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Abstract

Background: The quality of the wound healing at the donor site significantly determines the overall condition of the burn patient,
the extent of wound fluid and protein losses, the severity of any systemic in-flammatory reaction, and the intensity of the pain
syndrome. It is known that the stromal vas-cular fraction (SVF) has a beneficial effect on the healing of wound defects. This study is
aimed at assessing the safety and effectiveness of the application of the SVF of autologous adipose tis-sue to stimulate wound healing
of the donor site in patients with burns.

Methods: This placebo-controlled clinical study included 38 patients with third-degree thermal skin burns. The patients underwent
liposuction, enzymatic isolation of the SVF, and intradermal injection of the preparation into the wounds in the donor site, followed by
tewametry, cutome-try, thermography and biopsy after 12 days. Quantitative indicators were compared using the Mann-Whitney test
for unrelated groups and the Wilcoxon test for related groups. Spearman's rank correlation coefficient (RS) was used to assess the
correlation

Results: Epithelization of the wounds in all patients was seen over an average area of 88 (84;92) %, there being no significant
differences between the actual and the control wound sites for this parameter. Transdermal water loss in the test wound sites was 2
times lower than in the control sites (P = 0.001). The wound donor sites regained their temperature distribution faster than the control
sites (P = 0.042). Histological preparations of the skin of the wound sites revealed that their epidermal layer was 19% thicker
compared to the controls (P = 0.043). It should be noted that five adverse events related to manipulations in the postoperative period
were registered.

Conclusions: Transplantation of SVF autologous adipose tissue into the wound area in most clinical cases proceeded without
complications. The area of epithelialization of wound areas af-ter the introduction of SVF did not change, although a significant
decrease in transdermal water loss was observed in the wound areas with an improvement in their thermoregulation and an increase in
the thickness of the epidermis.
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Introduction
Transplantation of a split-thickness autodermal trans-  plant from an intact skin site to the burn site is presently

tWhat is “already known” in this topic:
Studies have shown that the stromal-vascular fraction of
autologous adipose tissue has im-munomodulatory, anti-
 Federal State Budgetary Educational Institution of Higher Education Privolzhsky inﬂammatory, and angiogenic effects on the skin.
Research Medical University of the Ministry of Health of the Russian Federation,
603005 Nizhny Novgorod, Russia —What this article adds:
This study showed that SVF improved donor wound healing in
patients with deep burns. The epidermis of donor wounds
becomes thicker after SVF injection. Thermal regulation
improves, and wound water loss is reduced.
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the main reconstructive method for burns and will remain
so in the immediate future. However, along with the ex-
pected therapeutic effect, autodermoplasty is also associ-
ated with adverse effects that include the formation of
extensive superficial wounds at the skin donor sites. The
duration and quality of the wound healing at the donor site
(hereinafter referred to as the “WDS”) significantly de-
termine the overall condition of the burns patient, the ex-
tent of wound fluid and protein losses, the severity of any
systemic inflammatory reaction, and the intensity of the
pain syndrome (1, 2). The recovery rate and the quality of
the repaired cover tissues in the donor site is a fundamen-
tal components of the effectiveness of such treatment of
patients with critical burns, as persons in this group often
need multiple transplants from the donor sites (3, 4). All
of the above emphasize the need to develop techniques
allowing for optimization of the healing of the WDSs,
ensuring restoration of their blood supplies, epithelializa-
tion and repair of the overall structure of the damaged skin
(5).

One of the most promising perspectives to optimize
wound healing is the use of regenerative cell techniques
(3, 6-8). A significant aspect of such techniques is the use
of mesenchymal stem cells (hereinafter referred to as
MSCs). According to recent studies, MSCs demonstrate
high effectiveness in wound healing, not only due to their
proliferative activity but also to their paracrine immuno-
modulatory effects and stimulation of the reparative pro-
cesses (9—11).

