulvar lesions and improving lichen symptoms with 
excellent compliance by patients.  
The results of the study demonstrate that this therapy 
increases the vulvovaginal mucosa hydration, fluidity and 
lubrification improving women’s sexual health and 
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Abstract

Background: Genitourinary syndrome of menopause (GSM) is a condition affecting many postmenopausal women.
Among the available treatments, the vaginal natural oxygenation device (VNOD) is a new promising option.
Aim: To evaluate the safety and the effectiveness of vaginal high concentration (HC) oxygen (O2) and hyaluronic acid (HA)
in postmenopausal women with vaginal atrophy (VA).
Methods: Study 1: Ten subjects received HA and O2 at a concentration of 21% (sham group) and ten at 95% (treatment
group). All subjects completed five sessions of VNOD. Evaluations and questionnaires were completed at baseline, before
each session and at one-month follow-up: Visual Analogue Scale, Vaginal Health Index (VHI), Vaginal Maturation Value
(VMV), MenopauseQuality Of Life (MeNQoL), Female sexual function index (FSFI) and Female sexual distress scale (FSDS).
Study 2: 52 postmenopausal women with VA completed the same protocol of study 1 with HC O2 and HA.
Results: Treatment was well-tolerated. In study 1, in the treatment group we recorded significant improvements in VHI
score (p-value 0.001), VMV (p-value 0.005) and in the psychosocial, physical and sexual domains of the MeNQoL compared
to sham group. In study 2, all women experienced a significant improvement in VHI (p-value <0.001), FSFI total score
(p-value 0.007), desire (p-value 0.004), lubrication (p-value 0.006), satisfaction (p-value 0.042), pain (p-value 0.001)
domains, FSDS score (p-value 0.003) and MeNQoL sexual domain (p-value <0.001).
Conclusion: The preliminary results of this study suggest that VNOD is a safe and effective treatment for VA in
postmenopausal women, and improves sexual function.

Keywords
VNOD, Vaginal atrophy, Female sexual function, Vaginal health index, Hyaluronic acid, oxygen

Introduction

The Genitourinary Syndrome of Menopause (GSM) is a
chronic condition which affects over 50% of postmeno-
pausal women according to different study samples,1–3

resulting from ageing and the physiological changes as-
sociated with menopause, primarily the decline in estrogen
levels in the vaginal epithelium, urethra, and bladder. The
estrogen deprivation leads to thinning and atrophy of the
vaginal tissues, decreased vaginal lubrication, and alter-
ations in the pH of the vaginal environment, predisposing
women to a constellation of symptoms such as vaginal
dryness, itching, burning, dyspareunia, and dysuria. Despite
the high prevalence, the GSM is still under-reported, under-
diagnosed and under-treated.4,5

International guidelines suggest lubricants and moisturizers
as a first line treatment for women suffering GSM, being free
from significant contraindications and side effects.6–8 Inwomen

1Gynecology and Physiopathology of Human Reproduction, IRCCS
Azienda Ospedaliero-Universitaria Di Bologna, Bologna, Italy
2Department of Medical and Surgical Sciences (DIMEC), Alma Mater
Studiorum University of Bologna, Bologna, Italy

Corresponding author:
Alessandra Lami, Gynecology and Physiopathology of Human
Reproduction, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Via
Massarenti 13, Bologna 40138, Italy and Department of Medical and
Surgical Sciences (DIMEC), Alma Mater Studiorum University of Bologna,
Bologna, Italy.
Email: alessandra.lami3@unibo.it

92



Strictly Private and Confi dential. Not for Distribution.

Original Research Article

Post Reproductive Health
2024, Vol. 0(0) 1–13
© The Author(s) 2024
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20533691241307804
journals.sagepub.com/home/min

Topical high concentration oxygen with
hyaluronic acid: A safe and effective
treatment for vaginal atrophy and sexual
function improvement

Alessandra Lami1,2, Andra Catalina Manta1,2, Veronica Amati1,2, Stefania Alvisi1,2,
Maurizio Baldassarre2, Alessia Carli1,2, Giada Lucchetta1,2, Renato Seracchioli1,2 and
Maria Cristina Meriggiola1,2

Abstract

Background: Genitourinary syndrome of menopause (GSM) is a condition affecting many postmenopausal women.
Among the available treatments, the vaginal natural oxygenation device (VNOD) is a new promising option.
Aim: To evaluate the safety and the effectiveness of vaginal high concentration (HC) oxygen (O2) and hyaluronic acid (HA)
in postmenopausal women with vaginal atrophy (VA).
Methods: Study 1: Ten subjects received HA and O2 at a concentration of 21% (sham group) and ten at 95% (treatment
group). All subjects completed five sessions of VNOD. Evaluations and questionnaires were completed at baseline, before
each session and at one-month follow-up: Visual Analogue Scale, Vaginal Health Index (VHI), Vaginal Maturation Value
(VMV), MenopauseQuality Of Life (MeNQoL), Female sexual function index (FSFI) and Female sexual distress scale (FSDS).
Study 2: 52 postmenopausal women with VA completed the same protocol of study 1 with HC O2 and HA.
Results: Treatment was well-tolerated. In study 1, in the treatment group we recorded significant improvements in VHI
score (p-value 0.001), VMV (p-value 0.005) and in the psychosocial, physical and sexual domains of the MeNQoL compared
to sham group. In study 2, all women experienced a significant improvement in VHI (p-value <0.001), FSFI total score
(p-value 0.007), desire (p-value 0.004), lubrication (p-value 0.006), satisfaction (p-value 0.042), pain (p-value 0.001)
domains, FSDS score (p-value 0.003) and MeNQoL sexual domain (p-value <0.001).
Conclusion: The preliminary results of this study suggest that VNOD is a safe and effective treatment for VA in
postmenopausal women, and improves sexual function.

Keywords
VNOD, Vaginal atrophy, Female sexual function, Vaginal health index, Hyaluronic acid, oxygen

Introduction

The Genitourinary Syndrome of Menopause (GSM) is a
chronic condition which affects over 50% of postmeno-
pausal women according to different study samples,1–3

resulting from ageing and the physiological changes as-
sociated with menopause, primarily the decline in estrogen
levels in the vaginal epithelium, urethra, and bladder. The
estrogen deprivation leads to thinning and atrophy of the
vaginal tissues, decreased vaginal lubrication, and alter-
ations in the pH of the vaginal environment, predisposing
women to a constellation of symptoms such as vaginal
dryness, itching, burning, dyspareunia, and dysuria. Despite
the high prevalence, the GSM is still under-reported, under-
diagnosed and under-treated.4,5

International guidelines suggest lubricants and moisturizers
as a first line treatment for women suffering GSM, being free
from significant contraindications and side effects.6–8 Inwomen
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without contraindications, the second line therapy is represented
by hormonal therapy, which can be administered locally or,
especially in case of coexisting menopausal symptoms, sys-
temically. Local estrogen treatment (LET), dehydroepian-
drosterone (DHEA) or testosterone formulations directly target
the vaginal tissues while minimizing systemic absorption, re-
ducing the risk of adverse effects. All have shown successful
improvement of vaginal health and sexual function in post-
menopausal women.6,7

The Selective Estrogen Receptor Modulator (SERM)
Ospemifene, is another non-hormonal alternative which has
proven to be highly effective and has been approved for use
also in women with breast cancer who have completed
adjuvant treatments.9–11

Other non-hormonal treatments that have been demon-
strated to be effective in women who cannot (or do not want)
use hormones include energy-based devices such as laser
therapy.8,12–15 Laser therapy is not usually suggested in all
women as a first line because it is not always well-
tolerated,16 has quite high costs and its safety is under
scrutiny.17

A recently developed and promising option is a
vaginal natural oxygenation device (VNOD) which al-
lows concomitant administration of hyaluronic acid
(HA) and topical high concentration (HC) oxygen.18–20

Oxygen (O2) has a well-known effect on epithelializa-
tion, angiogenesis, collagen formation and granula-
tion.21 Many authors reported the role of O2 therapy in
enhancing skin rejuvenation and wound healing, high-
lighting its potential to promote tissue repair.22 The
penetration of O2 delivered at high concentration with
the VNOD device is facilitated by the histology of the
vagina mucosa which lacks stratum corneum and hy-
drolipidic film. The addition of a liquid-based solution
of hyaluronic acid (HA) may further enhance the pas-
sage of O2 at the epithelial level.23,24

HA is a component of the extracellular matrix and is
involved in several physiological processes, including tissue
homeostasis and regeneration,wound healing, inflammation, cell
migration and proliferation, and embryonic development. HA
plays a relevant role also in the urogenital system as, under
physiological conditions, it helps to maintain water balance and
tissue integrity.25

The HA low molecular weight form is also able to
penetrate into the deeper layers of the vaginal epithelium
and facilitate the diffusion of essential nutrients, including
O2, glucose, and vitamins.26,27

Preliminary data suggest that the synergic use of O2 and
low molecular weight HA may indeed alleviate symptoms
of the vaginal atrophy (VA) included in GSM.18–20

In this study, we aimed to extend previous preliminary
data on the safety and effectiveness of HC O2 admin-
istered through a VNOD in postmenopausal women
with VA.

Methods

Our study consists of two parts: the first part (study 1) was a
longitudinal sham-controlled trial, consisting of two sam-
ples, the sham group and the treatment group; the second
part (study 2) is a prospective longitudinal study, performed
to expand the treatment group enrolled in study 1.

The study 1 period ranged from June 2021 to December
2021. The study 2 was conducted from June 2021 to
November 2023.

The protocol of the studies was approved by the Human
Subject Committee Area Vasta Emilia Centro (CE-AVEC)
of Emilia-Romagna and written informed consent was
obtained from all participants in accordance with the
1975 Helsinki Declaration.

Subjects

All participants were recruited at the Outpatient Clinic of
Gynecology and Physiopathology of Human Reproduction
Unit, IRCCS Azienda Ospedaliero Universitaria of Bolo-
gna, Sant’Orsola University Hospital.

Menopausal state was defined as absence of menstrua-
tion for at least 12 months.28

The inclusion criteria, which were the same for both
studies, were: no treatment for VA in the previous 6 months,
menopausal status as descripted, and Vaginal Health Index
(VHI) score <15, which is a cut-off used in literature to
define the presence of VA.29

Exclusion criteria, which were the same for both studies,
included: concomitant clinically important medical disease;
undiagnosed vaginal bleeding; liver or kidney disorder;
thromboembolic disorders; cerebrovascular accident,
stroke, or transient ischaemic attack; myocardial infarction
or ischaemic heart disease; endocrine disease. Women who
were using or had used oral products containing hormones
or selective estrogen receptor modulators (SERMs) within
the previous 12 weeks were also excluded.

Study design and objectives

The design of both part of our study (study 1 and study 2)
included five VNOD sessions performed one week apart. At
the first visit, details of medical history, previous therapies
for VA, sociodemographic characteristics, personal clinical
history, the presence of symptoms of vaginal atrophy and
full gynaecological examination (GE) were collected, in-
clusion and exclusion criteria were checked.

Once subjects were considered eligible for the study,
they signed the consent form and were scheduled for the
VNOD sessions. Before each VNOD session (T0, T1, T2,
T3, T4) and one month after the last VNOD session (T5) all
women underwent GE to assess the presence of signs of VA
and to calculate the scores of VHI (Vaginal Health Index).
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Further symptoms of GSM were not assessed as not related
to the aim of this study.

The five VNOD sessions were performed at 7-day in-
tervals. Prior to each session, all women completed the
Female Sexual Function Index (FSFI), the Female Sexual
Distress Scale (FSDS) questionnaire and MENopause-
specific Quality of Life (MeNQoL) questionnaire.

At the end of each session visual analogue scale (VAS)
scores for discomfort during VNOD session were checked
[scale from zero (none) to ten (maximum discomfort)]. A
vaginal smear was also performed before the first session
and at the follow-up visit for evaluation of vaginal matu-
ration value (VMV)21 in the first 20 participants enrolled
(Study 1).

Primary objectives: monitor the safety parameters and
pain levels during the procedure and improvement of VA
assessed with the VHI and, only for study 1, VMV. Sec-
ondary objectives: changes in sexual function assessed by
subjective questionnaires (FSFI, FSDS and MeNQoL).

Evaluation of study’s parameters

The VHI is a tool that, by evaluating five parameters
(elasticity, secretions, pH, epithelial mucosa and hydration)
enables the determination of an overall score which defines
the degree of vaginal atrophy, assigning to each parameter a
score from one to five. The total score can range from five to
twenty-five and a value below 15 is indicative of VA.29

The sexual function and distress caused by sexual
dysfunctions were evaluated through the FSFI and FSDS
questionnaires30,31 which were administered at each session
and one month after last session (t5). A FSFI cut-off score of
26.5, was used to differentiate between women with and
without sexual dysfunction32 and a cut-off score of 15 for
the FSDS.33

The FSFI questionnaire explores female sexual function
by evaluating six domains of sexuality: desire, arousal,
lubrication, orgasm, sexual satisfaction and pain. The
questionnaire consists of 19 items, each of which can be
assigned a score ranging from zero (lack of sexual activity)
or one (very dissatisfied with one’s sex life) to five (very
satisfied with one’s sex life). The maximum score obtain-
able is 36, while the minimum is two.

Quality of life of the enrolled women was assessed by
completing MENQOL questionnaire, which was adminis-
tered at each VNOD session and one month after last
session (t5).

The MENQOL consists of 29 items related to four areas:
vasomotor (items 1–3), psychosocial (items 4–10), physical
(items 11–26) and sexual (items 27–29). Symptoms may be
present or absent; if present the subject evaluates the related
discomfort on a scale from zero (no discomfort) to six
(substantial). Each MENQOL domain has a separate score
ranging from one to eight.34,35

VAS scores for discomfort during VNOD treatment were
checked at each session, asking the subjects to evaluate using a
zero (symptoms absent) to ten (maximum discomfort) scale.36

We also recorded any possible adverse effect, defined as
vaginal burning, bleeding, abnormal genital discharges, low
urinary tract infection, pain with a VAS> 4, genital infections.

Vnod device

The VNOD device (Caress Flow Bologna, Italy ®)37 was
used: a compressor unit with a generator able to deliver up to
3 L/minute of 95% pure O2. The purified O2 is obtained
using a compressed air generator, equipped with zeolite
molecular sieves. It exploits the principle of the different
absorption of gas molecules by different surfaces, allowing
O2 to pass through and retaining other gases present in the
air, such as nitrogen, argon, helium and hydrogen. The
dispenser is a vaginal cannula, connected to the machine
body. It is equipped with outlet holes for the delivery of O2

and HA, which is inserted through a special injection valve,
located in the upper part of the cannula.

A special disposable cannula is inserted at the opening of
the vagina and O2 at the defined concentration and HA
solution are delivered. Figures 1 and 2.

VNOD is a medical device approved by the EU ac-
cording to the Directive 93/42/EEC on medical devices.38

(Supplemental materials S0).
The use of the device is extremely simple. The treatment

involves the following steps:

1. Turn on the device using the ON/OFF button.
2. Insert the cannula into the vaginal canal.
3. Perform 10min of pure oxygen delivery.
4. Continue for an additional 5min with oxygen delivery

combined with the HA solution.
5. Remove the cannula and dispose of it as household

waste.

As reported by the device instructions and protocol for
GSM, the complete treatment cycle included five weekly
sessions lasting 15 min. The first 10-min, O2 was dispensed
alone followed by the addition of HA delivered over the
next 5 min. The O2 was administered at a concentration of
21% (air concentration) in the sham group of study 1 and of
95% (HC) in the treatment group and in study 2.

A gel solution of low molecular weight sodium hyalur-
onate, at a concentration of 0.2% in pre-filled applicators
(1020 mOsm/Kg), was administered during the last 5 min of
treatment in both studies (Hyalo Gyn® vaginal gel by Fidia
Farmaceutici S.p.A.). This HA is commercially available, has
a CE marking and was approved by the United States Food
and Drug Administration in 2010.39 Hyalo Gyn® acts as a
moisturizer and lubricant because of the strong hydrophilic
characteristics, that allows retaining water molecules forming
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VAS scores for discomfort during VNOD treatment were
checked at each session, asking the subjects to evaluate using a
zero (symptoms absent) to ten (maximum discomfort) scale.36
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3 L/minute of 95% pure O2. The purified O2 is obtained
using a compressed air generator, equipped with zeolite
molecular sieves. It exploits the principle of the different
absorption of gas molecules by different surfaces, allowing
O2 to pass through and retaining other gases present in the
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body. It is equipped with outlet holes for the delivery of O2

and HA, which is inserted through a special injection valve,
located in the upper part of the cannula.

A special disposable cannula is inserted at the opening of
the vagina and O2 at the defined concentration and HA
solution are delivered. Figures 1 and 2.

VNOD is a medical device approved by the EU ac-
cording to the Directive 93/42/EEC on medical devices.38

(Supplemental materials S0).
The use of the device is extremely simple. The treatment

involves the following steps:

1. Turn on the device using the ON/OFF button.
2. Insert the cannula into the vaginal canal.
3. Perform 10min of pure oxygen delivery.
4. Continue for an additional 5min with oxygen delivery

combined with the HA solution.
5. Remove the cannula and dispose of it as household

waste.

As reported by the device instructions and protocol for
GSM, the complete treatment cycle included five weekly
sessions lasting 15 min. The first 10-min, O2 was dispensed
alone followed by the addition of HA delivered over the
next 5 min. The O2 was administered at a concentration of
21% (air concentration) in the sham group of study 1 and of
95% (HC) in the treatment group and in study 2.

A gel solution of low molecular weight sodium hyalur-
onate, at a concentration of 0.2% in pre-filled applicators
(1020 mOsm/Kg), was administered during the last 5 min of
treatment in both studies (Hyalo Gyn® vaginal gel by Fidia
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Figure 1. VNOD components kit (Caress Flow ®).

Figure 2. VNOD back and maintenance.
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a hydrated matrix which determines a release of a constant
aliquot of principle component and assures a notable and
prolonged hydrating effect at the vaginal tissue level. It has
mucoadhesive properties and adheres to the vaginal mucosa,
exerting a prolonged hydrating action on this tissue and
favouring the natural healing of microlesions.25

In the first part of this study (study 1), by mistake, the
first 10 women were treated with O2 at air concentration
(later, we decided to consider them the sham group). Neither
the participants nor the physicians were aware of the in-
correct set-up of the machine. The settings were corrected
and the session with HC O2 was performed in the second
group of treated women (treatment group).

During study 2, all women underwent HC O2 treatment
with the same set-up.

Statistics

Descriptive statistics for continuous parameters were reported
as mean and standard deviation (SD) or median and
interquartile ranges (IQ 25th – 75th) upon verification of the
normality of the distribution through the Shapiro-Wilk test.
Categorical variables were expressed as absolute frequencies
and percentages. Pairwise comparisons of independent ob-
servation were performed by the Student t test using theWelch
correction where appropriate. Not normally distributed data
were compared by the Mann Whitney U test. The Chi square
test was used to compare proportions between the sham and
treatment groups. The sample size was determined based upon
data from a previous study evaluating the impact of VNOD
device on several symptoms related to VVA [7]. A sample of
10 subject in the treatment group of study 1 was calculated
after the correction of the VNOD set-up used for the first
10 women, to provide 90% power to detect a statistically
significant improvement of the VHI score (two-sided α =
0.05). Changes of the recorded scores from baseline to the last
visit were evaluated using the Friedman test followed by the
Wilcoxon rank test for pairwise comparisons). Based on these
preliminary data, a sample of minimum 47 subjects in study
2 was calculated to provide 90% power to detect a statistically
significant improvement of the VHI score (two-sided α =
0.05). We also hypothesized a 10% exclusion rate and
therefore decided to include 52 women in study 2, including
the 10 women enrolled in the treatment group of study 1.

All tests were two-sided and p-values <0.05 were con-
sidered statistically significant. Data analysis was per-
formed using the Statistical Package for Social Sciences
(SPSS) version 25 (IBM corp).

Results

Study 1: Sham-controlled trial

Twenty subjects were enrolled progressively between June
2021 and December 2021. Ten subjects received treatment

with HA and 21% O2 concentration (air O2 concentration)
(sham group). At the end of the treatment of this group, the
flow of O2 adjusted to deliver 95% O2 concentration (HC
O2) (treatment group). The ten subjects in the treatment
group received HA and 95% O2 concentration.

Study 1: Subjects

In both groups, all subjects completed the full treatment
cycle of five weekly sessions.

Sociodemographic and clinical characteristics of women
enrolled are reported in Table 1. The two groups were
comparable in terms of demographic, anthropometric pa-
rameters, and time since the onset of amenorrhea. Moreover,
1 (10%) subject in the sham group and 3 (25%) subjects in
the treatment group had never received any other treatment
for VA. No differences were detected concerning car-
diometabolic risk factors (Table 1).

At the end of the treatment, no adverse events related to
the procedure were recorded. No subject dropped out of the
study because of pain or discomfort at sessions. Baseline
and end-of-treatment VAS scores for pain/discomfort during
the procedure were between zero and one in all subjects of
both groups.

Study 1: Impact of VNOD on VA

Baseline VHI scores were 11 (IQ 11–13) (median and
interquartile range) and 10 (IQ 9–11), in the sham and
treatment group, respectively (p = .075). All women in both
groups had VA at baseline (VHI < 15). Figure 3 shows the
VHI data recorded from baseline to the last visit in the sham
and treatment group. Only 3 out of 10 subjects in the sham
group improved their VHI score above 15 (Figure 3, Panel
A), whereas a VHI score above 15 was observed in 7 out of
10 subjects in the treatment group. Overall, no significant
changes of the median VHI score were observed in the sham
group (Figure 3, panel B) whereas a progressive increase of
the score was observed in the treatment group (Figure 3,
panel D) in which the VHI score significantly improved
compared to baseline from T3 to T5 (Figure 3, panel D). In
the treatment group, significant improvements were ob-
served in all domains of the VHI score (elasticity, secretion,
mucosae, hydration) except for vaginal pH (p = .288) which
remained stable (Table 2). In particular, the score almost
doubled for the ‘secretion’ and ‘mucosae’ domains between
the baseline and end-of-treatment evaluations. No signifi-
cant changes in any of the parameters of the VHI were
observed in the sham group (Table 2).

Similar results emerged from the analysis of vaginal
cytology. The VMV significantly improved in the treatment
group whereas no changes were detected in the sham group
(Figure 4).

Furthermore, we did not report any adverse effect.
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the score was observed in the treatment group (Figure 3,
panel D) in which the VHI score significantly improved
compared to baseline from T3 to T5 (Figure 3, panel D). In
the treatment group, significant improvements were ob-
served in all domains of the VHI score (elasticity, secretion,
mucosae, hydration) except for vaginal pH (p = .288) which
remained stable (Table 2). In particular, the score almost
doubled for the ‘secretion’ and ‘mucosae’ domains between
the baseline and end-of-treatment evaluations. No signifi-
cant changes in any of the parameters of the VHI were
observed in the sham group (Table 2).

Similar results emerged from the analysis of vaginal
cytology. The VMV significantly improved in the treatment
group whereas no changes were detected in the sham group
(Figure 4).

Furthermore, we did not report any adverse effect.
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Study 1: Impact of VNOD on sexual function

Five (n = 5) and ten (n = 10) women were sexually active in
the sham and treatment groups, respectively. Figure S1
shows the FSFI scores in the sexually active women in
the two groups. Overall, no significant improvement in the
global FSFI score was observed in the sham group

(Supplemental material, Figure S1, panel A) nor in the
treatment group (Supplemental material, Figure S1,
panel B).

Analyzing the individual domains of the FSFI score,
significant improvements in the desire and pain were de-
tected in the treatment group while no significant changes
were observed in the sham group (Table 3).

Table 1. Baseline characteristics of women enrolled in the sham and treatment groups of Study 1. Data is reported as mean ± standard
deviation, median and 25th � 75th percentiles or absolute frequencies and percentage.

Sham group (n = 10) Treatment group (n = 10) p value

Age (years) 54 ± 6 55 ± 9 0.350
Age at menopause (years) 49 ± 6 49 ± 5 0.500
Months since LMP 48 (36 – 72) 48 (24 – 132) 0.912
BMI (Kg/m2) 23 ± 2 24 ± 4 0.341
VA treatment naive 1 (10%) 3 (30%) 0.582
Cigarette smoker 0 (0%) 3 (25%) 0.211
Hypertension 1 (10%) 4 (40%) 0.303
Dyslipidemia 1 (10%) 6 (60%) 0.057
Type 2 diabetes 0 (0%) 2 (20%) 0.474
Breast cancer 2 (20%) 3 (30%) 1.000

Abbreviations: BMI, body mass index; VA, vaginal atrophy; LMP last menstrual period.

Figure 3. Individual data and box plot of vaginal health index (VHI) score recorded at each visit in women from the sham (Panels A and
B) and treatment groups (Panels C and D) of Study 1.
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Analysis of the FSDS score revealed no statistically
significant improvement in either group (sham group n =
5, p = .486; treatment group n = 10, p = .098) although
there seemed to be a trend towards a decrease of FSDS
score in the treatment group (Supplemental material,
Figure S1, panels C and D).

MeNQoL questionnaire showed no significant
changes in vasomotor, psychosocial, physical and sexual
symptom domains in the sham group (Supplemental
material, Table S1). No improvement in the vasomotor
symptoms’ domain was also observed in the treatment
group, whereas a significant improvement from baseline

to the last visit were found in the psychosocial, physical
and sexual symptom domains in the treatment group
(Supplemental material, Table S1).

Study 2: Expansion of the sample in treatment

Given the promising results of Study 1 on VNOD, we
decided to expand the treatment group of study 1 by re-
cruiting additional subjects and conducting a second sta-
tistical analysis on four parameters (VHI, FSFI, FSDS,
MeNQoL sexual domain). In this second part of the study, a
control group was not used; a comparison of the parameters
was made between baseline (before first session) (T0) and
the follow-up visit (T5).

Study 2: Subjects

Between June 2021 and November 2023 therefore we
enrolled 52 postmenopausal women with VA, who followed
the same treatment protocol as in Study 1. In this sample we
also included the 10 women of the ‘treatment group’ of
study 1. Sociodemographic and clinical characteristics of
the sample of study 2 are reported in Table 4.

Only ten subjects had never received any other treatment
for VA.

All newly enrolled subjects completed the 5-session cycle
of VNOD, and no treatment-related adverse effects were
observed. The VAS score values remained consistently low
(0–1) in all women at each session, demonstrating the high
tolerability of the treatment. None of the examined partici-
pants discontinued the treatment prematurely due to

Table 2. Median and 25th � 75th interquartile range of individual domains of the VHI scores from baseline up to the last visit in women
from the sham and treatment groups of Study 1.

T0 T5 Δ (T5-T0)

Median IQ Median IQ p value

Elasticity
Sham 2.00 2.00–2.00 2.00 2.00–3.00 0.247
Treatment 2.00 2.00–2.00 4.00 3.00 – 4.00 <0.001

Secretion
Sham 2.00 1.00–2.00 2.00 2.00–3.00 0.066
Treatment 2.00 1.00–2.00 3.00 3.00 – 3.00 <0.001

pH
Sham 2.00 2.00–2.00 3.00 2.00–3.00 0.138
Treatment 2.00 2.00–3.00 2.00 1.00 – 4.00 0.288

Mucosae
Sham 4.00 3.00–4.00 4.00 4.00 – 4.00 0.647
Treatment 2.00 2.00–3.00 4.00 4.00 – 4.00 <0.001

Hydration
Sham 2.00 2.00–3.00 3.00 2.00–3.00 0.082
Treatment 2.00 2.00–3.00 4.00 3.00–4.00 <0.001

Abbreviations: IQ, interquartile range; VHI, vaginal health index.

Figure 4. Mean ± standard deviation (SD) of vaginal maturation
value (VMV) at baseline and at the last visit in women from the
sham and treatment groups of Study 1.
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the same treatment protocol as in Study 1. In this sample we
also included the 10 women of the ‘treatment group’ of
study 1. Sociodemographic and clinical characteristics of
the sample of study 2 are reported in Table 4.

Only ten subjects had never received any other treatment
for VA.
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observed. The VAS score values remained consistently low
(0–1) in all women at each session, demonstrating the high
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Figure 4. Mean ± standard deviation (SD) of vaginal maturation
value (VMV) at baseline and at the last visit in women from the
sham and treatment groups of Study 1.
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discomfort, pain, or other issues. These findings are
consistent with those obtained in Study 1, supporting the
idea that VNOD is a well-tolerated treatment without
side effects.

Study 2: Impact of VNOD on VA

In the 52 women enrolled in the study 2, VNOD showed a
marked and statistically significant improvement in VHI, with
a median score from baseline (T0) of 10.00 (IQ 9.00–12.75)
to a median value of 16.50 (IQ 13.00–18.00) at the follow-up
visit (T5) with a p-value T0–T5 <0.001 (Table 5). Thirty out
of 52 (57.7%) women improved their VHI score above 15.

We observed a progressive and significant increase in all
domains of the VHI score (elasticity, secretion, mucosae, pH,
hydration) and in the overall VHI score fromT0 to T5, but the
improvement was already significant at T2 compared to
baseline for all the parameters (each p-value <0.001 at T2)
except for vaginal pH, in which a significant increase was
reported at T3 and T4 (respectively, p = .049 and p = .001).
(Table 5).

We did not report any adverse effect.

Study 2: Impact of VNOD on sexual function

VNOD has proven to be effective on the FSFI as well,
promoting an overall score increase from T0 to T5 with a
p-value of 0.007 (Table 6). The improvement was

Table 3. Median and 25th � 75th interquartile range of FSFI individual domains in sexually active women of the sham (n = 5) and
treatment (n = 10) groups of Study 1.

T0 T5 Δ (T5-T0)

Median IQ Median IQ p value

Desire
Sham 2.4 1.8 – 3.6 2.4 1.8 – 3.6 0.471
Treatment 3.6 2.4 – 3.6 3.6 3.6 – 3.6 0.015

Arousal
Sham 2.1 2.1 – 2.7 2.4 1.8 – 3.9 0.716
Treatment 4.5 3.9 – 5.4 4.2 3.6 – 5.4 0.546

Lubrication
Sham 1.8 2.1 – 2.7 3.0 1.8 – 3.6 0.395
Treatment 3.6 3.3 – 4.8 4.8 3.6 – 5.1 0.111

Orgasm
Sham 2.4 1.2 – 3.6 2.8 1.2 – 3.2 0.898
Treatment 4.8 3.6 – 4.8 4.4 3.6 – 5.2 0.778

Satisfaction
Sham 2.4 2.0 – 4.4 2.4 2.4 – 4 0.850
Treatment 4.4 3.6 – 4.8 4.8 4.0 – 4.8 0.509

Pain
Sham 1.2 0.0–1.2 2.0 1.6 – 2.8 0.641
Treatment 3.2 1.6 – 3.6 4.4 3.2 – 4.4 0.023

FSFI total score
Sham 15.60 2.30–18.10 17.60 5.15–23.75 0.670
Treatment 14.80 3.75–18.25 15.50 7.45–21.05 0.350

FSDS score
Sham 9.00 6.50–18.00 8.00 0.00–12.00 0.486
Treatment 16.00 9.50–30.50 2.00 0.00–8.00 0.098

Abbreviations: IQ, interquartile range; FSFI, female sexual function index; FSDS, female sexual distress score.

Table 4. Baseline characteristics of women enrolled in the Study
2 (n = 52). Data is reported as mean ± standard deviation, median
and 25th � 75th interquartile range or absolute frequencies and
percentage.

Treatment group (n = 52)

Age (years) 56.9 ± 8.0
Age at menopause (years) 47.3 ± 5.3
Months since LMP 48 (24 – 132)
BMI (Kg/m2) 22.5 ± 3.0
VA treatment naı̈ve 10 (19.2%)
Cigarette smoker 3 (5.8%)
Hypertension 5 (9.6%)
Dyslipidemia 14 (26.9%)
Type 2 diabetes 2 (3.9%)
Breast cancer 18 (34.6%)

Abbreviations: BMI, body mass index; VA, vaginal atrophy. LMP last menstrual
period.
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significant only at T5 compared to baseline, while we
observed a precocious improvement in the objective vaginal
indexes (significant at T2–T3).

In conclusion, unlike what was described in Study 1,
with the expansion of the sample in the second study, we
also obtained a statistically significant FSFI T0-T5 varia-
tion, but without reaching the cut-off of normality. Only
17 subjects (32.7%) reached normal sexual function scores.
A statistically significant improvement from T0 to T5 in the
desire (p-value 0.004), lubrication (p-value 0.006),

satisfaction (0.042), and pain (p-value 0.001) domains were
also detected (Table 6).

A significant improvement (p-value 0.001) was observed
from T0 to T5 of the FSDS score, with a median value of
24.00 (IQ 14.25–39.75) at T0 to a median value of 18.50 (IQ
4.00–36.00) at T5, still not reaching the cut-off of 15
(Table 6). Also in this case, the improvement was significant
only at T5 compared to baseline.

MeNQoL questionnaire showed no significant changes
in vasomotor, psychosocial, and physical symptoms. A

Table 5. Median and 25th � 75th interquartile range of VHI and its domains at baseline (t0) and one month after last VNOD application
(t5) in Study 2 (N = 52).

