30 ORIGINAL PAPERS

UDC 616.31-001.17
DOI: 10.56871/RBR.2024.72.96.005

INJECTION USE OF PLATELET RICH PLASMA
IN THE TREATMENT OF BORDERLINE SKIN BURNS

© Evgeniy V. Zinoviev', Eduard K. Derii', Denis V. Kostyakov', Andrey A. Alekseev? 3,
Vadim A. Manukovskiy', Konstantin A. Filimonov?, Svetlana S. Hromina?

' Saint Petersburg |.I. Dzhanelidze Research Institute of Emergency Medicine. 3 lit. A Budapestskaya str., Saint Petersburg

192242 Russian Federation

2 AV. Vishnevsky National Medical Research Center of Surgery. 27 Bolshaya Serpukhovskaya str., Moscow 115093 Russian Federation
3Russian Medical Academy of Continuing Professional Education. 2/1, building 1 Barrikadnaya str., Moscow 125993 Russian Federation

Contact information: Eduard K. Derii — Surgeon Department of Thermal Injuries Saint Petersburg I.I. Dzhanelidze Research Institute
of Emergency Medicine. E-mail: derii.eduard@gmail.com ORCID: https://orcid.org/0000-0001-8458-0134 SPIN: 6127-4630

For citation: Zinoviev EV, Derii EK, Kostyakov DV, Alekseev AA, Manukovskiy VA, Filimonov KA, Hromina SS. Injection use of platelet rich plasma in
the treatment of borderline skin burns. Russian Biomedical Research. 2024;9(4):30-37. DOI: https://doi.org/10.56871/RBR.2024.72.96.005

