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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?. On the 14th day, this indicator was already 353.6+112.5 mn? 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 mn?’ 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£120.3 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. It 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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[OCBIA NOKAINbHOIO 3ACTOCYBAHHA MJTA3MU, 3BAFAYEHOI TPOMBOLIMTAMMU, Y 25 MALIEHTIB 13 AIATHO30M
BIABETUYHOI CTOMKU

MNempyweHko B.B., pe6enrok [.U., Anacoea H.B.

AHoTauif. Memoto docnidxeHHs1 6yro ouiHUMU egeKkmueHicmb JI0KarbHO20 3acmocy8aHHs aymorioaiyHoi, nnasmu 36azaq4eHoi mpom-
boyumamu 8 nikyeaHHIi nayieHmie 3 diabemuyHoro cmorioro 8 cmadii 2. Y docnidxeHHs 6ynu ekmoveHi 25 nauieHmis i3 diazHO30M
OiabemuyHoi cmonu 8 cmadii 2. Ha momeHm ektoYeHHs1 8 00CniOXKeHHs1 8ci nauieHmu manu deghekm wWKipu ma niOWKIpHOI Xuposoi
K1imKkosuHU 8 OinsiHYi nidowosHoI YyacmuHu cmonu raoweto 3-7 cMm?. B 3ornosHeHHs1 00 cmaHOapmHOoz20 fliKkysaHHs 6yno eupiuieHo
rnposecmu micuyese s8gedeHHs aymorsioeiqyHoi nnasmu 36azayeHoi mpomboyumamu ecim nauyieHmam. Becb ompumaHuli 06'em nnasmu,
36aecaqyeHol mpomboyumamu, 8800unNU 8 Kpal WKipU HaBKosIo paHu 3a 0ormomozoto 2010k 30-20 kanibpy. loemopHi iH'ekuii mposodunu
KOXHI 5-7 OHie 00 M08HO20 3a20€HHS Oeghekmy M'sIKUX mKaHUH. [ns ouiHKku eghekmusHoCMI fliKyeaHHS Miowly eupa3koeoeo deghekmy
sumiprosanu 00 MaHinynayii, a makox 3 iHmepsanom e 14 OHie 00 NOBHO20 3a20€HHSI supa3ku. OmpumaHi HacmyrHi pesynsmamu: 60
MaHinynsayid nnowa supaskosux 0eghekmig y docnidxysaHoMy KoHmMuHeeHmi cmaHosuna 511,9+120,3 mm?. Ha 14-0 OeHb yel nokas-
HUK exe cmaHosue 353,6+112,5 mm? ma docmosipHO 8idpi3Hsiecst 8i0 nnowi supaskosux deghekmie 0o maHrinynsauii (p<0,01). Ha 28-
U OeHb nosHe 3a20eHHs1 diabemuy4Hux eupa3ok criocmepizanocs y 11 (44%) nauieHmis, a nnowa degpekmy wWkipu 8 docnidxysaHOMy
KOHMuUHeeHmi cmaHosuna 22,4+24,3 Mm? ma 3Ha4HoO 8i0pi3Hsinacsi 8i0 makoi Ha 8cix nonepedHix mepmiHax docnidxeHHs1 (p<0,01). Ha
42 OeHb 6yno 8idMiYeHO MoBHe 3a20€HHSI supaskosux deghekmie abconnomHO y 8cix nauieHmie. TakuM YUHOM, JlOKaslbHe 88€0eHHS
aymornoeiyHol nnasmu, 36aza4eHoi mpomboyumamu, rnokpawye micuesuli peeeHepamusHUl npoyec i npu3godums 00 MOBHO20 3a20€-
HHs1 OiabemuyHux supa3ok y cmadii 2 nnowiero 3-7 cM? npomsicoM 6 muXHis.

KnrouoBi cnoBa: diabemuyHa cmona, nna3ma, 36bazadeHa mpomboyumamu, penapayisi.