T0 T5 Δ (T5-T0)

Median IQ Median IQ p value

Elasticity
Treatment 2.00 2.00–3.00 4.00 3.00 – 4.00 <0.001

Secretion
Treatment 2.00 1.00–2.00 3.00 2.75 – 4.00 <0.001

pH
Treatment 2.00 1.00–3.00 2.50 1.75 – 4.00 0.012

Mucosae
Treatment 3.00 2.00–3.00 4.00 3.00 – 4.00 <0.001

Hydration
Treatment 2.00 1.00–3.00 3.00 2.75 – 4.00 <0.001

VHI total score
Treatment 10.00 9.00–12.75 16.50 13.00–18.00 <0.001

Abbreviations: IQ, interquartile range; VHI, Vaginal Health Index.

Table 6. Median and 25th �75th interquartile range of FSFI individual domains, FSFI total score and FSDS in sexually active women at
baseline (t0) and one month after last VNOD application (t5) in Study 2.

N = 52

T0 T5 Δ (T5-T0)

Median IQ Median IQ p-value

Desire
Treatment 2.40 1.20–3.00 2.40 1.80–3.60 0.004

Arousal
Treatment 2.40 0.15–4.20 2.85 0.00–3.90 0.345

Lubrication
Treatment 2.10 0.00–3.30 3.00 0.00–4.28 0.006

Orgasm
Treatment 3.20 0.00–4.70 3.20 0.00–4.40 0.286

Satisfaction
Treatment 3.20 0.80–4.70 4.00 0.80–4.80 0.042

Pain
Treatment 1.60 0.00–3.10 2.80 0.00–4.40 0.001

FSFI total score
Treatment 14.90 3.75–22.98 19.60 3.05–23.53 0.007

FSDS score
Treatment 24.00 14.25–39.75 18.50 4.00–36.00 0.003

Abbreviations: IQ, interquartile range; FSFI, Female Sexual Function Index; FSDS, Female Sexual Distress Score.
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statistically significant improvement in the MeNQoL sexual
domain was observed (p-value <0.001) between T0 and T5
(Supplemental material, Table S1).

Discussion

In this study, we evaluated the safety and efficacy of topical O2

administered at high concentration (treatment group) or air
concentration (sham group) together with HA in improving
VA in postmenopausal women (study 1). In the treatment
group, VHI, pain and desire domains of the FSFI questionnaire
and the psychological, physical, and sexual domains of
MeNQoL significantly improved, while no changes were
recorded in the sham group. VMValso significantly improved
in the treatment group whereas it did not vary in the sham
group. Given these preliminary promising results, we ex-
panded the treatment group of study 1 to 52 postmenopausal
women with VA (study 2). In this second part of the study,
statistically significant improvements were recorded in VHI,
FSFI total score, FSDS,MeNQoL sexual domain score, and in
the desire, lubrication, satisfaction and pain domains of FSFI at
the end of treatment in the women treated with VNOD
compared to baseline. None of the subjects reported any
adverse events.

The VNOD is a recently employed device in the gy-
naecological field. Currently, there is limited published
scientific evidence regarding its validity for the treatment of
VA, but the available data are highly promising, particularly
in terms of reduced invasiveness, excellent tolerance, and
absence of contraindications.18–20

Therefore, the aim of this study was to gain more data on
the safety and efficacy of this treatment in postmenopausal
women, with the comparison to a sham group and a larger
treatment group.

In the first part of this study (study 1), the first 10 women
were treated with O2 at air concentration (sham group) and
no improvement in any subjective and objective parameter
was detected. Neither the participants nor the physicians
were aware of the different set-up of the machine. The
settings were changed and an improvement of many pa-
rameters of VA was achieved in the second group of
10 women (treatment group). All parameters of VHI, except
for pH, showed a statistically significant improvement in the
treatment group achieving significance already at the fourth
session (T3). It should be noted that 4 subjects of the
treatment group of study 1 did not reach a VHI score higher
than 15 and remained mildly atrophic at the end of the study,
although they reported a statistically significant improve-
ment. This data may suggest that this treatment is effective
in most women but there may be subjects who require more
sessions to reach a normal vaginal health. In our study, five
weekly sessions and a follow-up visit at one month were
performed. Our protocol was based on previous studies; the
number of sessions needed to manage the symptoms of VA

is an aspect that needs to be studied further. In addition to
studying the number of treatment sessions, it would also be
interesting to understand if and when it is appropriate to
perform further maintenance sessions after the first cycle.20

Condemi et al.18 were the first to perform 5 VNOD
sessions on 25 postmenopausal women and evaluated the
presence and intensity of two subjective GSM symptoms
(vaginal burning and well-being). They also evaluated the
presence of lubrication, vaginal elasticity and vaginal wall
epithelium appearance with two not validated numerical
scores, demonstrating significant improvements, but with-
out reliable objective methods.

In our study 1, the vaginal cytology (VMV) confirmed
the improvement of vaginal health. At baseline all partic-
ipants had a prevalence of parabasal cells compared with
intermediate and superficial cells, which confirms VA. At
the end of treatment, a statistically significant reduction in
the percentage of parabasal cells and intermediate cells was
detected that resulted in a significant increase in the VMV.

A similar analysis was conducted by Barbero et al.,19

who studied 50 women with VVA also with cervical-vaginal
cytological examination. They demonstrated significant
improvements in objective and subjective symptoms of
VVA, but also the integration of HA in microvesicles in the
cytoplasm of vaginal cells, which constitutes further sci-
entific confirmation of the regenerative activity of HA as-
sociated with normobaric O2. Nevertheless, they did not
have a control group and conducted this analysis at
6 months, on only 10 out of 50 participants in the study.

Massarotti et al. did20 perform 5 sessions of VNOD on
40 breast cancer survivor women with VA and found an
improvement of VHI similar to our results. They also de-
scribed an improvement in FSFI global score, nevertheless
without reaching normal values, as in our sample. In study
1 we detected a positive impact in the treatment group only
on the pain and desire domains of the FSFI questionnaire
and a not significant downward trend in the FSDS total
score in neither group, probably due to the limited sample
size of the groups. On the other hand, in study 2, we ob-
served a significant improvement of desire, lubrication,
satisfaction and pain domains. The improvement in vaginal
trophism and lubrication (as evidenced by the improvement
in all VHI domains) may have led to an increased ease in
sexual intercourse, as suggested by the higher satisfaction,
reduced pain during intercourse, and increased desire of the
FSFI domains.

Despite a statistically significant improvement (p-value
0.007) in the comparison between T0 and T5, the mean
value of FSFI total score at T5 was below the cut-off for
normal sexual function (26.5). However, the failure to
surpass the cut-off does not negate the described clinical and
subjective improvements; instead, it may suggest the need
for a higher number of treatment sessions in a sample of
women, as suggested but the VHI results. Only a limited
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number of women (17 out of 52 subjects, 32.7%) reached
normal sexual function scores (FSFI > 26), still under-
scoring the need for further investigation about new pro-
tocols with tailored number of VNOD sessions.

It is remarkable that VNOD represents a new alternative
therapy for VAwhich can be offered to womenwho cannot or
do not want to use local or systemic hormonal therapies.7,8,40

This treatment has no contraindications, except for the
presence of ongoing vaginitis or undiagnosed bleeding.

Our study aimed also to investigate the tolerability and
safety of VNOD. As reported by previous authors, our
findings show that the VNOD treatment was well-tolerated,
with a VAS score for pain/discomfort during therapy
ranging from 0 to 1; furthermore, no participant prematurely
discontinued the treatment. We also did not observe any
adverse effects during and after VNOD therapy.

These are important advantages over laser treatment, the
other available local treatment, which can cause pain, itching,
swelling, oedema, inflammation, burning, vaginal bleeding,
lacerations and burning.17 Therefore, consistent with results
from other authors, our study showed that VNOD is a safer and
less invasive treatment compared to laser therapy. However,
we emphasize that most performed studies on VNOD in-
cluding our study, were designed with short-term follow-ups,
approximately one month after the last session of O2 therapy.

The VNOD is a device that is easier to handle than the
laser because it is small, does not expose personnel to ra-
diation, and does not require personal protective equipment
either for the doctor or the subject. Another advantage of the
VNOD is the use of disposable materials (connection tube
and probe) which reduce the cost of sterilizing probes, as is
the case with the laser.

The main strength of our study is that it evaluates HC O2 in
combination with HA on multiple parameters of VA and
sexual function with validated scales, comparing the results
with those of a sham group in study 1 and comparing the
results from the first session to the one-month follow-up
examination in a larger group of postmenopausal women
(52) diagnosed with VA in study 2. An additional strength of
our study is represented by the objective results of the ef-
fectiveness of VNOD obtained through cytological analysis
(study 1).

However, our study has also a few limitations. The sham
group was not randomized with the treatment group (study
1); nevertheless, the enrolment of the women was pro-
gressive and the medical staff performing the procedure and
administering the VNOD was not aware of the different set-
up of the machine during the sessions. Further limitations of
the study include the short follow-up time (study 1 and 2).
Another limitation is intrinsic to the device and is repre-
sented by the localized action of VNOD on the vagina and
not on the vulva, due to the only internal application of the
probe. In our sample we did not report any adverse effect
and the overall satisfaction was high. Unfortunately we

don’t have data about the women’s prospective, but we plan
to add these information in further studies.

Conclusion

Our study demonstrates that VNOD is an effective and safe
treatment, which significantly improves VA signs and
symptoms in postmenopausal women and has also a pos-
itive impact on their sexual function. This new technique is
safe and may represent an alternative option in postmen-
opausal women with contraindications or poor compliance
to other treatments. Studies with long-term follow-up and a
larger sample size are needed to confirm and extend these
results with VNOD.
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number of women (17 out of 52 subjects, 32.7%) reached
normal sexual function scores (FSFI > 26), still under-
scoring the need for further investigation about new pro-
tocols with tailored number of VNOD sessions.

It is remarkable that VNOD represents a new alternative
therapy for VAwhich can be offered to womenwho cannot or
do not want to use local or systemic hormonal therapies.7,8,40

This treatment has no contraindications, except for the
presence of ongoing vaginitis or undiagnosed bleeding.

Our study aimed also to investigate the tolerability and
safety of VNOD. As reported by previous authors, our
findings show that the VNOD treatment was well-tolerated,
with a VAS score for pain/discomfort during therapy
ranging from 0 to 1; furthermore, no participant prematurely
discontinued the treatment. We also did not observe any
adverse effects during and after VNOD therapy.

These are important advantages over laser treatment, the
other available local treatment, which can cause pain, itching,
swelling, oedema, inflammation, burning, vaginal bleeding,
lacerations and burning.17 Therefore, consistent with results
from other authors, our study showed that VNOD is a safer and
less invasive treatment compared to laser therapy. However,
we emphasize that most performed studies on VNOD in-
cluding our study, were designed with short-term follow-ups,
approximately one month after the last session of O2 therapy.

The VNOD is a device that is easier to handle than the
laser because it is small, does not expose personnel to ra-
diation, and does not require personal protective equipment
either for the doctor or the subject. Another advantage of the
VNOD is the use of disposable materials (connection tube
and probe) which reduce the cost of sterilizing probes, as is
the case with the laser.

The main strength of our study is that it evaluates HC O2 in
combination with HA on multiple parameters of VA and
sexual function with validated scales, comparing the results
with those of a sham group in study 1 and comparing the
results from the first session to the one-month follow-up
examination in a larger group of postmenopausal women
(52) diagnosed with VA in study 2. An additional strength of
our study is represented by the objective results of the ef-
fectiveness of VNOD obtained through cytological analysis
(study 1).

However, our study has also a few limitations. The sham
group was not randomized with the treatment group (study
1); nevertheless, the enrolment of the women was pro-
gressive and the medical staff performing the procedure and
administering the VNOD was not aware of the different set-
up of the machine during the sessions. Further limitations of
the study include the short follow-up time (study 1 and 2).
Another limitation is intrinsic to the device and is repre-
sented by the localized action of VNOD on the vagina and
not on the vulva, due to the only internal application of the
probe. In our sample we did not report any adverse effect
and the overall satisfaction was high. Unfortunately we

don’t have data about the women’s prospective, but we plan
to add these information in further studies.

Conclusion

Our study demonstrates that VNOD is an effective and safe
treatment, which significantly improves VA signs and
symptoms in postmenopausal women and has also a pos-
itive impact on their sexual function. This new technique is
safe and may represent an alternative option in postmen-
opausal women with contraindications or poor compliance
to other treatments. Studies with long-term follow-up and a
larger sample size are needed to confirm and extend these
results with VNOD.
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ABSTRACT
Objective:  This study aimed to evaluate the effect of vaginal oxygen and hyaluronic acid on lower 
urinary tract symptoms (LUTS) in breast cancer survivors.
Method:  A prospective trial was conducted at a university hospital’s Menopause Outpatient Clinic. 
Breast cancer patients experiencing LUTS received intravaginal natural oxygen for 15 min, coupled with 
a 2% hyaluronic acid solution during the last 5 min. This treatment was performed five times at 15-day 
intervals. Assessments were repeated at each application and 60 days after the last application. Scores 
on the Urogenital Distress Inventory-6 (UDI-6) short form and its single items assessing different LUTS 
aspects were determined.
Results:  Treatment in 85 breast cancer patients decreased the UDI-6 total score (from 24.8 ± 19.9 to 
17.5 ± 16.2; p < 0.001) and subscales evaluating irritative (p = 0.001), stress (p = 0.006) and obstructive 
discomfort (p = 0.001) symptoms. In multivariate analysis, aromatase inhibitors were independently 
associated with a greater improvement of LUTS (coefficient of regression [CR] − 8.05, 95% confidence 
interval [CI] –13.41, –2.64; p = 0.004)). The use of a gonadotrophin-releasing hormone (GnRH) analog 
was associated with a greater improvement of irritative symptoms (CR −2.42, 95% CI −4.75, –0.08; 
p = 0.042), while tamoxifen reduced the improvement of stress symptoms (CR 2.49, 95% CI 0.10, 4.90; 
p = 0.041).
Conclusion:  Short-term treatment with vaginal oxygen and hyaluronic acid appeared to improve LUTS 
of breast cancer patients.

Introduction

Breast cancer is the most common cancer in women, with 2.3 
million new cases being recorded in 2020 [1]. Over the past 
years, irrespective of menopause status at diagnosis, adjuvant 
endocrine treatment of hormone receptor-positive breast 
cancers has shifted from the preferential use of tamoxifen to 
the use of aromatase inhibitors, eventually combined, in pre-
menopausal women, with a gonadotrophin-releasing hor-
mone (GnRH) agonist [2].

Adjuvant endocrine treatments are aimed to reduce estro-
gen stimulation on the breast and are inevitably associated 
with endocrine symptoms [3], including those of the genito-
urinary syndrome of the menopause [4], a chronic, progres-
sive disorder characterized by a variety of unpleasant genital, 
sexual and urinary symptoms [5]. Systemic or local estrogens 
are considered the best treatment for the genitourinary syn-
drome of the menopause [6]. However, systemic estrogens 
are contraindicated in breast cancer patients [7], while 

vaginal estrogens can be used only for a short period of time 
in women on tamoxifen and preferably not in those on aro-
matase inhibitors [8,9]. Prasterone (vaginal dehydroepiandros-
terone  [DHEA]) has been shown to be safe also in women on 
aromatase inhibitors [10–12]. Lubricants or moisturizing 
agents may induce symptom relief but are characterized by 
poor adherence and continuation rates [13]. Attention has 
also been given to the use of vaginal CO2 lasers, whose effi-
cacy in breast cancer survivors is still unproven [14,15].

The intravaginal administration of oxygen plus hyaluronic 
acid seems to improve disturbances of postmenopausal vag-
inal atrophy [16]. We recently reported that it also improves 
the clinical symptoms of the genitourinary syndrome of the 
menopause in breast cancer survivors [17]. However, we did 
not strictly evaluate the results on specific lower urinary tract 
symptoms (LUTS). The bladder, just like other parts of the 
urogenital system, is rich in estrogen receptors and a low 
estrogen stimulus is a cause of urinary symptoms and urinary 
incontinence [18]. This is possibly aggravated in breast cancer 

© 2025 international menopause Society
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a 2% hyaluronic acid solution during the last 5 min. This treatment was performed five times at 15-day 
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on the Urogenital Distress Inventory-6 (UDI-6) short form and its single items assessing different LUTS 
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17.5 ± 16.2; p < 0.001) and subscales evaluating irritative (p = 0.001), stress (p = 0.006) and obstructive 
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associated with a greater improvement of LUTS (coefficient of regression [CR] − 8.05, 95% confidence 
interval [CI] –13.41, –2.64; p = 0.004)). The use of a gonadotrophin-releasing hormone (GnRH) analog 
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p = 0.042), while tamoxifen reduced the improvement of stress symptoms (CR 2.49, 95% CI 0.10, 4.90; 
p = 0.041).
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Breast cancer is the most common cancer in women, with 2.3 
million new cases being recorded in 2020 [1]. Over the past 
years, irrespective of menopause status at diagnosis, adjuvant 
endocrine treatment of hormone receptor-positive breast 
cancers has shifted from the preferential use of tamoxifen to 
the use of aromatase inhibitors, eventually combined, in pre-
menopausal women, with a gonadotrophin-releasing hor-
mone (GnRH) agonist [2].

Adjuvant endocrine treatments are aimed to reduce estro-
gen stimulation on the breast and are inevitably associated 
with endocrine symptoms [3], including those of the genito-
urinary syndrome of the menopause [4], a chronic, progres-
sive disorder characterized by a variety of unpleasant genital, 
sexual and urinary symptoms [5]. Systemic or local estrogens 
are considered the best treatment for the genitourinary syn-
drome of the menopause [6]. However, systemic estrogens 
are contraindicated in breast cancer patients [7], while 

vaginal estrogens can be used only for a short period of time 
in women on tamoxifen and preferably not in those on aro-
matase inhibitors [8,9]. Prasterone (vaginal dehydroepiandros-
terone  [DHEA]) has been shown to be safe also in women on 
aromatase inhibitors [10–12]. Lubricants or moisturizing 
agents may induce symptom relief but are characterized by 
poor adherence and continuation rates [13]. Attention has 
also been given to the use of vaginal CO2 lasers, whose effi-
cacy in breast cancer survivors is still unproven [14,15].

The intravaginal administration of oxygen plus hyaluronic 
acid seems to improve disturbances of postmenopausal vag-
inal atrophy [16]. We recently reported that it also improves 
the clinical symptoms of the genitourinary syndrome of the 
menopause in breast cancer survivors [17]. However, we did 
not strictly evaluate the results on specific lower urinary tract 
symptoms (LUTS). The bladder, just like other parts of the 
urogenital system, is rich in estrogen receptors and a low 
estrogen stimulus is a cause of urinary symptoms and urinary 
incontinence [18]. This is possibly aggravated in breast cancer 
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survivors by adjuvant endocrine therapy [19]. Estrogen depri-
vation reduces vascular endothelial growth factors, vascular-
ization and oxygen delivery [20,21] to the genito-urinary 
system, causing reduced tissue trophism, thinning and 
increased permeability of bladder mucosa. Oxygenation of 
tissues can be achieved by hyperbaric dives [22], by local 
application of oxygen [23], local oxygen delivering methods 
[24] and changes of ambient oxygen concentration [25]. An 
increase of partial tissue oxygen content stimulates vascular 
endothelial growth factor (VEGF) and cytokines useful to 
reduce inflammation and increase tissue vascularization and 
repair [22,26–28]. Hyaluronic acid binds water and stimulates 
fibroblast collagen synthesis, ultimately leading to better tis-
sue trophism and a reduction of vaginal symptoms [29,30]. In 
this study, we investigated more in depth whether the intra-
vaginal application of pure oxygen and hyaluronic acid 
improves LUTS in a population of breast cancer survivors.

Materials and methods

Patients were recruited from July 2021 to January 2024 at the 
Menopause Outpatient Service of a single university hospital. 
The inclusion criteria were breast cancer survivors in natural 
or induced menopause, either surgical or induced by the 
administration of a GnRH agonist. Only patients with urinary 
symptoms of any intensity were included in this study. 
Negative cervical cytology was a prerequisite for treatment 
initiation. Exclusion criteria included the presence or resump-
tion of menstrual cycles, vulvovaginal infections, existing 
endometrial hyperplasia or cancer and unexplained vaginal 
bleeding, previous use of laser therapy and previous use in 
the last 3 months of vaginal moisturizing agents or local hor-
mones (estrogens or prasterone). All patients provided 
informed consent for the utilization of their anonymized data 
for clinical research, and the study received approval from 
the local ethics committee (CER n. 484/21).

Treatment

The treatment was performed with a specialized device 
(CaressFlow Srl, Bologna, Italy) developed for the treatment 
of vaginal atrophy in postmenopausal women [16,17]. The 
procedure involved the administration of 95% pure oxygen 
through a vaginal cannula. Oxygen was administered at a 
rate of 2 l/min for a duration of 15 min. In the last 5 min, a 
low molecular weight and low viscosity solution containing 
sodium hyaluronate at a concentration of 0.2% (Fidia 
Farmaceutici, Padova, Italy) was introduced through a small 
opening at the base of the cannula and conveyed into the 
vagina by oxygen. This 15-min session was repeated every 
2 weeks, for five times in total. During treatment and in the 
follow-up period, women did not receive any other type of 
therapy nor underwent pelvic floor exercises.

Evaluations

Evaluations were performed at baseline, prior to any applica-
tion at visit 0 to visit 4. Visit 5 was performed 15 days after the 

last application to document the effect of the fifth applica-
tion. A subsequent follow-up visit was performed after an 
additional 45 days, that is, 60 days from the last application. 
Demographic and clinical data were collected before the 
start of treatment (visit 0), including age, age at menarche, 
pregnancies, body mass index, urinary incontinence, diagno-
sis of endometriosis, age at diagnosis of breast cancer, meno-
pausal status at the time of diagnosis, use of chemotherapy, 
use of radiotherapy and use of adjuvant endocrine therapy 
(tamoxifen or aromatase inhibitors with or without a GnRH 
analog). At any evaluation, the Vaginal Health Index Score 
(VHIS) was computed, by evaluating the appearance of the 
vaginal epithelium, the elasticity of the vaginal wall, the pres-
ence of moisture and the pH value [31]. Concomitantly, the 
Urogenital Distress Inventory-6 (UDI-6) short form was com-
pleted to assess the presence, severity and nature of LUTS 
[32]. The UDI-6 is a short version of a condition-specific qual-
ity of life instrument introduced in 1994 (the UDI). In partic-
ular, the questionnaire is divided into three symptom 
subscales: items 1 (‘frequent urination’) and 2 (‘urine leakage 
related to feeling of urgency’) refer to irritability symptoms; 
items 3 (‘leakage related to physical activity’) and 4 (‘small 
amounts of urine leakage – drops’) refer to stress symptoms; 
and items 5 (‘difficulty emptying the bladder’) and 6 (‘pain or 
discomfort in the lower abdomen/genitalia’) refer to obstruc-
tion or pain/discomfort symptoms of the lower abdominal 
pelvic or genital area. For each question, the score varies 
from 1 (‘not at all’) to 3 (‘greatly’). The individual scores are 
converted to make their total sum range from 0 to 100 [20]; 
the higher the score, the more bothersome the symptoms. 
All evaluations along with treatment-related side effects were 
carried out at any visit. Women with a baseline UDI-6 score 
of 0 were not eligible for inclusion in the study.

Sample size

The sample size was based on a previous study in which we 
assessed the effect of vaginal oxygen on symptoms of vagi-
nal atrophy, with a pre–post-treatment difference effect size 
of 0.4 for the UDI-6 [17]. Based on these findings, a paired 
t-test was designed to detect an effect size of Cohen’s d = 0.4, 
with a significance level (α) of 0.05 and a desired statistical 
power of 0.90. To account for potential non-parametric distri-
bution and dropouts, we increased the sample size by 25%. 
According to this analysis, a minimum of 85 participants was 
required to achieve adequate power for this study.

Statistical analysis

Data were analyzed as collected or after categorization by 
symptom severity. In this regard, each item was categorized 
in accordance with the severity score as none/mild, moderate 
and severe. Considering that the sum of the six items should 
give a total UDI-6 score of 100, each item should have a 
maximal value of 16.66; and within each item, categorization 
as ‘mild’ should give a value of 5.55, ‘moderate’ a value of 
11.11 and ‘severe’ a value of 16.66. For the total UDI-6 score, 
the category ‘none/mild’ should not exceed 5.55 per six items 
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(i.e. 33.3). This category also included women who did not 
suffer from all of the symptoms (some item = 0), but that 
was included because of a total UDI-6 score > 0 (i.e. with 
values >0 for other items). Women with severe UDI-6 scores 
should have values exceeding 16.66 (moderate symptom) per 
six items (i.e. 66.6).

The UDI-6 scale contains subscales evaluating irritative 
(items 1 and 2), stress (items 3 and 4) and obstructive/dis-
comfort symptoms (items 5 and 6). For each subscale, women 
who suffered from no or mild symptoms should not exceed 
a score value of 11.11, and those with severe symptoms 
should have values >22.22.

Continuous data were expressed as mean and standard 
deviation, while categorical data were reported as frequen-
cies. Comparison of values obtained at different time points 
was performed by analysis of variance for repeated measures, 
followed when significant by Fisher’s post-hoc test. The 
Friedman test followed by the chi-squared test was used to 
perform the same comparisons for categorical values. Multiple 
regression analysis was used to evaluate factors inde-
pendently related to the baseline values and to the modifica-
tions with treatment of the UDI-6 scale score or of its 
subscales. For these analyses, categorical data were entered 
as dummy variables, with 0 indicating the absence and 1 the 
presence of the specific factor. Backward regression analysis 
was used, by progressively removing the variables less signifi-
cantly related to the dependent variable, leaving in the mod-
els only those variables that at the end were independently 
related to the dependent variable.

For all analyses, p < 0.05 was considered statistically 
significant.

Results

Subject characteristics

A total of 85 breast cancer patients were included in the study, 
all of whom completed the cycle of five treatments. The demo-
graphic and clinical characteristics are presented in Table 1. 
Chemotherapy was administered to 55 women (64.7%) and 
radiotherapy to 54 women (63.5%). Fifteen women (17.6%) 
received no adjuvant endocrine therapy, while the remaining 

70 (82.4%) received either tamoxifen (n = 18, 25.7%) or aro-
matase inhibitors (n = 52, 74.3%). A total of 40 (57.0%) women 
were premenopausal and they all received a GnRH agonist to 
induce a medical menopause. Adjuvant endocrine therapy was 
started 3.1 ± 3.0 years before the first visit (range 
6 months–6 years). The baseline UDI-6 score was 28.4 ± 19.9.

No women reported side effects from vaginal treatment 
with oxygen and hyaluronic acid and no women discontin-
ued the study.

Main results

The UDI-6 score decreased after five treatments from base-
line values to 17.5 ± 16.2 (p < 0.001) (Figure 1). At the 45-day 
follow-up, the mean UDI-6 score was 18.1 ± 16.9. This score 
was significantly lower than at baseline (p = 0.001) although it 
had slightly increased from that evaluated at the end of 
treatment at visit 5, that is, 15 days after the last administra-
tion. The same statistically significant improvement was 
observed for irritative (p = 0.001), stress (p = 0.006) and 
obstructive/discomfort (p = 0.001) symptoms (Table 2).

The percentage of women with severe LUTS defined by a 
UDI-6 value >66.6 at baseline decreased but not significantly 
at visit 5 (8.2% vs. 2.3%, p = 0.087) (Figure 2). Yet the percent-
age of women with severe irritative symptoms significantly 
decreased (14.3% vs. 3.8%, p = 0.002) (Figure 2). Consistently, 
the percentage of women with a none/mild UDI-6 value 
(value of 33.3) increased from baseline (76.5%) to visit 5 and 
follow-up (86.7%; p = 0.024). Also women with none/mild irri-
tative symptoms increased from baseline (55.9%) to visit 5 
(84.9%, p = 0.001) to follow-up (82.1%; p = 0.003) (Figure 2).

Upon multiple regression analysis no factor among age, 
body mass index, parity, number of pregnancies, presence of 
urinary incontinence prior to treatment, endometriosis, time 
between diagnosis and treatment, age at diagnosis, length of 
menopause (natural or induced), chemotherapy, radiotherapy, 
GnRH agonist, aromatase inhibitors and tamoxifen was 
related to the baseline UDI-6 score or to that of its subscales. 

Table 1. Demographic and clinical data of the group under study.

Characteristic Mean ± SD or n (%)

age (years) 48.7 ± 8.9
Body mass index (kg/m2) 22.7 ± 3.6
Parity 51/85 (60%)
Number of pregnancies 1.0 ± 1.1
Urinary incontinence 18/85 (21.1%)
Diagnosis of endometriosis 7/85 (8.2%)
time from breast cancer diagnosis (years) 3.1 ± 3.0
age at diagnosis (years) 44.9 ± 7.9
Previous chemotherapy 55/85 (64.7%)
Previous radiotherapy 54/85 (63.5%)
type of endocrine adjuvant therapy
 No therapy 15/85 (17.6%)
 adjuvant therapy 70/85 (82.4%)
  tamoxifen 18/70 (25.7%)
  aromatase inhibitors 52/70 (74.3%)
 GnrH analog 40/70 (57.0%)

GnrH, gonadotrophin-releasing hormone.

Figure 1. mean values of the UDi-6 total score evaluated at baseline, at the 
end of treatment and at follow-up (45 days after the last treatment). UDi-6, 
Urogenital Distress inventory-6. ***p=0.001.
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(i.e. 33.3). This category also included women who did not 
suffer from all of the symptoms (some item = 0), but that 
was included because of a total UDI-6 score > 0 (i.e. with 
values >0 for other items). Women with severe UDI-6 scores 
should have values exceeding 16.66 (moderate symptom) per 
six items (i.e. 66.6).

The UDI-6 scale contains subscales evaluating irritative 
(items 1 and 2), stress (items 3 and 4) and obstructive/dis-
comfort symptoms (items 5 and 6). For each subscale, women 
who suffered from no or mild symptoms should not exceed 
a score value of 11.11, and those with severe symptoms 
should have values >22.22.

Continuous data were expressed as mean and standard 
deviation, while categorical data were reported as frequen-
cies. Comparison of values obtained at different time points 
was performed by analysis of variance for repeated measures, 
followed when significant by Fisher’s post-hoc test. The 
Friedman test followed by the chi-squared test was used to 
perform the same comparisons for categorical values. Multiple 
regression analysis was used to evaluate factors inde-
pendently related to the baseline values and to the modifica-
tions with treatment of the UDI-6 scale score or of its 
subscales. For these analyses, categorical data were entered 
as dummy variables, with 0 indicating the absence and 1 the 
presence of the specific factor. Backward regression analysis 
was used, by progressively removing the variables less signifi-
cantly related to the dependent variable, leaving in the mod-
els only those variables that at the end were independently 
related to the dependent variable.

For all analyses, p < 0.05 was considered statistically 
significant.

Results

Subject characteristics

A total of 85 breast cancer patients were included in the study, 
all of whom completed the cycle of five treatments. The demo-
graphic and clinical characteristics are presented in Table 1. 
Chemotherapy was administered to 55 women (64.7%) and 
radiotherapy to 54 women (63.5%). Fifteen women (17.6%) 
received no adjuvant endocrine therapy, while the remaining 

70 (82.4%) received either tamoxifen (n = 18, 25.7%) or aro-
matase inhibitors (n = 52, 74.3%). A total of 40 (57.0%) women 
were premenopausal and they all received a GnRH agonist to 
induce a medical menopause. Adjuvant endocrine therapy was 
started 3.1 ± 3.0 years before the first visit (range 
6 months–6 years). The baseline UDI-6 score was 28.4 ± 19.9.

No women reported side effects from vaginal treatment 
with oxygen and hyaluronic acid and no women discontin-
ued the study.

Main results

The UDI-6 score decreased after five treatments from base-
line values to 17.5 ± 16.2 (p < 0.001) (Figure 1). At the 45-day 
follow-up, the mean UDI-6 score was 18.1 ± 16.9. This score 
was significantly lower than at baseline (p = 0.001) although it 
had slightly increased from that evaluated at the end of 
treatment at visit 5, that is, 15 days after the last administra-
tion. The same statistically significant improvement was 
observed for irritative (p = 0.001), stress (p = 0.006) and 
obstructive/discomfort (p = 0.001) symptoms (Table 2).

The percentage of women with severe LUTS defined by a 
UDI-6 value >66.6 at baseline decreased but not significantly 
at visit 5 (8.2% vs. 2.3%, p = 0.087) (Figure 2). Yet the percent-
age of women with severe irritative symptoms significantly 
decreased (14.3% vs. 3.8%, p = 0.002) (Figure 2). Consistently, 
the percentage of women with a none/mild UDI-6 value 
(value of 33.3) increased from baseline (76.5%) to visit 5 and 
follow-up (86.7%; p = 0.024). Also women with none/mild irri-
tative symptoms increased from baseline (55.9%) to visit 5 
(84.9%, p = 0.001) to follow-up (82.1%; p = 0.003) (Figure 2).