Received: 04.09.2024 Revised: 21.10.2024 Accepted: 17.12.2024

Abstract. Introduction. The use of platelet-rich plasma is a promising method for treating burn patients. Today,
there are many publications devoted to autodermoplasty in combination with the patient’s blood plasma for deep skin
burns, but less attention has been paid to the problem of borderline lesions. Objective of the study — to evaluate
the improvement in the treatment efficacy of burn victims with borderline burns using platelet-rich plasma. Materials
and methods. The work demonstrates the results of treatment of 40 patients with borderline skin burns, aged from
18 to 59 years, hospitalized at the State Budgetary Institution of St. Petersburg Research Institute of Emergency
Medicine named after. I.I. Janelidze in the period from 2021 to 2023. The criterion for inclusion in the study was the
area of a second degree burn wound according to ICD 10, with a total area of up to 15% of the body surface. The
results of treatment with platelet-rich plasma were assessed on 2% of the area, which averaged 327.6+15.2 cm?.
During the work, clinical, planimetric, cytological and histological research methods were used. Results. Our
proposed method of a single injection of platelet-rich plasma into the area of a border burn wound made it possible
to accelerate the time for the onset of epithelization by 19.2% (p <0.05), the time for final healing of the wound by
25.1% (p <0.05), and also reduce the incidence of infectious complications by 15% (p <0.05). The obtained clinical
and planimetric data were confirmed by cytological and histological studies. In fingerprint smears, by the twelfth
day of observation, the number of neutrophils decreased by 33.7% (p <0.05) and the number of fibroblasts and
macrophages increased by 41.4% (p <0.05) and 29.3% (p <0.05) respectively. During the histological study, it was
noted that the patients in the study group had less pronounced leukocyte infiltration, swelling of the dermis, and a
more clearly formed collagen framework. Conclusion. The use of platelet-rich plasma makes it possible to achieve
earlier relief of the inflammatory reaction and ensure an earlier transition to the regenerative phase of the wound
process in the area of a border burn wound.
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Pe3slome. BeedeHue. VcnonbaoBaHue oboralleHHoi TpoMBoLMTamMmu nnasmbl SBNSETCS NEPCNEKTUBHBIM METOAOM
neyeHns 060xkeHHbIX. Ha CEroaHSALWHNIA AeHb CyLLecTByeT MHOXECTBO Ny6nuKaLmi, NOCBSLLEHHbIX BbINOMHEHWIO
ayTo4epMOonnacTuKn B COYETaHUM C NNa3mMon KpOBW NaLlmeHTa npu rnyBoKkux oxorax Koxu, OAHaKoO MEHbLUE BHUMa-
HWS yaeneHo npobneme norpaHnyHbIX nopaxeHni. Ljenb ucciedoeanus — OLEHUTb NOBbIeHNEe 3hDEKTUBHOCTH
neyeHns 060XKeHHbIX C NOrPaHUYHbIMU OXXOramMu ¢ UCMONb30BaHMeM nNna3mbl, oboraweHHo TpomboLnTamu.
Mamepuanbi u MemoOdsl. B paboTe NnpoaeMoHCTPpUpoBaHbl pe3ynbTathl nevenns 40 nauneHToB B BO3pacTe OT
18 0o 59 neT ¢ morpaHNYHbLIMK OXOramu KOXM, rocnuTanuanpoBanHbix B F'bY CI6 HAW CIM um. NN, QxaHenuase
B nepuoa ¢ 2021 no 2023 rr. Kputepmem BKNOYEHUS B NccreoBaHue Obino onpeaeneHne niowaan 0Xxoroson
paHbl Il ctenenn no MKB-10 obwen nnowaabto o 15% noBepxHocTu Tena. Pe3ynbTaTbl neYeHns nnasmoun,
oboralyeHHoN TpoMBoLnUTaMK, OLeHNBanM Ha 2% nnowjaaun, YTo B cpefHeM cocTasnano 327,6+15,2 cm?. B xope
BbINOMHEHNS paboTbl 6bIIM MCNONb30BaHbI KMUHUYECKWIA, NIAHUMETPUYECKUIA, LUTONOTMYECKUIA U TMCTONOTU-
4eCKuin MeToabl uccnenoBaHus. Pesynbmamal. [IpeanoxeHHbIn Hamn cnocob 0g4HOKPATHOrO MHBEKLMOHHOTO
BBeeHus oboralieHHon TpomboumTamn nnasmbl B 0611acTb NOrpaHUYHOM 0XOroBOW paHbl NO3BOUI YCKOPUTD
CpokM Havana anutenusauumn Ha 19,2% (p <0,05), cpokn okoHYaTENBLHOrO NPYXMBREHUS paHbl Ha 25,1% (p <0,05),
a TaKXe CHU3WTb YacTOTYy Pa3BUTUS MHGEKLMOHHBIX 0CNOXHEHN Ha 15% (p <0,05). MonyyeHHble KNMHUYECKue
W NraHUMETPUYECKNE AaHHble ObiNuM NOATBEPKAEHbI LUTONOTMYECKUM U TUCTONOTMYECKUM UCCNeA0BaHNSAMMN.
B maskax-otneyatkax K 12-m cyTkam HabnoLeHUs CHU3UNOCh Yncno HeilTpodunos Ha 33,7% (p <0,05) u yBe-
nuunnock yncno pubpobnactos n makpodaros Ha 41,4% (p <0,05) n 29,3% (p <0,05) cooTBeTCTBEHHO. B xoae
NPOBEAEHNS TMCTONOTNYECKOro nccnefoBaHmns 66110 OTMEYEHO, YTO Y NALKUEHTOB Uccnedyemoit rpynnbl 6bina
MeHee BblpaxeHa nenkoyuTapHas UHPUNbTpaLus, oTek AepMbl 1 6onee 0T4eTNIMBO CPOPMUPOBAH KONNareHoBbIN
kapkac. 3akmro4eHue. icnonb3oBaHue oboralleHHon TpoMboLuTamm Nnasmbl NO3BONSET AOCTUTHYTL Gonee
paHHEero KynupoBaHUs BOCManuTeNbHOM peakuu n COKpaTUTb ANNTENBHOCTL NEPEXoaa K pereHepaTopHoil ase
paHeBoro npouecca B 06nacTi NOrpaHNyHON OXXOrOBOW paHbl.

