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Menopause is one of the most significant events
in a woman’s life and brings to a number of physiological changes that permanently affect the life
of a woman. It is associated with a marked reduction in endogenous oestrogen production, which
induces various deleterious effects on the female
urogenital system1. While vasomotor symptoms
diminish over time until disappearance, genitourinary tract disorders, susceptible to hormone
deficiency, progress and worsen over the years.
The vaginal epithelium becomes atrophied and
dry, with the consequence of vaginal discomfort,
itching, dyspareunia2 and reduced colonization
of lactobacilli with pH rise due to less lactic acid
production3. This induces an imbalance of the
saprophytic flora4, with a consequent growth of
coliform bacteria causing inflammation, vaginal,
urethral, and bladder infections, and bad smell5.
An inflamed epithelium can also contribute to
urinary symptoms, including frequency, urgency,
and incontinence6. Diminished estrogen production affects also collagen turnover, playing a major role in the onset of vaginal prolapse7,8. Finally,
also the bladder-urethral segment has a progressive evolution towards atrophy. Due to menopausal hypoestrogenism, the urethra is subjected
to a decrease in the intermediate and squamous
superficial cells9 and the musculature of the distal, proximal, and genitourinary tract undergoes
the same degenerative process. The reduction in
the submucosal vascular plexus and the decreased
tension of connective tissue decrease intramural
pressure, favouring urine leakage10.
Because estrogen deficiency is the primary cause of atrophic urogenital changes, postmenopausal estrogen therapy is the most logical choice of
treatment. Systemic estrogen therapy is the gold
standard to slow-down or block the onset of urogenital atrophy, but it requires ongoing therapy to