OnNbIT NOKANIbHOIO MPUMEHEHUA NITA3MbI, OBOMALLEHHOW TPOMBEOLIMTAMM, Y 25 MALUMEHTOB C OUATHO30OM
OUABETUYECKOW CTOMbI

lempyweHko B.B., pe6entok [.A., Anacoea H.B.

AHHOTaumA. Llenbio uccriedosaHusi 6b110 OUeHUMb 3ghheKmMUBHOCMb /1I0KallbHO20 MPUMEHEHUsT aymosio2uyHoU rnna3mbl, obozauwjéH-
HoU mpombouumamu, 8 fiedeHuU nayueHmos ¢ duabemuyeckoli cmornol 8 cmaduu 2. B uccriedosaHue bbiniu 8KIMIOYEHb! 25 nayueH-
moe ¢ OuazHo3om Ouabemuyeckol cmorbl 8 cmaduu 2. Ha MmomeHm ekroyeHuUs1 8 uccriedogaHue ece nayueHmsl umenu oeghekm
KOXU U MOOKOXHOU Xuposol knemyamku 8 obrnacmu nodoweeHHOU Yacmu cmonbi rnnowadsko 3-7 cM?. B dononHeHue k cmaHOapm-
HOMy neyeHuto 6bI/I0 peweHo Npoeecmu MecmHoe ggedeHue aymoro2uyHoU nia3mbl, obozawéHHol mpomboyumamu, 8cemM nayueH-
mam. Becb nosny4yeHHbIl 06bém rnna3mbl, obo2awéHHol mpomboyumamu, 8800unU 8 Kpali KOXU 80Kpy2 paHbl ¢ rnoMowpto uen 30-20
Kanubpa. MoemopHbie UHBEKUUU MPo8odusnu Kaxobie 5-7 OHeli 00 MOMHO20 3axkusrieHusi 0eghekma Msi2Kkux mkaHel. s oueHKu
aghgpekmusHocmu redeHust nrouwsadb si38eHHO20 Oeghekma usmepsiu 0o MaHunynsayuu, a makxe ¢ uHmepeanom 8 14 dHeli do nosIHo20
3axkuerneHusi a36bl. [lonydeHbl cnedyroujue pedynbmamsl; 00 MaHUMyasayul niowadb s136eHHbIX 0eghekmos 8 uccriedyeMoM KOHMUH-
eeHme cocmasnsina 511,9+120,3 mm?. Ha 14-i deHb amom rokaszamenb yxe cocmaensin 353,6+112,5 mm? u docmosepHo omiuyvarncsi
om nnowadu si38eHHbIX 0eghekmos 0o MaHunynsayuu (p<0,01). Ha 28- OeHb nonHoe 3axusneHue duabemu4eckux 5138 Habno0anoch
y 11 (44%) nayueHmos, a nnowadb deghekma KOxu 8 uccriedyeMoM KOHmuHeeHme cocmaensina 22,4+24,3 mm? u 3Had4umesnsHO
omnuyanacb om makoeol Ha ecex npedbidyujux mepmuHax uccnedosaHusi (p<0,01). Ha 42 OeHb 6bL10 OMMeEYEHO MOIHOe 3axuere-
Hue 5i38eHHbIX deghekmos abcomomHo y ecex nauyueHmos. Takum obpa3om, riokanbHoe egedeHue aymosroaudyHoU niasmel, obocawéH-
HOU mpomboyumamu, yrydwaem MecmHbIl pezeHepamueHbil Mpouecc u npueodum K rosIHOMY 3axuerieHuto duabemuyecKux 5138 8
cmaduu 2 nnowadbto 3-7 cM? Ha npomsixxeHuu 6 Hederb.

KnioueBble cnoBa: duabemuyeckass cmona, nnasma, obozawéHHass mpombouyumamu, penapayusi.
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