KnioueBble cnoBa: 0Xoru, norpaHu4HbIE OXOTW, Nasma kpoBy, oboraleHHas TpoMboLuTamm nnasma, BocnaneHue,
pereHepauus

INTRODUCTION

Human blood has been used for therapeutic purposes
for more than a hundred years. In 1898, Swedish physi-
cians Grafstrom and Elfstrom injected autologous blood in
a salt solution to treat pneumonia and tuberculosis for the
first time [5]. Subsequently, blood and its components were
repeatedly used in the treatment of patients with acute and
chronic diseases [4].

Among all variants of blood products use, plasma is of
special importance in the context of wound defects treat-

ment, which is its liquid part containing form elements and
tissue factors [6]. If we consider plasma therapy from the
position of regenerative medicine, the most effective op-
tion is the use of platelet-rich plasma (PRP). In 2003,
R.R. Akhmerov and R.F. Zarudiy developed a technique for
obtaining platelet-rich plasma. Zarudiy developed a tech-
nique for obtaining this biological medication [3]. Subse-
quently, the technique became widespread and was actively
used in clinical practice.

The main regenerative components contained in
PRP include: transforming growth factor beta (TGF-B),
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platelet-derived epidermal growth factor (PDEGF), vascular
endothelial growth factor (VEGF), insulin-like growth fac-
tor 1 (IGF-1), fibroblast growth factor (FGF), and epidermal
growth factor (EGF) [3]. Such an optimal composition of bio-
logical compounds forms favorable conditions for organ and
tissue regeneration.

The use of PRP deserves special attention in burn pa-
tients. According to studies conducted under the guidance
of V.G. Bogdan et al., PRP in combination with autodermo-
plasty increases the area of complete engraftment of the
transplanted skin graft by more than 13% [1]. A team of
authors from the I.I. Janelidze Research Institute of Emer-
gency Medicine obtained similar data. They proved that the
rate of regeneration significantly increases when PRP is
combined with the transplantation of a perforated skin auto-
derm graft [2].

Notwithstanding a substantial number of scientific
papers devoted to the treatment of deep burns by auto-
dermoplasty combined with PRP, the problem of stimu-
lation of borderline burn recovery has remained unre-
solved.

AIM

To evaluate the effectiveness of treatment in patients
with borderline skin burns using PRP injections into the af-
fected derma.

MATERIALS AND METHODS

The work is based on the analysis of treatment re-
sults in 40 patients with borderline skin burns, aged from
18 to 59 years, hospitalized at the I.I. Janelidze St. Pe-
tersburg Research Institute of Emergency Medicine in
the period 2021-2023. The following parameters were
chosen as inclusion criteria: age from 18 to 59 years,
total area of borderline skin burns up to 15%. Exclusion
criteria were also determined: patient’s refusal to use
platelet-rich autoplasma, oncological diseases detected
in the last 5 years, pregnancy or breastfeeding, patient’s
intake of immunosuppressive drugs, confirmed carriage
of HIV, syphilis, hepatitis B or C. Burned patients were
divided into two groups. The first (control) group con-
sisted of patients whose borderline burns were treated
in accordance with the methods generally accepted in
combustiology (ointment dressings with Levomekol
water-soluble ointment and atraumatic wound coverings
Activtex (Altex LLC, Russia)).The experimental group
consisted of patients who received single injection of
PRP in the amount of 2.8 ml for 1% of the border burn
area on 5.911.2 days of standard conservative treat-

ment. The mean age of patients in the control group
was 35,3+11,08 years, the area of burn wounds was
5,91£2,8%. The mean age of patients in the experimental
group was 39.8+9.55 years, the burn wound area in the
group was 6.35£2.78%.

The research was approved by the local ethical com-
mittee of the I.I. Dzhanelidze St. Petersburg Research
Institute of Emergency Medicine, protocol No. 1-8 of
10.10.2020. All patients signed an additional voluntary
informed consent for treatment with PRP.

