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Llenb: paspabotaTb Mmofenb NPOrHO3MPOBaHUA PUCKA 3aMeAJIEHHOTO U OCNIOKHEHHOTO TEYEHUA PaHEBOTO NPOLLEcca Y NaLMeHToB, UMeLMX U3bbl-
TOYHYIO Maccy Tena.

Matepuan n meTtoab!: B UCCef0BaHMeE BKIOYeHb! 49 nauneHTok cTapiwe 30 feT (cpeaHuit BospacT - 46,9817,10 neT) ¢ MHAEKCOM Macchl Tena (UMT)
6onee 25 Kr/m? (cpeaHee 3HauyeHne — 31,64+5,04 Kr/m?), KOTOPbIM BbINO/HANACH KOHTYPHAasA NAAaCTUKa MOJIOYHBIX eé3 v nepeaHei BPIoLWHON CTEH-
KM MO 3CTETUYECKMM NOKa3aHWsaM B nepuog, ¢ 2016 no 2018 rr. B nocseonepauMoHHOM Nepuoae NauyeHTKM bblin pasgeneHbl Ha TPU rpynnbl B 3aBU-
CMMOCTM OT TEYEHUS paHEeBOro npolecca: | rpynna — ocNoXKHEHHBIN paHeBoW npouecc (n=21; 42,86%); Il rpynna — 3ameANeHHbI paHeBoM npoLecc
(n=16; 32,65%); lll rpynna — cTaHZapTHO NpoTEKatoLMie paHeBor npouecc (n=12; 24,49%). OueHKa NPOrHOCTUYECKOTO PUCKA Pa3BUTUA 3amMeIeHHOTO
1 OCNOXHEHHOTO TEYEHMA PaHeBOro NpoLecca NPOBOAMAACE C NOMOLLbIO pa3paboTaHHOM MaTEMATUYECKON MOAENN C Y4ETOM COAEPKAHMA UHCYNNHA
(MME/n) v cnoHTaHHOM NpoAyKuMK uHTepneikuHa-1p (nr/mn). Ons onpeseneHums 3Ha4MMOCTM MPOTHOCTUYECKMUX GAKTOPOB MPUMEHANCA JIOrUCTUYE-
CKMI perpeccuoHHblii aHanus. [na ctpatuduKaLmm rpynn pucka UCNoib3oBaH MeToA, AepeBa pelleHnid. na oueHKM KauecTsa NoCTPOeHHOM mogenu
npumeHanca ROC-aHanus.

PesynbTaThl: C NOMOLLbIO AepeBa peLleHni 6bI10 BblAeneHO TPM KAacca PUCKa 3aMeaNIeHHOTO U OCIOXKHEHHOIO TeYeHMA paHeBoro npouecca. Hau-
6onee BbICOKMIA PUCK Pa3BMTUA PAHEBbIX NMOC/NEONEPALMOHHDBIX OCNOXHEHNI (pUck=95,0%, n=20) HabntodancA y NaLUMEHTOK C YPOBHEM MHCYNUHA
>14,0 MME/n. CpeiHuit ypoBeHb pUCKa onpeaenéH npu yposHe UHcymHa <14,0 MME/A 1 CnoHTaHHOM NpoayKumMmn uHTepaeikHa-18 51,0 nr/mn
(pnck=50,0%, n=2). HaumeHbLIMNI YpOBEHb PUCKA PAa3BUTUA OCIOXKHEHWI (pUCK=3,7%, N=27) BbIABNEH NPWU KOMBUHALMM GAKTOPOB: UHCYAMH <14,0
MME/n 1 nHTepaeikunH-1B cnoHTaHHan npogyKkuma <51,0 nr/mi. MPOrHOCTUYECKOE KayecTBO NOCTPOEHHOW MOAEIN MMEET BbICOKUI YpOBEHb (nao-
waab nog ROC-kpuBoii pasHa 0,98).

3aKnioueHue: paspaboTaHHasA NPOrHOCTMYECKas MOAEeb NO3BO/UT B NPefonepaLMoHHOM NepPUOAE BbiBUTb MALMEHTOB BbICOKOW rpynnbl pUcKa 3a-
MeAIEHHOTO MU OCIOXKHEHHOTO 3aXKMB/IEHWA PaHbl U CBOEBPEMEHHO CKOPPEKTUPOBATb JIe4ebHYH TaKTUKY.