Upon multiple regression analysis no factor among age, 
body mass index, parity, number of pregnancies, presence of 
urinary incontinence prior to treatment, endometriosis, time 
between diagnosis and treatment, age at diagnosis, length of 
menopause (natural or induced), chemotherapy, radiotherapy, 
GnRH agonist, aromatase inhibitors and tamoxifen was 
related to the baseline UDI-6 score or to that of its subscales. 

Table 1. Demographic and clinical data of the group under study.

Characteristic Mean ± SD or n (%)

age (years) 48.7 ± 8.9
Body mass index (kg/m2) 22.7 ± 3.6
Parity 51/85 (60%)
Number of pregnancies 1.0 ± 1.1
Urinary incontinence 18/85 (21.1%)
Diagnosis of endometriosis 7/85 (8.2%)
time from breast cancer diagnosis (years) 3.1 ± 3.0
age at diagnosis (years) 44.9 ± 7.9
Previous chemotherapy 55/85 (64.7%)
Previous radiotherapy 54/85 (63.5%)
type of endocrine adjuvant therapy
 No therapy 15/85 (17.6%)
 adjuvant therapy 70/85 (82.4%)
  tamoxifen 18/70 (25.7%)
  aromatase inhibitors 52/70 (74.3%)
 GnrH analog 40/70 (57.0%)

GnrH, gonadotrophin-releasing hormone.

Figure 1. mean values of the UDi-6 total score evaluated at baseline, at the 
end of treatment and at follow-up (45 days after the last treatment). UDi-6, 
Urogenital Distress inventory-6. ***p=0.001.
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The use of aromatase inhibitors was associated with a greater 
decrease of the UDI-6 score (coefficient of regression 
[CR] − 8.04, 95% confidence interval [CI] − 13.41, –2.64; 
p = 0.004) (Table 3). At the end of treatment, being on aro-
matase inhibitors was associated with a lower UDI-6 score 
(CR −9.2, 95% CI −17.4, −0.89; p = 0.031).

The extent of the decrease of each UDI-6 subscale was 
based on baseline values. The decrease of the irritative symp-
tom subscale was also influenced by the use of a GnRH 

analog. Vice versa, the decrease of stress symptoms induced 
by treatment was reduced using tamoxifen (Table 3).

Urinary symptoms and vaginal atrophy

The VHIS at time 0 was 9.73 ± 2.44 and was not correlated 
with either the UDI-6 total score or its subscales except for 
the obstructive/discomfort subscale (CR 0.63, 95% CI 0.02, 
1.23; R2 = 0.038; p = 0.042). At the end of treatment, the VHIS 
score increased (p = 0.001) to a value of 16.2 ± 2.8. The modi-
fications of the total UDI-6 score or of its subscales were not 
related to VHIS modifications.

Discussion

Our study shows the benefit of vaginal oxygen plus hyaluronic 
acid on LUTS of breast cancer survivors. At the end of treatment, 
the mean UDI-6 total score was significantly lower than the base-
line value. Irritative symptoms appeared the most affected, but 
significant and slightly delayed improvements were observed 
also for stress and obstructive/discomfort symptoms.

Oxygen can be absorbed by the mucosa [25,27] and its par-
tial increase in tissues stimulates VEGF synthesis and reduces 
inflammatory cytokines [22,26–28]. It may stimulate collagen syn-
thesis and in this activity is corroborated by hyaluronic acid [29]. 
The close relation between the bladder and the vagina, and their 
partially common vascularization, may explain the concomitant 
improvement of vaginal symptoms and LUTS. The improvement 
in bladder trophism may reduce sensitivity to irritative 

Table 2. mean ± standard deviation of the UDi-6 evaluated before treatment (visit 0), halfway through treatment (visit 2), at the last treatment (visit 5) and at 
follow-up.

Parameter Visit 0 Visit 2 Visit 5 Follow-up
p-Value (visit5 

vs. visit 0)
p-Value (visit 5 

vs. visit 2)
p-Value (follow-up 

1 vs. visit 0)
UDi-6 24.8 ± 19.9 19.0 ± 18.3 17.5 ± 16.2 18.1 ± 16.9 0.001 0.167 0.001
irritative symptoms 9.2 ± 8.4 6.7 ± 7.7 5.5 ± 6.8 6.6 ± 7.3 0.001 0.047 0.001
Stress symptoms 7.1 ± 8.5 6.2 ± 8.3 6.1 ± 7.5 5.7 ± 7.5 0.065 0.791 0.006
Obstructive/discomfort symptoms 2.6 ± 4.7 2.5 ± 4.4 2.2 ± 4.0 2.1 ± 3.6 0.001 0.702 0.001
VHiS 9.73 ± 2.44 13.9 ± 2.1 16.2 ± 2.8 15.5 ± 2.4 0.001 0.001 0.001

UDi-6, Urogenital Distress inventory-6; VHiS, Vaginal Health index Score.

Figure 2. Percentage of women with either severe (left) or none to moderate (right) symptoms of the total UDi-6 score, and its subscale of irritative, stress and 
obstruction/discomfort symptoms evaluated at baseline, at the end of treatment and at follow-up. UDi-6, Urogenital Distress inventory-6.

Table 3. multiple regression analyses of factors independently related to mod-
ifications induced by treatment for the UDi-6 short-form score and its subscales 
investigating irritative, stress and obstructive/discomfort symptoms.

Relation
Coefficient of 

regression 95% CI p-Value
UDi-6 total score  

(R2 = 0.309; p = 0.001)
 Baseline UDi-6 score −0.33 −0.47, –0.19 0.001
 aromatase inhibitors −8.04 −13.41, –2.64 0.004
irritative symptoms  

(R2 = 0.328; p = 0.001)
 Baseline value −0.51 −0.66, –0.36 0.001
 GnrH analog −2.42 −4.75, –0.08 0.042
Stress symptoms  

(R2 = 0.261; p = 0.001)
 Baseline value −0.31 −0.44, –0.18 0.001
 tamoxifen 2.49 0.10, 4.90 0.041
Obstructive/discomfort 

symptoms (R2 = 0.281; 
p = 0.001)

 Baseline value −0.406 −0.54, –0.27 0.001

Ci, confidence interval; GnrH, gonadotrophin-releasing hormone; UDi-6, 
Urogenital Distress inventory-6.
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symptoms, and the increase of vascularization, particularly 
around the urethra, may tend to reduce stress symptoms [33].

The included women were on adjuvant hormone therapy. 
Although not consistently [34], it has been reported that urinary 
incontinence can occur more with the use of tamoxifen [35] than 
aromatase inhibitors [36]. In our study, urinary disturbances of 
women on tamoxifen were similar to those of women on aro-
matase inhibitors at baseline, but the response to treatment was 
better in women on aromatase inhibitors, the improvement of 
stress symptoms being notably mitigated in women on tamoxifen.

The impact on irritative symptoms was more pronounced 
and immediate than on stress or obstructive/discomfort symp-
toms. The effect on stress and obstructive/discomfort symp-
toms were clearer at the follow-up investigation, 60 days after 
the last treatment. Possibly, the mechanisms leading to these 
symptom improvements, like collagen formation or peri-urethral 
vascularization enhancement [33], require a longer period of 
time to become clinically meaningful. At the 45-day follow-up 
– that is, 60 days after the last application – the UDI-6 total 
score overall slightly worsened, mainly due to a slight increase 
of irritative symptoms. We cannot rule out the possibility that 
the benefit may gradually diminish over time, and it might be 
useful to establish a longer follow-up period to determine if 
and when a treatment cycle should be repeated.

Strengths and limitations

The most important strengths of this study include the standard-
ization of the procedure and the excellent treatment compliance 
of the patients. Notably, no participant was lost to follow-up.

The main limitations are the relatively small sample size and 
the lack of a control group. Furthermore, the study was limited 
in time, and how long the benefits on LUTS can last cannot be 
defined. Furthermore, time-divergent effects may emerge 
between irritative and stress or obstructive/discomfort symptoms.

Generalizability

The data were obtained in breast cancer survivors, mostly 
those on adjuvant endocrine therapy. The number of treated 
subjects was relatively small, and comparisons among the 
responses of women on different adjuvant treatments were 
mostly underpowered, even if better responses were observed 
in women on aromatase inhibitors. The study was performed 
in a single center and mostly on white women. In addition, 
it was performed in breast cancer survivors and not in 
women in natural menopause. Accordingly, the results should 
be replicated in other settings and populations. We applied 
only a treatment protocol, and we cannot exclude that pro-
tocol variations – such as a length of vaginal oxygen applica-
tion different from 15 min, a number of applications different 
from five applications or intervals between applications dif-
ferent from 15 days – may lead to different results.

Conclusion

The administration of pure oxygen together with a hyaluronic 
acid solution every 15 days for a total of five sessions appears 

to significantly alleviate LUTS in breast cancer survivors, espe-
cially in patients on adjuvant endocrine therapy with aro-
matase inhibitors.
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symptoms, and the increase of vascularization, particularly 
around the urethra, may tend to reduce stress symptoms [33].

The included women were on adjuvant hormone therapy. 
Although not consistently [34], it has been reported that urinary 
incontinence can occur more with the use of tamoxifen [35] than 
aromatase inhibitors [36]. In our study, urinary disturbances of 
women on tamoxifen were similar to those of women on aro-
matase inhibitors at baseline, but the response to treatment was 
better in women on aromatase inhibitors, the improvement of 
stress symptoms being notably mitigated in women on tamoxifen.

The impact on irritative symptoms was more pronounced 
and immediate than on stress or obstructive/discomfort symp-
toms. The effect on stress and obstructive/discomfort symp-
toms were clearer at the follow-up investigation, 60 days after 
the last treatment. Possibly, the mechanisms leading to these 
symptom improvements, like collagen formation or peri-urethral 
vascularization enhancement [33], require a longer period of 
time to become clinically meaningful. At the 45-day follow-up 
– that is, 60 days after the last application – the UDI-6 total 
score overall slightly worsened, mainly due to a slight increase 
of irritative symptoms. We cannot rule out the possibility that 
the benefit may gradually diminish over time, and it might be 
useful to establish a longer follow-up period to determine if 
and when a treatment cycle should be repeated.

Strengths and limitations

The most important strengths of this study include the standard-
ization of the procedure and the excellent treatment compliance 
of the patients. Notably, no participant was lost to follow-up.

The main limitations are the relatively small sample size and 
the lack of a control group. Furthermore, the study was limited 
in time, and how long the benefits on LUTS can last cannot be 
defined. Furthermore, time-divergent effects may emerge 
between irritative and stress or obstructive/discomfort symptoms.

Generalizability

The data were obtained in breast cancer survivors, mostly 
those on adjuvant endocrine therapy. The number of treated 
subjects was relatively small, and comparisons among the 
responses of women on different adjuvant treatments were 
mostly underpowered, even if better responses were observed 
in women on aromatase inhibitors. The study was performed 
in a single center and mostly on white women. In addition, 
it was performed in breast cancer survivors and not in 
women in natural menopause. Accordingly, the results should 
be replicated in other settings and populations. We applied 
only a treatment protocol, and we cannot exclude that pro-
tocol variations – such as a length of vaginal oxygen applica-
tion different from 15 min, a number of applications different 
from five applications or intervals between applications dif-
ferent from 15 days – may lead to different results.

Conclusion

The administration of pure oxygen together with a hyaluronic 
acid solution every 15 days for a total of five sessions appears 

to significantly alleviate LUTS in breast cancer survivors, espe-
cially in patients on adjuvant endocrine therapy with aro-
matase inhibitors.
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Abstract. – OBJECTIVE: This is a pilot study 
to evaluate the effectiveness of concomitant ad-
ministration of hyaluronic acid and topical hy-
perbaric oxygen therapy (THOT) by a specifical-
ly designed medical device (vaginal natural oxy-
genation device, VNOD) in improving the symp-
tomatology of postmenopausal patients with 
vulvo-vaginal atrophy (VVA).

PATIENTS AND METHODS: Women with di-
agnosis of severe VVA from September 2017 to 
May 2018 were included. Five biweekly admin-
istration of THOT and concomitant of hyaluron-
ic acid were performed with a specifically de-
signed medical device. In each occasion, the in-
tensity of patient’s symptoms (well-being such 
as absence of dyspareunia, vaginal dryness, 
vulvar and/or vaginal itching; vaginal burning; 
presence of fluid) was determined with a gradu-
ated scale from 1 to 6 and the vaginal elasticity 
and the vaginal wall epithelium appearance were 
also determined with a graduated scale from 1 to 
5. The change in all parameters from baseline to 
end of therapy was evaluated. 

RESULTS: Twenty-five patients were consid-
ered for the final analysis. A significant improve-
ment in well-being (0.3 vs. 5.1, p < 0.001), vagi-
nal burning (0.2 vs. 5.1, p < 0.001), presence of 
fluid (0.6 vs. 4.9, p < 0.001), vaginal epithelium 
appearance (1.8 vs. 4.7, p < 0.001), and vaginal 
elasticity (1.1 vs. 3.8, p < 0.001) was observed 
between the first and the last therapy session. 
All the patients reported a recovery of their sex-
uality at the end of the five treatment sessions. 

CONCLUSIONS: In this pilot study, the use of 
VNOD seems to be a valid treatment of VVA, re-
sulting in a completely natural type of therapy 
well accepted by patients with immediate ther-

apeutic effects and without side effects; these 
findings must be confirmed in a well-designed 
randomized controlled trial.

Key Words:
Vulvo-vaginal atrophy, Topical hyperbaric oxygen, 

Hyaluronic acid, Dyspareunia, Genitourinary syn-
drome of menopause.

Introduction

Menopause is commonly associated with so-
matic symptoms, including hot flashes, night 
sweats and fatigue, but women are less frequent-
ly aware of vulvovaginal symptoms, including 
vulvo-vaginal dryness and atrophy, recurrent 
urinary tract infections, and dyspareunia. Post-
menopausal vulvar and, vaginal atrophy (VVA) 
is characterized by the thinning, drying, and 
loss of elasticity of the vaginal epithelium as-
sociated with the reduction in serum estrogen 
levels1. VVA can be diagnosed because of symp-
toms reported by the patient and by clinical 
examination2,3. These symptoms are presents 
up to 50% of postmenopausal women, includ-
ing vaginal dryness, irritation, itching, dysuria, 
and pain or bleeding with sexual activity4,5. 
Based on the increase in life expectancy, most 
of the women can live almost 40% of life after 
menopause, and because the VVA is progressive 
without treatment, it can negatively significantly 
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affect the quality of life6. The loss of estrogenic 
production by the ovary is associated with the 
onset of vaginal atrophy and results in decreased 
vaginal lactobacilli, increased pH, alteration of 
the epithelium morphology, reduction of blood 
flow and vaginal fluid secretion. The loss of vag-
inal wrinkled folds and the thinning of the epi-
thelium occurs about 2-3 years after menopause 
with a variable onset of these physical signs. 
The loss of roughness is the consequence of an 
alteration of the collagen supporting the vaginal 
epithelium. The first-line therapies recommend-
ed by the North American Menopause Society 
include vaginal moisturizers, continuous sex-
ual activity and lubricants7. When symptoms 
persist after taking first-line therapies, vaginal 
local estrogenic therapies (LET) are considered 
effective and well tolerated for the treatment of 
moderate to severe symptomatic VVA due to 
minimal systemic absorption, and are currently 
recommended compared to systemic estrogenic 
therapy when VVA is the only pathology. How-
ever, estrogenic therapy is used and continued 
by only about 2% of women. Recently, various 
solutions have been proposed such as hyaluronic 
acid in cream8,9, vaginal laser10,11, or injection of 
autologous adipose tissue12, with varying results 
in terms of clinical effectiveness. To develop 
new therapeutic approaches to the treatment of 
VVA, molecular oxygen could have promising 
characteristics to counteract the main modifi-
cations of tissue atrophy and hypoxia-related 
to this condition. Oxygen therapy increases the 
availability of oxygen to the tissues, promotes 
the increase of the reparative processes of the 
tissues, increases the synthesis of collagen and 
induces a neo-angiogenetic stimulation through 
the release of the Vascular Endothelial Growth 
Factor (VEGF). The hyperbaric oxygen can 
be administered topically, directly on the skin 
or mucous membranes affected, using particu-
lar devices (topical hyperbaric oxygen therapy, 
THOT). The THOT could be used in combi-
nation with hyaluronic acid, in patients who 
have contraindications for hormone treatment 
or in women who wish to use non-hormonal and 
non-invasive methods. 

The aim of this pilot study was to evaluate 
the effectiveness of concomitant administration 
of hyaluronic acid and THOT by a specifical-
ly designed medical device (Vaginal Natural 
Oxygenation Device, VNOD) in improving the 
symptomatology of postmenopausal patients 
with VVA.

Patients and Methods

Patients
A series of women with diagnosis of VVA 

based on symptoms reported and clinical exam-
ination from September 2017 to May 2018 were 
considered. The severity of vaginal atrophy was 
assessed using a Visual Analogue Scale (VAS), 
based on a four-point scale. Patients indicated the 
intensity of the perceived symptom using a score 
variable from 0 (no symptom) to 3 (presence of 
the symptom with maximum intensity). The pres-
ent study included only patients reporting a score 
of 3 (maximum intensity).

Women who had not performed a cervical 
cytology in the last year, those with presence of 
vaginal infections and patients who had concom-
itant clinically important medical disease (en-
dometrial hyperplasia or cancer; undiagnosed 
vaginal bleeding; liver or kidney disorder; throm-
boembolic disorders; cerebrovascular accident, 
stroke, or transient ischemic attack; myocardial 
infarction or ischemic heart disease; malignancy; 
endocrine disease or any clinically important 
abnormalities on screening physical examina-
tion, assessments, mammogram, electrocardio-
gram (ECG), or laboratory tests), were excluded. 
Women who used oral products containing estro-
gens, progestins, androgens, or selective estrogen 
receptor modulators (SERMs) within 8 weeks, 
transdermal hormone products within 4 weeks, 
vaginal hormone products (rings, creams, gels) 
within 4 weeks, intrauterine progestins within 8 
weeks, progestin implants/injectables or estrogen 
pellets/injectables within 6 months, an intrauter-
ine device within 12 weeks before screening, vag-
inal lubricants and moisturizers within 8 weeks, 
were excluded. 

For the treatment, the self-cooling X2 (Exea 
- MDM Industrial srl, Padulle, Bologna, Italy) 
device was used composed of a compressor unit 
and a base unit (generator) able to deliver up to 
6 l/minute of 95% pure oxygen. The base unit 
was equipped with an on-board computer and a 
graphic-touchscreen interface that allowed the 
flow modulation. The full treatment cycle in-
cludes five biweekly sessions, during which the 
single use dispenser was inserted through the 
vagina for 15 minutes, and the hyperbaric oxygen 
and the hyaluronic acid were administered at first 
alternately and subsequently in a contemporary 
way. The treatment began with the delivery of 
95% pure oxygen through a cannula specifically 
designed for vaginal therapy. The oxygen was 

113



Strictly Private and Confidential. Not for Distribution.

L. Condemi, J. Di Giuseppe, G. Delli Carpini, F. Garoia, A. Frega, A. Ciavattini

8482

delivered at a flow of 2 lt/ minute for 15 minutes; 
in the last 5 minutes a solution of low molecular 
weight sodium hyaluronate, at a concentration 
of 0.2%, was administered. At visit 0, an accu-
rate collection of patient history and a complete 
clinical examination was performed to evaluate 
eligibility criteria. The intensity of the three fol-
lowing symptoms (1. well-being such as absence 
of dyspareunia, vaginal dryness, vulvar and/or 
vaginal itching, 2. vaginal burning 3. vaginal 
lubrication and presence of fluid) were collected 
from patients with a VAS based on a six-point 
scale: score 1 = maximum intensity, score 2 = 
strong intensity, score 3 = average intensity, score 
4 = mild intensity, score 5 = weak intensity and 
score 6 = absence of symptom (Table I). Before 
the treatment, the vaginal elasticity and the vagi-
nal wall epithelium appearance were determined 
by the clinician with a numerical score as report-
ed in Table II. The first 15 minutes session was 
performed and the occurrence of any discomfort 
or adverse effect was recorded. The next four ad-
ministrations (visit 1, 2, 3 and 4) were performed 
after 14 days. On every occasion, the intensity of 
patient’s symptoms, the vaginal elasticity, and the 
vaginal wall epithelium appearance were deter-
mined and recorded with the method described 
above, as well as the occurrence of any adverse 
event. Follow-up visit was performed after 30 
days from the last administration and even on 
those occasions the vaginal elasticity, the vaginal 
wall epithelium appearance and the intensity of 
patient’s symptoms were determined and record-
ed. Patients were identified and recruited from 
investigators clinics and referring physician, with 
privacy protection and avoiding undue influence. 
Each included patient provided an informed con-
sent that allowed treatments, that certified the 
comprehension of the information provided, with 
voluntary agreement of the subject, free from 
coercion. The treatments were administered at 
Ospedale Civile Urbino – SSD Oncologia Gine-
cologica; the Local Ethical Committee approval 
was obtained.

Statistical Analysis
Statistical analysis was performed using IBM 

SPSS version 22.0 (IBM Corporation, Armonk, 
NY, USA). The statistical significance of the 
trend of variation in values between treatment 
sessions was analyzed using the one-way vari-
ance analysis according to the Kruskal-Wallis 
method. The significance of couples’ compar-
isons between treatment sessions was analyzed 

using the Wilcoxon test for non-parametric 
data. A p < 0.05 was considered statistically 
significant.

Results

The mean age at diagnosis of the 25 included 
cases was 56.6 years ± 6.8 SD (range 44 - 66). Ten 
patients were excluded for the presence of at least 
one of the factors reported above. Five included 
patients underwent previous hysterectomy (in one 
case for ovarian cancer and in four cases for be-
nign diseases). Three patients reported previous 
surgical and medical treatments for breast cancer. 
No patient discontinued therapy, performing less 
than five sessions. One patient reported a slight 
bleeding after the first treatment following sexual 
intercourse, probably due to neo-vascularization 
of the tissue. This side effect was not reported 
after subsequent treatments. The results shown a 
significative improvement of all the mean scores 
analyzed: well-being such as absence of dyspa-
reunia, vaginal dryness, vulvar and/or vaginal 
itching, vaginal burning, vaginal lubrication and 
presence of fluid (Figure 1). The intensity of the 
three symptoms reported according to the 6-point 
VAS scale (Table I) showed an average increase 
of the well-being index from 0.3 to 5.1, an aver-
age increase of the burning index 0.2 to 5.1 and 
of the fluidity index from 0.6 to 4.9. On a 5-point 
scale (Table II), the average epithelial appearance 
index increased from 1.8 to 4.7 and the average 
elasticity index from 1.1 to 3.8. The analysis of 
the comparisons between the different phases 
of therapy have showed that each subsequent 
treatment determined a significant increase in all 
parameters, except for the vaginal elasticity and 
the vaginal wall epithelium appearance for the 

(1) well-being such as absence of dyspareunia, vaginal 
dryness, vulvar and/or vaginal itching, (2) vaginal burning 
(3) vaginal lubrication and presence of fluid.

Table I. VAS scale for the intensity of the three following 
symptoms.

 Symptoms

Score 1 Maximum intensity
Score 2 Strong intensity
Score 3 Average intensity
Score 4 Mild intensity
Score 5 Weak intensity
Score 6 Absence of symptom
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delivered at a flow of 2 lt/ minute for 15 minutes; 
in the last 5 minutes a solution of low molecular 
weight sodium hyaluronate, at a concentration 
of 0.2%, was administered. At visit 0, an accu-
rate collection of patient history and a complete 
clinical examination was performed to evaluate 
eligibility criteria. The intensity of the three fol-
lowing symptoms (1. well-being such as absence 
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strong intensity, score 3 = average intensity, score 
4 = mild intensity, score 5 = weak intensity and 
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nal wall epithelium appearance were determined 
by the clinician with a numerical score as report-
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patient’s symptoms were determined and record-
ed. Patients were identified and recruited from 
investigators clinics and referring physician, with 
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Each included patient provided an informed con-
sent that allowed treatments, that certified the 
comprehension of the information provided, with 
voluntary agreement of the subject, free from 
coercion. The treatments were administered at 
Ospedale Civile Urbino – SSD Oncologia Gine-
cologica; the Local Ethical Committee approval 
was obtained.
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isons between treatment sessions was analyzed 
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Results

The mean age at diagnosis of the 25 included 
cases was 56.6 years ± 6.8 SD (range 44 - 66). Ten 
patients were excluded for the presence of at least 
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nign diseases). Three patients reported previous 
surgical and medical treatments for breast cancer. 
No patient discontinued therapy, performing less 
than five sessions. One patient reported a slight 
bleeding after the first treatment following sexual 
intercourse, probably due to neo-vascularization 
of the tissue. This side effect was not reported 
after subsequent treatments. The results shown a 
significative improvement of all the mean scores 
analyzed: well-being such as absence of dyspa-
reunia, vaginal dryness, vulvar and/or vaginal 
itching, vaginal burning, vaginal lubrication and 
presence of fluid (Figure 1). The intensity of the 
three symptoms reported according to the 6-point 
VAS scale (Table I) showed an average increase 
of the well-being index from 0.3 to 5.1, an aver-
age increase of the burning index 0.2 to 5.1 and 
of the fluidity index from 0.6 to 4.9. On a 5-point 
scale (Table II), the average epithelial appearance 
index increased from 1.8 to 4.7 and the average 
elasticity index from 1.1 to 3.8. The analysis of 
the comparisons between the different phases 
of therapy have showed that each subsequent 
treatment determined a significant increase in all 
parameters, except for the vaginal elasticity and 
the vaginal wall epithelium appearance for the 

(1) well-being such as absence of dyspareunia, vaginal 
dryness, vulvar and/or vaginal itching, (2) vaginal burning 
(3) vaginal lubrication and presence of fluid.

Table I. VAS scale for the intensity of the three following 
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Figure 1. Trend of variation of mean score values between treatment sessions.
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last treatment (interval T3-T4) (Table III). All the 
patients reported a recovery of their sexuality at 
the end of the five treatment sessions.

Discussion

Despite the high prevalence and the substan-
tial effect on quality of life, VVA often remains 
underestimated and not subjected to treatment13. 
LET is the effective standard therapy, but many 
women in this condition refuse its use because of 
negative publicity in recent years related to the 
side effects. In fact, while less recent studies14-17 
showed an increased breast cancer risk with es-
trogen and progestin combination, which has led 
to the perception of estrogen as a harmful treat-
ment, later publications showed that the risk has 
been overestimated and limited to selected types 
of combinations, whereas estrogens alone seem to 
be protective instead15-17. Furthermore, there are 
few safety studies18 supporting the use of LET in 
breast cancer survivors, and this therapy is con-
sidered contraindicated. The SERM ospemifene 
is currently indicated in Europe for the “Treat-
ment of moderate to severe symptomatic VVA in 
post-menopausal women who are not candidates 
for LET”. Although women with contra-indica-
tions to LET are clearly ‘not candidates for LET’. 
It is ultimately at the discretion of the treating 
physician whether to prescribe ospemifene in 
that case or not19,20. Patients who have survived 
breast cancer and have completed their adjuvant 

treatment are not candidates for LET due their 
history of breast cancer but can use ospemifene19. 
Patients who have not completed follow-up or 
who are performing adjuvant therapy can only 
use the non-hormonal vaginal moisturizers, lu-
bricants designed to treat VVA symptoms. These 
treatments address vaginal dryness and reduce 
burning dyspareunia and hitching, but they have 
no effect on the loss of elasticity and compliance 
of vaginal walls, and their effect is only transi-
tory. A recent report21 by the North American 
Menopause Society has not taken a position on 
how to treat women with early menopause in 
cases of breast, ovarian or endometrial cancer, 
suggesting that the management of the problem 
should be left to the oncologist, considering the 
potential risk of hormone treatment in these 
subjects. In this context the therapy with hyper-
baric oxygen in combination with hyaluronic acid 
could be proposed in the future to the patients. 
Oxygen therapy determines the increase of the 
reparative processes of the tissues and increas-
es the synthesis of collagen, allowing a normal 
hydroxylation of this protein22. In fact, at oxy-
gen tensions lower than normal, the collagen is 
not correctly synthesized, delaying the healing 
of the wounds. Furthermore, oxygen induces a 
neo-angiogenic stimulation through the release 
of VEGF23. This function is essential for the res-
toration of the microcirculation in compromised 
vascular tissues, re-establishing a vascular flow 
in the hypoxic areas24. Hyaluronic acid is a nat-
ural polysaccharide, which is an important part 

Table II. Vaginal elasticity and vaginal wall epithelium appearance determined with two numerical scores.

 Vaginal elasticity Vaginal wall epithelium appearance

Score 1 Absent Score 1 Petechiae
Score 2 Poor Score 2 Contact bleeding
Score 3 Average Score 3 Scratching bleeding
Score 4 Good Score 4 Erythema
Score 5 Excellent Score 5 Normal

Table III. Comparisons between the different phases of therapy in relation to the intensity of the three following symptoms 
and of the vaginal elasticity and the vaginal wall epithelium appearance

 T0-T1 T0-T2 T0-T3 T0-T4 T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4

Well-being p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.01
Vaginal burning p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.05
Presence of fluid p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.01 p < 0.001 p < 0.001 p < 0.01 p < 0.001 p < 0.05
Epithelium appearance p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.01 p < 0.001 p < 0.001 p < 0.01 p < 0.001 NS
Elasticity p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.01 p < 0.001 p < 0.001 p < 0.001 p < 0.001 NS
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to the perception of estrogen as a harmful treat-
ment, later publications showed that the risk has 
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tory. A recent report21 by the North American 
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how to treat women with early menopause in 
cases of breast, ovarian or endometrial cancer, 
suggesting that the management of the problem 
should be left to the oncologist, considering the 
potential risk of hormone treatment in these 
subjects. In this context the therapy with hyper-
baric oxygen in combination with hyaluronic acid 
could be proposed in the future to the patients. 
Oxygen therapy determines the increase of the 
reparative processes of the tissues and increas-
es the synthesis of collagen, allowing a normal 
hydroxylation of this protein22. In fact, at oxy-
gen tensions lower than normal, the collagen is 
not correctly synthesized, delaying the healing 
of the wounds. Furthermore, oxygen induces a 
neo-angiogenic stimulation through the release 
of VEGF23. This function is essential for the res-
toration of the microcirculation in compromised 
vascular tissues, re-establishing a vascular flow 
in the hypoxic areas24. Hyaluronic acid is a nat-
ural polysaccharide, which is an important part 

Table II. Vaginal elasticity and vaginal wall epithelium appearance determined with two numerical scores.

 Vaginal elasticity Vaginal wall epithelium appearance

Score 1 Absent Score 1 Petechiae
Score 2 Poor Score 2 Contact bleeding
Score 3 Average Score 3 Scratching bleeding
Score 4 Good Score 4 Erythema
Score 5 Excellent Score 5 Normal

Table III. Comparisons between the different phases of therapy in relation to the intensity of the three following symptoms 
and of the vaginal elasticity and the vaginal wall epithelium appearance

 T0-T1 T0-T2 T0-T3 T0-T4 T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4

Well-being p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.01
Vaginal burning p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.05
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of the extracellular matrix of skin and cartilage. 
This substance can bind a large quantity of water 
molecules contributing to the maintenance of 
water balance, proper hydration and structure of 
skin and mucous membranes25. Various research-
es26,27 of hyaluronic acid in VVA therapy have 
shown that this compound has been well tolerated 
without side effects. Our pilot study has shown 
very high efficacy of the VNOD, both in the anal-
ysis of subjective and objective data. The data 
showed a reduction of burning symptoms already 
after the first session, reaching a value of 5.1 (on 
a scale of 6) at the end of the therapy. One of the 
most immediate effects was the increased elastic-
ity of the tissues, already after the first session, 
reaching a value of 3.8 (on a scale of 5) at the end 
of the therapy. All the indexes used show a statis-
tically significant improvement at each treatment 
except for the epithelium and elasticity parame-
ters in the T4-T5 (although the data showed an 
improvement), suggesting that for these scores, 
4 sessions are sufficient to achieve the maximum 
result with this therapy. VVA is often a cause of 
urinary tract disorders. Some patients reported 
an improvement of the genitourinary symptoms 
such dysuria, pollakiuria and mild incontinence. 
Our pilot study was not aimed at the evaluation 
of these disorders. Further studies could confirm 
the effect on urinary symptoms. Moreover, to 
demonstrate the effectiveness of this combined 
therapy, a double-blind, randomized, controlled, 
trial is required. This study will be completed 
with the analysis of the degree of restoration of 
the mucosa (epithelium and connective tissues) 
by histological and immunohistochemical anal-
yses. The role exerted by Mesenchymal Stem 
Cells (MSCs) in the reparative process will also 
be studied.

Conclusions

We observed that the use of VNOD has proven 
to be a valid treatment of VVA, resulting in a 
completely natural type of therapy well accepted 
by patients with immediate therapeutic effects 
and without side effects. A following larger piv-
otal trial may support such data and study other 
beneficial effects of such therapy.
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Abstract
BACKGROUND: Vulvovaginal candidiasis (VVC) is a common fungal infection caused by Candida species. 
It affects about 138 million women per year worldwide. Several clinical studies confirmed that hyaluronic acid 
administration has vaginal estrogens-like effects, relieving the typical vaginal atrophy symptoms, including dryness, 
itching, and dyspareunia. Local oxygen therapy, on the other hand, has a powerful regenerative, antibacterial, and 
biostimulating effect.