Effectiveness of the treatment was evaluated on
burn areas covering about 2% of the body area, i.e.
327.6+15.2 cm? on average. Clinical (daily examination,
photofixation, control of the nature of detachment, epi-
thelialization and graft healing) and planimetric methods
were used in the research. The latter was performed
according to the original method (patent of the Russian
Federation No. 2798225 dated 03.08.2022). The depth
of a burn wound was estimated by checking a vascu-
lar reaction and pain sensitivity. Features of reparative
processes were profoundly analyzed by cytological and
morphological methods. A cytological method was used
to take swabs from the surface of burn wounds before
treatment, as well as on the 3 and 12" day. Skin bio-
psies were taken on the 3 day after a single injection of
PRP into the area of a border burn wound.

PRP was produced according to the following proce-
dure (Fig. 1). At first, 1 ml of sodium citrate is drawn
into a 10 ml syringe (Fig. 1, a), then 10 ml of the pa-
tient's whole venous blood is drawn into the same sy-
ringe (Fig. 1, b). The syringe is stirred by progressive
movements and then transferred to a special tube
(Fig. 1, ¢), which is centrifuged for 10 minutes at a speed
of 2600 spins per minute. 4 layers are formed after this
manipulation (Fig. 1, d): @ — platelet-poor plasma; b —
platelet-rich plasma; ¢ — leucocyte film; d — erythrocyte
suspension. Platelet-poor plasma was removed and was
not used in present research. We transferred platelet-
rich plasma (Fig. 1, e) and leukocyte film into a regular
syringe for easier use (Fig. 1, f).

On average, we obtained 2.3+0.2 ml of PRP out of
10 ml of whole venous blood. To determine the number
of platelets in the final product, Sysmex KX-21N hema-
tological analyzer (Japan) was used. Their average con-
centration was 1.043+41.7x106 cells/pl.

Statistical data were analyzed by STATISTICA 12.6
for Windows, as well as MS Excel. The nonparametric
Mann-Whitney test was applied to compare quantitative
indices in the studied groups, and Pearson’s x? test was
used to compare frequency indices. An alternative hy-
pothesis was accepted at p <0.05.
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Fig. 1.
Puc. 1.

Stages of obtaining platelet-rich autoplasma (explanations in the text)
JTanbl nonyyeHus ayTonsia3mbl, 06oraleHHo TpoMOGoLMTaMu (MOSICHEHNSA B TEKCTe)

Table 1

Features of the phases of the wound process taking into account a single injection of autoplasma enriched with platelets

Tabnuuya 1

OcoBeHHOCTH (ha3 paHeBOro NpoLecca ¢ y4eToM OAHOKPATHOIO MHBEKLUMOHHOIO BBeEeHUs ayTonnasmbl,
oboralieHHo TpomboLuTamMu

CpepnHas npogomkutensHoCTb nepuoaa (M+m), cytku / Average duration of the period (M+m), days

Mpynna HabnioneHns / ; Havana anutenuaauum /
Observation group COCYAMCTON peakumn / OYMLLEHNS paHbl / beginning of OKOHYaTembHOro 3aXuBreHus /
vascular reaction wound cleansing epithelialization final healing
KoHTponbHas / Control 4,9+0,7 6,2+1,1 7,818 24,3+1,2
Vcenenyemas / Under study 4,7+0,4 5,9+1,2 6,3+1,4* 18,2+1,1*

Note: Mann-Whitney U test: * p <0.05 compared to the control group.

Mpumeyarue: kputepuit U ManHa-YutHu: * p <0,05 no cpaBHEHWO C KOHTPOMBHOI TPYNMOiA.

RESULTS AND DISCUSSION

At stage 1 the duration of wound healing phases was
assessed according to M.I. Kuzin (Table 1).

According to the results presented in Table 1, there
were no significant differences in the timing and duration
of a vascular reaction and wound cleansing, since PRP
injection was carried out only after a wound had been
cleaned.However, it was ascertained that the time of epi-

thelialization initiation in the experimental group reduced
by 19.2% (p < 0.05). At the same time, final healing
time of a border burn wound also decreased by 25.1%
(p <0.05).