is a degenerative process that may occur during
menopause causing debilitating disorders and
painful symptomatology. Estrogen therapy
slows the onset of atrophy, but it requires ongoing therapy to maintain its effectiveness. To
mitigate the degenerative evolutions associated
with menopause, patients may benefit from new
therapeutic approaches, such as the use of mesenchymal stem cells. Among the many sources, the adipose tissue is considered one of the
smartest, due to its abundance and easy access.
This study investigated the feasibility and potential benefits of using an autologous adipose tissue to treat the symptoms of urogenital atrophy.
PATIENTS AND METHODS: In 2014, the first
three women affected by post-menopausal urogenital atrophy were treated with injections of autologous and micro-fragmented adipose tissue (Lipogems®). Clinical outcomes were determined at 3,
6, 9, 12, 18, 24, and 36 months by evaluating vaginal dryness, burning, itching, stranguria, sensitivity, and dyspareunia. Pre- and 36 months post-op biopsies and vaginal discharge were also collected.
RESULTS: The three women reported a significant improvement of the symptoms at 6 months
with complete resolution at 9 months. This benefit, subjectively reported and confirmed by clinical
evaluation, remained constant without recurrence
at least until 36 months. Immunohistochemical
analysis revealed a total recovery of vaginal vitality
with production of glycogen, vasculature hyperplasia and regeneration of the epithelium and subcutaneous tissue at 36 months. The analysis of vaginal
discharge showed a restoration of an acid pH with
the colonization of lactobacilli. No postoperative
complications nor adverse events were recorded.
CONCLUSIONS: The results of these first three
cases pointed to autologous and micro-fragmented adipose tissue as a safe, feasible and effective therapeutic approach for the treatment of
post-menopausal urogenital atrophy.
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maintain its effectiveness11,12. Unfortunately, only
25% of women in menopause undergoes hormone
replacement therapy (HRT) and/or topical estrogenic therapy, while the remaining 75% does not
care or uses gels, lubricants, and moisturizers
that provide short-term relief but cannot resolve
the hormonal deficiency with the consequence of
a constant and continuous tissue degeneration.
Vaginal dryness, dyspareunia, pain, burns, cystitis and urine leakage increase over time affecting
mental and sexual wellbeing13.
To mitigate the degenerative processes associated with menopause and vulvovaginal tissue
aging14, patients may benefit from regenerative
medicine. Recently, the regenerative capabilities
of fat with mesenchymal properties (adipose-derived mesenchymal stem cells – ASCs) have been
widely explored15-17. Through trophic, mitogenic,
anti-scarring, anti-apoptotic, immunomodulatory,
and anti-microbial actions, produced by a large
amount of bioactive elements, growth factors and
cytokines, these cells “sense” and “signal” changes
in the microenvironment where they reside18,19. The
use of ASCs, either culture expanded or obtained
by enzymatic digestion, created a huge interest in
regenerative medicine and in vitro and in vivo studies demonstrated their anti-inflammatory and regenerative potentials16,20. Nevertheless, cell expansion and/or enzymatic manipulation have complex
regulatory constraints21-23. Hence, availability of a
minimally manipulated, autologous adipose tissue
rich in these naturally occurring regenerative cells
would have remarkable clinical relevance. Techniques for harvesting and processing the adipose
tissue have rapidly evolved in the last years24,25,
and published data shows both the safety and efficacy of using fat and its derivatives26. We took
advantage of a commercially available technique
that intra-operatively provides micro-fragmented
adipose tissue in a short time, without expansion
and/or enzymatic treatment. By the aid of this technology, the adipose tissue is micro-fragmented
and washed until free of pro-inflammatory oil and
blood residues, while preserving an intact stromal
vascular niche 27. The resulting product, which has
been shown to be effective in the treatment of different pathologies28-36, provides the key elements to
support a natural regenerative response: the scaffold (the adipose tissue structure), the cells (ASCs),
and growth factors (secreted cytokines and chemokines)37. For these reasons, we decided to test its
regenerative potential in three women affected by
post-menopausal urogenital atrophy. The informed
consent was obtained by all the patients.
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Cases Presentation
Three women (mean age 59 years-old) in menopause from over 5 years presented with urogenital atrophy. Only one patient took HRT (estriol 0.5
mg/die for vaginal use) 6 years before. Standard
basal clinical evaluation included the assessment of
symptoms related to urogenital atrophy, with particular reference to vaginal dryness, burning, itching
and stranguria. In order to establish the subjective
level for each individual symptom, women were
asked to classify their symptoms as mild, moderate, or severe. Vaginal and clitoral sensitivity was
also assessed to evaluate whether it was normal,
slightly reduced or very reduced over time. Since
the three women were sexually active, the intensity
of dyspareunia was also recorded using the Numerical Rating Scale for pain. The site of pain – mons
pubis, labia majora, urethral orifice, prepuce, clitoris, frenulum, vestibulum, labia minora, hymen,
fossa navicularis, and fourchette – was reported on
a topographical map of the vulvovaginal area. A
biopsy was taken in the post-hymen vaginal area
for immunohistochemical analysis and vaginal discharge was collected to measure pH and detect the
characteristics of bacteria flora.
The three patients resulted symptomatic for all
the considered symptoms. Vaginal dryness, arisen
more than 4 years before, was reported as severe and increasing, with little or no benefits from
topical treatments (gels, moisturizers, lubricants).
Burning and itching, arisen 2-3 years before, were
felt as severe and increased after sexual intercourse. Dyspareunia was also increasing. In particular,
patients suffered for moderate pain in the urethral
orifice, prepuce, clitoris, frenulum, and fourchette,
and strong pain in vestibulum, labia minora, hymen, and fossa navicularis. No pain in mons pubis
and labia majora. The sensitivity of clitoris and
vagina was reported as reduced in one patient and
very reduced in the other two. Background data of
the patients are reported in Supplementary Table
I. All women agreed to undergo to injections of
autologous and micro-fragmented adipose tissue
and signed their informed consent. Patients underwent the procedure in day surgery under slight
sedation and were followed-up at 3, 6, 9, 12, 18,
24 and 36 months after the procedure.

Patients and Methods
Harvesting of the Adipose Tissue
The lower or the lateral abdomen was chosen
as donor site for adipose tissue harvesting. Before

harvesting the fat, 100 cc of Klein Solution (500
cc saline, 1 cc epinephrine 1/1000 IU, and 40 cc
lidocaine 2%) was injected in the periumbilical
area using a disposable 17G blunt cannula connected to a luer-lock 60-cc syringe. The fat (120
cc) was then harvested using a 13G blunt cannula,
for a fast and a-traumatic suction, connected to a
Vaclock® 20-ml syringe.