KntoueBble cnoBa: usbbimoyHblili 8ec, 3axcusneHue paH, paHesoll npoyecc, npo2Ho3upo8aHUE, 0AUMENbHO-HE3AHUBAOWUE PAHBI.

Ana umtnposanua: Cyxonaposa Ell, Xpycranésa U3, 3uHosbes EB, KHAsesa EC. Mogenb A1A OLEHKM puUcKa 3aMea/IeHHOro Te4eHWA paHeBoro npovecca y
60/1bHbIX C M36bITOYHOM Maccoit Tena. BecmHuk AsuyeHHsl. 2023;25(1):36-46. https://doi.org/10.25005/2074-0581-2023-25-1-36-46
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Objective: Develop a model for predicting the risk of a delayed and complicated course of wound healing in obese patients.

Methods: The study included 49 patients above 30 years of age (mean age 46.98%7.10 years) with a body mass index (BMI) above 25 kg/m? (mean
value 31.64+5.04 kg/m?), who underwent augmentation mammaplasty and aesthetic anterior abdominal wall reconstruction in the period from 2016
to 2018. In the postoperative period, the patients were divided into three groups depending on the wound healing pattern: Group | — complicated
wound healing (n=21; 42.86%); Group Il — delayed wound healing (n=16; 32.65%); Group lll — standard wound healing (n=12; 24.49%). The assessment
of the prognostic risk of developing a delayed and complicated wound healing was carried out using a new mathematical model, taking into account
the insulin level (mIU/l) and spontaneous secretion of interleukin-1B (pg/ml). Logistic regression analysis was used to determine the significance of
prognostic factors. The decision tree model was used to stratify risk groups. A receiver operating characteristic (ROC) analysis was used to assess the
quality of the constructed model.

Results: Using the decision tree, three risk classes of delayed and complicated wound healing were identified. The highest risk of developing
postoperative wound complications (risk=95.0%, n=20) was observed in patients with insulin levels >14.0 mIU/I. The average level of risk was
determined at the value of insulin <14.0 mIU/I and spontaneous production of interleukin-1B >51.0 pg/ml (risk=50.0%, n=2). The lowest risk level of
complications (risk=3.7%, n=27) was found with a combination of factors: insulin <14.0 mIU/I and interleukin-1B spontaneous production <51.0 pg/ml.
The predictive quality of the constructed model is high (the area under the ROC curve is 0.98).

Conclusion: The proposed prognostic model will allow the identification of patients with a high risk of delayed or complicated wound healing in the
preoperative period and timely adjust the treatment tactics.
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BBEAEHME

Ha cerogHAWHWIA AeHb OTMEYAETCA YBEIMYEHWE PACNPOCTPa-
HEHHOCTW M3BbITOYHOM MACChl TeNA U OXMPEHWUS BO MHOTUX CTPaHax
mupa [1]. B Poccuiickolt Geaepavm fons auu, ¢ u3bbITo4HOM maccoi
Tena pocturaeT 62% [2]. Mo paHHbIM MccnesosaHua ICCE-PP pac-
NPOCTPAHEHHOCTb OXXMPEHUA B pa3HbIX pernoHax Poccun coctasaset
29,7%, NpY 3TOM Y KEHLLMH N0 CPABHEHMIO C MYXKXYMHAMMN OXKMUPEHME
BCTpeyaeTca yale [3]. U3bbITouHas macca Tena M OXUPEeHWe, Kak
KOMMOHEHTbI CEepAEYHO-COCYAMCTOrO KOHTUHYYMa, MMEKT HeraTms-
Hble MOCNeACTBUA A1 30POBbA YeNOBEKA, 00ycN0BNeHHble bonee
BbICOKMM PUCKOM PasBUTUSA KapLMOBACKYNAPHOM NaToNorMu, caxap-
Horo amaberta |l TUNa, OHKONOMMYECKMX 3aboNeBaHNit, OCcTeoapTPUTA
1 Apyrvx 3ab0s1eBaHuiA.