However, it should be noted that optimal methods for
the clinical use of MSCs in patients with burns are still
open to discussion. The most attractive source of MSCs,
according to many experts, is adipose tissue, but the best
origin for this is still being debated. On the one hand, al-
logeneic material has an important advantage, as it can be
obtained without any additional injury to the patient dur-
ing sampling; on the other hand, a number of studies have
shown the relatively higher effectiveness of autologous
MSCs (12). At the same time, methods for obtaining and
using MSCs are also being widely discussed. For instance,
an increase in cell biomass by cultivation provides a more
pronounced therapeutic effect due to the use of high cell
concentrations. However, cultivating MSCs after their
isolation is a complex process that is both time-consuming
and costly, requiring the organization of cell biobanking.
It should also be noted that, in some countries, there are
specific restrictions related to the use of allogeneic mate-
rials and cultured human cells (13).

The above-mentioned problems prove the need to find
other ways to obtain and use MSCs, which brings our at-
tention to using the stromal vascular fraction containing
MSCs as a source. The stromal vascular fraction (herein-
after referred to as the “SVF”) is a heterogeneous popula-
tion of cells isolated from adipose tissue. SVF isolation is
associated with minimal manipulations, therefore signifi-
cantly easing its clinical use and reducing costs (14). In
addition to MSCs, SVF can include endothelial cells and
their precursors, T-regulating cells, macrophages, smooth
muscle cells, pericytes, and preadipocytes (15, 16).

The SVF has proven its effectiveness in the treatment of
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various diseases. A number of studies have confirmed its
beneficial effect on osteoarthritis, both when used inde-
pendently and in combination with other components,
such as PRP (17-24). The SVF is actively used in aesthet-
ic medicine: in rejuvenation procedures (25), as well as
for the clinical treatment of various forms of alopecia (26,
27) and acne (28). In recent years, the application of SVF
has grown. For instance, the effectiveness of the SVF in
restoring liver function has been shown (29), and there
have been promising results in the treatment of Parkin-
son's disease (30), and of erectile dysfunction, and Pey-
ronie's disease (31). Some studies have indicated autolo-
gous SVF cells can also be considered a safe medication
delivery system for anticancer therapies (32).

It is known that SVF has a beneficial effect on the heal-
ing of wound defects, including burns, this being con-
firmed by both experimental and clinical studies. It has
been demonstrated in a rat burn model that the SVF in-
creases the concentration of growth factors, increases col-
lagen formation, and stimulates angiogenesis and epitheli-
alization (33-37). Clinical trials of SVF in the treatment
of wound defects are not numerous at the moment. How-
ever, there are descriptions of the effects of accelerating
neovascularization and epithelialization, as well as of the
stabilization of inflammation, in a number of published
studies (38—40).

It should be noted that the high reparative potential of
the SVF is largely related to the heterogeneous composi-
tion of the fraction. The regenerative effect is achieved
due to the impact of the complex of SVF cells. For exam-
ple, the release of growth factors is mainly provided by
MSCs, the proangiogenic effect—by microvascular cells
and the immunomodulatory effect—by blood cells. More-
over, the SVF usually contains residual elements of the
intercellular substance of the adipose tissue that has a sta-
bilizing matrix effect, facilitating cellular interaction when
SVF is applied to the damaged area. However, many re-
searchers note that the heterogeneous nature of the SVF
can hinder the selection of a standardized treatment regi-
men, making the development and standardization of new
protocols for the isolation and preparation of the SVF a
particularly relevant task for modern regenerative medi-
cine (15, 16, 41, 42).

Our study is aimed at solving a fundamental and clini-
cally significant issue, that is, the identification of the
most likely positive and negative consequences of the
transplantation of autologous stromal vascular fractions of
adipose tissue in patients with deep thermal burns. At the
launch of the study, the authors highlighted a hypothesis:
biomedical technology, including tumescent liposuction,
enzymatic treatment of the adipose tissue without any
subsequent cell culture, and the intradermal injection of
SVF into wounds in the donor site improve the functional
and structural characteristics of newly formed skin with-
out any clinically significant risk of postoperative compli-
cations in patients with deep burns.