VL: vaginal lacerations; M: menopause; HR: hormonal therapy; TA: topical agents; Sens C: sensitivity clitoris; Sens V: sensitivity vagina
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Processing of the Adipose Tissue with
Lipogems® Device
The harvested fat was immediately processed
in the Lipogems® processing kit, a disposable
device that progressively reduces the size of the
adipose tissue clusters while eliminating oily substances and blood residues with pro-inflammatory
properties. The entire process, carried out in one
surgical step, was performed in complete immersion in physiological solution minimizing any
traumatic action on cell products. The resulting
micro-fragmented adipose tissue was collected in
a 60-cc syringe and positioned for decanting the
excess of saline solution.
Micro-fragmented Adipose Tissue
Injection
Micro-fragmented fat (15 cc) was gently injected with a 20G blunt cannula in small amounts into
the subcutaneous and subepithelial vaginal space
in a homogeneous and uniform manner following
the topographic map indicating the painful and
sensible sites. In addition, because two patients
suffered from stranguria, with urine leakage when
coughing, the para-urethral areas were also injected for about 3 cm along the urethra course.
Total surgical time, from lipoaspiration to injection was about 1 hour. Patients were discharged
with the prescription of medicated intimate lavage, antibiotic for 3 days (azithromycin 500 mg/
die), and refrain from sexual intercourse for the
first 4 weeks.
Immunohistochemical Analysis
Biopsies were collected 15 days before the
procedure and 36 months post-op. The tissue was
fixed in 10% formalin and processed for routine
histopathology evaluation, sectioned to a thickness of 4-μm and stained with haematoxylin and
eosin (median 10 slides per case). Immunoperoxidase studies were performed on 5-μm thick formalin-fixed, paraffin embedded tissue sections.
Tissue sections were placed on a Ventana BenchMark XT (Ventana Medical Systems, Inc., Oro
Valley, AZ, USA) for staining. The staining pro569
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tocol included online deparaffinization, heat-induced epitope retrieval with Ventana Cell Conditioning 1 (CC1) followed by primary antibody
incubation at 37°C for 32 minutes. Antigen-antibody reactions were visualized using the ultraView Universal DAB Detection Kit by Ventana
(Ventana Medical Systems, Inc.). Counterstaining
was performed on the Ventana BenchMarkXT using Ventana Haematoxylin II for 8 min, followed
by bluing reagent for 4 minutes.
Immunohistochemical antibodies sources and conditions: anti-CD34 (QBEnd-10;
Dako, Carpinteria, CA, USA); anti-Desmin
clone DE-U-10 (Sigma-Aldrich, St. Louis,
MO, USA); Monoclonal Anti-Actin, α-Smooth
Muscle clone 1A4 (Sigma-Aldrich, St. Louis,
MO, USA); Monoclonal Mouse Anti-Human
CD20cy clone L26/1R604 (Dako, Glostrup,
Denmark); Polyclonal Rabbit Anti-Human
CD3 clone IR503 (Dako, Glostrup, Denmark);
Monoclonal Mouse Anti-Human Ki-67 antigen,
clone MIB/IR626 (Dako, Glostrup, Denmark).
Tests on Vaginal Discharge
Physical-chemical and microscopic examination of vaginal discharge on fresh or after Gram
stain was executed to measure vaginal pH and
determine the characteristics of bacteria flora.

Results
Neither intra- nor post-operative complications
occurred. Three months after the procedure, vaginal dryness, itching and burning decreased from
severe to moderate in all patients, and at 6 months one patient reported the decrease to mild. At 9
months, the symptoms disappeared in all the three
women and this condition of wellbeing remained
stable up to 36 months. Only the 64-year-old woman referred a mild occasional post-coital burn.
Vaginal and clitoral sensitivity, which was very
reduced in 2 women and reduced in the other,
improved at 3 months and returned to normal
condition at 6 months, remaining stable until 36
months. In one case, vaginal and clitoral sensitivity returned normal 4 months after the procedure
and the patient reported that it was even greater
than what she experienced before the menopause
(Table II). Dyspareunia was evaluated by clinical
examination of the vulvovaginal sites. Three months after the procedure, pain significantly decreased from strong to moderate or from moderate to
mild. Interestingly, between 6 and 9 months, the
two younger women perceived no pain in all the
evaluated sites, while the 64-year-old woman reported a mild persistence of pain (NRS score 1-2)
at the fossa navicularis and fourchette (Figure 1).