AIM: The aim of our open, anecdotical, retrospective, and spontaneous trial has been to evaluate the efficacy of the 
association between high concentration oxygen and hyaluronic acid for treatment of relapsing candidiasis.

MATERIAL AND METHODS: Forty-five women (30.9 ± 4.4 years) with relapsing candidiasis, and complaining of 
dryness, dyspareunia, pain, appealing to our Second Opinion Medical Consultation Network, signed an informed 
consent form and were treated with oxygen/hyaluronic acid therapy treatment, once a week, for total of 5 weeks at 
the outpatient clinic (Healthy Center, Sirio, Fidenza, Italy). The physicians of the Second Opinion Network followed 
up weekly from remote (WhatsApp, Skype) each treated patient as to state the effectiveness, tolerability, and side 
effects of the treatment.

RESULTS: The mean VAS and VuAS scores measured at first visit were 2660 and 2622 and significantly (p < 0.0001) 
reduced to 1,311 and 0.77 at last visit. The measurements of the vaginal pH and of the vaginal swab after the 
last treatment session confirmed significantly (p < 0.0001) the absence of candidiasis. Three months later in the 
follow-up, the percentage of patients who had had only one VVC relapse was 4.44% (2/45), a percentage that 
increased just to 8.8% at six months (4/45). The elastography index was significantly (p < 0.0001) increased after the 
last treatment session (2.55 ± 0.545 vs. 4.48 ± 0.505).

CONCLUSION: The combined oxygen therapy with hyaluronic acid gave definite therapeutic benefits in this cohort 
of relapsing candidiasis in the acute phase of the infection. The 6-month follow-up, also detected a lower reinfection 
rate compared with the historical available data. The procedure is totally painless with excellent compliance by 
patients and no untoward effects.
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Introduction

Vulvovaginal candidiasis (VVC) is a common 
fungal infection caused by Candida species [1], [2]. 
It affects about 138 million women (between 25 and 
34 years old) per year worldwide [3], [4]. The number of 
women with recurrent disease is supposed to increase 
to almost 158 million in 2030 [3]. About 70−75% 
of women, especially of childbearing age, have 
VVC infection at least once in their life and 40-50% 
relapse [5]. In fact, about 20% of acute infections turn in 
relapsing mycotic vulvar-vaginitis, four or more times in 
a year [6]. The Candida albicans strain affects 85% of 
the women, relapsing in about 5% of the infections [1]; 
however, in the last years further pathogenic species, 
such as Candida glabrata, Candida krusei, and 
Candida tropicalis, have emerged [7]. All these strains 
in a balanced saprophytic environment are normal 
commensals of the microbiota either in the vaginal 

cavity or in other warm-humid body surfaces [1]. In fact, 
the Candida species, in particular Candida albicans, 
are ubiquitous pathobiotic microorganisms, members 
of commensal flora, which can cause infections in 
healthy and immunocompromised people when an 
imbalance between microbial-related factors (virulence 
factors) and host-related factors occurs [8], [9]. The 
main virulence factors include: the morphological 
transition from yeast to hyphal form [10], the expression 
of cell surface molecules, such as adhesins, to help the 
Candida to adhere to epithelial cells [11], directional 
hyphal growth (thigmotropism) [12], the biofilm 
formation [13], phenotypic switching, the secretion of 
extracellular hydrolytic enzymes such as proteinases 
and phospholipases [14], the ability to change its 
morphology [15], and its metabolic adaptability [16]. 
Through these virulence factors, Candida spp. can 
adapt to different host niches and cause infections. 
Other factors include rapid adaptation to fluctuations 
in environmental pH, mediated by heat shock proteins 

Since 2002
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(Hsps) [17]; auto-induced hyphal formation through 
selective amino acid and metals, such as carbon, 
nitrogen, iron, zinc, or copper uptake can influence the 
fungal pathogenicity [18].

Diagnosis of relapsing candidiasis can be 
quite puzzling due to the non-striking symptoms, the 
inconspicuous objectivity, and the positivity of the 
culture examination only in 20–30% of cases but being 
a widespread public health problem, it has a heavy 
medical and socio-economic burden [14], [19].

The symptoms are pruritus, soreness, 
irritation, vaginal discharge, and discomfort, while the 
clinical signs are introital/vulvar and vaginal erythema, 
edema, excoriation, typical leukorrhea, vulva and 
vaginal burning, dysuria, dyspareunia, and frequent 
micturition [20], [21], [22]. The patients also report 
reduced fitness and physical activities, with psychological 
involvement in terms of anxiety, depression, and loss of 
self-esteem [3], [20].

The moderately acidic (range: 3.8−5.0) normal 
vaginal pH prevents vaginal infections but several 
factors, such as age, nutrition, and vaginal Hydration 
et al. can modify it [23], [24]. Consequently, a high vaginal 
pH level (greater than 5) suggests bacterial vaginosis, 
trichomonas vaginitis, or candidiasis [25], [26].

Candidiasis is also frequent in pregnant women 
and can be transmitted to the new-born during delivery 
or in the postnatal phase, requiring clinical protocols for 
prevention [27].

The relapse episodes can be due to recurrent 
oropharyngeal candidiasis in patients with advanced 
and uncontrolled HIV infection, to genetic factors 
(polymorphism, familial, and ethnicity), to immune 
mechanisms (uncontrolled diabetes, antibiotics, and 
hormone replacement therapy), to behavioral reasons 
(oral sex, oral contraceptive, corticosteroids, hormonal 
changes, and intercourse frequency), to psycho-emotional 
changes, to inadequate intimate hygiene or clothes 
inducing sweat and local heat in the vulvovaginal area, 
and to idiopathic factors [28], [29], [30], [31], [32], [33].

The use of topic and oral antifungals, such as 
nystatin, fluconazole, azole and triazole derivatives, 
is generally safe and well tolerated, but can promote, 
especially fluconazole, in the long run, progressive drug 
resistance by the Candida strains [34], [35], such as C. 
glabrata and C. krusei [36], which are more pathogenic 
in terms of edema, skin irritability, and chronic vulvar 
pain (vulvodynia) [37], [38]. In fact, in the last decade, 
different women with recurrent VVC appeared 
fluconazole resistance [39]. Some other less used but 
effective drugs, including polyenes and echinocandins 
induce also substantial toxicity [40], [41], [42].

Considering these limitations and the 
continuous increase of Candidiasis incidence, semi-
solid mucoadhesive formulations, such as gel with 
propolis, have been proposed [43], [44], but new more 
effective, safe and cheaper drugs and strategies are 

required to treat this infection, especially the recurrent 
cases.

Farida et al. [45] analyzed the beneficial effect 
of Indonesian Propolis wax, as anti-candida agent, 
in 40 vaginal candidiasis patients. The patients were 
randomly divided into two groups: (1) Treated with 
suppositoires containing propolis wax from Tetragonula 
sp. (5%) and Oleum Cacao (n = 20) and (2) treated with 
the standard antifungal agent, nystatin vaginal tablet 
(n = 20); administered one at night before sleep for seven 
days. The results showed that Propolis can improve 
the immune response against C. albicans by inhibiting 
the biofilm production and increasing the microbial 
activity of neutrophils [46], [47]. Other used potential 
anti-fungal compounds are essential oils, including 
thymol (found primarily in thyme and oregano) [48], 
and curcumin [49], that perform a cleansing, refreshing 
and lenitive action, promoting the tissue repairing and 
the cellular microenvironment recovery by acting as 
mucosal protection elements.

Another potentially useful natural 
mucopolysaccharide, is the hyaluronic acid (HA), a 
uniform, anionic, nonsulfared, linear glycosaminoglycan, 
composed of repeated disaccharide units that can 
reach high length and molecular weight [50]: It has 
been challenged into the vagina due to its moisturizing 
mucosal healing chemotactic and hydrating properties, 
significantly contributing to viscoelastic interstitial tissue 
replacement [51].

Our previous preclinical investigations 
demonstrated that the high molecular weight HA has 
antiviral, antibacterial and antifungal activity toward a 
few Candida species [52], [53], [54], [55], [56], [57]. 
Many clinical contributions confirm that hyaluronic acid 
gives remarkable adhesive, moisturizing, and repairing 
benefits in the vaginal mucosa [58], [59].

A total of 833 studies, reviewed by 
Campagnaro et al. [60], confirmed topical hyaluronic 
acid gel administration has vaginal estrogens-like 
effects, relieving the typical vaginal atrophy symptoms, 
including dryness, itching, and dyspareunia, in 
postmenopausal women. It improves the vaginal 
microenvironment allowing for a better migration 
and proliferation of mesenchymal and epithelial cells 
involved in tissue repair process and has a hydrating 
effect due to persistent adhesion to the mucosa, with 
recovery of cutaneous microlesions caused by friction 
due to vaginal dryness.

Local oxygen therapy, on the other hand, has a 
powerful regenerative, antibacterial and biostimulating 
effect; in fact, it increases the availability of oxygen 
to the tissues, promotes the tissue repair processes 
and enhances the synthesis through hydroxylation 
of its chains [61], [62], [63], [64]. It improves the 
oxygen-dependent transport of some antibiotics, 
such as tobramycin, across bacterial cell walls [65]. 
Specifically, this treatment can improve the damage 
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to the mucosae after gynecologic cancer radio-
therapy, promoting neo-angiogenesis, enhancing high 
levels of vascular endothelial growth factor (VEGF) 
from macrophages and improving local hypoxia [66]. 
Especially, hyperbaric oxygen increases the VEGF and 
activates capillary endothelial cells to migration, forms 
tubules off-post-capillary venules, and connects to 
existing blood supplies [67], [68], [69]. The hyperbaric 
oxygen stimulates also induction of collagen synthesis, 
fibroblast proliferation, and antimicrobial defense [70].

Recent in vitro and in vivo studies 
have demonstrated that oxygen therapy is an 
antifungal weapon against Aspergillosis and 
Zygomycosis [71], [72]. It is supposed that the oxygen 
decreases acidosis of the inflamed areas, reducing 
the anaerobic metabolism improving the cell mediated 
reaction against the infection and phagocytosis [72].

By increasing the partial pressure of oxygen 
in ischemic tissues, anaerobic metabolism is reduced, 
and local pH may improve and promote the intracellular 
killing of fungi into neutrophils, monocytes and 
macrophages cytoplasm [72]. Gudewicz et al. observed 
the combined effect of oxygen and amphotericin B 
(antifungal medication) to inhibit the growth of Candida 
albicans [73]. Oxygen tensions of 1800 mm Hg for 
90 min in the presence of amphotericin B showed an 
enhancement of both minimum inhibitory concentrations 
(MIC) and minimum bactericidal concentrations 
(MBC) [73]. Condemi et al., in a pilot trial, showed that 
the concomitant administration of topical hyperbaric 
oxygen and hyaluronic acid can have therapeutic 
efficacy in the treatment of vulvar-vaginal atrophy in 25 
post-menopausal women [74].

On the basis of this literature contribution, the 
aim of our anecdotical, retrospective, spontaneous trial 
has been to evaluate the efficacy of the association 
between high concentration oxygen and hyaluronic 
acid for treatment of relapsing candidiasis.

Materials and Methods

The clinical study was approved by the local 
institutional review board and conducted in accordance 
with the ethical standards of the Declaration of Helsinki.

Patients

Forty-five women (30.9 ± 4.4 years) with 
relapsing candidiasis, and complaining of dryness, 
dyspareunia, pain, vaginal itching, and burning; 
appealed to our Second Opinion Medical Consulting, 
from January 2019 to January 2020, and were 
included in the present protocol (Table 1). The 
Second Opinion Medical Network is a consultation 

referral web and medical office system enclosing a 
wide panel of specialists, to whom any patient with 
any illness or syndrome not adequately satisfied with 
diagnosis or therapy can ask for an individual clinical 
audit [75], [76], [77], [78]. After signed the informed 
consent form, all the participants answered a life 
quality questionnaire describing the clinical symptoms, 
frequency of relapses and personal history.

Each participant has been also required 
to fill in before and after the treatment, the Vaginal 
Assessment Scale (VAS) and a modified version of the 
VAS, the vulvar assessment scale (VuAS), identifying 
the vulvar symptoms (dryness, itching, burning, and 
pain), and to undergo to a self-administered vaginal 
swab for microbiological analysis at baseline and at 
the end of therapy. The patients were instructed to 
insert the vaginal swab (Canestest® self-test for vaginal 
infections, Bayer S.p.A., Milan, Italy) 1−2-inches into 
the vagina, rotating the swab to collect sample on all 
sides of the tip, keep the swab in the vagina for 10 s, 
and then remove the swab and place it in a sterile 
tube. After 10 s, the patients check the tip swab to 
see if the color has stayed yellow or changed to blue-
green (indicating vaginal infections). In addition, each 
woman self-tested the vaginal pH, always before and 
after the treatment, using a vaginal applicator (Gyno-
Canestest® Vaginal Ph Self-test swab, Bayer S.p.A., 
Milan, Italy) that includes a pH indicator embedded into 
a biocompatible grip. It detects vaginal pH, providing 
information regarding vaginal infections such as VVC, 
vaginosis and trichomoniasis (Table 2).

Table 2: The initial self pH readings of patients before the 
treatment
Patients’ initial self pH readings Number of patients (before treatment)
6–7 21
7–8 24

The yellow indicator may turn in green/blue, if 
vaginal pH is a normal (pH > 4,7), denoting infections 
such as candidiasis or do not change color after 10 s, if 
vaginal pH is normal (pH: 3.8−4.5) [79], [80]. A standard 
vaginal examination to detect the elastic properties 
of pelvic floor tissues, elastography index (EI), was 
performed by a practicing gynecologist, at baseline 
and at the end of the last treatment section, using an 
transvaginal elastography, also known as elasticity 
imaging -EI-, (EPIQ7C Ultrasound System, Philips 
Medical Systems, Andover, MA, USA) consisting of 
C10–3v PureWave 10MHz vaginal probe [81], [82], [83]. 
It products 3-D tactile images based on generating a 

Table 1: Patient’s demographic characteristics
Patient’s characteristics Value
Number of patients (women) 45
White race, n 45
Geographic region, Italy, n 45
Age, years 30.9 ± 4.4
Weight, kg 61.1 ± 7.8
BMI, kg/m2 20.8 ± 2.3
Candidiasis, n 24
Candidiasis+cystitis, n 21
Disease duration, years ≥5
Data are presented as the mean ± SD. BMI: Body mass index , SD: Standard deviation.
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stress in the tissues using various static or dynamic 
means and on measuring their consequent elastic 
properties by ultrasound or MRI [84], [85].

The VAS and VuAS are each 4-item 
questionnaires that determine the severity scale (range 
0−3 points: 0 = none, 1 = mild, 2 = moderate, and 
3 = severe) of dryness, soreness, irritation, and pain 
(dyspareunia or painfulness to touch with external 
stimulation) for both the vaginal and vulvar areas. In 
particular, the VuAS focuses on the external genitalia, 
including the tissue surrounding the vaginal opening, 
the labia minora, labia majora, clitoral hood, clitoris, 
and perineum. Lower scores indicate better health 
conditions [86].

Inclusion and exclusion criteria

The inclusion criteria were as follows: 
Diagnosis of VVC by, one or more than one molecular 
swab, such as microbiome-based polymerase chain 
reaction (PCR) assay, or by blood test, including IgA, 
IgM, and IgG antibodies test; clinical history of a least 
6-year candidiasis relapses. The exclusion criteria were 
pregnant women, patients with sexually transmitted 
diseases, women that used hormone therapy 
(estrogens, progestins, and androgens) or vaginal 
hormone products (rings, creams, and gel) in the past 
2 months before the enrollment.

The patients accepted to undergo oxygen/
hyaluronic acid therapy treatment, once a week, for a 
total of 5 weeks at the outpatient clinic (Healthy Center, 
Sirio, Fidenza, Italy).

Detailed instructions about healthy hygienic 
and sexual behavior were given before and after 
the treatment: The patient should avoid intravaginal 
medications, vaginal douching, and sexual intercourse 
within 24 h of her clinical procedure and also then it.

The physicians of the Second Opinion Medical 
Consulting Network followed up weekly from remote 
(telemedicine), each treated patient as to state the 
effectiveness, tolerability, and side effects of the 
treatment, through WhatsApp and Skype or visit when 
required.

Treatment protocol

It included one/weekly session (total 5 
sessions) with a specific device for gynecological 
practice (Caressflow®, Caress Flow Srl, Bologna, Italy): 
A vaginal disposable cannula, connected to the machine 
body. Each patient is treated, inserting the vaginal 
cannula equipped with outlet holes, and releasing 
molecular oxygen at 1 Atm alone (for the first 10 min) and 
subsequently combined with sprayed 5 ml low molecular 
weight hyaluronic acid (for the next 5 min) (Figure 1). 
Post-treatment maintenance of one session per month 
was recommended. The intravaginal oxygen flow (95% 

pure oxygen delivered at a rate of 2 lt/min) has been 
chosen to optimize the best absorption by the vaginal 
mucosa. Highly concentrated oxygen spreads easily 
through the vaginal mucosa, counteracting the critical 
hypoxia of microcirculation impairment and recovering 
the superficial cells metabolism. After the oxygen 
session, hyaluronic acid solution (0.2% concentration, 
10 ml) is sprayed through a special injection hole 
located in the upper part of the cannula (Figure 1). Due 
to its low molecular weight, is easily absorbed by the 
mucosa preconditioned with the pure oxygen flow. The 
low molecular weight hyaluronic acid penetrates easily 
in the mucosa prepared by the action of oxygen. All the 
patients were evaluated for the presence of candidiasis 
at the end of the last treatment session, with follow-up at 
3 and 6 months from the end of treatment.

Statistical analysis

Statistical analyses were performed using 
GraphPad Prism 7 (GraphPad Software Inc., San 
Diego, CA, USA). The data were analyzed using an 
unpaired t-test with Welch’s correction. p < 0.05 was 
considered significant.

Results

The Caress flow® protocol delivering HA 
and oxygen in the vagina of the women affected 
by candidiasis gave satisfactory results in terms of 
symptoms relieve and Candida disappearance at the 
end of the treatment. The mean VAS and VuAS scores 
measured at first visit were 2,660 and 2,622 and 
significantly (p < 0.0001) reduced to 1.311 and 0.77 at 
last visit (Figure 2). The measurements of the vaginal 
pH (value < 5) and of the vaginal swab (color yellow) 
after the last treatment session confirmed significantly 
(p < 0.0001) the absence of bacterial vaginosis, 
trichomonas vaginitis, or candidiasis (Figure 3).

Three months later in the follow-up, the 
percentage of patients who had only one VVC relapse 
was 4.44% (2/45), a percentage that increased just 

Figure 1: Vaginal disposable cannulas for injection of hyaluronic acid
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to 8,8% at six months (4/45). Figure 4 reported the 
relapsing events, for each patient, in the 6 months 
before treatment and in the 2 follow-up after treatment 
(3 and 6 month-follow up). The elastography index 
(EI) was significantly (p < 0.0001) increased after 
the last treatment session [mean ± SD, 2.55 ± 0.545 
(pre-treatment) vs. 4.48 ± 0.505 (post-treatment)] 
(Figure 5).

Figure 3: Vaginal pH and swab measurements before and post-
treatment. There were significant differences. ****p < 0.0001 
pre- versus post-treatment

The microbiological analysis of the secretions, 
in the 3 and 6-month follow-up, showed total elimination 
of fungal colonization in all the patients.

Figure 4: Frequency VVC infection/year pre-treatment and at 3 and 
6-month follow-up. There were significant differences. ****p < 0.0001 
pre- versus post-treatment

The tolerability was excellent: Indeed, no side 
effects of the treatment were reported by the patients 
that described the protocol “pleasant and refreshing.”

Combined oxygen therapy with hyaluronic 
acid has proved to be a valid method for treating the 
symptoms associated with relapsing candidiasis, 
capable of resolving both the acute phase of the 
infection and effectively preventing its reappearance. It 
is a totally painless therapy, with excellent compliance 
by patients.

Discussion

Our observation suggests that the Caressflow® 
protocol combining hyaluronic acid and oxygen has 
antimicrobial, antifungal, antioxidative, and also anti-
inflammatory properties. Selectively the oxygen 
enhances the reparative processes of the inflamed 
mucosa and the collagen synthesis by the hydroxylation 
pathway and induces a neo-angiogenetic stimulation 
through the release of the vascular endothelial growth 
factor (VEGF) [74], [87], [88], [89]. The amount of 
oxygen up taken by plasma is 10–20 times higher than 
normal, and oxygen diffusion into tissues is strongly 
increased.

On the other side, hyaluronic acid, a natural 
polysaccharide, binds large amount of water molecules 
rehydrating, and re-structuring the inflammation-
injured skin and mucous surfaces [90]. The safety 
and effectiveness of HA at different molecular 
weights in VVA patients have been stated by several 
studies [91], [92], [93].

As to the mechanisms of action, the low molecular 
weight hyaluronic acid spreads into the deeper vaginal 
layers [94], and can block the intercellular adhesion 
molecule (ICAM)-1 receptor, reducing inflammation and 
secretion of pro-inflammatory cytokines [95].

The individual interviews with the patients by 
mean of Skype or physician’s visit showed improvement 
in life quality, a notable goal especially for recurrent 
VVC, source of discomfort in the social daily life 
relationships, in the partner relationships and sexual 
intercourse. In fact, the life quality scores improved 

Figure 2: VAS and VuAS values pre- and post-treatment. There were 
significant differences. ****p < 0.0001 pre- vs. post-treatment

Figure 5: Elastography index (EI) values of pelvic floor tissues 
pre- and post-treatment. There were significant differences. 
****p < 0.0001 pre- versus post-treatment
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progressively during the treatment in terms of intimacy 
and sexual intercourse fitness but also of mood and 
social behavior.

The main limitations of our study were (1) the 
small clinically cohort of patients and (2) the absence 
of a control group. Given the small size of the patient 
sample, we cannot exclude error rates (Type 1 and 
Type 2 errors) and cannot ensure that our results may 
be replicated in future research with larger sample 
size. However, this preliminary observation and the 
positive outcome are very promising and recommend 
a further major evidence based clinical trial. The 
identification of control group was also difficult because 
Caressflow® is a specific combination of gas and a 
natural mucopolysaccharide; in a possible next study 
a single- or double-blind placebo effect might be 
evaluated by a sham treatment with air flow and saline 
being our study just a basic reference of the procedure.

Conclusion

The combined oxygen therapy with hyaluronic 
acid gave definite symptomatic benefits in this cohort 
of relapsing candidiasis in the acute phase of the 
infection. The 6-month follow-up, also detected a lower 
reinfection rate compared with the historical available 
data. The procedure is totally painless with excellent 
compliance by patients and no untoward effects.

The Caressflow® device is non-invasive and 
repeatable treatment and can thus be considered a 
profitable hygienic procedure to be periodically repeated 
for optimal environmental conditions and functions of 
the vulvar-vaginal apparatus.
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INTRODUCTION 

Lichen sclerosus is a chronic inflammatory dermatitis, with a predilection for the anogenital area 

predominantly female (female / male ratio 6 to 1), which in some cases can be seriously affected 

(atrophy of the labia minora, phimosis, introital stenosis, etc.). Most cases are diagnosed in 

postmenopausal women, but it can affect women and men of any age. Lichen sclerosus is usually 

an itchy condition, although it can also be asymptomatic. 

The pathology of lichen is characterized by symptoms such as burning and itching that can afflict 

the woman in her daily life. These symptoms can lead to dyspareunia and vulvar lesions, both 

caused by scratching and by tissue fragility. In the advanced stages there is a radical change in the 

anatomy of the genitals: disappearance of the clitoris, incorporated in fibrosis, disappearance of 

the labia minora and labia majora, reduction of vulvar intake to the point of impossibility of 

having sexual intercourse and in extreme cases not even undergoing at gynecological 

examination. In addition, fibrosis can involve the peri-urethral region with displacement of the 

urethra and cause the so-called vaginal urination. Such sclerotic tissues undergo ulceration 

causing intense pain and burning. In women, Lichen sclerosus is considered a rare disease (1.7% 

of gynecological patients) due to the low incidence, but it is also an underestimated disease 

because it is hidden or not recognized: patients, in fact, sometimes consider the symptoms of 

Lichen Sclerosus related to menopause. 

In men, phimosis or fusion of the foreskin over the coronal sulcus may occur. Those affected 

perceive a progressive discomfort. 

The treatment of lichen, aimed at reducing the disabling symptoms, is mainly carried out using 

cortisone for topical use. However, prolonged use can lead to drug resistance and cause important 
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2/5 

side effects such as aggravation of atrophy. Furthermore, cortisones have no effect on the repair of 

the scarring of the disease. 

To overcome the problems associated with the prolonged use (often for a lifetime) of 

corticosteroids, new approaches have been tried to reduce symptoms. 

Hyaluronic acid is a natural polysaccharide that forms a fundamental part of the extracellular matrix 

of the skin and cartilage, has remarkable adhesive, moisturizing and repairing properties of the 

mucous membranes and skin. The use of hyaluronic acid for topical use has been used with positive 

results in the treatment of lichen planus, suggesting that even non-pharmacological active 

ingredients can have a significant effect in reducing the symptoms of this type of chronic dermatosis. 

Oxygen therapy has a powerful regenerative, antibacterial and biostimulating effect, it is therefore 

believed that it can also be very useful in the treatment of this pathology for the healing of lesions 

and the treatment of symptoms such as itching and burning. Oxygen therapy increases the 

availability of oxygen to the tissues, promotes the increase in tissue repair processes and increases 

the synthesis of collagen allowing normal hydroxylation of this protein. In fact, at tissue oxygen 

tensions lower than normal, collagen is not synthesized correctly, slowing the healing of ulcers and 

wounds. In addition, oxygen induces a neo-angiogenic stimulus by releasing factors such as the 

Vascular Endothelial Growth Factor (VEGF). This function is essential for the restoration of the 
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MATERIALS AND METHODS 

 

Twenty-five (25) women diagnosed with lichen, carried out by vulvoscopy and biopsy, underwent a 

weekly session for 5 weeks which included vulvar oxygen therapy for 10 minutes with low molecular 

weight hyaluronic acid nebulization, at a concentration of 0, 2%, followed by vaginal oxygen therapy 

combined with hyaluronic acid for 5 minutes. 

For the treatment, the Caress Flow system was used, an oxygen therapy device for gynecological 

use that allows the topical administration of oxygen with a high degree of purity up to 93 ± 3%, at a 

flow of 1-6 l / minute. 

The device consists of a compressor that generates compressed air by sucking air from the external 

environment, filtering and compressing it. Inside the machine body there are zeolite molecular 

sieves that exploit the principle of the different absorption of gas molecules, letting the O2 pass and 

retaining the other gases present in the air, such as nitrogen, argon, helium and hydrogen. The 

machine body transforms the outside air into 93 ± 3% pure oxygen. 

Two dispensers were used, the first consisting of a vaginal cannula, connected to the machine body. 

The cannula is equipped with outlet holes for the delivery of oxygen and hyaluronic acid, which is 

inserted through a special insertion hole located in the upper part of the cannula (Figure 1). The 

vaginal cannula is used for treatment inside the vaginal canal. 
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 In addition to the cannula, an airbrush was used (Figure 2), always connected to the machine body, 

capable of delivering oxygen in combination or not with the hyaluronic acid solution. The airbrush 

is used for the treatment of the external genitalia, nebulizing the combination of oxygen and 

hyaluronic acid directly on the areas affected by the lesions. 

Hyaluronic acid is previously dissolved in distilled water, to form a 0.2% (w / v) solution. 

 

A double evaluation was performed on the treated subjects: one subjective by the patients and one 

by the doctor. The subjective scale was compiled using an analog graded card that assessed pain 

during sexual intercourse (dyspareunia), itching and burning with a VAS scale from 0 to 10, where 

10 represents the maximum intensity and 0 the absence of the disorder, analyzing symptoms at T0 

(before the first treatment session) and at the end of the 5 sessions (T5). Finally, the presence or 

absence of lesions was assessed by the doctor. 

 

RESULTS 

 

Thanks to the qualitative improvement of the tissues, the patients reported a significant 

improvement of all the indexes analyzed (Table 1), with the greatest effect regarding pain reduction 

(VAS T0 = 8.0; VAS T5 = 1.4, Wilcoxon signed-rank test P <0.0001), but also with regard to burning 

(VAS T0 = 6.1; VAS T5 = 2.0, Wilcoxon signed-rank test P <0.0001) and pruritus (VAS T0 = 6.5; VAS T5 

= 1.1, Wilcoxon signed-rank test P <0.0001). 
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The fundamental observation for this study was the evaluation of the presence of vulvar lesions at 

T0 and at the end of the treatment. All women who initially had lesions (84%), particularly in the 

fork area, no longer presented this problem, demonstrating the complete resolution of the problem 

(Table 2). No side effects associated with the treatment were reported by the patients. 

 
Lichen is a very complex pathology, with autoimmune aetiology, the treatment used does not aim 

to have a therapeutic effect but to improve the symptoms that afflict women and that affect their 

quality of daily and sexual life. 

Combined oxygen therapy with hyaluronic acid has proven to be a valid method for healing vulvar 

lesions and improving lichen symptoms. It is a totally painless therapy, with excellent compliance by 

patients. It is a fast, non-invasive and repeatable treatment, with no side effects. 
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Abstract. – OBJECTIVE: Vulvovaginal atro-
phy is a condition closely related to low circulat-
ing estrogen levels, with post-menopause being 
the main cause. However, patients of childbear-
ing age may also present with these symptoms 
due to treatments that reduce estrogen produc-
tion. Local estrogen therapy is the causal treat-
ment of local symptoms, but it is not always ac-
cepted and is often abandoned by patients. In 
recent years, alternative therapies have been 
proposed: fractional CO2 laser or the conjugate 
treatment with normobaric oxygen and hyal-
uronic acid, the latter being the subject of this 
study. 

The study aimed to evaluate the effective-
ness of conjugate topical treatment with normo-
baric oxygen and hyaluronic acid.

PATIENTS AND METHODS: 50 patients 
were evaluated and treated with 5 applications 
of 15 minutes each, every 15 days, with Ca-
ressflow®. All patients presented at least one 
of the symptoms related to vulvovaginal at-
rophy: dryness, burning, and dyspareunia. In 
all cases, vulvoscopy, colposcopy, and cervi-
covaginal cytology were performed. The pa-
tients were interviewed with an analogic scale 
(VAS) concerning the severity of symptoms be-
fore and after the treatment. Colposcopy and 
PAP-smear were assessed by mean of Vaginal 
Health Index Score (VHI) at baseline and at the 
end of the treatment. 

RESULTS: All patients completed the treat-
ment scheme and presented with a significant 
improvement in subjective symptoms. The col-
poscopy and PAP-smear performed 10 days af-
ter the end of the last treatment showed a signif-
icant improvement in the appearance and elas-
ticity of the vaginal epithelium and the cytolog-
ical picture, which showed, in the sample taken 
after treatment, hyaluronic acid vesicles within 
the cell cytoplasm. 

CONCLUSIONS: This study corroborates the 
data presented in the latest published papers on 
the effectiveness of treatment with normobaric 
O2 and hyaluronic acid on vaginal atrophy. Effi-

cacy has been confirmed both in terms of sub-
jective symptoms reported by the patients and 
objective improvement at colposcopy and PAP-
smear cytology. 

Key Words:
Vulvovaginal atrophy, Hyaluronic acid, Normobar-

ic oxygen, Non-hormonal treatment, Menopause, Ca-
ressflow®.

Introduction

Vulvovaginal atrophy (VVA) is a condition 
closely related to the deficiency of circulating 
estrogen, with post-menopause being the main 
cause. More than 50% of women 2-4 years after 
the end of their fertile period present with this 
condition and report typical symptoms such as 
vaginal dryness, burning, itching, and dyspareu-
nia, sometimes associated with urinary disorders. 
Bleeding may also occur in more severe cases, es-
pecially after microtrauma1-5.

VVA can also affect women suffering from 
premature interruption of ovarian production of 
estrogens. Examples include cancer treatments, 
such as surgery and pelvic radiation therapy, that 
remove ovaries or make them inactive, either tem-
porarily or permanently. Although in the recent 
years a great effort has been made to promote 
fertility-sparing surgery in young patients with 
gynecological malignancies6-8, some of them may 
still develop atrophy-related symptoms due to 
subsequent treatments that reduce estrogen pro-
duction such as chemotherapy or endocrine ther-
apies. Also, the therapies for endometriosis and 
the use of low estrogen oral contraceptives have 
been shown to induce, in some patients, vaginal 
discomfort.
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Estrogen deficiency not only causes atrophy of 
the vaginal epithelium but also significantly alters the 
vaginal environment by decreasing the count of lacto-
bacilli, increasing the pH, reducing blood supply, and 
consequently decreasing the vaginal fluid secretion9.

All these alterations mainly affect the vaginal 
and vestibular mucosa, and much less the entire 
vulvar region, which is more than 60% covered 
by skin and therefore less influenced by the pres-
ence of estrogens. 