Purpose: to evaluate the safety and effectiveness of bi-
omedical technology for the transplantation of the autolo-
gous stromal vascular fraction of adipose tissue to stimu-
late wound healing in the skin donor sites in patients with
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third-degree burns.

Methods

This prospective, placebo-controlled clinical trial in-
cluded 38 patients (26 men and 12 women). All were hos-
pitalized at the burns center of the University Hospital of
the Federal State Budgetary Educational Institution of
Higher Education, the "Privolzhsky Research Medical
University" of the Ministry of Health of the Russian Fed-
eration (FSBEI HE PRMU MOH) with deep thermal
burns in 2021-2022.

Criteria for inclusion: voluntary informed written con-
sent of the patient; men and women aged 18—70 with veri-
fied diagnoses of third-degree thermal burns (according to
ICD-10); a burn obtained 5-30 days before inclusion; an
area of deep burning of 10%—60% of the body surface;
absence of chronic skin diseases and autoimmune diseas-
es.

Criteria for exclusion: active neoplastic processes; dis-
eases of the blood system; pregnancy or lactation; immu-
nodeficiency; tuberculosis; diabetes mellitus; positive
Wasserman reaction; refusal (or inability) to sign an in-
formed consent to participate in the study.

Preoperative therapy, surgical interventions, and post-
operative therapy were conducted in accordance with the
standards of medical care for patients with burns estab-
lished in the Russian Federation (Thermal and chemical
burns. Sunburn. Burns of the respiratory tract. National
clinical guidelines. Moscow, Association of Combustiolo-
gists "World without burns". 2020:126.). The study com-
plied with the international ethics principles and the re-
quirements of the regulations of the Russian Federation,
including the following: the Rules of the ICH GCP E6,
and the requirements of the Declaration of Helsinki. The
study was approved by the Local Ethics Committee of the
Federal State Budgetary Educational Institution of Higher
Education, the "Privolzhsky Research Medical Universi-
ty" of the Ministry of Health of the Russian Federation
(FSBEI HE PRMU MOH), MoM No. 19 of 19.11.2021.
All patients had the purpose, algorithm and possible re-

localization of
liposuction

sults of therapeutic and diagnostic manipulations ex-
plained to them in detail, after which they provided their
informed consent to the said manipulations. Recovery of
the adipose tissue and SVF administration were conducted
in a surgery room in compliance with the requirements of
asepsis and antisepsis regulations.

Stages of biomedical technology: 1 —recovery of the
adipose tissue; 2 —processing of the adipose tissue and
isolation of the stromal vascular fraction of it, enriched
with mesenchymal stem cells; 3 —randomization of the
WDS sites and administration of the medication; 4 —
control of the wound process.

Recovery of the adipose tissue

The skin of a site that was not thermally damaged was
double treated with antiseptic and then the subcutaneous
tissue of an area of at least 50 cm2 was infiltrated with
Klein's solution (Figure 1 a, b). The adipose tissue was
aspirated with a blunt Mercedes-type cannula (150x3 mm
and 150x1.3 mm) with a 20 ml syringe. After aspiration,
the adipose tissue was transferred into a sterile tube (50
ml) with a biopsy transport medium and sent to the labora-

tory.

Processing of the adipose tissue and obtaining the SVF

Autologous cells of the stromal vascular fraction were
recovered in the biotechnological laboratory of the Uni-
versity Hospital of the FSBEI HE PRMU MOH in line
with the approved protocol. The source material for SVF
recovery was the lipoaspirate obtained in the sterile-
packed syringes. This lipoaspirate from the syringes was
transferred into sterile tubes (50 ml, Costar, USA) and
washed 3 times with sterile saline by laminar box centrif-
ugation. The middle fraction between the sediment and the
supernatant was removed. At the next stage, a 0.2% solu-
tion of Type 1 collagenase (Sigma, USA), equal to the
volume of the lipoaspirate, was added to each tube. The
lipoaspirate was subjected to heated enzymatic treatment
to release the SVF cells using an orbital shaker at +37°C
and 200 rpm over a period of 60 minutes. At the end of