OaHUM 13 HebnaronpuUATHbIX NOCAEACTBUIM M3BbITOYHON MAcChI
TeNa U OXUpeHus ABseTca Boee BbICOKAA YacToTa nociaeonepaLu-
OHHbIX OC/IOXKHEHUIA MOCNE PA3NUYHBIX XMPYPrUYECKUX BMELLATENbCTB
[4]. HeraTuBHOE BAMAHME M3OBITOYHOM MACChbl TENa U OXKMUPEHUS Ha
pe3ynbTaThl OMEPaTMBHbLIX BMELATeNbCTB 00ycnaBAMBaloT Heobxo-
AMMOCTb Bonee AeTanbHOro U3y4YeHus 3Tol Npobaemsl, paspaboTku
3pdEKTUBHBIX METOLOB NPeLoNePaLMOHHON NOATOTOBKM, COBEPLUEH-
CTBOBAHMA XMPYPrMYECKON TEXHUKU M METOAOB OMEPATUBHbIX BMe-
LIaTeNbCTB, UHAMBMUAYAAU3ALMM B NOAXOAAX K paboTe ¢ Nogo6HbIMU
nauuyeHTamu. Mo faHHbIM pAga UccnefoBaTenei, Yactota nocneone-
PALMOHHbIX OCNOXKHEHUI Y 60/bHBIX C M3ObITOYHOM Maccoii Tena no
CPaBHEHUIO C MaLMEeHTaMM C HOPMaJIbHbIM MHAEKCOM Macchl Tena B
3-4 pasa 6osblue, a NeTaNbHOCTb B 3 pasa Bbiwe [5-7].

[LVTeNnbHO HEe3aXMBaloLWMe paHbl OCTAlOTCA 04HOW M3 Haubo-
Nlee aKTyasbHbIX U HepeLlEHHbIX NPobaem XMpyprum, HeCMoTpA Ha
BCE LOCTUXEHMA COBpemeHHOM meamumHbl [8]. Kak npaswno, oau-
TENbHO HE3aXXMBaIOLLME PaHbl BO3HMKAIOT Y NaLMEHTOB C HapyLIeHU-
AMU TPODUKM, MHHEPBALMM U penapaLymn Koxu, obycnoBaeHHbIMM
Pa3NUYHBIMK MATONOrMYecKUMK npoueccamu [9, 10]. Beuay 3Toro,
aKTyaNbHbIM ABAAETCA BOMPOC NPOrHO3MPOBaHMA OCNOKHEHHOIO Te-
UeHMA PaHeBOro NpoLecca B NOC/eoNepaLMoHHOM Nepuoae.

CnepyeT OTMETUTb, YTO Nogasasatolee OONbLWMHCTBO METOAMK
MPOrHO3MPOBAHUA PA3BUTUSA OCNONKHEHMWI TpebyeT Hannuna cneuy-
anbHoro nabopaTopHoro obopyaoBaHus, 0byyeHns nepcoHana nabo-
paTopuM cneLanbHbiM HaBblKaM, 3TV METOAbI ABAAIOTCA AOCTATOYHO
3aTPaTHBIMM UM «TPOMO3AKUMMY» [11, 12], 4TO 3HAUMTEIbHO OrpaHu-
UMBAET WX MPUMEHEHME B PYTUHHOMN KAMHUYECKON NPaKTUKe. BCé 3To
0bycnaBaMBaeT HeOOXOAMMOCTb NOMCKA METOAMK NMPOrHO3MPOBaHUA
OC/I0KHEHHOTO W 3aMef/IEHHOTO TEYEHUA PAHEBOrO NPOLECCa, OCHO-
BaHHbIX Ha JOCTYMHbIX KIMHUYECKMX, aHAMHECTUYECKMX U NabopaTop-
HbIX AAHHBbIX.

LLENb UCCNEQOBAHUA

Pa3pa60TKa MOAENN NPOrHO3MPOBAHWUA PUCKA OCNOXKHEHHOIO
TEYEHMNA PaHEBOro npouecca y naumMeHToK, UMeoLWwmx VI36bITO‘-IHyIO
Maccy Tesia, NN1aHUPYIOLWKUX BbINOJIHEHME BMELLATENLCTB N0 3CTETUYE-
CKMM NOKasaHUAM.

