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Annotation. The aim of the study was to evaluate the effectiveness of local using of autologous platelet-rich plasma in the treatment
of patients with diabetic foot in stage 2. The study included 25 patients with a diagnosis of diabetic foot in stage 2. At the time of
inclusion in the study, all patients had a defect of 3-7 cm? of the skin and subcutaneous adipose tissue in the plantar part of the foot.
In addition to the standard treatment, it was decided to perform the local administration of autologous platelet-rich plasma in all
patients. The entire platelet-rich plasma volume obtained was injected in the edge of skin around the wound using 30-gauge needles.
Repeated injections were performed every 5-7 days until complete healing of the soft tissue defect. To evaluate the effectiveness of the
treatment, the area of the ulcerative defect was measured before the manipulation, as well as at an interval of 14 days until the ulcer
was completely healed. The following results are obtained: prior to the manipulation, the area of ulcerative defects in the examined
population was 511.9+120.3 mm?2. On the 14th day, this indicator was already 353.6+112.5 mm? and was significantly different from the
area of the ulcerative defects before manipulation (p<0.01). On the 28th day, complete healing of diabetic ulcers was observed in 11
(44%) patients, and the area of the skin defect in the study population was 22.4+24.3 mm? and was significantly different from those in
all previous study dates (p<0.01). On day 42, we noted the complete healing of ulcers in absolutely all patients. Thus, local injection
of an autologous platelet-rich plasma improves the local regenerative process and leads to complete healing of stage 2 diabetic ulcers

with an area of 3-7 cm? for 6 weeks.
Keywords: diabetic foot, platelet-rich plasma, reparation.

Introduction

Diabetes mellitus is a metabolic disease with main
symptom of hyperglycemia caused by impaired insulin
secretion and/or insulin interaction with tissue cells. Chronic
hyperglycemia leads to dysfunction of various organs,
especially the eyes, kidneys, nerves, heart and blood
vessels. The prevalence of ulcerative lesions of the lower
extremities caused by diabetes mellitus is estimated to be
in the range of 4-10%. In a cohort of patients with diabetic
foot, approximately 12-20% of patients need the performing
of amputations [1, 4]. In addition to the problem of diabetic
angiopathy and neuropathy, attention should be paid to the
fact that the condition of patients with diabetic foot may be
complicated by the addition of infection, atherosclerosis of
peripheral arteries [3].

Long-lasting ulcers are a serious complication in
patients with diabetes. Despite active research, diabetes is
not amenable to radical treatment, and ulcerative lesions of
the foot, which is the most frequent localization of the
process, are difficult to treat [2].

Standard treatment of diabetic ulcers includes necrotomy,
treatment of the infectious process, mechanical unloading,
control of blood glucose levels [1, 4], as well as various
methods of local and systemic stimulation of repair [6].

Cell therapy with platelet-rich plasma (PRP) provides a
completely new approach to the treatment of diabetic ulcers,
which can help avoid limb loss. PRP is a plasma fraction of
autologous blood with a high concentration of platelets.
Platelets contain a complete set of coagulation factors,
growth and differentiation (insulin-like growth factor, platelet

growth factor, transforming growth factor, vascular endothelial
growth factor, epidermal growth factor, fibroblast growth factor)
in alpha granules, which contribute to the regeneration
process. PRP reduces the inflammatory response, activates
the function of macrophages and phagocytes in the wound,
which leads to neoangiogenesis and epithelialization of the
tissue defect [5].

The aim of the study was to evaluate the effectiveness of
local using of autologous platelet-rich plasma in the
treatment of patients with diabetic foot in stage 2.

Materials and methods

All the procedures were performed according to the
ethical standards of the institutional and national research
committee, as well as the 1964 Helsinki Declaration and its
later changes or comparable ethical standards.

The study was performed at the Department of
Endoscopic and Cardiovascular Surgery of National Pirogov
Memorial Medical University, Vinnytsya and included 25
patients with a diagnosis of diabetic foot in stage 2. At the
time of inclusion in the study, all patients had a defect of the
skin and subcutaneous adipose tissue in the plantar part of
the foot. The areas of defects were 3-7 cm?. All ulcers were
not corrected by traditional methods for 2-6 months. All
patients lacked any comorbidities that could affect the healing
of ulcers. In addition to the standard treatment, it was decided
to perform the local administration of autologous PRP in all
patients.

PRP was prepared according to the following procedure.
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Total volume of 8 ml of blood was sampled from the cubital
vein in each patient. PRP was prepared in sterile heparinized
plastic test tubes, the heparin content in which was 14-20 U/
ml of blood. The blood was centrifuged in a 80-2 centrifuge
at a speed of 1500 rpm for 8 minutes, which resulted in
about 4.5-5 ml of platelet-rich plasma. As a result of
centrifugation, the blood was divided into two layers: the
upper layer - platelet-rich plasma, the lower layer -
erythrocytes and leukocytes with an insignificant admixture
of platelets, which were located in the upper part of the layer.
The entire upper layer and about 2 mm of the upper part of
the lower layer were taken into a separate sterile syringe.