Figure 1. Stages of recovery and administration of the stromal vascular fraction of the adipose tissue of patients with third-degree
burns: a —liposuction on the abdominal wall; b —localization of the liposuction areas and wounds of the donor site in the patients; ¢
— intradermal injection of the SVF into the test site of the wound in the donor site. 1 —lipoaspirate in the syringe; 2 —cannula; 3 —
liposuction area; 4 —area of the damaged skin under the bandage; 5 —the test area of the wound in the donor site; 6 —the control
area of the donor wound.
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the enzymatic treatment, sterile saline solution was added
to the resulting suspension and re-suspended. After that,
the suspension was centrifuged for 10 minutes at 1500
rpm. Here, the extracellular fat, adipocytes, and unsepa-
rated remains of the adipose tissue were removed. The
sediment with the SVF cells was washed, re-centrifuged,
and re-suspended in sterile saline and then filtered through
a cell filter with a pore diameter of 100 um (Costar, USA).
The concentration of cells in the suspension and the pro-
portion of living cells were calculated with a cell counter
(Countes, Invitrogen, USA) using an intravital trypan blue
dye. The resulting suspension of SVF cells was brought to
a concentration of 1 mln/mL in 0.9% NaCl solution with
10% autologous patient serum and collected into syringes,
which were packed in sterile packaging bags marked for
each patient, before transfer to the burns department of the
FSBEI HE PRMU MOH University Hospital.

Randomization of the WDS sites and administration of
medication

Before the preparations were administered into the tis-
sues, two sites of the equal area were specified on the sur-
face of the planned wound of the donor site (Figure 1 b).
The sites were randomized using a random number table
into 2 groups: the studied group (SVF administration) and
the control group (placebo (0.9% NaCl solution) admin-
istration). Randomization of wound sites with their divi-
sion into 2 equal groups was carried out in accordance
with the state standard of the Russian Federation GOST R
ISO 24153-2012 “Statistical methods. Randomization and
random sampling procedures” provided for such proce-
dures. After that, the split skin transplants of thickness
0.4-0.45 mm were taken with an AESCULAP dermatome
from both sites of the donor area. The SVF or placebo was
administered by means of intradermal injection (Figure |
c). The SVF dose was calculated on the basis of 0.1 ml of
the preparation per 1 cm2 of the WDS area being tested.
The volume of the placebo injected into the control site
was equal to the volume of the administered SVF. After
administration, the wound was covered with a wet-to-dry
gauze dressing and antiseptic.

The surgeon performed injections of drugs in the control
(placebo) and study (SVF) areas of the wound. After that,
the surface of the wound was closed with a bandage. Data
on the drugs injected into each side of the wound were
encrypted before being issued to surgeons. The patients
were anesthetized and did not know which drug the re-
searchers injected into one or another part of the wound.
The bandage was removed after 12 days and functional
diagnostics were performed: thermometry, cutometry,
tewametry. Functional diagnostics were carried out by
research doctors who did not have data on which drug was
injected into each area of the wound. During the biopsy,
each tissue sample was encrypted in the operating room
and sent for histological examination. The pathologist had
no data on the studied biopsy specimens.