INTRODUCTION

Currently, the growing prevalence of overweight and obe-
sity is observed in many countries of the world [1]. In the Rus-
sian Federation, the proportion of obese people reaches 62%
[2]. According to the ESSE-RF study, the prevalence of obesity in
different regions of Russia is 29.7%, while obesity is more com-
mon in women than in men [3]. Obesity, as a component of the
cardiovascular continuum, has negative consequences for human
health due to a higher risk of developing cardiovascular diseases,
type Il diabetes, cancer, osteoarthritis, and other pathologies.

One of the adverse consequences of obesity is a higher in-
cidence of postoperative complications after various surgical in-
terventions [4]. The negative impact of obesity on the results of
surgical interventions necessitates a more detailed study of this
issue, the development of effective methods of preoperative
preparation, the improvement of surgical techniques and meth-
ods of surgical interventions, and individualization in approach-
es to the management of such patients. According to a number
of researchers, the frequency of postoperative complications in
obese patients is 3-4 times higher than in patients with a normal
BMI, and mortality in them is 3 times higher [5-7].

Long-term non-healing wounds remain one of the most ur-
gent and unresolved problems of surgery, despite all the achieve-
ments of modern medicine [8]. As a rule, long-term non-healing
wounds occur in patients with impaired trophic, innervation, and
reparation of the skin due to various pathological processes [9,
10]. In this connection, the issue of predicting the complicated
course of wound healing in the postoperative period is relevant.

It should be noted that the vast majority of methods for pre-
dicting the development of complications require special labora-
tory equipment, and training of laboratory staff, these methods
are quite expensive or “cumbersome” [11, 12], which significantly
limits their use in routine clinical practice. All this necessitates the
search for methods of predicting the complicated and delayed
course of wound healing based on available clinical, anamnestic,
and laboratory data.

PURPOSE OF THE STUDY

Development of a model for predicting the risk of a com-
plicated course of wound healing in obese patients before they
undergo aesthetic surgery.

METHODS

The study was conducted at the All-Russian Center for
Emergency and Radiation Medicine named after A.M. Nikiforov
(EMERCOM of Russia) in the period from 2016 to 2018. Only one
population was involved in this study.

The inclusion criteria were: 1) age over 30; 2) BMI >25 kg/
m?; 3) recent augmentation mammaplasty or anterior abdominal
wall reconstruction on the aesthetic indications.
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MATEPUAN U METOADbI

WccneposaHve nposoannochk Bo Bcepoccuitckom LeHTpe 3aKc-
TPEHHOW U pafnaunoHHON meauumnHbl M. A.M. Hukudoposa MYC
Poccum B nepuog, ¢ 2016 no 2018 rr. M3yyeHa ogHa nonynauma.

KpuTepuammu BKAoYEHWA ABNAAUCh: 1) Bo3pacT cTape 30 neT;
2) UMT >25 Kr/m?%; 3) BbINOSHEHWE KOHTYPHOW MAACTUKMU MOIOYHbIX
KENE3 1 nepesHel BPIOLIHOM CTEHKM NO 3CTETUYECKMM NOKa3aHUAM.

Kputepuammn uckntoUYeHns asasanck: 1) noaTBepHaEHHbIN au-
arHo3 caxapHoro auaberta; 2) Bo3pacT meHee 29 net v bonee 59 ner;
3) OKpY*KHOCTb TannM meHee 80 cm; 4) Hanuume TAXKENOW CONyTCTBY-
IoLLeii COMATUYECKOM NaToNorMM — OHKONOTMYecKMX 3abonesBaHui,
ayTOMMMYHHbIX NPOLLECCOB.

Bbibopka M3 M3yyaemol nonynauun dopmupoBanacb Npoms-
BO/IbHbIM CNOCOBOM B COOTBETCTBUM C KPUTEPUAMM BKAIOUEHUA B UC-
cnefoBaHue.

MpoBeneHo ofHoLEHTpOBOE 0bCepBaLMOHHOE AUHAMUYECKOe
npocnekTnBHoe uccneposaHue. Cpok nocneonepalyoHHOro Habnio-
[leHMA NaLMEeHTOK COCTaBMA 6 MecALEeB, Npy 3Tom ocoboe BHUMaHWeE
YLENANocb BpemMeHu, KoTopoe NoTpeboBanoch Ha 3axuBAEHME KPaéB
KOMHOM paHbl.