Frequency of infectious complications was assessed
next. The results presented in Figure 2 show that a single
injection of platelet-rich autoplasma into the area of a bor-
der burn wound reduced the incidence of infectious compli-
cations by 15% (p <0.05).
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YacrtoTa ocnoxHeHui /
Frequency of complications, %

30
2
25 >
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5
0
KoHTponbHas rpynna / Wccnenyemas rpynna /
Control group Study group
Fig. 2.  Frequency of wound infection in borderline burns taking
into account the introduction of platelet-rich autoplasma
Puc. 2. Yactota paHeBOW MH(eKLMM NpU NOrpaHUYHbLIX OXKOrax

C y4YeTOM BBefeHMs ayTonnasmbl, 0GoraleHHoi TpoMGo-
umTamm

Planimetric evaluation of a healing rate was one of the
most important indicators in our work (Fig. 3).

The obtained data are presented in Figure 3. It allows
us to conclude that a single injection of platelet-enriched
autoplasma starting from the 5" day after the injection
significantly accelerates epithelization of a border burn
wound. Thus, by the 15" day it allows to reduce a wound

Mnowaab paHbl, cm? /
Wound of area, cm?

area by 3.7 times (p <0.05) in comparison with the con-
trols.

A cytological research of smears-prints before treat-
ment, on the 3rd and 12th day after the beginning of treat-
ment was carried out to confirm the obtained clinical data.
Comparative data presented in Table 2 allow us to con-
clude that a single injection of platelet-enriched autoplasm
on 5.9+1.2 days after the burn allows to reduce the number
of neutrophils by 18.8% by the 3rd day after the injection
as well as to lower the content of neutrophil cells by 33.7%
(p <0.05) by the 12th day after the injection in comparison
with the control group.

In addition, a reliable increase in the number of fibro-
blasts by the 12" day by 41.4% (p <0.05) was observed
(p <0.05). The number of macrophages also showed a
29.3% growth (p <0.05). When analyzing the percentage of
lymphocytes, no significant dynamics and differences were
found.

In order to confirm clinical, planimetric and cytological
data, it was decided to perform histological examination
of skin biopsy samples in both groups on the 3 day af-
ter treatment (9" day from the moment of injury). When
examining skin biopsy specimens with hematoxylin-eosin
staining it is possible to conclude that neutrophilic and
leukocytic infiltration and dermal edema were more pro-
nounced in controls (Fig. 4).

To objectify a regenerative component of derma, Picro-
Mallory staining was performed (Fig. 5).

B KonTtponbHasa rpynna / Gontrol group
O Wccneayemas rpynna / Study group

450 1
1 3392
40 T331,4- " 315.2
350 {_ 2981 286,5
*

300 - 242,6 2343

250 4 ﬂ} 184,5* 196,2

200 1 110.9% 143,7

150 - > 106,6 842

100 OB magae |

> 22,8*
50 4 A-I rL
0
[lo neyeHus / 3 5 7 9 11 13 15
Before treatment
Fig. 3.  Planimetric assessment of the healing dynamics of borderline burn wounds taking into account the introduction of autologous
plasma enriched with platelets

Puc. 3. TnaHumeTpuyeckas oLeHKka AMHAMMKMN 3aXUBIIEHUS IOrPAHUYHbIX 0XXOrOBbIX PaH ¢ y4eTOM BBeJieH!sl ayTonnasmbl, o6oraieHHo

TpomooumTamm
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Table 2
Cytological picture of borderline burns taking into account the introduction of autoplasma enriched with platelets
Tabnuya 2
LinTonornyeckas kapTuHa norpaHNM4HbLIX OXXOrOB C Y4YETOM BBEAEHMS ayTonsa3Mbl, 000raweHHon TpombouuTamm
Copepxatune (Mtm) B Ma3ke-oTneyaTke, B cpok (cyTku)/% / Content (M+m) in smear-print, within a period (day)/%
AHanusupyemble KoHTpONbHas rpynna / control group uccnenyemas rpynna / study group
napameTpbl /
Analyzed parameters [0 Hayana nevenus / 3 12-6 [0 Hayana nevenus / 3 12-e
before treatment before treatment
Hewtpodunsl / 67,2+4,4 39,2435 18,7£1,3 69,4452 31,8+4,6 12,441,3*
Neutrophils
dubpobnactsl / 2,240,5 2,941,2 22,4419 2,310,6 3,711 31,1£2,2*
Fibroblasts
Makpodpary / 12,3£2,1 13,8+1,4 20,3+1,9 13,5¢2,7 15,3+1,2 28,7+2,1*
Macrophages
Numdpoyuts / 2,9+1,1 2,5+0,7 2,3+1,2 3,1+1,1 2,9+1,3 2,6+1,3
Lymphocytes

Note: Mann-Whitney U test: * p <0.05 compared to the control group.