Control of the wound process
12 days after administration, the dressing was removed
from the WDS, the site was photographed, the area of
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wound epithelization was assessed, and a non-invasive
study of the functional parameters of the cover tissue was
performed together with biopsies of the test and control
areas of the wound. The area of WDS epithelialization
was assessed by means of computer-assisted planimetry.
The functional study included the following: assessment
of transdermal water loss (tevametry), skin elasticity (cut-
ometry) and thermography of the wound surface. The
tewametry (for the evaluation of the Transepidermal Wa-
ter Loss, TEWL) and cutometry were conducted using a
TPM-MS 750 testing device (Courage Khazaka electronic
GmbH, Germany). The thermography was carried out
with a Thermo Tracer TH-9100 thermal imager (NEC,
Japan): spectral range of 8-14 pum; sensitivity,
0.030+0.003°C; IR matrix resolution, 320x240 pixels. An
initial image was taken, followed by the cold test: a nap-
kin moistened with saline at a temperature of +200C was
put against the skin for 60 seconds. 180 sec after the cold
test, thermographic images of both the test and control
WDS areas were obtained.

The functional study and thermography were immedi-
ately followed by full-thickness biopsies of the newly
formed skin in the test and control areas of the wound;
these were fixed in 10% formalin; and then sent for stand-
ard histological processing, embedded in paraffin blocks
(HistoStar, Thermo Scientific). Serial sections with a
thickness of 4-6 microns (Microm HM 325, Thermo Sci-
entific) were stained with hematoxylin and eosin (Gemini
AS, Thermo Scientific). The morphometry of the newly
formed skin layers was conducted using a 3DHISTECH
PANNORAMIC MIDI scanning complex (Carl Zeiss,
Hungary) in bright field mode with a magnification range
of x50 to x400 by means of an automated image analysis
system.

Statistical data processing

IBM SPSS Statistics software, V20 (IBM Corporation,
Somers, NY, USA) was used for statistical data pro-
cessing. The results are expressed as the Me (QI; Q3),
where Me is the median of the analyzed parameter and
(Q1; Q3) is the 25th and 75th percentile values, respec-
tively. Quantitative indicators were compared using the
Mann-Whitney test for unrelated groups and the Wilcoxon
test for related groups. Spearman's rank correlation coeffi-
cient (RS) was used to assess the correlation. The sample
parameters provided below have the following designa-
tions: Me—median, Q1—upper quartile, Q3—Ilower quar-
tile, n—size of the analyzed subgroup, p—value of statis-
tical significance of differences. The critical value of the
significance level was taken as equal to 5% (P < 0.05).

Results
The characteristics of the patients by gender, age, and
range of concurrent diseases are given in Table 1.

Frequency of wound complications in the sites
administered with adipose tissue and injected with SVF

To reduce the risk of infectious complications, lipoaspi-
ration was conducted only on intact skin sites in various
anatomical areas: for 22 patients—in the abdominal wall
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Table |. Characteristics of patients.

Characteristics Number
Gender (men/women), n 26/12
Age, median [Q1;Q3] 44 135; 59]
Body mass index (BMI) 19 [17.5; 22]
Causative agent (flame/hot liquid), n 18/20
Deep burn area, % 35 [30; 55]
Concurrent conditions, n Tobacco smoking 18
Arterial hypertension 9
Chronic obstructive pulmonary diseases 8

below the navel, for 12 patients—in the abdominal wall
above the navel, for 4 patients—in the buttocks and the
outer surface of the thigh (Figure 1b). To reduce the risk
of muscular fascia perforation, two types of cannula
movement in the subcutaneous tissue were used: recipro-
cating movements in liposuction areas over 150 mm long
and with a subcutaneous tissue depth of over 20 mm; and
rotational movement of the cannula in smaller liposuction
areas.

Five adverse events associated with the study manipula-
tions were registered during the postoperative period: lo-
cal reactions of I-II degree according to the Clavien-
Dindo system in the liposuction area (3 patients) and in
the preparation administration area (2 patients). In two
cases, local subcutaneous hematomas of 25 and 45 cm?2
formed in the subcutaneous tissue at the site of the adipose
tissue recovery. One patient had a local reaction to the
injection of Klein's solution, in the form of local edema
and skin hyperemia (Table 2). Bleeding from the injection
wounds was seen in 1 patient after placebo administration
at the WDS control site. Hemostasis was conducted by
short-term mechanical pressing of the tissue. All compli-
cations healed themselves without additional medical or
surgical treatment.