The entire PRP volume obtained was injected in the edge
of skin around the wound using 30-gauge needles. Repeated
injections were performed every 5-7 days until complete
healing of the soft tissue defect.

To evaluate the effectiveness of the treatment, the area of
the ulcerative defect was measured before the manipulation,
as well as at an interval of 14 days until the ulcer was
completely healed.

The obtained data were processed using the statistical
software package SPSS 20.0 for Windows.

Results. Discussion

Prior to the manipulation, the area of ulcerative defects in
the examined population was 511.9+4120.3 mm?. On the 14th
day, this indicator was already 353.6+112.5 mm? and was
significantly different from the area of the ulcerative defects
before manipulation (p<0.01). On the 28th day, complete
healing of diabetic ulcers was observed in 11 (44%) patients,
and the area of the skin defect in the study population was
22.4+24.3 mm? and was significantly different from those in
all previous study dates (p<0.01). On day 42, we noted the
complete healing of ulcers in absolutely all patients.

The dynamics of the healing of diabetic ulcers is shown
in Figure 1.

The gold standard for treating diabetic ulcers is the
treatment of an ulcer, infection control, revascularization, and
stimulation of repair. Other advanced methods have also been
proposed as adjuvant therapies, such as hyperbaric oxygen
therapy, VAC therapy. However, at the moment, insufficient
data have been collected regarding their clinical and cost-
effectiveness in the treatment of the diabetic foot [2].
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Fig. 1. Dynamics of healing of diabetic ulcers in the studied
population.

Autologous platelet-rich plasma is a promising alternative
to traditional methods, promoting safe and natural healing.
Platelets contain in alpha granules a complete set of
coagulation factors, growth and differentiation, which
contribute to the regeneration process. PRP reduces the
inflammatory response, activates the work of macrophages
and phagocytes in the wound, which leads to
neoangiogenesis and epithelialization of the tissue defect
[6].

Our experience of using autologous platelet-rich plasma
in the treatment of patients with diabetic foot in stage 2
demonstrated the effectiveness of this technique. A
progressive significant (p<0.01) decrease in the area of the
ulcerative defect starting from 14 days was noted. We have
been able to achieve complete healing of diabetic ulcers in
44% of patients on day 28 and in 100% of patients on day
42. 1t should be noted that prior to our use of platelet-rich
plasma, all patients were unsuccessfully treated with
standard therapy for 2-6 months.

Conclusions and prospects for further research

1. Local injection of an autologous platelet-rich plasma
improves the local regenerative process and leads to
complete healing of stage 2 diabetic ulcers with an area of
3-7 cm? for 6 weeks.

In the future, it is planned to continue the collection of
clinical material, its statistical processing and critical
analysis.
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[OCBI NNOKAIIbHOIO 3ACTOCYBAHHS MITA3MW, 3BAFAYEHOI TPOMBOLIMTAMMU, Y 25 MALIEHTIB 13 OIATHO30M
DIABETUYHOI CTOMN

Mempywenko B.B., pe6eHtok [.U., Anacoea H.B.

AHortauif. Memotro docnidxeHHs1 byno ouyiHUMU egheKmuBHICMb JT0KarbHO20 3aCmOoCy8aHHs1 aymorsioaiyHol, nnasmu 36azaqyeHoi mpom-
boyumamu 8 nikysaHHi nauieHmig 3 diabemuy4Horo cmonot 8 cmadii 2. Y docnidxeHHs 6ynu ekn4eHi 25 nauieHmis i3 diazHO30M
GiabemuyHoi cmonu 68 cmadii 2. Ha momeHm ekrtoyeHHs1 8 G0CiOXeHHs1 8ci naujieHmu manu deghekm wWKipu ma MiOWKIpHOI Xuposoi
KnimkosuHu 8 OinsiHui nidowosHoi yacmuHu cmonu nower 3-7 cm?. B dornosHeHHs1 00 cmaHOapmHo20 JikysaHHs1 6y1o eupilueHo
nposecmu micyeee 88edeHHs1 aymornoeidHoi nnasmu 36aza4eHoi mpomboyumamu ecim nayieHmam. Becb ompumaruli o6'em nna3mu,
3bazayeHoi mpomboyumamu, 8800unu 8 Kpal WKipu Haekoro paHu 3a doromozoto 2010k 30-20 kanibpy. [1oemopHi iH'ekyii nposodusu
KOXHi 5-7 OHig 00 ro8HO20 3a20€HHS Oechekmy M'SKUX mKaHUH. [ns ouiHku eghekmusHOoCmi riKyeaHHs Miowy eupaskogozo deghekmy
sumiptosanu 00 MaHirynayi, a makox 3 iHmepearnom 8 14 OHige 00 No8HO20 3a20€HHS supasku. Ompumari HacmyrHi pesynbmamu: 00
MaHinynsyit nnowa esupaskosux 0eghekmig y 00CioxyeaHOMy KOHMUH2eHmi cmarosuia 511,9+120,3 mm?. Ha 14-0 OeHb yeli nokas-
HUK exe cmaHosus 353,6+112,5 Mm? ma docmosipHo eidpi3Hsiecst 8id nnowi supaskosux 0eghekmie 0o marinynsuii (p<0,01). Ha 28-
U OeHb MosHe 3a20eHHs1 OiabemuyHux eupalok criocmepieanocsi y 11 (44%) nauieHmis, a nnowa Aeghekmy wikipu 8 AOCITIOKYy8aHOMY
KOHMUH2eHmi cmaHosuna 22,4+24,3 MmM? ma 3Ha4HoO eidpisHsinacsi 8i0 makoi Ha ecix rmonepedHix mepmiHax docnidxeHHs: (p<0,01). Ha
42 OeHb 6yno 8idMi4eHO Mo8HEe 3a20€HHSI 8upa3kosux deghekmie abCcomoMmMHO y 8cix naujieHmis. TakuM YUHOM, 5IOKabHEe 88€0EHHS
aymonoeiyHoi nnasmu, 36aza4eHoi mpombouumamu, rnokpawye micyesul peeeHepamugHuUl npouyec i npu3eodums 00 MOBHO20 3a20€-
HHs1 OiabemuyHux eupasok y cmadii 2 nnowero 3-7 cM? nPomsi2oM 6 MmuxHig.