Bcem KeHLMHaM C NAaHOBON KOHTYPHOW NAACTUKOM MONOY-
HbIX KeNé3 U nepegHel GPIOLHON CTEHKM Bblan BbINOAHEHbI aHTPO-
NOMETPUYECKME U3MEPEHMA — POCT, BEC, OKPYXKHOCTb TaNMUK, PacyéT
MMT. PocT n3mepssn Ha CTaHZAPTHOM pocTomepe cTon 6e3 BepxHew
oaexabl u 0bysu. Maccy Tena onpeaenany Ha CTaHAAPTHbBIX PblYaxk-
HbiX Becax 6e3 BepxHei ogexabl u 0bysu. UMT paccumtbiBann no
CTaHAapTHoW dopmyne: macca Tena (Kr)/poct (m?). 3HaueHus UMT
6onee 25 Kr/m? paccMaTpuBanm Kak M3bbITOUHYIO maccy Tena. Mauy-
€HTKaM NPOBOAUAM B3ATUE KPOBU U3 IOKTEBOM BEHbI YTPOM HaTOLLLAK
yepe3 12 4y nocne npuéma nNuwK. 4na nocTpoeHUA MaTemMaTU4YeCcKoM
mogenu bbinu BbibpaHbl Haubonee 3HauMMble NpeanKTOpbl Hebnaro-
NPUATHOTO TEYEHMA PAHEBOTro NpoLecca, NoAyYeHHble HaMU B paHee
NPOBEAEHHbIX UCCNES0BaHUAX— COAEpIKaHMe MHcynmHa (MME/n) u
CMOHTaHHasA NPOAYKLMA MHTepAeKHa-1B (nr/mn). PaHeBoit npouecc
CuMTanCcA 3aMeaNieHHbIM, KOraa ANA 3aXUBAEHWA KOXKHOM paHbl Tpe-
60Banvcb bonee AnUTENbHbIE, NO CPABHEHWIO CO CTAHAAPTHBIMU, CPO-
Kn. OCNOXKHEHHBIM CYMTANCA PaHEBOW MPOLLECC NPU Pa3BUTUM TaKMX
OCNOXHEHWM, KaK CepoMa, pacxoxeHne Kpaés paHbl, obpa3oBaHue
NUTaTypPHbIX CBULLEH U T.4,.

CTaTUCTUYECKUIN aHANWU3 BbIMOJHEH C MOMOLLBIO MPOrpPaMMmbl
Statistica 10.0 n SAS JMP 11. MonyyeHHble gaHHble NpeaCTaBAeHbl B
BuZe abCcoMOTHBIX (N) U OTHOCUTENBHBIX BEAMUMH (%), @ TaKKe KaK
MzSD, rae M - cpefHee apudmeTnyeckoe 3HauyeHue, SD - ctaHaapT-
HOe OTK/NOHeHWe. PaccuuTbiBaNCcA MHTEPKBAPTU/bHbIM pasmax Me
(925; q75), rae Me - meamnaHa, g25; q75 — 25-i 1 75-1 NPOLEHTUAN.
HenapameTpuyeckme gaHHble 6blM NPOaHaNN3UPOBAHbI C MOMOLLLbIO
KpuTepua Kpyckana-Yonnuca ans abcontoTHbIX 3HAUEHMIA U No KpuTe-
puto X? AN OTHOCUTE/IbHBIX 3HAYEHUI. KpUTUYECKMiA ypOBEHb 3Ha-
YMMOCTM (p) 419 NPOBEPKM CTAaTUCTUYECKUX MMNOTE3 NPU CPABHEHWUM
CTaTUCTUYECKUX NOKasaTenen npuHumancs meHee 0,05. Ansa nocTtpo-
€HMA MaTemaTM4yecKoW MOAENU MPOrHO3MpOBaHMA HebnaronpuaT-
HOro TeYeHUA pPaHeBOro npouecca b6bin UCNOAb30BaH NOTUCTUYECKUIA
PErpecCMOHHbIN aHaAM3 C MOLIAroBbIM MOC/NEe0BaTENbHbIM BKJIHOYE-
HUeMm pasnyHbix GakTopoB. [ns cTpaTUdUKaLLMK PUCKa Pa3BUTMA OC-
NOXHEHHOTO Y 3aMef/IEHHOrO PaHeBOro NPOLLECcca UCMO/b30BaH Me-
TOoZ [lepeBa pelueHuin. 1N OUeHKU KayecTBa NOCTPOEHHOW Moaenu
npumenanca ROC-aHanus, oueHnsannch naowaab nog ROC-Kpusoi
(AUROC). 3HauyeHMa AUROC Huxke 0,7 COOTBETCTBOBA/IM HU3KOMY MPO-
FHOCTMYECKOMY KauecTsy NMOCTPOEHHOW Moaenu, 3HaueHus ot 0,7 fo
0,8 - cpegHemy ypoBH1o, Bbile 0,8 — BbICOKOMY YPOBHIO.
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The exclusion criteria were: 1) a confirmed diagnosis of dia-
betes mellitus; 2) age below 29 years or above 59 years; 3) waist
circumference less than 80 cm; 4) severe concomitant somatic
pathologies, such as malignant tumors, and autoimmune diseas-
es.