Hormonal replacement therapy (HRT), be it 
topical or oral, is considered the gold standard treat-
ment for VVA. However, many women decline the 
use of these hormonal substances due to the risk 
and fear of increased incidence of breast cancer and 
the need of a prolonged treatment. Moreover, HRT 
is contraindicated in oncological patients, even if 
some data show good results on VVA with little 
systemic absorption of local estrogens10. A recent 
report of The North American Menopause Society 
was inconclusive on the modality of treatment for 
women affected by premature menopause after 
breast, ovarian or endometrial cancer, suggesting 
that for these women the management depends on 
individual preference or need, and it must follow a 
consultation with oncologist considering the poten-
tial risks of hormonal treatment choices11. 

Over the years, many non-hormonal treatments 
have been used, including ordinary lubricants/
emollients, local hyaluronic acid, soy and red clo-
ver derivatives oral compounds, vitamins, etc.

In recent years, alternative therapies have been 
proposed, such as the use of fractional CO2 laser12 
or lipofilling with sometimes encouraging results. 
However, the pain associated with the procedures, 

the high costs, and the need for reinterventions 
are major drawbacks to the widespread use of 
these methods. Recently, warnings from Ameri-
can scientific societies, due to the risk of stimulat-
ing the progression of pre-cancerous lesions, have 
induced a reduction in the use of CO2 laser13-16. 

Hyaluronic acid is a natural polysaccharide 
present in large quantities in the extracellular ma-
trix of the skin and cartilage. By binding to many 
water molecules, it allows adequate hydration of 
the mucous membranes. Oxygen promotes tissue 
repair processes and collagen synthesis by stimu-
lating neoangiogenesis, promoting a good nour-
ishment of the tissues17.

Our investigation aimed to confirm the effec-
tiveness of combined treatment with hyaluronic 
acid and high concentration normobaric oxygen 
administered intravaginally through the Caress-
flow® device (Bologna, Italy). 

Patients and Methods

Fifty-seven patients who had been menopausal 
(spontaneous/surgical/chemotherapy) for at least 
6 months were enrolled during the period March 
2021-March 2022. 

All patients had vulvovaginal atrophy (VVA) 
and presented at least one of the following symp-
toms: vaginal dryness, vaginal burning, and dys-
pareunia unrelated to infectious/inflammatory 
pathology. In all cases, the following investiga-
tions were performed: vulvoscopy, colposcopy, 
and sampling for cervical-vaginal cytological ex-
amination (PAP-smear). 

Table I. VAS scale of assessment of subjective symptoms (scores from 1 to 4).

Subjective 1 2 3 4
Symptoms Maximum intensity Medium intensity Low intensity Absent

Malaise
Burning
Dryness
Dyspareunia

Table II. Healthcare provider rating scale of VHI symptoms (scores from 1 to 4).

Objective signs 1 2 3 4

Vaginal epithelium Reddened with  Bleeding on contact Slightly reddened Normal
 petechiae  
Elasticity Absent Poor Medium Good
Atrophy on cytology Intense Medium  Poor Normal trophism

134



Strictly Private and Confidential. Not for Distribution.

M. Barbero, A. Villasco, M. Villa, E. Badellino, E. Marello, G. Botta

2012

Estrogen deficiency not only causes atrophy of 
the vaginal epithelium but also significantly alters the 
vaginal environment by decreasing the count of lacto-
bacilli, increasing the pH, reducing blood supply, and 
consequently decreasing the vaginal fluid secretion9.

All these alterations mainly affect the vaginal 
and vestibular mucosa, and much less the entire 
vulvar region, which is more than 60% covered 
by skin and therefore less influenced by the pres-
ence of estrogens. 

Hormonal replacement therapy (HRT), be it 
topical or oral, is considered the gold standard treat-
ment for VVA. However, many women decline the 
use of these hormonal substances due to the risk 
and fear of increased incidence of breast cancer and 
the need of a prolonged treatment. Moreover, HRT 
is contraindicated in oncological patients, even if 
some data show good results on VVA with little 
systemic absorption of local estrogens10. A recent 
report of The North American Menopause Society 
was inconclusive on the modality of treatment for 
women affected by premature menopause after 
breast, ovarian or endometrial cancer, suggesting 
that for these women the management depends on 
individual preference or need, and it must follow a 
consultation with oncologist considering the poten-
tial risks of hormonal treatment choices11. 

Over the years, many non-hormonal treatments 
have been used, including ordinary lubricants/
emollients, local hyaluronic acid, soy and red clo-
ver derivatives oral compounds, vitamins, etc.

In recent years, alternative therapies have been 
proposed, such as the use of fractional CO2 laser12 
or lipofilling with sometimes encouraging results. 
However, the pain associated with the procedures, 

the high costs, and the need for reinterventions 
are major drawbacks to the widespread use of 
these methods. Recently, warnings from Ameri-
can scientific societies, due to the risk of stimulat-
ing the progression of pre-cancerous lesions, have 
induced a reduction in the use of CO2 laser13-16. 

Hyaluronic acid is a natural polysaccharide 
present in large quantities in the extracellular ma-
trix of the skin and cartilage. By binding to many 
water molecules, it allows adequate hydration of 
the mucous membranes. Oxygen promotes tissue 
repair processes and collagen synthesis by stimu-
lating neoangiogenesis, promoting a good nour-
ishment of the tissues17.

Our investigation aimed to confirm the effec-
tiveness of combined treatment with hyaluronic 
acid and high concentration normobaric oxygen 
administered intravaginally through the Caress-
flow® device (Bologna, Italy). 

Patients and Methods

Fifty-seven patients who had been menopausal 
(spontaneous/surgical/chemotherapy) for at least 
6 months were enrolled during the period March 
2021-March 2022. 

All patients had vulvovaginal atrophy (VVA) 
and presented at least one of the following symp-
toms: vaginal dryness, vaginal burning, and dys-
pareunia unrelated to infectious/inflammatory 
pathology. In all cases, the following investiga-
tions were performed: vulvoscopy, colposcopy, 
and sampling for cervical-vaginal cytological ex-
amination (PAP-smear). 

Table I. VAS scale of assessment of subjective symptoms (scores from 1 to 4).

Subjective 1 2 3 4
Symptoms Maximum intensity Medium intensity Low intensity Absent

Malaise
Burning
Dryness
Dyspareunia

Table II. Healthcare provider rating scale of VHI symptoms (scores from 1 to 4).

Objective signs 1 2 3 4

Vaginal epithelium Reddened with  Bleeding on contact Slightly reddened Normal
 petechiae  
Elasticity Absent Poor Medium Good
Atrophy on cytology Intense Medium  Poor Normal trophism

Normobaric oxygen and hyaluronic acid treatments in VVA patients

2013

Patients with vulvar dermatological changes, 
signs of vulvovaginal infections, or pre-neoplas-
tic/neoplastic changes in the lower genital tract 
were excluded from the study. 

The treatment consisted of five sessions of 15 
minutes each, every 15 days of oxygen and hyal-
uronic acid administration using Caressflow®.

Before starting the treatment, patients filled 
out a form (Visual Analogic Score: VAS scale) in 
which the following symptoms were scored from 
1 to 4 (1 Highest intensity, 2 Medium intensity, 3 
Low intensity, 4 No symptom): 
  – Malaise
  – Burning
  – Dryness
  – Dyspareunia

The colposcopy and PAP-smear cytology per-
formed to assess the status of the cervicovaginal 
epithelium were evaluated with a score called Vag-
inal Health Index (VHI). The appearance of the 
epithelium and the cells was graded from 4 to 1 
according to the severity of the alteration observed:
  – Epithelium
 1) Reddened with petechiae
 2) Bleeding on contact
 3) Slightly reddened
 4) Normal
  – Vaginal elasticity: 
 1) absent
 2) poor
 3) medium
 4) good
  – Atrophy at cytology: 
 1) intense
 2) medium
 3) poor
 4) normal

All subjective parameters were reported be-
fore and after the end of the treatment; colposco-
py and cervical-vaginal cytological examination 
were performed 10 to 30 days after the end of the 
last treatment.

Statistical Analysis
The statistical significance of the variance 

trend in values between treatments was analyzed 
using the Kruskal-Wallis’ test for one-way anal-
ysis of variance. The significance of pairwise 
comparisons between treatment sessions was 
analyzed using the Wilcoxon test for non-para-
metric data.

Two-sided p-values < 0.05 were considered 
statistically significant.

Results

Seven patients were excluded from the study 
because they had: 
  – Vulvar lichen sclerosus (4) 
  – Abnormal PAP-smear (3)

The mean age of the patients at enrollment was 
55.5 years +/- 6.4 SD [45-66].

Four patients had chemotherapy-induced 
menopause for breast cancer. 

All patients completed the treatment regimen 
and showed a marked and statistically significant 
(p<0.001 for all symptoms) improvement in sub-
jective symptoms, achieving their complete dis-
appearance in the 70% of cases (Figure 1). 

The colposcopy and PAP-smear performed 10-
30 days after the end of the last treatment showed 
a significant change in the appearance and elas-
ticity of the vaginal epithelium (Figures 2 and 3). 

Figure 1. Subjective symptoms and 
objective evaluation before and after 
treatment: comparison.

135



Strictly Private and Confidential. Not for Distribution.

M. Barbero, A. Villasco, M. Villa, E. Badellino, E. Marello, G. Botta

2014

The cervicovaginal cytological examination car-
ried out in patients at the end of the last treatment, 
showed the disappearance of the atrophy which 
was present in the pre-treatment cytology (Figure 
4), and the presence of cytoplasmic inclusions of 
hyaluronic acid (Figure 5). 

So far, 10 patients have been resubmitted to 
colposcopy and PAP-smear 6 months after the last 
treatment: of them, 8 maintained the improve-
ments achieved both in the subjective symptoms 
and at colposcopy and cytology, while 2 reported 
a slight increase in vaginal dryness.

Figure 2. Intense atrophy, reddened epithelium with pe-
techiae.

Figure 3. Normal epithelium after treatment.

Figure 4. Pap smear cytology showing 
mostly immature basal cells, typical for 
vaginal atrophy.
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Discussion

Vaginal atrophy is a very frequent condition in 
post-menopausal women (about 50%) or women 
with estrogen deficiency induced by other causes 
such as surgical castration, chemotherapy, or radi-
ation treatments. This percentage is possibly un-
derestimated as many women do not report some 
of the disorders associated with vaginal atrophy, 
especially those related to the sexual sphere4. 

Post-menopausal hormone replacement ther-
apy can prevent the onset of this condition or at 
least delay or mitigate it significantly. This option 
remains, at least in Italy, limited to a few cas-
es, especially in patients with intense autonom-
ic symptoms such as hot flushes, insomnia, de-
creased libido, anxiety18.

Furthermore, there are many situations in 
which replacement therapy is contraindicated as it 
represents an important risk factor for metabolic, 
thromboembolic, and oncological problems, espe-
cially in the field of breast cancer19. 

Local estrogen therapy has played and plays 
an important role in maintaining good trophism 
of the vaginal mucosa, but even in this case not 
all patients accept it, and, in some situations, the 
effectiveness might not be optimal20. 

Many topical, non-hormonal products on the 
market have demonstrated a positive action in 
promoting lubrication but are often not sufficient 
to solve all the problems related to alterations of 
vaginal trophism and allow only transient benefits, 
with the consequent need for repeated treatments, 
especially at the time of sexual intercourse21. 

Even if the most recent treatments with frac-
tionated CO2 laser and radiofrequency have given 
significant improvements in the management of 
the pathology, some difficulties persist regarding 
the aspect of pain during the procedures22-24. 

The use of the Caressflow® device, which de-
livers normobaric highly concentred O2 and hy-
aluronic acid, is an alternative to the devices that 
have so far been available. According to the data 
emerged from previous studies25,26, it appears to 
be one of the most performing methods to allevi-
ate VVA symptoms. Our study corroborates the 
previous findings, as we observed a significant 
improvement both in the subjective symptoms re-
ported by the patients and in the cytology of PAP-
smear, the elasticity, and the trophism of the vag-
inal epithelium. The greatest benefit involved the 
reduction of vaginal dryness and the disappear-
ance of dyspareunia, thus allowing an increased 
reported quality of life in over 98% of cases. 

Figure 5. Pap smear cytology 10 days 
after the end of the last treatment: preva-
lence of mature superficial cells showing 
intraplasmic inclusions of hyaluronic acid.
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Our study is the first, to our knowledge, to 
have evaluated the actual presence of changes at 
PAP-smear cytology after the completion of the 
treatments: the presence of hyaluronic acid ves-
icles in the cytoplasm of the cells confirms the 
regenerative action at the tissue level, thus sur-
passing the surface action of many other methods 
and suggesting a serious possibility that the im-
provement in subjective and objective parameters 
may be lasting over time. This aspect will be ana-
lyzed by prolonging the period of follow-up of the 
treated patients, but the data we have obtained so 
far by retesting the patients 6 months after the end 
of treatment is promising.

Conclusions

The data from this study confirm the information 
in recently published papers on the effectiveness of 
treatment with normobaric, highly concentrated ox-
ygen, and hyaluronic acid on vaginal atrophy. Effi-
cacy has been confirmed both in terms of subjective 
symptoms and at colposcopy plus cytology. 

The demonstration of the integration of hyaluron-
ic acid in microvesicles in the cytoplasm of vaginal 
cells constitutes further scientific confirmation of the 
regenerative activity endowed by Caressflow®.
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Our study is the first, to our knowledge, to 
have evaluated the actual presence of changes at 
PAP-smear cytology after the completion of the 
treatments: the presence of hyaluronic acid ves-
icles in the cytoplasm of the cells confirms the 
regenerative action at the tissue level, thus sur-
passing the surface action of many other methods 
and suggesting a serious possibility that the im-
provement in subjective and objective parameters 
may be lasting over time. This aspect will be ana-
lyzed by prolonging the period of follow-up of the 
treated patients, but the data we have obtained so 
far by retesting the patients 6 months after the end 
of treatment is promising.

Conclusions

The data from this study confirm the information 
in recently published papers on the effectiveness of 
treatment with normobaric, highly concentrated ox-
ygen, and hyaluronic acid on vaginal atrophy. Effi-
cacy has been confirmed both in terms of subjective 
symptoms and at colposcopy plus cytology. 

The demonstration of the integration of hyaluron-
ic acid in microvesicles in the cytoplasm of vaginal 
cells constitutes further scientific confirmation of the 
regenerative activity endowed by Caressflow®.
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Abstract
AIM: The aim of our clinical study has been to evaluate the efficacy of the association between high concentration 
oxygen and hyaluronic acid (HA) for the treatment of urethral pain syndrome (UPS).

MATERIALS AND METHODS: Twenty women (45–65 years old) with suspected UPS diagnosis appealing to our 
Second Opinion Medical Consultation Network signed an informed consent form and were treated with oxygen/HA 
therapy treatment, 7 times a week, for a total of 5 weeks at the outpatient clinic (Clinic Ester Veronesi, Modena, Italy).
The physicians of the Second Opinion Network followed up weekly from remote (WhatsApp, Skype) each treated 
patient as to state the effectiveness, tolerability, and side effects of the treatment.

RESULTS: We observed significant reductions in number of urgency urinary incontinence (−25.37 vs. −12.01 mean 
value), nocturia episodes (−24.01 vs. −11.23 mean value), volume voided in each micturition (−127.79 vs. −98.20 
mean value), and micturitions per 24 h (−44.01 vs. −20.12 mean value). Analyses of the pre- and post-treatment 
scores showed a statistically significant improvement in Vaginal assessment scale, pain urgency frequency, and 
patient perception of bladder condition scale scores (p < 0.0305, p < 0.0001, and p < 0.0001, respectively). No side 
effects associated with the treatment were reported by the patients.

CONCLUSIONS: We can highlight that Caressflow® is effective and very well tolerated in UPS syndrome: The 
oxygen flow mixed with HA gives immediately a sense of freshness and urethro-bladder relaxation that lasts several 
hours. Further studies including larger sample sizes, placebo, and or challenge with other local and systemic 
treatments and different administration schedules versus longer follow-up are recommended.
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Introduction

The female urethral pain syndrome (UPS), 
also formerly defined urethral syndrome, is identified 
by recurrent urethral daily pain, emptying the bladder 
and nocturia, without infectious agents such as the 
urinalysis or any inflammatory background [1], [2], [3]. 
Accordingly with the European Urology Association, 
UPS is defined by chronic or recurrent episodic pain 
fixed in the urethra, lasting for more than 6 months, 
in the absence of proven infection or other obvious 
local pathology [4], [5]. Thus, it cannot be identified 
with the classic urethritis, rather is enclosed into the 
“genitourinary pain syndromes” with complaints of 
lower urinary tract, sexual, intestinal, or gynecological 
disorders [1], [5].

The exact UPS incidence and prevalence is 
unknown because of a lack of consensus in the method 
of diagnosis and overlap with other clinical conditions, 
including early interstitial cystitis or urethral spasm [6]. 
Different clinical trials confirmed that 15–30% of women 
with lower urinary tract symptoms were diagnosed with 
UPS [7], [8]. The syndrome is most frequent in women 

(typically 13–70 years of age), in white women in 
westernized societies than in women of other races but 
is also seen in men and children [6], [9]. This syndrome 
has also a high rate of spontaneous remission [10].

According to the classification of the 
International Association for the Study of Pain, 2019, 
several concurrent causes of UPS have been identified 
such as vascular lesions, inflammation of skene gland 
or paraurethral glands (female prostatitis), urethral 
spasm and/or stenosis, subclinical early cystitis, 
oestrogen impairment, dysfunction of the pelvic floor 
musculature, environmental chemicals (bubble bath, 
soaps, contraceptive gels, Condoms et al.), food that 
can irritate the urethra (caffeine, alcohol, and spicy 
food), and psychological distress involving reactions 
of anxiety, depression, dysphoria, and even hostility, 
with cognitive, behavioral, sexual, or emotional 
consequences [4], [6], [11], [12], [13], [14], [15]. 
Parson [16] supposed, as UPS main cause, a dysfunction 
of the mucosal barrier layer, that allows to solutes/
metabolites (e.g., potassium which is normally present 
in urine at levels that are toxic to the bladder interstitium) 
in the urine to seep through the urothelial barrier leading 
to inflammatory changes, spasm, and fibrosis. Stamm 

Since 2002

140



Strictly Private and Confidential. Not for Distribution.

Open Access Maced J Med Sci. 2023 Feb 09; 11(B):239-245. 239

Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2023 Feb 09; 11(B):239-245.
https://doi.org/10.3889/oamjms.2023.10756
eISSN: 1857-9655
Category: B - Clinical Sciences
Section: Nephrology

Urethral Pain Syndrome: Treatment with Oxygen and Hyaluronic 
Acid

Maria Vadalà1,2* , Ester Veronesi3 , Flavio Garoia4

1Medico Cura Te Stesso Onlus, Modena, Italy; 2Second Opinion Medical Network, Modena, Italy; 3Gynecologic and Obstetrics 
Section, University of Verona, Verona, Italy; 4Polo Scientifico di Ricerca ed Alta Formazione, Milano, Italy

Abstract
AIM: The aim of our clinical study has been to evaluate the efficacy of the association between high concentration 
oxygen and hyaluronic acid (HA) for the treatment of urethral pain syndrome (UPS).

MATERIALS AND METHODS: Twenty women (45–65 years old) with suspected UPS diagnosis appealing to our 
Second Opinion Medical Consultation Network signed an informed consent form and were treated with oxygen/HA 
therapy treatment, 7 times a week, for a total of 5 weeks at the outpatient clinic (Clinic Ester Veronesi, Modena, Italy).
The physicians of the Second Opinion Network followed up weekly from remote (WhatsApp, Skype) each treated 
patient as to state the effectiveness, tolerability, and side effects of the treatment.

RESULTS: We observed significant reductions in number of urgency urinary incontinence (−25.37 vs. −12.01 mean 
value), nocturia episodes (−24.01 vs. −11.23 mean value), volume voided in each micturition (−127.79 vs. −98.20 
mean value), and micturitions per 24 h (−44.01 vs. −20.12 mean value). Analyses of the pre- and post-treatment 
scores showed a statistically significant improvement in Vaginal assessment scale, pain urgency frequency, and 
patient perception of bladder condition scale scores (p < 0.0305, p < 0.0001, and p < 0.0001, respectively). No side 
effects associated with the treatment were reported by the patients.

CONCLUSIONS: We can highlight that Caressflow® is effective and very well tolerated in UPS syndrome: The 
oxygen flow mixed with HA gives immediately a sense of freshness and urethro-bladder relaxation that lasts several 
hours. Further studies including larger sample sizes, placebo, and or challenge with other local and systemic 
treatments and different administration schedules versus longer follow-up are recommended.

Edited by: Mirko Spiroski
Citation: Vadalà M, Veronesi E, Garoia F. Urethral Pain 
Syndrome: Treatment with Oxygen and Hyaluronic Acid. 

Open Access Maced J Med Sci. 2023 Feb 09; 11(B):239-245.  
https://doi.org/10.3889/oamjms.2023.10756

Keywords: Urethral; Pain; Syndrome; Treatment; Oxygen 
therapy; Hyaluronic acid

*Correspondence: Dr. Maria Vadalà, Medico Cura 
Te Stesso Onlus, Modena (MO), Via Ciro Bisi 125, 

41124, Italy. E-mail: mary.vadala@gmail.com 
Received: 29-Jul-2022
Revised: 11-Jan-2023

Accepted: 06-Feb-2023
Copyright: © 2023 Maria Vadalà, Ester Veronesi, 

Flavio Garoia
Funding: This research did not receive any financial 

support
Competing Interests: The authors have declared that no 

competing interests exist
Open Access: This is an open-access article distributed 

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

The female urethral pain syndrome (UPS), 
also formerly defined urethral syndrome, is identified 
by recurrent urethral daily pain, emptying the bladder 
and nocturia, without infectious agents such as the 
urinalysis or any inflammatory background [1], [2], [3]. 
Accordingly with the European Urology Association, 
UPS is defined by chronic or recurrent episodic pain 
fixed in the urethra, lasting for more than 6 months, 
in the absence of proven infection or other obvious 
local pathology [4], [5]. Thus, it cannot be identified 
with the classic urethritis, rather is enclosed into the 
“genitourinary pain syndromes” with complaints of 
lower urinary tract, sexual, intestinal, or gynecological 
disorders [1], [5].

The exact UPS incidence and prevalence is 
unknown because of a lack of consensus in the method 
of diagnosis and overlap with other clinical conditions, 
including early interstitial cystitis or urethral spasm [6]. 
Different clinical trials confirmed that 15–30% of women 
with lower urinary tract symptoms were diagnosed with 
UPS [7], [8]. The syndrome is most frequent in women 

(typically 13–70 years of age), in white women in 
westernized societies than in women of other races but 
is also seen in men and children [6], [9]. This syndrome 
has also a high rate of spontaneous remission [10].

According to the classification of the 
International Association for the Study of Pain, 2019, 
several concurrent causes of UPS have been identified 
such as vascular lesions, inflammation of skene gland 
or paraurethral glands (female prostatitis), urethral 
spasm and/or stenosis, subclinical early cystitis, 
oestrogen impairment, dysfunction of the pelvic floor 
musculature, environmental chemicals (bubble bath, 
soaps, contraceptive gels, Condoms et al.), food that 
can irritate the urethra (caffeine, alcohol, and spicy 
food), and psychological distress involving reactions 
of anxiety, depression, dysphoria, and even hostility, 
with cognitive, behavioral, sexual, or emotional 
consequences [4], [6], [11], [12], [13], [14], [15]. 
Parson [16] supposed, as UPS main cause, a dysfunction 
of the mucosal barrier layer, that allows to solutes/
metabolites (e.g., potassium which is normally present 
in urine at levels that are toxic to the bladder interstitium) 
in the urine to seep through the urothelial barrier leading 
to inflammatory changes, spasm, and fibrosis. Stamm 
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et al., and coworkers asserted that the syndrome could 
be caused by a long standing low-grade bacterial 
infection (bacterial counts <102/mL) in the urine [17].

Symptoms: Dysuria is the commonest 
symptom in 40% of the UPS cases [18] but very often 
no real physiopathological cause can be identified and 
the drug therapy is based on different approaches: 
Anti-inflammatory painkillers, such as non-steroidal 
anti-inflammatory drugs (NSAIDs), local anesthetics, 
steroids and estrogens, antibiotics, alpha-blockers, 
topical urethral dilation, epitheliotropic compounds, 
acupuncture, antidepressants, bladder training, 
dietary and lifestyle changes, and rehabilitation 
therapy [6], [19], [20], [21]. The antibiotic treatment 
empirically administered in the out-patient clinics, in the 
absence of a true bacterial infection, should be avoided, 
because of the risk of resistance and toxicity [22]. In 
the absence of approved guidelines of UPS syndrome 
therapy, each specialist gives a proper prescription 
tailored on the psycho-physical complaints of the 
patient, and often a multimodal therapy gives some 
temporary positive results [21].

The difficulty in identifying the pathophysiology 
of the syndrome makes it difficult to plan an effective 
therapeutic strategy.

Recently, a new cosmetic and hygienic 
gynecological protocol gained our attention because of 
the synergic action of a pure oxygen flow (intended as drug 
delivery system) and low molecular weight hyaluronic 
acid (HA), a natural mucopolysaccharide sprayed over 
the mucosa: It penetrates into the submucosal spaces 
to modulate the connective tissue matrix elasticity, 
hydrating, and wandering cells chemotaxis.

The oxygen has a powerful regenerative, 
antibacterial, and anti-inflammatory effect [23]; 
increases the availability of oxygen to the tissues, 
promoting the increase in tissue repair processes 
and the disposal of pain and inflammation mediators 
(histamine, serotonin, and prostaglandins) [24]. HA 
has remarkable adhesive, moisturizing, and repairing 
properties of the mucosa [25].

The rational of UPS treatment hypothesis 
with Caressflow® (Caress Flow Srl, Bologna, Italy) 
is substantiated by the clinical study of Streltsova 
et al. [26]: Accordingly with her observation, the urethra 
and the bladder are embryologically and physiologically 
joined in “the painful bladder syndrome” [27] and the 
common connective tissue matrix of both the structures 
with its protective and trophic functions, displays a 
mechanosensitive signalling system [28], [29] and might 
be responsible of the disease. The authors in their utmost 
interesting paper describe also the routinary diagnostic 
methods, such as ultrasound (US) and uroflowmetry, 
but also US elastography and cross-polarization optical 
tomography (CP OCT); the last one seems be the most 
appealing method to detect UPS, on an investigational 
basis, being able to explain the fine neurovascular 

disorder of urethra [30], [31], [32], [33], [34]. Streltsova 
et al. compared transvaginal US (TVUS) with 
compression elastography and CP OCT in 55 patients 
with UPS against 14 control healthy patients [26]. TVUS 
showed enlargement of the internal lumen of the upper 
third of the urethra. Compression elastography detected 
fibrotic stiffness (in urethral and periurethral tissues). 
The CP OCT in UPS confirmed some hypertrophy or 
atrophy of epithelial mucosa and increased connective 
tissue density [35]. The proximal urethra of UPS and the 
bladder neck above showed overlapping pathological 
changes. Oxygen together with HA is supposed to 
relieve the UPS symptoms acting specifically on the 
soft-tissue matrix, and carefully also stimulating the 
urethra channel with the gas flow, to help it to increase 
the tone and reduce its enlarged diameter [26].

The UPS clinical stages are usually defined 
by the classification (Urinary, psychosocial, organ 
specific, infection, neurologic/systemic, and tenderness 
of skeletal muscles) [30] and the bladder voiding 
diary, reaching only the diagnosis of exclusion after 
cystoscopy, urethroscopy, cytologic, and bacteriologic 
all negative findings.

As to our study, an open spontaneous trial, it 
has mainly been focused on the life quality score before 
and after Caressflow® treatment, being this original 
cosmetic approach never previously attempted in the 
UPS therapy.

Materials and Methods

The clinical study was approved by the local 
institutional review board and conducted in accordance 
with the ethical standards of the Declaration of Helsinki.

Patients

The protocol provided for enrollment of 
20 women (45–65 years old) with suspected UPS 
diagnosis appealed to our Second Opinion Medical 
Consulting, from March 2019 to March 2020 (Table 1). 
The Second Opinion Medical Network is a consultation 
referral web and medical office system enclosing a 
wide panel of specialists, to whom any patient with 
any illness or syndrome not adequately satisfied with 
diagnosis or therapy can ask for an individual clinical 
audit [36], [37], [38], [39]. The UPS diagnosis was made 

Table 1: Characteristics and baseline values of study population
No patients 20
Age (years) 37.2 ± 8.2
Symptoms history (months) 18
Number of micturition per 24 h (Mean ± SD) 14.01 ± 0.29
Volume voided in each micturition during 3-day micturition diary (mL) 
(mean ± SD)

127.79 ± 3.78

Number of nocturia episodes during a 3-day micturition diary (mean ± SD) 4.01 ± 1.45
Number of urgency episodes during 3-day micturition diary (mean ± SD) 5.37 ± 1.28
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accordingly with the presence of clinical symptoms, 
including frequency, urgency and suprapubic discomfort, 
no abnormal findings at gynecological examination 
with negative neurologic and pelvic findings, and no 
inflammation at all at the urinalysis and no infections 
at the urine culture. The examination and enclosed 
bimanual pelvic examination, to evaluate the cervical 
motion adnexal masses and/or uterine enlargement 
with tenderness in each explored district; echography, 
cystoscopy, and urodynamic test were required to each 
patient by the same gynecologist, before the treatment, 
to exclude bacterial infections or interstitial cystitis with 
micturition problems.

After signed the informed consent form, all 
the participants answered a life quality questionnaire 
describing the personal history.

Inclusion and exclusion criteria

Women, age of 18-years-old or above, 
with self-reported UPS syndrome that had failed at 
least 6 months of conventional treatments, including 
NSAIDs, were enrolled, as well as patients complaining 
of pollakiuria (bladder voiding 6–8 times daily and 
2–4 times nightly), painful intercourse and/or painful 
pollakiuria soon after. We also included women with 
common unpleasant symptoms (pain, pressure, and 
discomfort), of the urinary bladder lasting more than 
6 months, in the absence of infections, bladder lesions, 
coagulopathy, or positive cystoscopy findings.

Criteria of exclusion

We excluded patients with interstitial cystitis, 
tuberculosis, and active sexually transmitted diseases 
(e.g., chlamydia, genital herpes, or human papilloma 
virus), or with positive findings of glomerulation or 
Hunner’s ulcer, or with previous vaginal surgery 
or toning therapy, or with conservative pelvic floor 
treatment (e.g., pelvic floor exercises and estrogenic 
cream) in the past 6 months. We also ruled out women 
with urethral anatomical pathology or with neurological 
disorder, or psychopathology, as well as pregnant or 
lactating volunteers and women with diabetes, history 
of cancer, in chemo or radiotherapy or with obesity.

The patients accepted to undergo oxygen/HA 
therapy treatment, 7 times a week, for a total of 5 weeks 
at the outpatient clinic (Clinic Ester Veronesi, through 
Giardini 470, Modena, Italy).

Detailed instructions about healthy hygienic, 
good, and healthy nutrition, and sexual behavior were 
given before and then the treatment: The patient should 
avoid intravaginal medications, vaginal douching, and 
sexual intercourse within 24 h of her clinical procedure 
and also then it.

The physicians of the Second Opinion Medical 
Consulting Network followed up weekly from remote 

(telemedicine), each treated patient as to state the 
effectiveness, tolerability, and side effects of the 
treatment, through WhatsApp and Skype or visit when 
required.

This study did not utilize a separate control 
group, but it compared the patient outcomes with 
their baseline clinical conditions through the previous 
attempts to be cured.

Treatment protocol

It included seven/weekly sessions (total 
5 weeks) with a specific device for gynecological 
practice (Caressflow®, Caress Flow Srl, Bologna, 
Italy): An airbrush connected to the machine body, 
capable to carry and to spray an oxygen-HA combined 
solution (Figure 1). The instrument transforms the 
outside air into 93 ± 3% pure oxygen, by the action of 
zeolite molecular sieves with non-uniform electrostatic 
fields and absorb molecules with higher polarizability or 
higher quadrupole moments, such as nitrogen, argon, 
helium, and hydrogen [40], [41].

Figure 1: Description of the airbrush connected to the machine body

Each patient is treated, inserting the vaginal 
cannula equipped with outlet holes, and releasing 
molecular oxygen alone at a flow of 1–6 l/min (for 
the first 5 min) and subsequently combined with 
sprayed 10 mL of low molecular weight HA- (for the 
next 15 min). This HA has been previously dissolved 
in distilled water, to form a 0.2% (w/v) solution. Highly 
concentrated oxygen spreads easily through the 
vaginal mucosa, counteracting the critical hypoxia 
of microcirculation impairment and recovering the 
superficial cells metabolism. After the oxygen session, 
HA solution is sprayed through a special injection hole 
located in the upper part of the cannula (Figure 1). Due 
to its low molecular weight, it is easily absorbed by 
the mucosa preconditioned with the pure oxygen flow. 
The low molecular weight HA penetrates easily in the 
mucosa prepared by the action of oxygen.