KnrouoBi cnoBa: diabemuyHa cmona, nnasma, 3bazayeHa mpombouumamu, pernapauisi.

OMNbIT NIOKANIbHOIO NPUMEHEHWUA MITA3Mbl, OBOrALLEHHOA TPOMBOLMTAMMW, Y 25 NALUMEHTOB C AUATHO30M
OWABETUYECKOM CTOMbI

MempyweHnko B.B., pebeHtok [.U., Anacoea H.B.

AHHoTauusn. Lenbto uccredosaHusi 66110 oueHUMb 3¢hheKMUBHOCMb JTOKaNbHO20 MPUMEHeHUs aymoroauyHou rnna3mbl, oboz2auwéH-
Hol mpombouyumamu, 8 fedyeHuu nayueHmos ¢ duabemudeckol cmorol 8 cmaduu 2. B uccrnedosaHue bbiriu 8KYEHb! 25 nayueH-
moe ¢ OuagHo3oMm Ouabemuyeckol cmonbl 8 cmaduu 2. Ha MoMeHm 8KnYeHUss 8 uccredosaHue ece nayueHms! umesnu 0eghekm
KOXU U MOOKOXHOU »uposol knemyamku 8 obracmu rnodoweeHHoU Yyacmu cmorisl rninowadsio 3-7 cm?. B dononHeHue k cmaHdapm-
HOMY rnieqyeHuto 6bl10 peweHo Mposecmu MecmHoe esedeHue aymornoaudHol rnasmbl, obozawéHHol mpomboyumamu, 8ceM nayueH-
mam. Becb nonyyeHHbil 06bEM nna3mbl, obo2awéHHoU mpomboyumamu, 8800unU 8 Kpall KOXU 80Kpye paHbl ¢ rnomowbto uern 30-20
kanubpa. NoemopHbie UHbeKyuu npoeodurnu Kaxobie 5-7 OHel 00 MOnHO20 3axueneHuss 0eghekma Ms2KUX mkaHel. [ns oueHKu
aghghekmusHocmu nedeHus1 nnowadb A38eHHo20 Oeghekma usmepsiiu 00 MaHUMyasyuu, a makxe ¢ uHmepeasnom 6 14 dHell do MorHo20
3axueneHus A3ebl. [lony4eHb! crnedyowue pesynbmamsl: 00 MaHunynayul niowadb s136eHHbIX 0eghekmos 8 uccrnedyeMoM KOHMUH-
eeHme cocmaernisna 511,9+120,3 mm?. Ha 14-0 deHb amom nokaszamernb yxe cocmaensn 353,6+112,5 mm? u docrmogepHo omnudarncs
om nnowadu siseeHHbIX 0eghekmos 0o maHunynsayuu (p<0,01). Ha 28-0 deHb nonHoe 3axueneHue duabemuyeckux 5138 Habnwdanockb
y 11 (44%) nayueHmos, a rnnouwadb 0echekma Koxu 8 uccredyeMoM KOHMuH2eHme cocmaensina 22,4+24,3 MM? u 3Ha4umesibHO
omnu4anacb om makoeol Ha ecex npedbidywjux mepmuHax uccredosaHus (p<0,01). Ha 42 deHb 6bLTO OMMEYEHO 1O/IHOE 3aXuerie-
Hue 5138eHHbIX 0eghekmos abCcomomHo y ecex nayueHmos. Takum obpa3om, fokasbHoe 88edeHuUe aymosio2uyHoU nnasmbl, 0602awéH-
HoU mpomboyumamu, yrydwaem MeCmHbIl pe2eHepamueHbIl Npouecc U rnpueodum K MOofTHOMY 3axuerneHuto duabemuyecKkux 5138 8
cmaduu 2 nnowadsto 3-7 cM? Ha npomsixkeHuu 6 Hederb.

KnroueBble cnoBa: duabemuyeckass cmona, nnasma, obosawéHHass mpomboyumamu, pernapayus.
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