Sampling from the study population was random in accor-
dance with the inclusion criteria for the study.

A single-center observational dynamic prospective study
was performed. The period of postoperative observation of pa-
tients was 6 months, with special attention paid to the time be-
fore the healing of the edges of the skin wound.

All women with planned augmentation mammaplasty and
anterior abdominal wall reconstruction underwent anthropomet-
ric measurements of height, weight, waist circumference, and
BMI calculation. Standing height was measured on a standard
stadiometer without outwear and shoes. Body weight was deter-
mined on a standard scale without outwear and shoes. BMI was
calculated using the standard formula: body weight (kg)/height
(m2?). BMI values over 25 kg/m? were considered overweight.
Fasting blood (12 hours after a meal) from the cubital vein was
sampled in the morning. To build up a mathematical model, we
selected the most significant predictors of an unfavorable course
of wound healing, which were obtained in previous studies — in-
sulin levels (mIU/l) and spontaneous production of interleukin-1p
(pg/ml). The wound healing was considered slow when healing
of the skin wound required longer than the standard time. The
wound healing was considered complicated if seroma, wound de-
hiscence, fistulas, and other complications developed.

Statistical analysis was performed using the Statistica 10.0
software and SAS JMP 11. The data obtained were presented
as absolute (n) and relative (%) values, as well as M1SD, where
M is the mean and SD is the standard deviation. The interquar-
tile range Me (g25; q75) was calculated, where Me is the me-
dian, 925 and q75 - 25" and 75" percentiles. Non-parametric
data were analyzed using the Kruskal-Wallis test for absolute
values and the x? test for relative values with p<0.05. To build
up a mathematical model for predicting an unfavorable course
of wound healing, a logistic regression analysis was used with
a step-by-step sequential inclusion of various factors. The de-
cision tree method was used to stratify the risk of developing a
complicated and delayed wound healing. To assess the quality
of the constructed model, ROC analysis was used, and the area
under the ROC curve (AuROC) was estimated. AuROC values
below 0.7 corresponded to a low predictive quality of the con-
structed model, from 0.7 to 0.8 — to an average level, and above
0.8 —to a high level.

To quantify the influence of factors on the response risk, re-
gression coefficients and indicators of risk change, as well as the
odds ratio, were used. The “average specific risk change” coeffi-
cient showed the average percent of change of the risk of the tar-
get event if the respective factor increased by 1 unit of its scale.
The coefficient "average maximum risk change" showed the aver-
age change of the response risk if the respective factor increased
from its minimum value to its maximum. To assess the statistical
significance of each factor, the p-level was calculated based on
the Wald criterion. The statistical significance of the regression
coefficient indicated a reliable integration of the studied factor
into the overall logistic model.
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[lNA KONWYeCTBEHHOW MHTEpnpeTaumMn BAMAHWMA (GaKTOpPOB no
OTHOLLEHWIO K PUCKY OTKAMKA MPUMEHANCH KOIGPULMEHTbI perpec-
CUM U NOKa3aTeNM U3MEHEHUS PUCKOB, A TaKXKe OTHOLLEHWE LIAHCOB.
KoadduumeHT «cpesHee yaenbHOE USMEHEHUA PUCKa» MOKA3bIBAET,
Ha CKO/IbKO NPOLLEHTOB B CpeaHem ByAeT M3MEHATLCA PUCK LEeNeBOro
CObbITUA, ECAIM COOTBETCTBYHOLLMI GaKkTOP yBEMUUTCA Ha 1 eanHMLYy
cBoero maclutaba. KoapouumeHT «cpeagHee MakcMmanbHOe U3MeHe-
HWe PUCKa» NOKa3bIBAET, HA CKOJIbKO NPOLIEHTOB B cpeAHem byaeT ns-
MEHATLCA PUCK OTK/IMKA, EC/IN COOTBETCTBYHOLLMI GaKTOp YBEAUYMTCA
OT MUHMUMaJ/IbHOTO CBOETO 3HAYeHUA A0 MaKCMManbHOro. s oueH-
KM CTaTUCTUYECKOM 3HAYMMOCTM KaxKZOoro daktopa paccyuTbiBaeTcs
YPOBEHb P Ha OCHOBE KpuUTepwuA Banbaa. CTaTUCTMYECKan 3HAUMMOCTb
KO3GOULMEHTA perpeccum CBUAETENbCTBYET O HAAEKHOM MHTErpaLLMm
u3yyaemoro dbakTopa B 06LLYH TOMUCTUHECKYIO MOAETb.