The efficacy of the treatment was evaluated, 
before and after, by (1) micturition diaries and (2) 
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scores of three self-reported questionnaires: Vaginal 
assessment scale (VAS), patient perception of bladder 
condition scale (PPBC), and pain urgency frequency 
(PUF) scale. The micturition diary included 3-day S 
recordings of urine output per 24 h, number of urgencies, 
incontinence, and nocturia episodes per 24 h, intensity 
of urgency using the five-point URS (1 = no urgency, 
2 = mild urgency, 3 = moderate urg, 4 = severe urg, 
and 5 = UUI), and additionally the volume voided during 
each micturition at timeline and after the five session’s 
treatment. The VAS questionnaire identifies the vulvar 
symptoms (dryness, itching, burning, and pain) and 
consists in 4-item questionnaires that determine the 
severity scale (range 0–3 points: 0 = none, 1 = mild, 
2 = moderate, and 3 = severe) of dryness, soreness, 
irritation, and pain (dyspareunia or painfulness to touch 
with external stimulation) for both the vaginal and vulvar 
areas. In the validated PPBC scale, each participant 
filled in his perceived bladder condition on a 6-point 
scale (1 point = no problems and 6 points = many 
severe problems) [42]. Finally, the valid and reliable 
PUF scale measures urinary symptoms, for example, 
pain and urgency, and symptoms related to sexual 
intercourse, consisting of eight items related to urinary 
frequency daily and nightly, symptoms associated with 
sexual intercourse or with the bladder, and discomfort 
caused by these symptoms (range score = 0–35 points, 
a score ≥5 = urinary symptoms) [43].

Statistical analysis

Statistical analyses were performed using 
GraphPad Prism 7 (GraphPad Software Inc., San 
Diego, CA, USA). The data were analyzed using an 
unpaired t-test with Welch’s correction. p < 0.05 was 
considered significant.

Results

All patients successfully completed this study. 
We observed significant reductions in number of urgency 
urinary incontinence (−25.37 vs. −12.01 mean value), 
nocturia episodes (−24.01 vs. −11.23 mean value), 
volume voided in each micturition (−127.79 vs. −98.20 
mean value), and micturitions per 24 h (−44.01 vs. 
−20.12 mean value). There was statistically significant 
difference (p < 0.0001) between the baseline and post-
treatment values in any parameter (Figure 2).

There was a decrease in all the scores 
evaluated at the end of the treatment compared with 
the pre-treatment. In fact, analyses of the pre- and 
post-treatment scores showed a statistically significant 
improvement in VAS, PUF, and PPBC scores (p < 0.0305, 
p < 0.0001, and p < 0.0001, respectively). The VAS value 
scale showed that pain was reduced after the treatment. 

In fact, the mean value of VAS = 0.6 after treatment 
(mean value VAS, before treatment = 2.65) confirmed 
an improvement of symptomatology. The PPBC scores 
were linearly correlated before (p < 0.0001) and after 
treatment (p < 0.0001). At the end of therapy, 13/20 
participants (65%) had PPBC-score <10 with significant 
reduction of urinary urgency rate and of nocturnal 
micturition episodes and resolution of burning sensation. 
Statistical analysis showed, from baseline to 150 days 
of treatment, significant improvements (p < 0.0001) in 
all PPBC parameters. PUF mean value at 5 weeks after 
the last treatment PUF symptom scores decreased by 
10.45 points (p < 0.0001) (Figure 3). No side effects 
associated with the treatment were reported by the 
patients. Combined oxygen therapy with HA has proven 
to be a valid method for treating symptoms associated 
with urethral syndrome. It is a totally painless therapy, 
with excellent compliance by patients. It is a fast, non-
invasive, and repeatable treatment.

Figure 3: VAS, PPBC, and PUF values questionnaires pre- and 
post-treatment. There were significant differences. ****p < 0.0001 
pre- versus post-treatment

Discussion

UPS is an hard challenge for the practicing 
physician due to some gaps of evidence-based 
treatments, and of standardized diagnostic guidelines 
(“diagnosis of exclusion” is mandatory). Petros 
et al. (Petros, 2010) showed that the urothelium 

Figure 2: Urinary micturition’s parameters values pre- and post-
treatment. There were significant differences. ****p < 0.0001 
pre- versus post-treatment
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controls the activity of the afferent nerves, acting as 
a mechanoreceptor and contributing to chronic pelvic 
pain, typical symptom of urethral syndrome. Findings 
confirmed by Strelrsova and coworkers that reported 
in UPS women thinning of urothelium and an enhance 
in the thickness of the connective tissue matrix of the 
bladder neck (Streltsova, et al. 2020). Furthermore, 
Kiseleva et al. confirmed that urethral tissues in UPS can 
be linked to chronic bacterial inflammatory processes 
(Kiseleva et al. 2020). In addition, Gittes and Nakamura 
affirmed that a local infection within the short urethra 
segment can be the cause of the syndrome, since the 
paraurethral gland, within the prevaginal zone, is located 
at 1/3 of the distance from the urethra (an identical 
prostatic homologue tissue in the men, stained similarly 
with prostate specific antigen (Gittes and Nakamura 
1996); a paraurethral gland inflammation promoting 
tenderness in the urethra through the anterior vaginal 
wall might be responsible of UPS.

Different types of antibiotic therapy have been 
proposed for the treatment of female urethral syndrome; 
however, the results of these treatment methods are 
disappointing, as they might be not necessary or might 
cause side effects or induce resistance (Llor and Bjerrum 
2014). Ivarsson et al. (Ivarsson et al. 2019) analyzed 
the UPS treatment schedules of 137 Swedish hospital 
clinics and showed that this syndrome is treated at all 
medical specialty departments (urology, gynaecology, 
gynecologic oncology, venereology, and primary 
care), with different methods: For example urologists 
and gynecologists primarily use local corticosteroids, 
alone or in combination with urethral dilation; general 
practitioners, oncologists, and venereologists use 
instead estrogens and oral/local antibiotics. In our 
study, the efficacy of Caressflow® was associated with 
a statistically significant decrease in VAS, PPBC, and 
PUF questionnaires at the end of treatment. These 
effects are due to the oxygen-HA combination: The 
oxygen enhances the reparative processes of the 
inflamed mucosa and the collagen synthesis by the 
hydroxylation pathway and induces a neoangiogenetic 
stimulation through the release of the vascular 
endothelial growth factor [44], [45], [46], [47]. On the 
other side, HA binds large amount of water molecules 
rehydrating and restructuring the inflammation-injured 
skin and mucous surfaces [48]. We recorded a high 
patient satisfaction grade (97%) among patients after 
the five sessions’ therapy that declared improvement in 
life quality, in particular in social daily life relationships, 
partner relationships, and sexual intercourse.

The limitation of this study is the lack of a 
control arm and small sample size. Consequently, we 
cannot exclude error rates (Type 1 and Type 2 errors) 
and cannot ensure that our results may be replicated in 
the future research with larger sample size. However, 
this preliminary observation and the positive outcomes 
are very promising and recommend a further major 
evidence-based clinical trial.

Conclusions

In this study, we highlight that Caressflow® 
is effective and very well tolerated in UPS: The 
symptomatic benefit is perceived by the treated 
patients since the first session; the oxygen flow mixed 
with HA, gives immediately a sense of freshness and 
urethro-bladder relaxation that lasts several hours; the 
reasonable hypothesis explaining the action mechanism 
of HA across the periurethral soft tissue is that this 
highly hydrophilic molecule mobilizes CD44 cells into 
the lymphoreticular network that crosstalk with local 
inflammatory cells to modulate the lymphokine cascade; 
in the following sessions increased softness and 
elasticity of the urethral segment is steadily achieved, 
accordingly with the persisting benefit several weeks 
after the conclusion of the treatment schedule. In order 
to provide more clear-cut evidence-based data, further 
studies including larger sample sizes, placebo and or 
challenge with other local and systemic treatments, 
and different administration schedules versus longer 
follow-up are recommended.
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Introduction

During reproductive life vaginal discomfort (VD) is frequently 
claimed by women as a factor worsening their quality of life. VD 
is mainly induced by vaginal discharges, burning and itching of 
genitalia, and it represents the primary reason for gynecologi-
cal consultation, in different medical settings [1]. Causes of VD 
are recognized under the umbrella diagnosis of vaginal infec-
tions which could be sustained by bacteria, fungi and protozoa 
local infection. Bacterial vaginosis (BV) is the most prevalent 
while either vulvovaginal candidiasis (VVC) and Trichomonas 
infections account for the vast majority of the remnant cases [2].
  Although BV can be efficaciously treated with proper antimi-
crobial agents, metronidazole representing the gold standard 
[3], this condition is characterized by frequent relapses and the 
recurrence of VD requires different approaches. Among them, 
pH changes and biofilm disruption have provided moderate 
quality of evidence in terms of benefit, in addition to either 
barrier or hormone contraception [4].  

   On the other hand, few attention has been focused on the fact 
that most of the bacterial species sustaining BV (Gardnerella vag-
inalis, Atopobium vaginae, Megasphera, Prevotella and Sneathia)  
are classified as anaerobia bacteria since their proliferation could 
take place only in the absence of oxygen. Indeed, the presence of 
oxygen in the environment induced a block of bacterial growth 
[5]. Although Lactobacillus spp are included among anaerobia, 
they are still aero-tolerant and insensitive to oxygen exposure [6].

ABSTRACT
Background: Vaginal discomfort (VD) due to infections remains a challenge in clinical practice. Since many microbial 
agents grow in anaerobic conditions, a novel approach using oxygen supply has been proposed. 
Objective: The aim of this pilot study was to verify the clinical effects of vaginal oxygen insufflation in women presenting 
with vaginal infections.
Methods: Fertile age women with a diagnosis of vaginal infections of different etiology were enrolled in a randomized, 
controlled, open label, monocentric trial. Women with vulvo-vaginal atrophy, amenorrhea since at least 3 months and 
exposure to antibiotics in the previous 30 days were excluded. Gynecological examination and vaginal swabs were 
performed. Women were randomized to 3 treatment groups. Group A received vaginal normobaric, high concentration 
oxygen supply (O2 concentration >95%, 3 lt/min for 20 minutes), twice/week for 2 weeks; group B received vaginal 
oxygen as Group A added to a targeted antibiotic or antimycotic treatment for 5-7 days; Group C received only the tar-
geted antibiotic or antimycotic treatment for 5-7 days. Subjects rated vaginal discharges, vulvovaginal itching/burning 
and dyspareunia before and 10-14 days after end of treatment on a Likert scale. VD score was obtained with the sum of 
single symptoms.
Results: Out of 36 randomized women 32 were analyzed. Bacterial vaginosis (n=14), candidiasis (n=7) and aspecific 
vaginal infections (n=11) were equally distributed among groups.  Baseline VD, as well as single symptom scores were 
not different among groups. At the end of the treatments, the VD score was significantly reduced by 89.2 ± 7.1% in Group 
A, by 85.1 ± 10.1% in group C and to a lesser extent by 52.8 ± 9.2% in group B, with significant reduction occurred in 
single symptoms.
Conclusions These findings demonstrate that the vaginal supply of high concentration oxygen has proven efficacy in pa-
tients presenting with vaginal infections. The effect is similar to the one obtained through targeted antimicrobial therapy.
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   Vaginal oxygen supplementation has recently been proposed 
as a treatment for some gynecological disorders. Once coupled 
with hyaluronic acid, cycles of vaginal oxygenation gave defi-
nite therapeutic benefits in a cohort of patients with relapsing 
episodes of VVC [7]. Similarly, the same combo improved vag-
inal atrophy in postmenopausal women [8] as well as sexuality 
and urinary symptoms in breast cancer survivors, both in fertile 
or postmenopausal age [9].

   On these grounds, we performed a pilot, randomized, con-
trolled trial aiming to verify the effects of vaginal oxygen sup-
plementation in a group of women affected by VD due to vag-
inal infections.

Methods
This was a pilot, randomized, controlled, open label, monocen-
tric trial in which women of fertile age presenting for VD were 
screened and those reaching a diagnosis of vaginal infections 
were enrolled, after informed consent was obtained.
Inclusion criteria were: age 18-45 years, diagnosis of vaginal infec-
tions of different etiology, ability to fill-in the symptom’s sheet 
and the comprehension of the informed consent sheet. Exclusion 
criteria were: vulvo-vaginal atrophy, amenorrhea since at least 3 
months and exposure to antibiotics in the previous 30 days.
   Each woman received a general physical and gynecological 
examination at entry to the study, together with a vaginal swab. 
Moreover, the subjects rated their VD on a Likert scale evaluat-
ing vaginal discharges, vulvovaginal itching/burning and dyspa-
reunia.  Once inclusion and exclusion criteria were met, subjects 
underwent a randomization (1:1:1) in three different groups of 
intervention. Randomization was managed by a midwife who 
used sealed envelopes containing treatment allocation that was 
performed through a random series of numbers. Treatment was 
disclosed after the patient’s consent was signed. 
   Group A received vaginal high concentration oxygen supply 
(O2 concentration >95%, 3 lt/min for 20 minutes), twice/week 
for 2 weeks; group B received vaginal oxygen as Group A added 
to a targeted antibiotic or antimycotic treatment for 5-7 days; 
and Group C (control group) receive the targeted antibiotic or 
antimycotic treatment for 5-7 days. 
  The oxygen treatment was carried out using the Caress Flow 
system (Caress Flow - Bologna, Italy), an oxygen therapy device 
for gynecological use that allows the topical administration of 
oxygen through a vaginal cannula with a high degree of purity 
and a flow rate of 3 lt/min.
  Both vaginal swab and symptoms ratings were performed 
10-14 days after the end of treatment. Women self-rated vag-
inal itching/burning, vaginal discharges and dyspareunia on a 
Likert scale from 0 (absent) to 10 (maximal discomfort), as 
performed at entry in the study.
   The primary outcome was a composite VD score obtained 
from the sum of vaginal discharge, vaginal itching/burning and 
dyspareunia. Secondary outcomes were the individual compo-
nents of the VD score.
   Due to the explorative nature of the study, the sample size 
was determined a priori as being composed by 36 women, 12 
each group.

Statistical analysis was performed by comparing Groups through 
parametric and non-parametric tests when appropriate, according 
to the distribution of data. Percent variations were also calculated 
and compared through ANOVA. A p value of < 0.05 was consid-
ered statistically significant.

Results
Out of 36 randomized women 32 were analyzed. Two women 
immediately retired consent and further two were lost after first 
contact not presenting to follow-up. 
   The clinical features were not different among the randomized 
women (Table 1). At baseline, the total VD score was similar 
among the 3 groups (Figure 1). Similarly, there were no differ-
ences in the rating of baseline symptoms such as vaginal itching/
burning (Kruskall-Wallis [KW] =1.696, d.f. 2.32; p=0.428), vag-
inal discharge (KW = 1.266, df. 2.32; p=0.531 and dyspareunia 
(KW=0.500, d.f. 2.32; p=0.779) among the 3 groups.

Table 1. Clinical characteristics of the patients participating in the 3 
groups of treatment (Data are presented as mean ± standard deviations 
or number of cases.

Group A
Oxygen
(n=11)

Group B
Oxygen + 
Antimicrobial 
therapy
(n=11)

Group C
Antimicrobial 
therapy
(n=10)

Age (years) 31.3 ± 3.1 33.6 ± 4.2 32.2 ± 2.9

Household 2 3 3

Education > 8 years 7 8 6

Aspecific Vaginal 

infections

5 3 3

Vaginal Candidiasis 2 3 2

Bacterial vaginosis 4 5 5

Figure 1. Vaginal Discomfort (VD) score changes (mean ± standard 
deviation) before and after treatments in women randomized to the 
three groups described in the text.
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   VD was significantly reduced by treatment in all the 3 groups 
(Figure 1).  Indeed, VD score was significantly reduced by 89.2 
± 7.1% in Group A, by 85.1 ± 10.1% in group C and to a lesser 
extent by 52.8 ± 9.2% in group B.  
    Vaginal symptom scores before and after treatment are presented 
in Table 2. Vaginal discharge and itching/burning score were sig-
nificantly reduced in every group after treatment. Dyspareunia 
was not significantly reduced in women receiving both oxygen 
and antimicrobial therapy (Table 2). 

Data are presented as mean ± standard deviations. Statistically 
significant differences within group are reported (Wilcoxon test).

Percent changes (mean ± standard deviation) of assessed vagi-
nal symptoms occurring in women after treatment in groups A, 
B and C are presented in Figure 2. No significant differences 
were demonstrated.

Discussion
This pilot, controlled trial demonstrated that vaginal oxygen 
delivery is associated with a reduction of the main vaginal 
discomfort symptoms, i.e. discharges, itching as well as dys-
pareunia, in women affected by vaginal infections of diverse 
etiologies. The efficacy extent of vaginal oxygen was not dif-
ferent respect to the standard antimicrobial approach alone or 
in combination with oxygen.
  In the present series the most part of the patients either 
presented with BV or with candidiasis. Our data confirmed 
that targeted treatment (antibiotics or antimycotics) is able to 
reduce symptoms and restore vaginal health [10].  However, 
literature has reported that there are several limitations in the 
use of antimicrobial agents. Firstly, vaginal infections fre-
quently relapse, hence requiring recurrent treatments, with 
over exposure to the drugs [11]. Secondly, the use (and abuse) 
of these agents is associated with the development of micro-
bial resistances that now become a public health issue on a 
global scale [12].
   For the above reasons it is of paramount importance to look 
for alternative treatments.  Among tested interventions, there 
are pH modulators such as lactic acid <{13], with few, if any 
effects, antiseptics like boric acid [14], also with few, if any 
effects), changing diet [15],, with few benefits, and probiotics. 
These last products have gained attention in the last years 
when added after the antimicrobial agent [16], or alone {17,18]. 
Unfortunately, results are still heterogeneous to guide an evi-
dence-based approach being closely depending on the quality 
and quantity of bacterial strains of each product. 
   Anaerobic bacteria, namely those sustaining BV, are nat-
urally vulnerable to oxygen. Indeed, aerobiosis stimulates 
the formation of reactive oxygen species, interferes with the 
redox processes necessary for their physiology and ultimately 
arrest their proliferation [19]. For those reasons, hyperbaric 
oxygen was established as a treatment in cases of clostridial 
myonecrosis, necrotizing soft-tissue infections, myocardi-
tis and so on [20]. Moreover, oxygen promotes tissue repair, 
thus stimulating angiogenesis through vascular endothelial 
growth factor [21].
   Just recently the interest towards a local oxygen treatment has 
arisen. In vitro, antimicrobial oxygen activity on P. gingivalis 
has been reported in patients affected by periodontitis where 
the treatment could foster eubiosis [22]. On the other hand, the 
application of local normobaric high concentration oxygen 
through vaginal insufflation was previously reported useful 
for relieving the urogenital syndrome once associated with 
hyaluronic acid, in postmenopausal breast cancer survivors [9].
   In view of previous clinical experiences and experimen-
tal observations we could hypothesize that oxygen action is 
exerted at different levels, i.e. inhibition of microbial growth, 
removal of biofilms and promotion of reparative processes.
    This study has some limitations inherent to the small sample 
and to the fact the sample size was not calculated due to the 
pilot nature of the investigation. Moreover, different types of 
vaginal infections were included not allowing to draw conclu-
sion inherent to each one of them. However, we could foresee 
that oxygen effect would be better exploited in cases of BV 
to avoid relapses. 

Table 2. Vaginal symptom scores before (top value) and after treatment 
(below) in the three groups.

Vaginal symptom Group A
Oxygen
(n=11)

Group B
Oxygen + 
Antimicrobial 
therapy
(n=11)

Group C
Antimicrobial 
therapy
(n=10)

Vaginal discharges 5.82 ± 2.96
1.27 ± 2.41
p=0.005

4.64 ± 3.64
1.82 ± 2.27
p=0.018

6.60 ± 1.90
1.30 ± 2.83
p=0.007

Vaginal itching 6.09 ± 2.81
1.18 ± 2.31
p=0.005

5.00 ± 2.79
2.09 ± 3.39
p=0.023

6.10 ± 2.73
1.10 ± 2.23
p=0.005

Dyspareunia 5.91 ± 3.02
2.36 ± 2.50
p=0.008

5.09± 3.36
3.46 ± 3.61
p=0.058

5.00 ± 3.43
1.50 ± 2.51
p=0.011

Figure 2. Percent changes (mean ± standard deviation) of assessed 
vaginal symptoms occurring in women after treatments in groups A, B 
and C. No significant differences were demonstrated.
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   In conclusion, the efficacy and tolerability of vaginal oxygen 
insufflation in the treatment of vaginal infections is here reported 
for the first time. The clinical short-term effect is not differ-
ent to the conventional antimicrobial approach. Larger studies 
with longer follow-up are required to confirm these first pilot 
observations.
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Abstract

BACKGROUND: The postpartum period challenges women with a variety of urogenital disorders, which 
significantly impact their physical and psychological well-being. Traditional treatments often fall short in addressing 
the complexities of these conditions, which include urinary incontinence and sexual dysfunction. 

AIM: This study explores the effectiveness of a novel treatment—high-concentration oxygen combined with 
hyaluronic acid—aimed at improving postpartum urogenital health.

METHODS: This clinical study enrolled 41 postpartum women aged 18 to 42, undergoing a four-week treatment 
regimen with high-concentration oxygen combined with hyaluronic acid. This device delivers high-concentration 
oxygen and hyaluronic acid directly to the vaginal area. The severity of symptoms such as vulvar laxity, urogenital 
triangle lowering, and urethral orifice laxity was assessed at baseline and post-treatment using a four-point scale.

RESULTS: Treatment resulted in significant improvements in all targeted symptoms, with the most notable 
reductions observed in muco-epithelial inflammation scar (60% reduction) and vulvar laxity (54% reduction). These 
improvements were statistically significant (p<0.0001), indicating a robust response to the therapy. The study also 
noted enhancements in general well-being, although these were not statistically significant.

CONCLUSIONS: The treatment with high-concentration oxygen and hyaluronic acid offers a promising new 
approach to postpartum rehabilitation. By significantly reducing key symptoms of urogenital dysfunction, this 
treatment has the potential to enhance the quality of life for postpartum women. Future studies should investigate 
long-term outcomes and the integration of this therapy into broader postpartum care practices.

Introduction

The postpartum period presents unique health 
challenges for women, prominently featuring urogenital 
disorders such as urinary incontinence and sexual 
dysfunction. These conditions not only affect physical 
health but also impact psychological well-being and
quality of life. 

Sexual health, crucial for the quality of life of 
women, is defined by the World Health Organization as 
"a state of physical, emotional, mental, and social well-
being related to sexuality; it is not merely the absence 
of disease, dysfunction, or infirmity". Considering 
sexual health as an indicator of well-being, it is possible 
that sexual dysfunction may be a consequence of 
maternal morbidity.

Vaginal and perineal pain are predominantly 
considered nociceptive pain, but neuropathic pain due 
to obstetric trauma, such as pudendal neuropathy, is 

also a possible contributor. Perineal and vaginal pain 
after vaginal delivery is associated with tissue trauma 
related to operative vaginal delivery, perineal 
laceration, and the use of episiotomy, although some 
studies report its occurrence even after cesarean 
delivery with or without labor.

Sexual activity typically resumes six to eight 
weeks postpartum [1]. However, the return to regular 
sexual activity often only begins to stabilize six months 
postpartum. This delayed resumption can be attributed 
to both physical discomforts, such as pain and fatigue, 
and psychological factors including anxiety and altered 
body image perceptions post-delivery. These 
challenges highlight the need for a more open 
discussion and proactive management of sexual health 
in postpartum care.

Moreover, as outlined by Fallowfield [2] the 
quality of life is a crucial measure that should 
encompass all aspects of health, including sexual 
health. The neglect of sexual health issues can lead to 
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long-term consequences, affecting a woman's quality 
of life and well-being. Studies, such as the systematic 
review by Jawed-Wessel and Sevick, have shown that 
pregnancy and childbirth profoundly impact sexual 
behaviors, yet the topic remains under-researched and 
under-discussed in clinical settings. 

In addition to the hesitancy in discussing 
sexual health issues, many women experience 
significant psychological distress due to changes in 
their sexual function and body image postpartum. This 
distress can be compounded by the lack of information 
and guidance provided on navigating these changes, 
underscoring the necessity for healthcare providers to 
initiate conversations about sexual health as a routine 
part of postpartum care. 

Other studies [3], [4] highlighted the high 
prevalence of urinary incontinence postpartum, 
affecting up to 50% of women, with significant 
repercussions on sexual function and overall life 
satisfaction. In most cases, urinary incontinence 
appears for the first time during pregnancy and persists 
into the postpartum period. Urinary incontinence during 
pregnancy, multiparity, and constipation are risk factors 
for the persistence of incontinence. 

Furthermore, Diz-Teixeira et al. [5] 
emphasized the effectiveness of physiotherapy in 
managing urinary incontinence, suggesting that 
targeted treatments can significantly alleviate 
symptoms and improve recovery. Despite these 
advances, many women continue to experience 
persistent symptoms that are inadequately addressed 
by conventional therapies. 

In response to these challenges, innovative 
treatments have been explored to provide more 
effective solutions. One such approach is the 
concomitant administration of hyaluronic acid and 
topical oxygen therapy (TOT) using a specifically 
designed medical device, the Vaginal Natural 
Oxygenation Device (VNOD). This pilot study [6] 
evaluated the effectiveness of VNOD in improving the 
symptomatology of vulvo-vaginal atrophy (VVA) in 
postmenopausal women—a condition that shares 
common pathophysiological features with postpartum 
urogenital disorders. 

The VNOD method integrates hyaluronic acid's 
moisturizing and epithelial barrier enhancing properties 
with the regenerative capabilities of high concentration 
oxygen, promoting tissue repair and reducing 
symptoms such as vaginal dryness, burning, and 
itching [7], [8]. The study demonstrated significant 
improvements in vaginal health metrics, suggesting a 
promising approach for extending these benefits to 
postpartum women suffering from similar urogenital 
issues. 

Given the parallels between postmenopausal 
VVA and postpartum urogenital disorders, our research 
applies the VNOD methodology to a postpartum cohort, 
hypothesizing that it could similarly alleviate symptoms 

and improve the quality of life in this demographic. This 
study aims to fill the gap in effective postpartum care 
solutions, providing evidence for a potentially 
transformative approach to managing postpartum 
urogenital health. 

The aim of the study was to observe the effects 
of treatment with high concentration oxygen and 
hyaluronic acid on patients with the following 
gynaecological post-partum conditions: 

• Vulvar laxity; 
• Urogenital triangle lowering; 
• Urethral orifice laxity; 
• Muco-epithelial inflammation scar; 
• Mucosal redness; 
• Stress urinary incontinence episodes; 
• Well-being; 
• Burning; 
• Dyspareunia; 
• Scar pain. 

 

 

Materials and Methods 
 

The clinical study was approved by the local 
institutional review board and conducted in accordance 
with the ethical standards of the Declaration of Helsinki. 

Forty-one women between the ages of 18 and 
42 who had given birth four to five months earlier were 
enrolled in the study. 

Patients with vulvar dermatological changes, 
signs of vulvovaginal infections, or pre-
neoplastic/neoplastic changes in the lower genital tract 
were excluded from the study. 

 

Treatment 

Treatment was performed by an appropriate 
device (CaressFlow Srl, Bologna, Italy) recently 
commercialized for the treatment of VA in 
postmenopausal women.  

The device consists of a compressor that 
produces compressed air by taking in air from the 
outside, filtering it and compressing it. Inside the body 
of the machine, there are zeolite molecular sieves that 
use the principle of different absorption of gas 
molecules, allowing O2 to pass and retaining the other 
gases present in the air, such as nitrogen, argon, 
helium and hydrogen. The body of the machine 
transforms the outside air into 93 ± 3% pure oxygen at 
a flow rate of 2 l/min. 

The first part of the treatment is carried out by 
an airbrush connected to the machine body (Figure 
1A). The airbrush is used for the treatment of external 
genitalia, nebulizing the combination of oxygen and 
hyaluronic acid (0,2% solution) for 5 minutes. 
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effective solutions. One such approach is the 
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designed medical device, the Vaginal Natural 
Oxygenation Device (VNOD). This pilot study [6] 
evaluated the effectiveness of VNOD in improving the 
symptomatology of vulvo-vaginal atrophy (VVA) in 
postmenopausal women—a condition that shares 
common pathophysiological features with postpartum 
urogenital disorders. 

The VNOD method integrates hyaluronic acid's 
moisturizing and epithelial barrier enhancing properties 
with the regenerative capabilities of high concentration 
oxygen, promoting tissue repair and reducing 
symptoms such as vaginal dryness, burning, and 
itching [7], [8]. The study demonstrated significant 
improvements in vaginal health metrics, suggesting a 
promising approach for extending these benefits to 
postpartum women suffering from similar urogenital 
issues. 

Given the parallels between postmenopausal 
VVA and postpartum urogenital disorders, our research 
applies the VNOD methodology to a postpartum cohort, 
hypothesizing that it could similarly alleviate symptoms 

and improve the quality of life in this demographic. This 
study aims to fill the gap in effective postpartum care 
solutions, providing evidence for a potentially 
transformative approach to managing postpartum 
urogenital health. 

The aim of the study was to observe the effects 
of treatment with high concentration oxygen and 
hyaluronic acid on patients with the following 
gynaecological post-partum conditions: 

• Vulvar laxity; 
• Urogenital triangle lowering; 
• Urethral orifice laxity; 
• Muco-epithelial inflammation scar; 
• Mucosal redness; 
• Stress urinary incontinence episodes; 
• Well-being; 
• Burning; 
• Dyspareunia; 
• Scar pain. 

 

 

Materials and Methods 
 

The clinical study was approved by the local 
institutional review board and conducted in accordance 
with the ethical standards of the Declaration of Helsinki. 

Forty-one women between the ages of 18 and 
42 who had given birth four to five months earlier were 
enrolled in the study. 

Patients with vulvar dermatological changes, 
signs of vulvovaginal infections, or pre-
neoplastic/neoplastic changes in the lower genital tract 
were excluded from the study. 

 

Treatment 

Treatment was performed by an appropriate 
device (CaressFlow Srl, Bologna, Italy) recently 
commercialized for the treatment of VA in 
postmenopausal women.  

The device consists of a compressor that 
produces compressed air by taking in air from the 
outside, filtering it and compressing it. Inside the body 
of the machine, there are zeolite molecular sieves that 
use the principle of different absorption of gas 
molecules, allowing O2 to pass and retaining the other 
gases present in the air, such as nitrogen, argon, 
helium and hydrogen. The body of the machine 
transforms the outside air into 93 ± 3% pure oxygen at 
a flow rate of 2 l/min. 

The first part of the treatment is carried out by 
an airbrush connected to the machine body (Figure 
1A). The airbrush is used for the treatment of external 
genitalia, nebulizing the combination of oxygen and 
hyaluronic acid (0,2% solution) for 5 minutes. 
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The second part of the treatment consists of 
the use of a vaginal cannula (Figure 1B) through which 
a flow of pure oxygen is delivered for 5 minutes, 
followed by the simultaneous delivery of oxygen and 
hyaluronic acid for 10 minutes.  

The same 20-min session was repeated every 
week four times. 

 
Figure 1: Airbrush (A) and vaginal cannula (B) 

 

 

Evaluation 

At visit 0, an accurate collection of patient 
history and a complete clinical examination was 
performed to evaluate eligibility criteria. The intensity of 
the following symptoms: 

• Stress urinary incontinence episodes; 
• Well-being; 
• Burning; 
• Dyspareunia; 
• Scar pain; 

were collected from patients with a VAS based on a 
four-point scale: score 1 = absence of symptom, score 
2 = weak intensity, score 3 = mild intensity, score 4 = 
maximum intensity.  

Before the treatment, the following symptoms: 

• Vulvar laxity; 
• Urogenital triangle lowering; 
• Urethral orifice laxity; 
• Muco-epithelial inflammation scar; 
• Mucosal redness; 

were determined by the clinician and evaluated on a 
four-point scale: score 1 = absence of symptoms, score 
2 = weak intensity, score 3 = mild intensity, score 4 = 
maximum intensity.  

All patients were assessed for the presence of 
symptoms from the second treatment session, with 
follow-up at 7 days after the end of treatment, for a total 
of 4 assessments. This study did not utilize a separate 
control group, but it compared the patient’s outcomes 
with their baseline clinical conditions. 

 

Statistical Analysis 

Statistical analysis was performed using IBM 
SPSS version 22.0 (IBM Corporation, Armonk, NY, 
USA). The significance of pairwise comparisons 
between treatment sessions was analyzed using the 

Wilcoxon test for non-parametric data. Two-sided p-
values < 0.05 were considered statistically significant. 

 

Results 
 

The results showed a significant improvement 
in all mean scores analyzed (Figure 2), except for well-
being, which was not significant. The analysis of the 
comparisons between the different phases of therapy 
has shown that each subsequent treatment determined 
a significant improvement in all parameters.  

 
Figure 2: Analysis of Symptom Improvements in Postpartum 
Urogenital Health. *Significant at level alpha = 0.05 

 

Figure 3 illustrates the percentage changes in 
various postpartum urogenital symptoms experienced 
by participants after undergoing the specified 
treatment. The percentages reflect the extent of 
symptom improvement or deterioration, with negative 
values indicating a reduction in symptom severity and 
positive values indicating an increase.  

For all the parameters analysed, except for 
well-being, which showed a non-significant increase of 
21%, the reduction in symptoms ranged from 38% for 
stress urinary incontinence episodes to 60% for muco-
epithelial inflammatory scar. 
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All patients successfully completed this study. 
The therapy was well accepted by patients with 
immediate therapeutic effects and without side effects.  