Five adverse events associated with the study manipula-
tions were registered during the postoperative period.
Three cases of local reaction of I-II degree according to
Clavien-Dindo in the area of liposuction: in two cases,
local subcutaneous hematomas formed with an area of 25
and 45 cm2, in one patient, there was a local reaction to
the introduction of Klein's solution in the form of local
edema and skin hyperemia. In addition, 2 cases of adverse
events in the area of donor wounds were noted: one pa-
tient had infectious lysis of the epidermis in the studied
area of the wound, and the second patient had bleeding
from the peri-wound tissues after the injection of placebo
(Table 2). There were no significant differences in the
frequency of local complications in the studied and con-
trol wound areas (Fischer test - 0.5). The infection was
stopped as a result of wound debridement and antibiotic
change. Bleeding was stopped by mechanical pressure and
electrocoagulation.

Table 2. Frequency and severity of postoperative complications

2 patients died (18 and 22 days) after autodermal trans-
plant recovery and administration of the SVF and placebo
into the donor wound sites. Death in both cases was
caused by sepsis, which was not associated with the
wound process in the WDS.

Analysis of the effectiveness of enzymatic treatment
with adipose tissue in patients with burns

When the obtained primary material—lipoaspirate—
was received in the laboratory, it varied in volume but was
homogeneous in the proportion of adipose tissue. The Me
(Q1;Q3) volume of the primary lipoaspirate from the pa-
tients amounted to 20.00 (15.00; 30.00) ml. After blood
impurities, Klein's solution, and transport medium were
removed, the primary volume of the adipose tissue itself
was 5.0 (3.0; 7.5) ml. The median volume of the SVF
primary suspension was 9.5 (5.6; 22.0) ml, with content of
isolated nucleated cells of 12.0 (8.20; 30.0) million.

The analysis of correlation confirmed a direct relation-
ship between the volume of the adipose tissue and the
volume of the primary lipoaspirate: RS=0.415 (P =
0.015). Moreover, there was a positive correlation be-
tween the amount of adipose tissue recovered from the
primary lipoaspirate, and the volume of the SVF suspen-
sion obtained therefrom: RS=0.365 (P = 0.034). However,
there was no reliable correlation between the amount of
recovered adipose tissue and the content of nucleated cells
(RS=0.300, P = 0.084). There was also no correlation be-
tween the number of nucleated cells in the SVF and the
volume of the primary lipoaspirate (RS=-0.011; P =
0.951). This indicates the variability of cellularity—i.e.,
the content of cells in the volume of the lipoaspirate and
the adipose tissue—in patients with burns. Despite this,
there was a high degree of correlation between the volume
of the SVF suspension and the content of nucleated
cells—RS=0.863 (P = 0.001). This provides justification
that the technique of SVF isolation we used permits the
collection of similar SVF suspensions in terms of the
number of cells from lipoaspirate and adipose tissues with
different degrees of cellularity. The concentration of nu-
cleated cells in the obtained suspension was 1.00 (1.00;
1.70) mIn/ml.

Localization

Postoperative complications (according to Clavien-Dindo)

1 11 111-1V
1. Liposuction area, n=38 3 0 0
Test site of the WDS, n=38 (test group) 1 0 0
3. Control site of the WDS, n=38 (control group) 0 1 0
4. Total 4 1 0
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The SVF suspension was adjusted to a concentration of
1 million/ml before use. The duration of the full procedure
cycle from the receipt of the primary material at the labor-
atory until the availability of the SVF for the clinic was
2.8 (2.5; 3) hours.

Epithelialization of wounds at the donor site

On Day 12, after the skin transplant collection and in-
jection of the preparations into the test and control areas,
the wounds of the donor sites in all patients in the study
had become epithelialized to around 88 (84; 92) % of the
area. During the examination, the test and control areas of
the wound looked the same: the major part of their area
was covered with newly formed pink cyanotic skin with-
out visible derivatives or the presence of eschar fragments
(Figure 2).