PE3YNbTATbI

B uccneposaHve BraoueHbl 49 naupeHtok ¢ UMT 6Gonee 25
Kr/M?, cpeaHuii Bospact coctasun 46,98+7,10 neT, cpeaHee 3HaueHne
WUMT - 31,6445,04 kr/m2. Bcem naupeHTKam BbINOMHANACh KOHTYPHan
MA1ACTUKa MOJIOYHbIX Kené3 u nepesHel BPIOLIHON CTEHKM NO 3CTeTU-
YECKMM MOKa3aHWAM. B nocneonepauyoHHOM nepuoge NaLMeHTKM
6b11m pa3geneHbl Ha TPY rPYNMbl B 3aBUCMMOCTU OT TEYEHWA PAHEBOTO
npouecca: | rpynna — 21 (42,86%) naumeHTKa ¢ OCNOKHEHHBIM pPaHe-
BbIM npoueccom (OPM); Il rpynna — 16 (32,65%) naupeHToOK ¢ 3ameaneH-
HbIM paHesbIM npoueccom (3PN); Il rpynna — 12 (24,49%) naumeHToK
CO CTaHAaPTHO NPOTEKAKOLLMM paHeBbIM npoueccom (CPM). OcHoBHble
XapaKTePUCTUKMN 06CN1eA0BAHHBIX KEHLLUMH NpeacTaBneHbl B Tabn. 1.

Kak BuaHo u3 Tabn. 1, cpeaHuii BO3pacT U POCT NALMEHTOK B
rpynnax He MMeNM CTAaTUCTUYECKM 3HaYMMbIX pasamumii (p>0,05),
npv 3TOM TPynMbl Pa3anMyanncb NO Becy, cpeaHemy obxsaTy Taauu
(p<0,05) u UMT (p<0,01).

B 1abn. 2 npeacrasneHbl GBUOXMMUYECKME NMOKA3aTENN KPOBM,
KOTOpble OLEeHUBAANCL BO BPeMsA NPOBEAEHUA UCCIEA0BaAHUS.

Mcxoasa U3 nonyyeHHbIX 4aHHbIX, O4EBUAHO, YTO Ha 3amefIeHne
TEYEHWA PenapaTMBHOIO NPOLLECca B NOC/NEONepPaLYOHHOM nepuoae
OKa3blBaloT Hambonbluee BAWAHME MOBbILIEHWE YPOBHEN WMHAEKca
nHcynmHopesucteHTHocT HOMA IR 23,1, uHcyamHa 14,0 MME/n,
BuUTamuHa A 20,5 MKr/MA1, a TaKKe NoBbILEHUE YPOBHA CMOHTaHHOM
NPOAYKUMM UHTEpAEKKnHA-1B >45,0 nr/mn.

[lnAa nocTpoeHna maTemaTuyecKkoi MoAesn NPOrHO3MPOBaHWA
3aMej/ieHus paHeBOoro npoLecca B NOC/AeonepaLMoHHOM nepuoae
Hamu 6bi1nM 0TOBpPaHbI NOKa3aTenu U3MEHEHWUA YPOBHA UHCYAMHA U
CMOHTAHHOM NPOAYKUMM WHTEpNelKkWHa-1B, kak Hambonee poctyn-
Hble 417 UCCNeA0BaHNA U SKOHOMUYECKK LienecoobpasHsble.