 
Figure 3: Mean Percentage Changes in Postpartum Urogenital 
Symptoms Following Treatment 

 

Discussion 
 

The treatment of postpartum complications 
holds a critical place in enhancing the quality of life and 
ensuring the psychological well-being of new mothers. 
The transitional phase postpartum presents numerous 
health challenges that, if inadequately addressed, can 
lead to significant long-term physical and psychological 
issues.  

Rehabilitation during the postpartum period, 
therefore, is not merely a healthcare routine but a 
crucial intervention that ensures the holistic recovery of 
women. 

Postpartum rehabilitation encompasses a 
diverse spectrum of practices and techniques aimed at 
addressing the multifaceted health issues faced by 
women after childbirth. These issues range from 
physical injuries such as perineal tears to emotional 
and psychological stresses that can impact a woman’s 
return to her pre-pregnancy state. Each woman’s 
journey through postpartum recovery is unique, 
influenced by the nature of the delivery, the presence 
of pre-existing conditions, and her overall health. 

The rehabilitation process is inherently 
multidisciplinary, involving obstetricians, physiothera-
pists, psychologists, and other specialists who work 
together to tailor rehabilitation plans that address 
individual needs effectively. Techniques used in 
postpartum rehabilitation include but are not limited to 
physical therapy for strengthening pelvic floor muscles, 
psychological counseling to address postpartum 
depression and anxiety, and nutritional counseling to 
help women recover from dyspareunia, or painful 
intercourse, is a common postpartum complaint. The 
condition can stem from natural changes during 
childbirth, such as hormonal fluctuations and physical 

injuries like perineal tears and episiotomies. 
Multidisciplinary approaches to treat dyspareunia 
involve physical therapies that focus on pelvic floor 
muscle training, psychological counseling to address 
anxiety associated with painful intercourse, and 
sometimes medical interventions such as topical 
estrogen therapies. These interventions aim to not only 
alleviate pain but also improve the quality of sexual 
relations, which is crucial for emotional bonding and 
personal well-being [9]. 

Intravaginal transcutaneous electrical nerve 
stimulation (TENS) and pelvic floor muscle training are 
proven to be effective in reducing symptoms of pelvic 
floor dysfunction, including urinary incontinence and 
pelvic pain. These methods enhance muscle strength 
and alleviate symptoms by improving neuromuscular 
control and reducing inflammation and pain through 
nerve stimulation [9]. [10]. 

This involves exercises aimed specifically at 
strengthening the pelvic floor muscles which are crucial 
for urinary continence and sexual function. 
Rehabilitation starts with simple exercises and 
progressively increases in intensity as the patient 
recovers. This method has been shown to be essential, 
especially in women experiencing persistent symptoms 
three months postpartum [11]. 

Against the backdrop of traditional therapies, 
the innovative treatment involving high-concentration 
oxygen and hyaluronic acid represents a significant 
advancement. This combination therapy leverages the 
healing properties of oxygen and the moisturizing 
effects of hyaluronic acid to promote tissue 
regeneration and repair. The introduction of this 
treatment has marked a novel approach in postpartum 
care, offering rapid amelioration of symptoms like 
vaginal dryness, inflammation, and pain, which are 
often significant barriers to a woman’s postpartum 
recovery. 

Recent studies have documented the 
effectiveness of this treatment in significantly improving 
the symptoms associated with postpartum urogenital 
disorders. For instance, clinical trials have shown 
marked improvements in vaginal health, with 
reductions in dryness, inflammation, and pain within 
just four weeks of treatment initiation. The implications 
of these findings are profound, suggesting that 
combining high-concentration oxygen with hyaluronic 
acid can expedite the healing process, thereby 
reducing the overall recovery time and improving the 
quality of life for new mothers [9], [12], [13]. 

Moreover, the broader implications of these 
improvements extend beyond physical health, 
influencing psychological and emotional well-being. 
Enhanced recovery from physical symptoms facilitates 
better overall mood, reduces stress, and improves the 
capacity for mothers to bond with their infants and 
resume their social and professional lives. 
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and alleviate symptoms by improving neuromuscular 
control and reducing inflammation and pain through 
nerve stimulation [9]. [10]. 
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healing properties of oxygen and the moisturizing 
effects of hyaluronic acid to promote tissue 
regeneration and repair. The introduction of this 
treatment has marked a novel approach in postpartum 
care, offering rapid amelioration of symptoms like 
vaginal dryness, inflammation, and pain, which are 
often significant barriers to a woman’s postpartum 
recovery. 
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effectiveness of this treatment in significantly improving 
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reductions in dryness, inflammation, and pain within 
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The rehabilitation of pelvic floor health 
postpartum is crucial for restoring function and 
enhancing quality of life, particularly in addressing 
conditions like vulvar laxity, urogenital triangle 
lowering, and urethral orifice laxity. The treatment 
involving high-concentration oxygen and hyaluronic 
acid has demonstrated significant improvements 
across these symptoms, which are often overlooked in 
typical postpartum care. As illustrated in our results, 
each of these conditions showed a marked 
improvement over the course of the treatment, which 
can be attributed to the regenerative properties of the 
therapy employed. 

Vulvar laxity, which affects the structural 
integrity and functionality of the vulvar region, showed 
a progressive decrease in symptom severity across the 
treatment phases. This improvement is critical as it 
directly enhances the structural support of the pelvic 
floor, contributing to better overall pelvic health and 
functionality. Similarly, the lowering of the urogenital 
triangle, a common issue that can lead to discomfort 
and urinary incontinence, was significantly mitigated, 
suggesting an effective restoration of the pelvic 
anatomy, which is essential for maintaining urinary 
continence and sexual function [14]. 

Moreover, the urethral orifice laxity, which can 
significantly impact urinary control and sexual 
satisfaction, also saw considerable improvements. By 
reducing laxity in this area, the treatment helps in 
tightening the urethral closure mechanism, thereby 
enhancing urinary continence and reducing the risk of 
related complications. The statistical significance of 
these improvements (p<0.0001) across the initial and 
final phases of treatment underscores not only the 
efficacy but also the potential of this therapeutic 
approach to serve as a cornerstone in postpartum 
pelvic rehabilitation [15]. 

These findings are pivotal as they provide 
empirical evidence supporting the use of high-
concentration oxygen and hyaluronic acid in the 
targeted rehabilitation of the pelvic floor postpartum. By 
addressing these specific aspects of pelvic health, the 
treatment offers a comprehensive approach that 
significantly improves the structural and functional 
recovery of the pelvic floor, which is vital for the long-
term health and well-being of postpartum women [12]. 

Despite the promising results, the adoption of 
high-concentration oxygen and hyaluronic acid 
treatment in routine postpartum care faces challenges. 
These include variability in treatment response, the 
need for specialized equipment, and potential 
accessibility issues. Future research should focus on 
addressing these challenges, exploring the long-term 
effects of the treatment, and expanding its application 
to a broader range of postpartum conditions. 

 

Conclusions 

In summary, the integration of high-
concentration oxygen and hyaluronic acid into 
postpartum rehabilitation protocols offers a promising 
avenue for enhancing maternal health care. As 
evidence of its efficacy grows, it is imperative for 
healthcare providers to consider these innovative 
treatments as part of standard care practices to ensure 
that every woman can achieve the best possible 
postpartum recovery. 

 

References 
1. Jawed-Wessel S, Sevick E. The Impact of Pregnancy and 

Childbirth on Sexual Behaviors: A Systematic Review. J Sex 
Res 2017;54(4-5):411-23. 
https://doi.org/10.1080/00224499.2016.1274715 
PMid:28166416 

 
2. Fallowfield L. The Quality of Life: The Missing Measurement in 

Health Care. London, England: Souvenir Press, 1990:1-234. 
 

3. Thom DH, Rortveit G. Prevalence of postpartum urinary 
incontinence: a systematic review. Acta Obstet Gynecol 
Scand. 2010 Dec;89(12):1511-22. 
https://doi.org/10.3109/00016349.2010.526188 
PMid:21050146 

 
4. Badreddine J, Pope R, Sheyn D. Impact of Urinary 

Incontinence on Postpartum Sexual Function. Urogynecology 
(Phila). 2022 Nov 1;28(11):753-762. 
https://doi.org/10.1097/SPV.0000000000001247 
PMid:36288114 

 
5. Diz-Teixeira P, Alonso-Calvete A, Justo-Cousiño LA, 

González-González Y, Cuña-Carrera ID. Update on 
Physiotherapy in Postpartum Urinary Incontinence. A 
Systematic Review. Arch Esp Urol. 2023 Feb;76(1):29-39. 
https://doi.org/10.56434/j.arch.esp.urol.20237601.2 
PMid:36914417 

 
6. Condemi L, Di Giuseppe J, Delli Carpini G, Garoia F, Frega A, 

Ciavattini A. Vaginal natural oxygenation device (VNOD) for 
concomitant administration of hyaluronic acid and topical 
hyperbaric oxygen to treat vulvo-vaginal atrophy: a pilot study. 
Eur Rev Med Pharmacol Sci. 2018 Dec;22(23):8480-8486.  

 
7. Massarotti C, Asinaro G, Schiaffino MG, Ronzini C, Vacca I, 

Lambertini M, Anserini P, Del Mastro L, Cagnacci A. Vaginal 
oxygen plus hyaluronic acid on genito-urinary symptoms of 
breast cancer survivors. Climacteric. 2023 Apr;26(2):129-134. 
https://doi.org/10.1080/13697137.2023.2167596 
PMid:36697389 

 
8. Barbero M, Villasco A, Villa M, Badellino E, Marello E, Botta G. 

Conjugate treatment with high concentration normobaric 
oxygen and hyaluronic acid for vaginal atrophy: a prospective 
study. Eur Rev Med Pharmacol Sci. 2023 Mar;27(5):2011-
2017.  

 
9. Ram-Weiner M, Hayman-Mendelson A, Allouche-Kam H, Lev-

Sagie A. Postpartum dyspareunia: clinical evaluation, causes, 
and treatment outcomes. J Sex Med. 2023 Feb 27;20(3):324-
331. https://doi.org/10.1093/jsxmed/qdac040 PMid:36763952 

 
10. Dionisi B, Senatori R. Effect of transcutaneous electrical nerve 

stimulation on the postpartum dyspareunia treatment. J Obstet 
Gynaecol Res. 2011 Jul;37(7):750-3. 
https://doi.org/10.1111/j.1447-0756.2010.01425.x 
PMid:21395897 

 
11. Sénat MV, Sentilhes L, Battut A, Benhamou D, Bydlowski S, 

Chantry A, Deffieux X, Diers F, Doret M, Ducroux-Schouwey 
C, Fuchs F, Gascoin G, Lebot C, Marcellin L, Plu-Bureau G, 

155



Strictly Private and Confi dential. Not for Distribution.

3.2. 
SUBMITTED 

STUDIES

156



Strictly Private and Confidential. Not for Distribution.

157



Strictly Private and Confidential. Not for Distribution.
 

Article 

Evaluation of Topical Administration of Low 
Molecular Weight Hyaluronic Acid (LMWHA) 
Solution and High Concentration Oxygen (HCO) 
versus Hyaluronic Acid (HA) Alone in the 
Improvement of Urinary Incontinence: A Double 
Center Retrospective Study 
Paolo Manna 1, Basilio Pecorino 2,*, Perrone Fabiola 1, Di Blasi Marika 1, Paolo Scollo 3,  
Giuseppe Scibilia 4 and Fulvio Zullo 1 

1 Department of Clinical and Experimental Medicine, Obstetrics and Gynecology Unit, “Magna 
Graecia” University, Catanzaro, Italy; paolomanna14@gmail.com (P.M.);  
fabiolauniversita@gmail.com (P.F.); diblasimarika@gmail.com (D.B.M.); zullo@unicz.it (F.Z.) 

2 Obstetrics and Gynecology Umberto I Hospital, Enna – Kore University of Enna 
3  Obstetrics and Gynecology Cannizzaro Hospital, Catania – Kore University of Enna; 

paolo.scollo@unikore.it  
4 Obstetrics and Gynecology Giovanni Paolo II Hospital, Ragusa – Kore University of Enna; 

giuseppe.scibilia@unikore.it  
* Correspondence: basilio.pecorino@unikore.it; Tel.: +393406251760 

Abstract: Objectives: To rate the effects of low molecular weight hyaluronic acid (LMWHA) 
solution and high concentration oxygen (HCO) through a specific medical device (Caress Flow©), 
compared to topical administration of hyaluronic acid (HA) alone on symptoms of mild and 
moderate stress and mixed urinary incontinence in women with genitourinary syndrome of 
menopause (GSM). Methods: A total of 68 postmenopausal women were enrolled (from October 2021 
to September 2023). Patients were separated in two groups: one group used therapy with LMWHA 
solution and HCO combined and the second group used therapy with HA alone. Patient Global 
Impression of Improvement (PGI-I) as the first outcome was used. As secondary outcomes 
International Consultation on Incontinence Questionnaire - short form (ICIQ-SF) questionnaire and 
International Quality of Life (IQoL) questionnaire were used. Results: Sixty-eight (68) women, 35 
(51%) and 33 (49%), were treated with LMWHA solution and HCO combined and HA alone for 10 
weeks, respectively. 28 (80%) versus 7 (20%) women reported an improvement (PGI-I score ≤3) of 
the symptoms in LMWHA solution and HCO combined group versus HA alone group. According 
to the ICIQ-SF, a statistically significant difference was recorded after treatment between the two 
groups (median, 7 [5–11] vs 10 [8–11]; P = 0.03). According to the IQoL questionnaire, a statistically 
significantly lower median score was recorded in the LMWHA solution and HCO combined 
compared with the HA group, before (71 [IQR 55-81] vs 89 [IQR 67-94]; P < 0.01) and after (78 [IQR 
65-86] vs 88 [IQR 72-99]; P = 0.04) treatment. Conclusions: LMWHA solution and HCO combined 
might improve the mild and moderate stress and mixed urinary incontinence in this set of women 
and that it is superior to HA therapy alone. However, these results need to be confirmed in further 
studies with a controlled design and a larger population. 

Keywords: hyaluronic acid and high concentration oxygen; menopause; genitourinary syndrome; 
stress incontinence; mixed urinary incontinence 
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1. Introduction 

“Genitourinary Syndrome of Menopause” (GSM) is a chronic condition characterized by the set 
of signs and symptoms associated with absence of estrogens (ER) and other sex steroids caused by 
the cessation of ovarian function, involving lower genital structures (labia majora/minora, clitoris, 
vestibule, vagina and vulva) and the lower part of the urinary tract (specifically bladder trigone and 
proximal urethra) [1]. GSM is a common disorder (affecting approximately 50 to 70% of post-
menopausal women), but at the same time it is frequently under-diagnosed and consequently under-
treated. Symptoms related to GSM, especially those at the vulvo-vaginal level, interfere with sexual 
satisfaction (74%), sexual spontaneity (70%) and relationship with one's own partner (66%) [2], 
therefore they are the main cause of discomfort in sexual intercourse, which consequently are often 
avoided, with further worsening of the condition atrophy and consequent negative impact on the 
couple's relationship, with a strong impact on life quality [3]. In Italy the prevalence is comparable to 
the average of other European countries. In “The AGATA Study” by F. Palma and collaborators, 
79.1% of post-menopausal women involved in the study is affected by GSM, with a prevalence 
varying from 64.7% one year from menopause, to 84.2% in the following six years [4]. 
Hypoestrogenism following menopause represents the main pathogenetic cause of GSM, but there 
are several concomitant risk factors [5]. Regarding the pathophysiology of urinary signs and 
symptoms of GSM, it was seen that the urethra becomes atrophic and prominent with a relative 
increase of transitional cells and a reduction of intermediate and superficial squamous cells. There is 
a remodeling of the bladder with reduction of the tropism of smooth muscle tissue and collagen. This 
involves a reduction in the contractile force of the detrusor, bladder capacity and sensitivity, urethral 
closure pressure and urinary flow [6,7]. The absence of ER receptors at the trigone level determines 
a reduction in the bladder sensory threshold with a reduction in pressure to the point of leakage, 
leading to urgency incontinence and bladder hyperactivity [8]. Furthermore, the loss of collagen is 
also responsible for the greater laxity of the structures support of the pelvic floor thus contributing 
to the genesis of the clinical pictures of prolapse genitals and urinary incontinence characterizing 
GSM. There are currently various therapeutic options to choose, based on the patient's clinical history 
and the severity of the symptoms: non hormonal therapy, hormonal therapy, and laser therapy [9]. 
Several studies have highlighted how topical oxygen therapy is useful in counteract inflammatory 
dermatological diseases, androgenic alopecia, and dry eyes [10–12]. In the literature it is indicate that 
oxygen, in addition to having an anti-inflammatory and antibacterial, would appear to induce the 
stimulation of collagen synthesis and would promote hydroxylation. Increasing oxygen could 
promote release of VEGF (Vascular Endothelial Growth Factor)2, increasing the angiogenic stimulus 
and tropism of tissues [13,14]. Hyaluronic acid is a polymer that is normally found in the connective 
tissue known for its supporting, hygroscopic, re-epithelizing, viscoelastic, antioxidant, bacteriostatic 
and anti-inflammatory. Its administration has proven effective in improving dryness, dyspareunia 
and tropism of the vaginal epithelium in women affected by GSM has also proven to be a valid 
alternative to conjugated estrogen therapy also having effects on the symptoms of incontinence [15]. 

2. Materials and Methods 

2.1. Study Design 

The current study is a double center, retrospective study conducted at the gynecological clinic 
of the Hospital “Pugliese-Ciaccio” in Catanzaro and ‘’Umberto I ‘’ in Enna. The protocol was 
approved by the Ethical Committee of the Calabria Region (nr 342, October 2021). Menopausal 
patients suffering from genitourinary syndrome of menopause with mild and moderate stress and 
mixed urinary incontinence were enrolled from October 2021 to September 2023.  Patients were 
divided into two groups. The first group received combined therapy with low molecular weight 
hyaluronic acid (LMWHA) solution and high concentration oxygen (HCO) through a specific device 
(Caress Flow©). The second group had received topical daily therapy with vaginal tables of 
hyaluronic acid (HA) for 10 weeks daily. 
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2.2. Inclusion Criteria and Validated Questionnaire 

We enrolled only women with mild or moderate stress and mixed urinary incontinence, after 
verifying inclusion criteria (good general health; aged between 45 and 70 years; natural or surgical 
menopause at least 12 months before enrollment, absence of lower urinary tract infections (UTI); 
absence of pre-existing prolapse; absence of incontinence due to neurological damage; absence of 
neoplasm affecting the genitourinary system; absence of contraindications to local therapy with high 
oxygen concentration  and hyaluronic acid) and exclusion criteria (prolapse; incontinence due to 
neurological damage; genitourinary cancer; previous radio/brachytherapy; systemic intake of 
estrogens, progestins, androgens, selective modulators of estrogen receptor (SERM), intrauterine 
progestins or vaginal lubricants and moisturizers within 8 weeks, alternatively taking transdermal 
or vaginal hormonal products within 4 weeks; signs and symptoms of severe urinary incontinence or 
absence of signs and/or symptoms of urinary incontinence).  

The patients were selected based on the score obtained on the questionnaires administered 
during the first outpatient visit.  The questionnaires that we used were approved by the 
International Consultation on Incontinence (ICI), validated for the Italian language. With the 
Overactive Bladder Screener (OAB-S) we evaluated the presence of urge incontinence symptoms and 
with the International Consultation on Incontinence Questionnaire- Short Form (ICIQ-SF) we 
identified the frequency and entity of urinary leakages, how much these leaks impacted daily 
activities, and when they appeared.  It is composed of three questions plus a multiple-choice 
question about urine leaks. The total score allows classifying incontinence as mild (scores 1-5), 
moderate (scores 6-12), severe (scores 13-18), and very severe (scores 19-21). Only women with mild 
or moderate stress or mixed incontinence (ICIQ-SF score ≤12) were enrolled. The OAB-S is composed 
of eight questions, with scores ranging from 8 to 48, with a score >8 representative of the presence of 
incontinence. This questionnaire was repeated at the end of the 5 sessions treatment to verify 
symptomatic improvements.  Also, we administered the International Quality of Life (IQoL) 
questionnaire. The IQoL is a validated tool composed of 22 questions that evaluate the impact of 
incontinence on quality of life. Total scores range from 22 to 110. The lower score indicates the 
stronger impact of urinary incontinence on quality of life. At the end of the 5 sessions of treatment, 
the Patient Global Impression of Improvement (PGI-I) questionnaire was administered. The PGI-I 
questionnaire is composed of a single question evaluating the perceived improvement by the patient 
of a specific symptom after treatment, with scores ranging from 1 (meaning “very much better”) to 7 
(meaning “very much worse”). An improvement is defined when the PGI-I score is ≤3. At this point, 
the women were also asked to answer the ICIQ-SF and the IQoL questionnaires again. 

2.3. Treatment Administration  

The patients underwent, under medical prescription, combined therapy with low molecular 
weight hyaluronic acid (LMWHA) solution and high concentration oxygen (HCO) for 15 minutes a 
session, for a total of 5 sessions at 14-day intervals (for a total of 10 weeks), using the X2 self-cooling 
device (Caress Flow©) or hyaluronic acid (HA) vaginal tablet therapy (dose is the same of one vaginal 
tablet each evening for 10 weeks). 

2.4. Effectiveness Evaluation Procedures 

For both groups, LMWHA solution and HCO combined and HA alone, 30 days after the 
treatments a follow-up visit was done and in that occasion the following questionnaires were 
administered to evaluate the possible improvement of urinary symptoms: the  first outcome was 
used Patient Global Impression of Improvement (PGI-I)  to investigate the degree of improvement 
perceived by the patient following the 5-session treatment in the LMWHA solution and HCO 
combined group in the comparation with local HA group . As secondary outcomes, Overactive 
Bladder Screener - (OAB-S); International Consultation on Incontinence Questionnaire Short Form 
(ICIQ-SF); International Quality of Life Questionnaire (IQoL) were administered to both groups. 
During each session, any adverse event was noted and reported according to the criteria CTGAE. 
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2.5. Statistical Analyses 

The primary endpoint was the difference in the proportion of women who reported 
improvements (PGI-I scores ≤3) between the two groups. Secondary endpoints were ICIQ-SF and 
IQoL scores at the end of the 5 sessions of treatment. Descriptive statistics were presented as means 
and SDs, medians, and interquartile ranges (IQRs) for continuously coded variables or counts and 
percentages for categorically coded variables. t Test, Kruskal-Wallis test, and χ2 test examined the 
statistical significance in differences between means, medians, and proportions. Wilcoxon signed 
ranks test for the paired sample was used to compare continuous nonparametric variables. In all 
statistical analyses, the R software (University of Toronto, Canada) environment for statistical 
computing and graphics (R version 4.0.0) was used. All tests were two-sided with a level of 
significance set at P < 0.05. 

3. Results 

From October 2021 to September 2023 a total of 68 postmenopausal women were enrolled. 
Among them, 35 (51,5 %) had started and finished combined therapy with LMWHA solution and 
HCO combined and 33 (48,5 %) had used therapy with HA alone. In the overall population (Table 1), 
the median age was 59,7 years (IQR, 45-66 years), and the median menopause age was 58,5 years 
(IQR, 45-64 years). There was no statistically significant difference in age (P = 0.4) and age at 
menopause (P = 0.4) between the two groups. All women enrolled reported an OAB-S score >8 
(overall median score, 28 [IQR, 22.5-34], and no statistically significant difference was recorded 
between the two groups, P = 0.9). All women were Caucasian of Italian ancestry. 

Table 1. Selection criteria and study population characteristics. 

 HCO + LMWH combined HA topically alone 
Age 59,7  58,5  
BMI 24,7  25,0 

Parity 2,1 1,8  
LMP (y)  50,2 51,2 

Distance from LMP (y) 5,5 6,0 
IQoL score pre-treatment 73 89 
OAB score pre treatment 27 26 

3.1. Primary Endpoint: PGI-I Questionnaire at 10 Weeks after Treatment 

According to the PGI-I questionnaire (Figure 1), a significantly higher percentage of women 
reported an improvement (score ≤3) in the LMWHA solution and HCO combined group than in the 
hyaluronic acid (HA) alone group (P < 0.001). Indeed, 28 women (80%) in LMWHA solution and 
HCO combined group reported an improvement at the end of treatment (2 [7,1%] very much better, 
7 [25%] much better, 19 [67.9%] a little better). Conversely, 18 (55%) women in the HA group reported 
no improvement at the end of the treatment (15 [83,4%] no change, 2 [11,1%] a little worse, 1 [5,5%] 
much worse). 

 
Figure 1. The Patient Global Impression of Improvement (PGI-I) questionnaire was administered to 
35 women (51%) who received LMWHA solution and HCO combined and 33 women (49%) who 
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received HA alone after 10 weeks of treatment. (A) The PGI-I questionnaire stratified in ≤3 and >3 
scores. (B) The PGI-I questionnaire reports all possible answer results. 

3.2. Secondary Endpoint I: ICIQ-SF Questionnaire  

According to the ICIQ-SF questionnaire (Figure 2), in the between group analysis, no statistically 
significant difference was recorded before treatment administration between the LMWHA solution 
and HCO combined and HA alone groups (median score, 12 [6–12] vs 10 [8–12]; P = 0.8). Conversely, 
a statistically significant difference was recorded after treatment administration between the two 
groups (median score, 7 [5–11] vs 10 [8–11]; P = 0.03). 

 

Figure 2. The International Consultation on Incontinence Questionnaire - short form (ICIQ-SF) 
questionnaire before (T0, A) and after (T1, B) starting treatment, between LMWHA solution and HCO 
combined and HA group. Boxes denote the interquartile range. The solid black horizontal bar denotes 
the median score. Whiskers denote 95% range of the distribution of the ICIQ-SF score. The open circles 
denote outlier values. 

3.3. Secondary Endpoint II: IQoL Questionnaire 

According to the IQoL questionnaire (Figure 3), in the between group analysis, a statistically 
significantly lower median score was recorded in the LMWHA solution and HCO combined group 
than the HA alone group, before (71 [IQR 55-81] vs 89 [IQR 67-94]; P < 0.01) and after (78 [IQR 65-86] 
vs 88 [IQR 72-99]; P = 0.04) treatment. 

 
Figure 3. The International Quality of Life (IQoL) questionnaire before (T0, A) and after (T1, B) 
starting treatment, between LMWHA solution and HCO combined group and HA group. Boxes 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 August 2024 doi:10.20944/preprints202408.0624.v1

162



Strictly Private and Confidential. Not for Distribution.

 4 

 

2.5. Statistical Analyses 

The primary endpoint was the difference in the proportion of women who reported 
improvements (PGI-I scores ≤3) between the two groups. Secondary endpoints were ICIQ-SF and 
IQoL scores at the end of the 5 sessions of treatment. Descriptive statistics were presented as means 
and SDs, medians, and interquartile ranges (IQRs) for continuously coded variables or counts and 
percentages for categorically coded variables. t Test, Kruskal-Wallis test, and χ2 test examined the 
statistical significance in differences between means, medians, and proportions. Wilcoxon signed 
ranks test for the paired sample was used to compare continuous nonparametric variables. In all 
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computing and graphics (R version 4.0.0) was used. All tests were two-sided with a level of 
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(overall median score, 28 [IQR, 22.5-34], and no statistically significant difference was recorded 
between the two groups, P = 0.9). All women were Caucasian of Italian ancestry. 
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According to the PGI-I questionnaire (Figure 1), a significantly higher percentage of women 
reported an improvement (score ≤3) in the LMWHA solution and HCO combined group than in the 
hyaluronic acid (HA) alone group (P < 0.001). Indeed, 28 women (80%) in LMWHA solution and 
HCO combined group reported an improvement at the end of treatment (2 [7,1%] very much better, 
7 [25%] much better, 19 [67.9%] a little better). Conversely, 18 (55%) women in the HA group reported 
no improvement at the end of the treatment (15 [83,4%] no change, 2 [11,1%] a little worse, 1 [5,5%] 
much worse). 

 
Figure 1. The Patient Global Impression of Improvement (PGI-I) questionnaire was administered to 
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received HA alone after 10 weeks of treatment. (A) The PGI-I questionnaire stratified in ≤3 and >3 
scores. (B) The PGI-I questionnaire reports all possible answer results. 

3.2. Secondary Endpoint I: ICIQ-SF Questionnaire  

According to the ICIQ-SF questionnaire (Figure 2), in the between group analysis, no statistically 
significant difference was recorded before treatment administration between the LMWHA solution 
and HCO combined and HA alone groups (median score, 12 [6–12] vs 10 [8–12]; P = 0.8). Conversely, 
a statistically significant difference was recorded after treatment administration between the two 
groups (median score, 7 [5–11] vs 10 [8–11]; P = 0.03). 

 

Figure 2. The International Consultation on Incontinence Questionnaire - short form (ICIQ-SF) 
questionnaire before (T0, A) and after (T1, B) starting treatment, between LMWHA solution and HCO 
combined and HA group. Boxes denote the interquartile range. The solid black horizontal bar denotes 
the median score. Whiskers denote 95% range of the distribution of the ICIQ-SF score. The open circles 
denote outlier values. 

3.3. Secondary Endpoint II: IQoL Questionnaire 

According to the IQoL questionnaire (Figure 3), in the between group analysis, a statistically 
significantly lower median score was recorded in the LMWHA solution and HCO combined group 
than the HA alone group, before (71 [IQR 55-81] vs 89 [IQR 67-94]; P < 0.01) and after (78 [IQR 65-86] 
vs 88 [IQR 72-99]; P = 0.04) treatment. 

 
Figure 3. The International Quality of Life (IQoL) questionnaire before (T0, A) and after (T1, B) 
starting treatment, between LMWHA solution and HCO combined group and HA group. Boxes 
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denote the interquartile range. The solid black horizontal bar denotes the median score. Whiskers 
denote 95% range of the distribution of IQoL score. 