Mpumeyarue: kputepuit U Manra-YutHu: * p <0,05 no cpaBHEHMO C KOHTPOMbHON rPYMMoM.

Patients’ skin on the 10* day after receiving a burn: a — without the introduction of autoplasma enriched with platelets; b —
against the background of the injection of autoplasma enriched with platelets. Hematoxylin-eosin staining, x100

Koxa nauueHToB Ha 10-e cyTku nocrne nonyyeHusi oxora: a — 6e3 BBefeHUs ayTonnasmbl, o6oraleHHoli TpomboumTamu; 6 — Ha

¢poHe MHBEKUMOHHOTO BBEAEHMSA ayTONNa3Mbl, oboraieHHo TpomeoumTamu. Okpacka reMaToKCUIIMHOM—303MHOM, X100

Skin biopsy specimens in the comparison group had a
poorly developed collagen frame and no fibrin, which indi-
cates less intensive reparative processes.

CONCLUSION

1. A single injection of PRP in combination with conserva-
tive treatment of borderline skin burns allowed to accelerate

terms of epithelialization on 19,2% (p <0,05), final wound
healing on 25,1% (p <0,05), as well as to reduce the frequen-
cy of infectious complications on 15% (p <0,05).

2. The results of cytological and histological examina-
tions confirm the clinical data indicating a decrease in the
severity of inflammatory processes, as well as stimulation of
regeneration in a border burn zone against the background
of PRP administration. By the 12th day of observation, the
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Patients’ skin on the 9 day after injury: a — without the introduction of platelet-rich autoplasma; b — against the background of

the injection of platelet-rich autoplasma. Picro—Mallory staining, x100

Koxa nauueHTOB Ha 9-e CyTKM nocne NonyveHusi TpaBMbl: a — 6e3 BBeAeHMs ayTonnasMbl, o6oraleHHoi TpombouuTamm; 6 — Ha

¢oHe MHBEKLUMOHHOrO BBEAEHMSA ayTonna3mMbl, oboraweHHoi Tpomooumutamu. Okpacka NMukpo-Mannopwu, x100

number of neutrophils decreased by 33.7% (p < 0.05) and the
number of fibroblasts and macrophages increased by 41.4%
(p <0.05) and 29.3% (p <0.05) respectively.

3. Asingle injection of PRP allows to stop an inflammatory
reaction in the area of borderline burn wounds and accele-
rate a regenerative phase of a wound process, which, in turn,
reduces the time of final skin recovery.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. Bce aBTOpbI BHECNM CYLLECTBEHHbIIA
BKNaf B pa3paboTky KOHLENnuuW, NpoBeaeHue 1ccneaosa-

HWS 1 MOArOTOBKY CTaTbM, PO M 0f00PUNM UHANBHYIO
Bepcuto nepep nybnukauuen.

KoHnukt mHTepecoB. ABTOpPbI AEKNapupytT OTCyT-
CTBME SIBHbIX W NMOTEHUMANbHbIX KOH(IIMKTOB MHTEPECOB,
CBSI3aHHbIX C NybnukaLyeit HacTosLWen cTaTby.

WUcTouHMK ¢hmHaHCMpoBaHUA. ABTOpbI 3asBRsSOT 00
OTCYTCTBWWN BHELLHErO0 (DUHAHCUPOBAHWS MPU NPOBELEHWM
“ccnegoBaHus.

WUHdopmupoBaHHoe cornacue Ha nyonukaumio. As-
TOPbI NOMYYMAN NUCbMEHHOE COrnacye NauMeHTOB Ha ny-
BrmKkaumio MeANLIMHCKNX JaHHbIX.
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