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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. 
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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
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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.
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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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