4. Discussion 

The prevalence of bladder symptoms, such as frequency, urgency, and incontinence, tends to 
increase around the menopause, although it is still debated whether these disorders are due to 
menopause, or aging, or a combination of the two. Urinary symptoms are associated with the 
genitourinary syndrome of menopause (GSM) which is characterized by physical and hormonal 
modifications. It has been seen that hormonal therapies improve the symptoms of GSM, but to date 
their time of use/dose and the type of effect on long-term systemic levels are still unclear. Local 
estrogen therapy has played and plays an important role in maintaining good tropism of the vaginal 
mucosa, but even in this case not all patients accept it, and, in some situations, the effectiveness might 
not be optimal. Furthermore, it must be considered the impossibility of hormonal therapies’ use in 
some categories of women with high risk factors like previous breast cancer or thromboembolic 
diseases [16]. The use of non-hormonal therapies that significantly improve the symptoms of GSM 
and the quality of life of affected patients is successful, but many topical, non-hormonal products on 
the market have demonstrated a temporary  positive action in promoting  only lubrication but are 
often not sufficient to solve all the problems related to mild and moderate stress or mixed urinary 
incontinence of GSM but allow only transient benefits about vaginal tropism, with the consequent 
need for repeated treatments [17,18]. Several studies support the use of non-hormonal therapies for 
the treatment of stress and mixed incontinence in postmenopausal women, particularly, several 
studies have highlighted how topical oxygen therapy is useful in counteract inflammatory diseases, 
because the oxygen reactivates the microcirculation of the urogenital epithelium favoring neo 
angiogenesis, stimulates cellular turnover, improving trophism and conveys nutrients to the 
epithelial cells. A study published in 2018 by Condemi et All. demonstrated how the treatment with 
LMWHA solution and HCO combined by a specific medical device is useful in the treatment of 
urinary symptoms related to GSM [11]. In the diagnosis and management of mild and moderate stress 
or mixed urinary incontinence of GSM, the gynecological evaluation includes accurate medical 
history and the use of validated questionnaires that investigate the presence, frequency, and the 
impact of the symptoms on the quality of life, accurate objective examination that searches for signs 
at the vulvar, vaginal level, request for tests and/or diagnostic procedures that confirm the diagnosis. 
Once the patients were selected, they were followed for 10 weeks of treatment and at the end they 
were re-evaluated with the same questionnaires administered at the beginning of the treatment. In 
this retrospective study, we did not consider patients with severe stress urinary incontinence. The 
use of the medical device Caress Flow© appears to constitute a valid treatment for GSM, especially 
useful for urinary symptoms of mild and moderate stress and mixed incontinence, being completely 
natural, well tolerated by patients with immediate therapeutic effects, with statistically significant 
improvement in symptoms before and after treatment, with recovery of one's sexuality, urinary 
control and without side effects. In our study, the fist endpoint, according to the between-group 
analyses of the PGI-I questionnaire postmenopausal women with vulvovaginal atrophy, suffering 
from symptoms of mild and moderate stress or mixed urinary incontinence, reported a subjective 
improvement of their symptoms at a significantly higher percentage when treated with LMWHA 
solution and HCO combined than only HA. In our opinion, as there is no biological or 
pharmacological reason for believing that hyaluronic acid could exert any significant positive or 
negative effect on stress and mixed urinary incontinence symptoms, its use alone for this indication 
may be comparable to a placebo, unless it is associated with a combined treatment with HCO, in 
which an improvement in all questionnaires score was seen used in the post-treatment. Therefore, 
our data suggest that Caress Flow© device might exert a beneficial effect on the symptoms of urinary 
urge incontinence in postmenopausal women with vulvovaginal atrophy. In our experience the 
medical device Caress Flow© had no contraindications or immediate side effects, had effective results 
perceivable from the first treatment, was pleasant and non-invasive device, the sessions were very 
lasts (15 minutes) and did not require recovery time. The evaluation of our secondary endpoints led 
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denote the interquartile range. The solid black horizontal bar denotes the median score. Whiskers 
denote 95% range of the distribution of IQoL score. 
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menopause, or aging, or a combination of the two. Urinary symptoms are associated with the 
genitourinary syndrome of menopause (GSM) which is characterized by physical and hormonal 
modifications. It has been seen that hormonal therapies improve the symptoms of GSM, but to date 
their time of use/dose and the type of effect on long-term systemic levels are still unclear. Local 
estrogen therapy has played and plays an important role in maintaining good tropism of the vaginal 
mucosa, but even in this case not all patients accept it, and, in some situations, the effectiveness might 
not be optimal. Furthermore, it must be considered the impossibility of hormonal therapies’ use in 
some categories of women with high risk factors like previous breast cancer or thromboembolic 
diseases [16]. The use of non-hormonal therapies that significantly improve the symptoms of GSM 
and the quality of life of affected patients is successful, but many topical, non-hormonal products on 
the market have demonstrated a temporary  positive action in promoting  only lubrication but are 
often not sufficient to solve all the problems related to mild and moderate stress or mixed urinary 
incontinence of GSM but allow only transient benefits about vaginal tropism, with the consequent 
need for repeated treatments [17,18]. Several studies support the use of non-hormonal therapies for 
the treatment of stress and mixed incontinence in postmenopausal women, particularly, several 
studies have highlighted how topical oxygen therapy is useful in counteract inflammatory diseases, 
because the oxygen reactivates the microcirculation of the urogenital epithelium favoring neo 
angiogenesis, stimulates cellular turnover, improving trophism and conveys nutrients to the 
epithelial cells. A study published in 2018 by Condemi et All. demonstrated how the treatment with 
LMWHA solution and HCO combined by a specific medical device is useful in the treatment of 
urinary symptoms related to GSM [11]. In the diagnosis and management of mild and moderate stress 
or mixed urinary incontinence of GSM, the gynecological evaluation includes accurate medical 
history and the use of validated questionnaires that investigate the presence, frequency, and the 
impact of the symptoms on the quality of life, accurate objective examination that searches for signs 
at the vulvar, vaginal level, request for tests and/or diagnostic procedures that confirm the diagnosis. 
Once the patients were selected, they were followed for 10 weeks of treatment and at the end they 
were re-evaluated with the same questionnaires administered at the beginning of the treatment. In 
this retrospective study, we did not consider patients with severe stress urinary incontinence. The 
use of the medical device Caress Flow© appears to constitute a valid treatment for GSM, especially 
useful for urinary symptoms of mild and moderate stress and mixed incontinence, being completely 
natural, well tolerated by patients with immediate therapeutic effects, with statistically significant 
improvement in symptoms before and after treatment, with recovery of one's sexuality, urinary 
control and without side effects. In our study, the fist endpoint, according to the between-group 
analyses of the PGI-I questionnaire postmenopausal women with vulvovaginal atrophy, suffering 
from symptoms of mild and moderate stress or mixed urinary incontinence, reported a subjective 
improvement of their symptoms at a significantly higher percentage when treated with LMWHA 
solution and HCO combined than only HA. In our opinion, as there is no biological or 
pharmacological reason for believing that hyaluronic acid could exert any significant positive or 
negative effect on stress and mixed urinary incontinence symptoms, its use alone for this indication 
may be comparable to a placebo, unless it is associated with a combined treatment with HCO, in 
which an improvement in all questionnaires score was seen used in the post-treatment. Therefore, 
our data suggest that Caress Flow© device might exert a beneficial effect on the symptoms of urinary 
urge incontinence in postmenopausal women with vulvovaginal atrophy. In our experience the 
medical device Caress Flow© had no contraindications or immediate side effects, had effective results 
perceivable from the first treatment, was pleasant and non-invasive device, the sessions were very 
lasts (15 minutes) and did not require recovery time. The evaluation of our secondary endpoints led 
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to interesting observations. No difference in the AOB-S and ICIQ-SF total score was detected between 
the two groups at the beginning of the study, whereas after 10 weeks it was significantly lower for 
the ICIQ-SF in the LMWHA solution and HCO combined group and HA group.  Women using 
combined LMWHA and HCO solution had a significantly better quality of life at the end of the study. 
However, this observation is hardly relevant, as the IQoL questionnaire score was already 
significantly higher at the beginning of the study in women who would use LMWHA and HCO 
combined solution. In conclusion, our study showed a significantly superior effect of LMWHA 
solution and HCO combined with the medical device Caress Flow© over the use only HA in 
improving the symptoms of mild and moderate stress or mixed urinary incontinence, the functional 
and inflammatory state of the vaginal mucosa and above all the quality of life, which agrees with the 
previous literature. Also, the union of LMWHA solution and HCO represents one of the better 
alternatives for patients who do not want to take hormones, which they have contraindications or 
who have had negative experiences with hormone therapies. 

Furthermore, patients must be enrolled to increase the sample number and increase the 
statistical power of our preliminary data or confirmed in a controlled design study, but these first 
results are encouraging. 

5. Conclusions 

The current multicenter retrospective study supports the hypothesis that combined therapy with 
LMWHA solution and HCO with Caress Flow© device might improve the severity of mild or 
moderate stress and mixed urinary incontinence in this set of women. However, these results need 
to be confirmed in further studies with a controlled design and a larger population. 
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VULVAR VESTIBOLITIS: TREATMENT WITH OXYGEN THERAPY AND HYALURONIC 
ACID 
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Vestibulitis Vulvar (VV) is a chronic, heterogeneous, multifactorial and multi-systemic disease. 
Friederich first described it in 1987 as a disease characterized by the presence of three particular 
symptoms and signs: 

1. severe pain upon contact with the vaginal vestibule and dyspareunia; 

2. fragility of the vestibular tissue, evident on contact; 

3. objective finding of vestibular erythema of different degrees. 

It is the main cause of dyspareunia in women of childbearing age and affects 8-12% of women who 
go to a gynecological clinic. 

As a multi-systemic disease, VV has a complex pathophysiology. Bornstein demonstrated that the 
mucosal structure of the vestibule is susceptible to a mast cell-mediated inflammatory response. In 
the population affected by VV, in fact, a significantly higher number of mast cells can be found in 
the superficial layers of the vestibular mucosa than in the deep ones and, in parallel, a significant 
increase in the production, deposition and release of multiple inflammatory mediators. Chronic 
inflammation could therefore be responsible for the thinning and friability of the introital mucosa 
typical of VV. 

The up-regulation of mast cells increases the production of cytokines, substance P and other 
inflammatory mediators that cause vasodilation, transudation, edema, swelling, redness and pain. 
The production of Nerve Growth Factor (NGF) by the hyperactive mast cell stimulates the 
proliferation of pain nerve fibers, which by extending to the most superficial layers of the mucosa 
cause both an increase in pain perception (hyperalgesia) and a perceptual change in pain tactile 
type to one characterized by burning (allodynia). 

The activation of mast cell degranulation is mediated in different ways and times by different 
agonist stimuli that contribute to the heterogeneity of the clinical presentation. Infections (primarily 
from Candida albicans, present in 58.1% of women with VV in personal cases, against a prevalence 
of 5-8% in the general population), mechanical trauma from rubbing during intercourse, if 
lubrication was insufficient, estrogen, chemical and physical stimuli, allergens can all activate the 
release of mast cell mediators. They can promote inflammation by showing its typical clinical 
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agonist stimuli that contribute to the heterogeneity of the clinical presentation. Infections (primarily 
from Candida albicans, present in 58.1% of women with VV in personal cases, against a prevalence 
of 5-8% in the general population), mechanical trauma from rubbing during intercourse, if 
lubrication was insufficient, estrogen, chemical and physical stimuli, allergens can all activate the 
release of mast cell mediators. They can promote inflammation by showing its typical clinical 

characteristics (rubor, tumor, calor, dolor et functio laesa, understood as the impossibility of sexual 
intercourse). 

The first symptom of VV is acute (nociceptive) pain, caused by the intercurrent inflammation and 
the injury from which the body tries to react and adapt. Over time, the pain can become chronic 
and itself become a disease (neuropathic), being generated by the nerves themselves or by the 
higher centers. The up-regulation of the pain system stimulates the adrenergic system by inducing 
the activation of the autonomic nervous system responsible for pain hyperesthesia, any defensive 
posture and changes in the pain threshold. 

The pain often causes a defensive contraction of the muscles in the affected area to minimize 
further injury. The contraction of the levator ani may also pre-exist VV, if associated with vaginismus 
as a predisposing factor, or acquired in response to persistent introital pain. Recent research 
suggests that the difficulty in inserting internal tampons, in adolescents, could be the symptom of 
an hyperactivity of the levator ani muscle, which causes an excessive contraction of the same such 
as to restrict (reversibly) the vaginal entrance. This hypertonicity would become a predisposing 
factor both to make penetration persistently painful from the beginning of sexual life ("lifelong", or 
primary dyspareunia) and to cause microtrauma of the vestibule in the event of sexual intercourse, 
then precipitating the VV. 

As for the involvement of the hormonal system, VV is a typical disorder of the fertile age. 
Premenstrual pain attacks (“flares”) are typical in some women. Hypersensitivity of the mast cell to 
estrogen has been hypothesized. Estrogens are in fact agonists of mast cell degranulation. After 
menopause, recurrences of VV were found during vaginal and / or systemic hormone replacement 
therapy, in synergy with recurrent candidiasis. This is due to the interaction between estrogen and 
vulnerability to candida infections, and between estrogen and mast cell degranulation. 

The vascular system is activated during chronic inflammation. Vestibular erythema is the 
epiphenomenon of superficial vasodilation mediated by the peptide of the calcitonin gene (CGRP) 
released by nociceptors C which can cause vasodilation and activation of the axonal reflex even at 
low levels of activity. Neurogenic inflammation describes acute vasodilation mediated by nerve 
signals that move retrograde along the sensory nerves and could activate both degranulation and 
vasodilation. 

 

Diagnosis 

VV should be suspected: a) when a woman complains of superficial dyspareunia, with burning and 
/ or acute pain, on introital contact; b) when the three signs described by Friederich are found on 
clinical examination. Instrumental examinations are currently mainly used in research. 
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Anamnesis 

1) General medical evaluation, which includes, in addition to the traditional medical history, 
particular attention to recording: 
• pelvic medical comorbidities: urological disorders of the lower urinary tract, relapsing cystitis, 
interstitial cystitis, urinary urgency, enuresis; iatrogenic vaginal pains (outcomes of episiorraphy, 
colpoplasty, especially if posterior, of radical vaginal surgery and / or pelvic radiotherapy); 
constipation, fissures, hemorrhoids; 
• systemic comorbidities: for example diabetes, as it favors relapsing candida infections; 
infections, also in other organs, which require repeated antibiotic therapies, which often result in 
recurrent candida infections; allergies and atopies; depressions15; 
• previous or current vaginal infections, or sexually transmitted diseases such as candida, 
gardnerella, HPV and genital herpes, which deserve specific attention from the doctor, as 
predisposing or precipitating factors for VV. If so, the vaginal environment should then be 
evaluated with a vaginal swab and a culture test, especially in the suspected infectious; 
• all current or previous pharmacological treatments aimed at treating both other conditions and 
VV. Any ongoing hormonal treatment (oral contraceptive therapy, hormone replacement, etc.), 
and all systemic and local treatments should therefore be documented. 
2) Sexological anamnesis focused on any dysfunctions prior to the appearance of VV15, 16. A 
woman's sexual practices, and the coexistence of any sexual dysfunction, primary ("lifelong") or 
acquired (secondary), concerning possible dysfunctions of desire, excitement, orgasm and 
dyspareunia must be investigated and recorded. In young women, the possible symptoms 
associated with VV, including difficulty in using vaginal tampons and fear of penetration, as well as 
any post-coital urinary symptoms (cystalgia and / or postcoital urethralgia, dysuria, urge urination) 
deserve particular attention. ; 
3) A woman's perception of the duration and characteristics of the symptoms, that is, how the 
disease is experienced both as physical suffering and as an interaction with affective, work and 
social activities. 
Physical examination 
It should document: 
• the presence of general defensive postures (ie characterized by an excessive increase in general 
muscle tone and the refusal of any genital contact, including vaginal physical examination) and 
primary dyspareunia. These signs and symptoms may be associated with primary vaginismus 
concomitant with VV. 
• The evaluation of the vaginal pH, tested with a vaginal stick during the gynecological 
examination, since it must always be recorded in the file. 
• The quality of the pain. During the gynecological examination, three basic questions should be 
reformulated regarding: "Where does it hurt?", "When does it hurt?" and "What symptoms 
accompany the pain?". These three questions are essential: location and onset characteristics of 
pain are in fact the strongest predictors of the biological etiology of pain itself and should 
introduce the next step regarding the objectification of clinical data17,18. 
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• Pain mapping: precise identification of points of tenderness at the level of the external genitalia, 
the middle and distal vaginal third 17,18. The precise localization of pain, its beginning, its 
characteristics are the main predictive signs of its organicity. 
• The quantization (score) of pain. It involves bilateral quantification of the perception of pain 
intensity using the Likert visual analog scale (from 0: no pain to 10: pain of a more intense degree). 
 

COMBINED USE OF OXYGEN AND HYALURONIC ACID IN THE TREATMENT OF VESTIBOLITIS: CASE 
STUDY 

For the treatment of vestibulitis, oxygen therapy was chosen as the use of this technique satisfies 
the treatment of symptoms such as: recurrent infections, burning, pain and dyspareunia that 
characterize this disease. 

Oxygen therapy has a powerful regenerative, antibacterial and biostimulating effect, it is therefore 
believed that the treatment of symptoms such as itching and burning can also be very useful in the 
treatment of this pathology. Oxygen therapy increases the availability of oxygen to the tissues, 
promotes the increase in tissue repair processes and increases the synthesis of collagen allowing 
normal hydroxylation of this protein. In fact, at tissue oxygen tensions lower than normal, collagen 
is not synthesized correctly, slowing the healing of ulcers and wounds. In addition, oxygen induces 
a neo-angiogenic stimulus by releasing factors such as the Vascular Endothelial Growth Factor 
(VEGF). This function is essential for the restoration of the microcirculation in compromised vascular 
situations, re-establishing a vascular flow in the hypoxic areas that guarantees correct tissue 
regeneration. 

Hyaluronic acid is a natural polysaccharide that forms a fundamental part of the extracellular matrix 
of the skin and cartilage. Hyaluronic acid: has remarkable adhesive, moisturizing and reparative 
properties of the vaginal mucosa. 

The association of high concentration oxygen and hyaluronic acid has been shown to have 
therapeutic efficacy in the treatment of vulvo-vaginal atrophy, the aim of the study is to use the 
association between high concentration oxygen and hyaluronic acid for treatment. of the disorders 
caused by vestibulitis and the improvement of the quality of life of people affected by this 
pathology. 

Treatment 

Five weekly oxygen therapy treatments were performed on 25 women diagnosed with vestibulitis, 
for a total of five weeks.La terapia ambulatoriale era così composta: erogazione di ossigeno e acido 
ialuronico nebulizzato con applicatore vulvare, per una durata di cinque minuti. Successivamente è 
stata applicato ossigeno vaginale per 10 minuti e erogazione di ossigeno e acido ialuronico per 
ulteriori 5 minuti.  
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For the treatment, the Caress Flow system was used, an oxygen therapy device for gynecological 
use that allows the topical administration of oxygen with a high degree of purity up to 93 ± 3%, at a 
flow of 1-6 l / minute. 
The device consists of a compressor that generates compressed air by sucking air from the external 
environment, filtering and compressing it. Inside the machine body there are zeolite molecular 
sieves that exploit the principle of the different absorption of gas molecules, letting the O2 pass and 
retaining the other gases present in the air, such as nitrogen, argon, helium and hydrogen. The 
machine body transforms the outside air into 93 ± 3% pure oxygen. 
Two dispensers were used, the first consisting of a vaginal cannula, connected to the machine body. 
The cannula is equipped with outlet holes for the delivery of oxygen and hyaluronic acid, which is 
inserted through a special insertion hole located in the upper part of the cannula (Figure 1). The 
vaginal cannula is used for treatment inside the vaginal canal. 
 

 
In addition to the cannula, an airbrush was used (Figure 2), always connected to the machine body, 
capable of delivering oxygen in combination or not with the hyaluronic acid solution. The airbrush 
is used for the treatment of the external genitalia, nebulizing the combination of oxygen and 
hyaluronic acid. 
Hyaluronic acid is previously dissolved in distilled water, to form a 0.2% (w / v) solution. 
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All patients have pelvic muscle hypertonus, in addition to vulvar and vaginal oxygen therapy, a 
manual physiokinesitherapy treatment was applied after the delivery of oxygen and hyaluronic 
acid with the aim of treating pelvic contracture. 

A double evaluation was performed on the treated subjects: one subjective by the patients and 
one by the doctor. The subjective scale was compiled using an analog graded card that assessed 
pain during sexual intercourse (dyspareunia), dryness, itching and burning with a VAS scale from 0 
to 10, where 10 represents the maximum intensity and 0 the absence of the disorder, analyzing 
the symptoms before the first treatment session (T0) and at the end of the 5 sessions (T5). 
Instead, the pH, elasticity, tone and the presence or absence of infections were evaluated by the 
doctor (Table 1).  

 

 

 
 
 

 

TABLE 1
Absent Mild Moderate Strong

SCORE 0 1--2--3 4--5--6 7-8-9-10

Absent Poor Mean Good Excellent
ELASTICITY 1 2 3 4 5
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Results 

Patients reported significant improvement in all indices analyzed (Figure 3), with the greatest effect 
in pain reduction (VAS T0 = 7.2; VAS T5 = 1.5, Wilcoxon signed-rank test P <0.0001), but also with 
regard to burning (VAS T0 = 7.28; VAS T5 = 1.48, Wilcoxon signed-rank test P <0.0001) and pruritus 
(VAS T0 = 6.64; VAS T5 = 1.36, Wilcoxon signed-rank test P <0.0001). 

As regards the elasticity index, the variation between T0 and T5 appears highly significant (Wilcoxon 
signed-rank test P <0.0001) with an increase in the index from 2.48 to 4.48. 

 
FIGURE 3 

 
The data regarding the effect of the treatment on tone show that in all cases there was an 

improvement in symptoms (Table 2). 

Of the 25 women included in the trial, 18 had T0 infections, confirming the association between 

vestibulitis and vulnerability to candidiasis. At the end of treatment (T5) all detected infections were 

resolved (Table 2), demonstrating the effectiveness of the combined treatment of high 

concentration oxygen and hyaluronic acid. 

No side effects associated with the treatment were reported by the patients. 
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Of the 25 women included in the trial, 18 had T0 infections, confirming the association between 

vestibulitis and vulnerability to candidiasis. At the end of treatment (T5) all detected infections were 

resolved (Table 2), demonstrating the effectiveness of the combined treatment of high 

concentration oxygen and hyaluronic acid. 

No side effects associated with the treatment were reported by the patients. 

 

Combined oxygen therapy with hyaluronic acid has proven to be a valid method for treating the 
symptoms associated with vestibulitis. It is a totally painless therapy, with excellent compliance by 
patients. It is a fast, non-invasive and repeatable treatment, with no side effects. 

T0 T5 T0 T5
1 over normal Candidiasis no
2 over normal Candidiasis no
3 over normal Candidiasis no
4 over normal Candidiasis/Cystitis no
5 over normal Candidiasis no
6 over normal Candidiasis no
7 over normal Candidiasis no
8 over normal Candidiasis no
9 over normal Candidiasis no
10 normal normal \ \
11 over normal \ \
12 over normal Cystitis no
13 over normal Candidiasis no
14 over normal Candidiasis/Cystitis no
15 over normal \ \
16 over normal \ \
17 over normal Candidiasis no
18 over normal Candidiasis no
19 over normal Candidiasis no
20 over normal Candidiasis no
21 over normal \ \
22 over normal \ \
23 over normal \ \
24 over normal Candidiasis no
25 over normal Candidiasis no

TABLE 2

TONE INFECTIONS
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VAGINAL NATURAL OXYGENATION DEVICE (VNOD): A RCT STUDY 
PROTOCOL OF CONCOMITANT ADMINISTRATION OF HYALURONIC 
ACID AND TOPICAL OXYGEN TO TREAT VULVO-VAGINAL ATROPHY 
    
This is a pivotal, open-label, randomized, controlled, three-arm, evaluation of effectiveness and 
adverse effects of the administration by a specifically designed medical device of hyaluronic acid in 
combination with topical oxygen for the treatment of VVA compared with topical oxygen alone or 
hyaluronic acid alone.  
Participants were be randomized to the group A received concomitant administration of hyaluronic 
acid and topical oxygen; participants randomized to the group B received administration of topical 
oxygen alone, and participants randomized to the group C received administration of hyaluronic acid 
alone. 
The duration of treatment was three months, with a total of five (the first at time 0) out-patient sessions 
every 14 days lasting 15 minutes each. The follow-up was conducted at 30 days from the last 
administration. The study is designed to determine the superiority of the administration of hyaluronic 
acid in combination with topical oxygen with respect to the topical oxygen alone or the hyaluronic 
acid alone in the improvement of the symptomatology of patients affected by VVA.  
The primary objective of this study is to evaluate the impact of administration of hyaluronic acid in 
combination with topical oxygen by a specifically designed medical device for the treatment of vulvo-
vaginal atrophy (VVA), compared with administration of topical oxygen alone or hyaluronic acid 
alone. The secondary objective is to determine the safety and tolerability of administration of 
hyaluronic acid in combination with topical oxygen in women affected by VVA. 
 
  
SUBJECT ENROLLMENT  
 
The sample size was determined to detect an improvement of 30% in severity of vaginal dryness from 
baseline to last follow-up. Considering an alpha value of 0.05 and a beta value of 80 a sample size of 
15 patient per arm will be needed (45 patients in the entire study population).  
Patients were identified and recruited from investigators clinics and referring physician, with privacy 
protection and avoiding undue influence. Each included patient provided an informed consent that 
allows treatments, that certifies the comprehension of the information provided, with voluntary 
agreement of the subject, free from coercion.  
Patients were randomly assigned to one of the three study group only if they meet all the inclusion 
criteria and none of the exclusion criteria. 
 
Inclusion criteria 
1. Has age higher than 18 years 
2. Has a diagnosis of VVA, with onset of symptoms from at least one year, with self-assessed “severe” 
grade of the most bothersome symptom (see further).  
3. Has negative cervical cytology executed in the last three years or is outside the Italian cervical 
cancer screening age range (with a last negative cervical cytology).  
4. Is able to understand and sign the informed consent document  
 
Exclusion criteria 

Leone Condemi, Gynecologic &Obstetrics Section, Hospital of Urbino, Italy
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Patients were identified and recruited from investigators clinics and referring physician, with privacy 
protection and avoiding undue influence. Each included patient provided an informed consent that 
allows treatments, that certifies the comprehension of the information provided, with voluntary 
agreement of the subject, free from coercion.  
Patients were randomly assigned to one of the three study group only if they meet all the inclusion 
criteria and none of the exclusion criteria. 
 
Inclusion criteria 
1. Has age higher than 18 years 
2. Has a diagnosis of VVA, with onset of symptoms from at least one year, with self-assessed “severe” 
grade of the most bothersome symptom (see further).  
3. Has negative cervical cytology executed in the last three years or is outside the Italian cervical 
cancer screening age range (with a last negative cervical cytology).  
4. Is able to understand and sign the informed consent document  
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1. Has concomitant clinically important medical disease (endometrial hyperplasia or cancer; 
undiagnosed vaginal bleeding; liver or kidney disorder; thromboembolic disorders; cerebrovascular 
accident, stroke, or transient ischemic attack; myocardial infarction or ischemic heart disease; 
previous gynecological malignancy; or endocrine disease; or any clinically important abnormalities 
on screening physical examination, assessments, mammogram, electrocardiogram (ECG), or 
laboratory tests).  
2. Has used oral products containing estrogens, progestins, or androgens within 8 weeks; transdermal 
hormone products within 4 weeks; vaginal hormone products (rings, creams, gels) within 4 weeks; 
intrauterine progestins within 8 weeks; progestin implants/injectables or estrogen pellets/injectables 
within 6 months; an intrauterine device within 12 weeks before screening. 
3. Assumes the following concomitant medications: estrogen, progestin, androgen, SPRM, vaginal 
lubricants, and moisturizers. 
 
TREATMENT 
 
Patients randomized to the group A will receive combined treatment with hyaluronic acid and topical 
oxygen, dispensed by a medical device, while patients randomized to the group B will receive the 
topical oxygen alone dispensed by the same medical device, without administration of hyaluronic 
acid, and patients randomized to the group C will receive hyaluronic acid alone.  
The treatment involves a specifically designed medical device (Caress Flow) consisting of an oxygen 
generator of oxygen (95%) from air and a monousage kit including a dispensing handpiece with an 
ergonomic design and a sodium hyaluronate row. The full treatment cycle includes four monthly 
sessions, during which the dispenser is inserted through the vagina for 15 minutes, and the oxygen 
and the hyaluronic acid are administered at first alternately and subsequently in a contemporary way.  
At visit 0, an accurate collection of patient history and a complete clinical examination was performed 
to evaluate eligibility criteria. The intensity of the three following symptoms (1. well-being such as 
absence of dyspareunia, vaginal dryness, vulvar and/or vaginal itching, 2. vaginal burning 3. vaginal 
lubrification and presence of fluid) were collected from patients with a VAS based on a six-point 
scale: score 1 = maximum intensity, score 2 = strong intensity, score 3 = average intensity, score 4 = 
mild intensity, score 5 = weak intensity and score 6 = absence of symptom (Table I).  
 

 
Before the treatment, the vaginal elasticity and the vaginal wall epithelium appearance were 
determined by the clinician with a numerical score as reported in Table II.  
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The first 15 minutes session was performed and the occurrence of any discomfort or adverse effect 
was recorded. The next four administrations (visit 1, 2, 3 and 4) were performed after 14 days. On 
every occasion, the intensity of patient’s symptoms, the vaginal elasticity, and the vaginal wall 
epithelium appearance were determined and recorded with the method described above, as well as 
the occurrence of any adverse event. Follow-up visit (T5) was performed after 30 days from the last 
administration and even on those occasions the vaginal elasticity, the vaginal wall epithelium 
appearance and the intensity of patient’s symptoms were determined and recorded.  
Statistical analysis was performed using IBM SPSS version 22.0 (IBM Corporation, Armonk, NY, 
USA). The statistical significance of the trend of variation in values between treatment sessions was 
analyzed using the one-way variance analysis according to the Kruskal-Wallis method. The 
significance of couples’comparisons between treatment sessions was analyzed using the Wilcoxon 
test for non-parametric data. A p < 0.05 was considered statistically significant. 
 
The treatments were administered at Ospedale Civile Urbino – SSD Oncologia Ginecologica. The 
Ethical Committee approval was obtained (Comitato Etico di Area Vasta Emilia centro (AVEC) 
24/03/2020, protocol number 27/2020/Disp/AOUBo). 
 
 
RESULTS 
 
The mean age at diagnosis of the 45 included cases was 54.9 years ± 7.8 SD. No patient discontinued 
therapy, performing less than five sessions. No side effects were reported.   
The results for the group A shown a significative improvement of all the mean scores analyzed: well-
being such as absence of dyspareunia, vaginal dryness, vulvar and/or vaginal itching, vaginal burning, 
vaginal lubrification and presence of fluid (Figure 1).  
For the group B significant variation was reported for the elasticity and the epithelium appareance 
index, whereas for the group C only the burning index shown a significant improvement (Figure 1). 

178



Strictly Private and Confidential. Not for Distribution.

                      

 
The first 15 minutes session was performed and the occurrence of any discomfort or adverse effect 
was recorded. The next four administrations (visit 1, 2, 3 and 4) were performed after 14 days. On 
every occasion, the intensity of patient’s symptoms, the vaginal elasticity, and the vaginal wall 
epithelium appearance were determined and recorded with the method described above, as well as 
the occurrence of any adverse event. Follow-up visit (T5) was performed after 30 days from the last 
administration and even on those occasions the vaginal elasticity, the vaginal wall epithelium 
appearance and the intensity of patient’s symptoms were determined and recorded.  
Statistical analysis was performed using IBM SPSS version 22.0 (IBM Corporation, Armonk, NY, 
USA). The statistical significance of the trend of variation in values between treatment sessions was 
analyzed using the one-way variance analysis according to the Kruskal-Wallis method. The 
significance of couples’comparisons between treatment sessions was analyzed using the Wilcoxon 
test for non-parametric data. A p < 0.05 was considered statistically significant. 
 
The treatments were administered at Ospedale Civile Urbino – SSD Oncologia Ginecologica. The 
Ethical Committee approval was obtained (Comitato Etico di Area Vasta Emilia centro (AVEC) 
24/03/2020, protocol number 27/2020/Disp/AOUBo). 
 
 
RESULTS 
 
The mean age at diagnosis of the 45 included cases was 54.9 years ± 7.8 SD. No patient discontinued 
therapy, performing less than five sessions. No side effects were reported.   
The results for the group A shown a significative improvement of all the mean scores analyzed: well-
being such as absence of dyspareunia, vaginal dryness, vulvar and/or vaginal itching, vaginal burning, 
vaginal lubrification and presence of fluid (Figure 1).  
For the group B significant variation was reported for the elasticity and the epithelium appareance 
index, whereas for the group C only the burning index shown a significant improvement (Figure 1). 

                      

 
179



Strictly Private and Confidential. Not for Distribution.

                      

The changes in the indices between T1 and T5 were compared for each treatment group. For all the 
indexes examined (Figure 2) the group treated with the combination of oxygen and hyaluronic acid 
(A) showed a highly significant improvement compared to the group treated with oxygen only (B). 
As regards the comparison with the treatment with the Hyaluronic Acid group (C), all the indices 
were significantly improved except for the burning index. 
 

 
 

180



Strictly Private and Confi dential. Not for Distribution.

                      

The changes in the indices between T1 and T5 were compared for each treatment group. For all the 
indexes examined (Figure 2) the group treated with the combination of oxygen and hyaluronic acid 
(A) showed a highly significant improvement compared to the group treated with oxygen only (B). 
As regards the comparison with the treatment with the Hyaluronic Acid group (C), all the indices 
were significantly improved except for the burning index. 
 

 
 

4. 
UNDERGOING 

STUDIES

181



Strictly Private and Confidential. Not for Distribution.

188

Effectiveness of concomitant administration of hyaluronic acid 
and topical hyperbaric oxygen therapy via a vaginal probe in 
improving symptoms of vulvovaginal atrophy

BostonUroGyn, Wellesley, MA
Dr. Neeraj Kohli, BA, MD, MBA

Impact of Caress Flow treatment on vaginal microbiota S. Orsola Hospital – Bologna  
Prof. Maria Cristina Meriggiola

Evaluation of the effectiveness of topical administration of 
acid hyaluronic and hyperbaric oxygen through a specific 
medical device, compared to the topical administration 
of hyaluronic acid alone in the improvement of urgency, 
stress and mixed incontinence in patients with genitourinary 
syndrome of menopause (GSM): a prospective study single-
blind, multicentre, randomized 

Department of Clinical 
Medicine and Experimental, 
Unit of Obstetrics and 
Gynecology, University  
of Studies Magna Graecia  
of Catanzaro, Italy.   
Prof. Costantino Di Carlo

Evaluation of the effects of therapy with molecular oxygen and 
hyaluronic acid (Caress Flow) on the persistence of HR-HPV 
infection and on the vaginal microbiota in patients with CIN1 
HPV related: randomized perspective study.

Department of Morphology, 
Surgery and Experimental 
Medicine, Section of Obstetrics 
and Gynecology, Azienda 
Ospedaliero-Universitaria S. 
Anna, University of Ferrara 
Prof. Pantaleo Greco

Concomitant treatment with topical hyaluronic acid and topical 
oxygenotherapy in the improvement of symptoms related 
to genito-urinary syndrome in women in physiological and 
iatrogenic menopause

Fondazione IRCCS Policlinico 
San Matteo di Pavia
Prof. Rossella Nappi

Vaginal Natural Oxygenation Device (VNOD): a controlled, 
randomized study on concurrent administration of hyaluronic 
acid and topical oxygen for the treatment of vulvo-vaginal 
atrophy

S. Orsola Hospital – Bologna  
Prof. Maria Cristina Meriggiola

UNDERGOING STUDIES AND COMPLETED STUDIES IN PUBLICATION

COMPLETED STUDIES IN PUBLICATION

UNDERGOING STUDIES



OXYGEN TREATMENT FOR VAGINAL ATROPHYOXYGEN FOR VULVO - VAGINAL TREATMENTS

www.caressfl ow.com

OXYGEN FOR VULVO - VAGINAL TREATMENTS

www.caressfl ow.com