Figure 1. Intensity of dyspareunia reported with the Numerical Rating Scale (NRS) for pain (0-10) from baseline to 36 months’
follow-up. Results are expressed as mean and standard error.
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Figure 2. Immunohistochemical evaluations of patient 2. A-B, Pre-operative. C-F, 36-months post-op histology. A, Squamous vaginal epithelium flattened with a noticeable reduction of the stratum corneum. B, Detail of picture A showing considerable reduction in the thickness of the squamous vaginal epithelium at the level of the Malpighian with marked superficial
hypo-glycogenesis. C, Squamous vaginal normotrophic epithelium of regular cellular thickness, composed of clear, hyper-glycogenic Malpighian cells, with regular basal layer. D, Detail of the squamous epithelium with a Malpighian and superficial layer of
hyper-glycogenic cells. E, Unusual adipose tissue composed of medium and large asymmetric adipocytes in chorion oedematosus. F, Hyper-vascularity with small arterial-venous vessels.

Stranguria, reported by two women, disappeared
between 6 and 9 months, while urine leakage has
ceased starting from 3 months (Table II). Interestingly, also the aesthetic appearance benefited
from the treatment, with the external genitals florid and turgid as in fertile period starting from the
6th month, and the vaginal mucosa from pale to
rosy colour.
Histology at 36 months revealed a total recovery of vaginal vitality with production of
glycogen, vasculature hyperplasia and regene572

ration of the epithelium and subcutaneous tissue in all the patients. The squamous vaginal
epithelium appeared undamaged, with regular cellular thickness composed of clear and
hyper-glycogenic Malpighian cells and regular
basal layer (Figure 2).
The analysis of vaginal discharge showed the
restoration of the physiologic acid pH (range 4.04.2 compared to 6.0-6.2 pre-op) with the colonization of lactobacilli in all the three women as in
the fertile age (data not shown).
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Discussion
Genitourinary atrophy is an alteration of the
tissues of the genital apparatus and of the urethra
that occurs in menopause when the production
of ovarian steroid hormones ceases. Estrogen
deficiency induces morphological and structural
changes in the vagina, vulva and urethra, causing
vaginal dryness, itch, burning, dyspareunia, stranguria, decreased sensitivity and urine leakage.
These disorders inevitably arise with the end of
the fertile age with subjective variability and with
ingravescent course. Although not disabling, these symptoms are certainly capable of damaging
physical and mental wellbeing, reducing women
self-confidence and undermining sentimental life.
Hormone replacement therapy is the only pharmacological treatment able to block and slow
down this degenerative process, but it requires
ongoing therapy to maintain its effectiveness.
Our hypothesis that genitourinary atrophy can
be counteracted by regenerative medicine has been
confirmed, beyond the hypothesized expectations,
in our first three cases treated with autologous and
micro-fragmented adipose tissue injection. The
innovative technique we utilized intra-operatively
provides micro-fragmented adipose tissue in short
time, without expansion or enzymatic treatment.
The adipose tissue is micro-fragmented and washed until free of pro-inflammatory oil and blood
residues, while preserving viable elements with
pericyte identity within an intact stromal vascular
niche27. The integrity of the niche entails the release of regenerative factors and bioactive molecules
(immunomodulatory, anti-scarring, anti-apoptotic,
angiogenic, mitotic, and anti-microbial), which
make the transplanted tissue acting as a “timely
releasing medium” of such elements in the site
of injection18,19. The main structural and morphological adipose unit, the adipose niche, maintained after the processing, protects activated ASCs,
strengthening their effectiveness in the recipient
environment, and behaving as a large-scale tool
to supply the damaged tissue with a regenerative
environment. The three women reported significant improvements 6 months after treatment and a
complete resolution of their symptoms at 9 months,
with no complications or adverse events. This benefit, subjectively reported and confirmed by clinical
evaluation, remained constant without recurrence
at least until the follow-up of 36 months. Noteworthy, the treatment was not repeated and no adjuvant
topical hormone therapy was required. Histology
at 36 months revealed a total recovery of vaginal

vitality with production of glycogen, vasculature
hyperplasia and regeneration of the epithelium and
subcutaneous tissue in all the patients.

Conclusions
The results of these three first cases show the
safety, feasibility and efficacy of using autologous
micro-fragmented and minimally manipulated adipose tissue injection for the treatment of urogenital
atrophy. The procedure is simple, sustainable, quick, minimally invasive, one-step, and safe. After
36 months, the results are very satisfactory and
promising. A similar study on 16 women is now
ongoing, and, if the results will be confirmed, this
approach will open the doors to a safe, viable and
effective alternative therapy for the treatment of
post-menopausal genitourinary atrophy.
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