There were no statistically significant differences in the
area of epithelization of the test and control areas (Wil-
coxon test, P = 0.109): the area of tissue epidermis in the
test areas was 89.5 (84; 94.3)%, while the control areas
were epithelialized by 87 (83.7; 93.3)%.
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Functional characteristics of the WDS cover tissues

There were statistically significant differences between
the test and control sites in terms of transepidermal water
loss (TEWL). The median indicator of the transdermal
water loss in the test sites of the WDS was 4 (3.5;6) c.u.,
whereas in the control sites, it was 8 (5;9.5) c.u. (P =
0.001) (Figure 3 a). The elasticity of the newly formed
skin in the test and control sites of the wound did not dif-
fer significantly. The test site indicator was 77 (75; 97)
c.u., while the control site indicator was 76 (71;97) c.u.
(p=0.740) (Figure 3 b).

Results of thermography of the surface of the donor
site wounds

The temperature in the test and control sites of the
wounds immediately after removing the dressings did not
differ: the indicator for the wound test site was 34.7 (33.9;
36.0) 0C, whereas, for the control areas, it was 34.8 (33.8;
35.9) 0C (P = 0.456) (Figure 3 c). However, the tempera-
ture of the test arcas of the wounds was restored faster
after the cold test; after 180 seconds, it was significantly

C

Figure 2. Epithelialization of the WDS areas: a —proportion of the epithelialized area of the WDS areas on Day 12 after SVF and placebo admin-
istration, %; b, ¢ —examples of the epithelialized WDS at the time of biopsy, 12 days after transplant collection and the SVF and placebo admin-

istration (1 —test site, 2 —control site).

TEWL
Elasticity
-

temperature, oC (0 sec)
temperature, oC (180 sec)

Figure 3. Functional characteristics of the skin in the WDS sites. a —
transdermal water loss (p=0.001); b —elasticity (p=0.740), c —thermography,
initial skin temperature in the WDS sites (p=0.456), 0C; d —thermography,
skin temperature of the sites 180 seconds after application of the cold test

(p=0.042).
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epidermis thickness, um

SVF placebo
d

Figure 4. Thickness of the epidermis of the newly formed skin in the WDS sites. a —thickness of the epidermis, b —histological structure of skin

preparations in the WDS sites (SVF —study site, placebo —control site).

higher than in the control areas: 33.4 (32.2; 34.6) and 32.6
(32.0; 34.4) 0C, respectively (P = 0.042) (Figure 3 d).

Histological examination of WDS skin biopsy specimens

Histological examination of WDS skin biopsy speci-
mens obtained after the SVF administration (in the test
site) and placebo (in the control site) revealed epidermal
skin layers in both the test and control WDS sites with a
comparable frequency (Fischer's test, P = 0.857). Howev-
er, morphometric analysis of the skin layers showed dif-
ferences in the epidermis thickness in the test and con-
trolled WDS sites. The thickness of the epidermis in the
test wound sites was 132 (97; 165.5) um by the time of
biopsy, which was 18.9% thicker than that in the control
wound sites—111 (68; 137.5) um (P = 0.043) (Figure 4
a). Here, there were no signs of hyperkeratosis, neither in
the test nor in the control sites (Figure 4 b). Such signs of
inflammation as edema and cell infiltration in the prepara-
tions from the test WDS sites were less expressed than in
the biopsy specimens from the control wound sites.

Discussion

A very high level of clinical biomedical technology
safety is essential. Postoperative complications of liposuc-
tion can be registered even for patients of aesthetic plastic
surgeons—examined and operated on during planned pro-
cedures, and usually having no severe concomitant pa-
thologies. Such patients can develop hematomas, pares-
thesia, pain in the area of lipoaspiration, and wound infec-
tion after liposuction; sometimes, there is also damage to
the underlying tissues due to intraperitoneal or intramus-
cular penetration by the cannula (43). The likelihood of
complications inevitably increases in elderly patients hav-
ing chronic diseases. Predictors of local complications are
the presence of an insignificant thickness of adipose tissue
and a lack of skin elasticity: Japanese authors report that
after aspiration of the adipose tissue in 16 elderly male
patients, 16 of them had subcutaneous hematomas, and 10
had decreased tactile sensitivity (44). Such predictors in
patients with burns are additionally supplemented by the
general severity of the body damage, depletion of subcu-
taneous tissues, as well as by thermal and infectious dam-
age to the skin. The combination of such factors can sig-
nificantly increase the risk of liposuction complications.
The combined application of reciprocating and rotational

cannula movements in the patients we studied prevented
excessive trauma and tissue infection. The frequency of
our local postoperative complications was kept down to
13%. It is important to note that all the registered adverse
events were mild and could be stopped without additional
therapy or surgical interventions. This result, from the
authors’ point of view, negates a significant proportion of
the concerns related to using liposuction and lipotrans-
plantation in patients with burns.

The authors found characteristics of the skin peculiar to
donor site wounds that represent a complex of consistent,
interrelated pathophysiological and pathomorphological
phenomena. The most expressed functional change in the
skin after SVF administration was a decrease in the
amount of transepidermal water loss. It is known that
TEWL correlates to the greatest extent with the state of
the skin surface layer—the epidermis: in the case that its
integrity is damaged or it is thinned, water loss increases,
while, on the contrary, full epithelialization of the wound
surface is followed by a decrease in the level of TEWL
(45). Other authors have described a direct correlation
between the state of the newly formed cover tissues and
their ability for thermal regulation: the horny layer of epi-
dermal keratinocytes is crucial as a physical barrier (46).
The interaction mechanisms of skin derivatives, pain re-
ceptors, TRPV4 ion channels, and thermoregulation are
functionally associated with the effects of the introduction
of mesenchymal stem cells into the tissue (47). Thus, the
specified complex of morphofunctional manifestations in
the wounds of the donor sites after SVF administration,
unlike the wounds injected with placebo, is probably an
essential consequence of the administration of a cell sus-
pension with a high MSC content into the surface skin
layers.

It should be noted that this study has original clinical
limitations that prevent an even more profound assessment
of the morphological and functional changes in the skin
over time. First of all, these limitations are related to the
use of only a single skin biopsy on Day 12 after the ad-
ministration of the preparation. The selected timeframe for
the wound process control is due to consideration of the
following: the known physiological pattern of re-
epithelialization of donor wounds is 10-14 days (48); the
need to minimize damage to the wounds of the patients’
donor sites. Repeated or earlier biopsy specimen examina-
http://mjiri.iums.ac.ir
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tion in a clinical trial would entail the risk of damage to
wound epithelialization. The development of technologies
for non-invasive tracking of the wound recovery process
that does not require multiple dressing removal from the
wound will enable the identification of greater detail of
the process of re-epithelialization and restoration of the
dermis in donor site wounds. However, even the currently
available data provide for stating the clinically significant
effect of the use of MSC-containing SVF injections into
the dermis of wounds of the donor sites in patients with
deep burns.

Conclusion

Transplantation of autologous SVF adipose tissue into
wounds of the donor sites in patients with deep thermal
burns proceeded without complications in 87% of the clin-
ical cases, 5 patients developed mild local reactions of the
first or second degree according to the Clavien-Dindo
system. Cover tissues in the SVF injection area were char-
acterized by a significant (19%) increase in the thickness
of the skin epidermis, together with optimization of the
functional parameters of the newly formed cover tissue—a
twofold decrease in the rate of transdermal water loss (P =
0.001) and accelerated recovery of thermal distribution
after a cold test (P=0.042).

Overall, the complex of indicators evidencing clinical
safety and the effectiveness of the studied technology
proves the feasibility of its use to stimulate wound healing
in the donor sites of patients with deep thermal skin burns.
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