B Tabn. 3 npeacrasneHbl NOKA3aTENMN MHCYIMHA U CMIOHTAHHOM
NpOAYKLUMM UHTepAeliknHa-1B B uccneayemblx rpynnax.

Tabauya 1 Xapakmepucmuka nayueHmox ¢ u3bbimoyHoll maccol mena 8

308UCUMOCMU OM MeyeHus paHeso2o npouecca (M+SD)

RESULTS

The study included 49 patients with BMI over 25 kg/m?,
mean age was 46.9817.10 years, mean BMI was 31.64+5.04
kg/m?. All patients underwent augmentation mammaplasty
and aesthetic reconstruction of the anterior abdominal wall. In
the postoperative period, the patients were divided into three
groups depending on the course of the wound healing: Group |
— 21 (42.86%) patients with a complicated wound healing (CWH);
Group Il — 16 (32.65%) patients with delayed wound healing
(DWH); Group Il — 12 (24.49%) patients with a standard wound
healing (SWH). The main characteristics of the examined women
are presented in Table 1.

As can be seen in Table 1, the average age and height of
patients in the groups had no statistically significant differences
(p>0.05), while the groups differed in weight, average waist cir-
cumference (p<0.05), and BMI (p<0.01).

Table 2 shows the biochemical parameters of the blood,
which were tested during the study.

Based on the obtained data, the delayed wound healing was
mostly associated with the increase in the levels of the insulin re-
sistance index HOMA IR >3.1, insulin 214.0 mlIU/I, vitamin A >0.5
ug/ml, and spontaneous production of interleukin-1p >45.0 pg/ml.

To build up a mathematical model for predicting the delay
of wound healing in the postoperative period, we selected indi-
cators of changes in the level of insulin and spontaneous produc-
tion of interleukin-1B, as the most accessible for research and
economically feasible.

Table 3 shows the indicators of insulin and spontaneous pro-
duction of interleukin-1p in the studied groups.

Fig. 1 presents a decision tree diagram of the risk of postop-
erative complications based on a combination of two influencing
factors: insulin levels and spontaneous production of interleu-
kin-1p.

With the help of the decision tree, three risk classes of com-
plicated wound healing in obese patients were identified (Table 4).

Stepwise inclusion of factors was used to build up a logistic
regression model. The factor “Insulin” was added first as the most
significant factor influencing the target variable based on the risk
analysis. The addition of subsequent factors did not have a signif-
icant impact on the constructed model.

The highest risk of developing postoperative wound compli-
cations (risk=95.0%, n=20) was observed in patients with insulin
levels 214.0 mlIU/I. The average level of risk was determined at
the level of insulin <14.0 mIU/I and spontaneous production of
interleukin-1B >51.0 pg/ml (risk=50.0%, n=2). The lowest risk of

Table 1 Characteristics of obese patients with different
patterns of wound healing (M+SD)

Ipynna 3axusneHus / Healing group p

MNokasartensb / Index I rpynna (OPN)

I group (CWH) (n=21)

Il rpynna (3PM)
Il group (DWH) (n=16)

Il rpynna (CPN) (df=2)

Il group (SWH) (n=12)

Bospacr, net / Age, years 45.86+6.51 49.13+7.26 46.08+7.84 >0.05
PocT, cm / Height, cm 164.17+7.00 163.4447.51 165.3316.80 >0.05
Bec, Kr / Weight, kg 92.33+£18.42 82.73+11.39 78.08+6.63 =0.037
O6xBat Tannu, cm / Waist, cm 99.24+11.85 96.27+10.23 89.1815.79 =0.047
UMT, kr/m? / BMI, kg/m? 33.90+5.72 31.08+4.34 28.52+1.56 =0.007

NpumeyaHwe: p — CTaTUCTUUECKAA 3HAUMMOCTb CPaBHEHUA BCeX rpynn (no Kputeputo Kpyckana-Yonnuca)
Note: p — the statistical significance of comparison of all groups (according to the Kruskal-Wallis test)
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Tabnuya 2 Guoxumudeckue NoKasamenu Kposu y 06¢a1e008aHHbIX NAUUEHMOK

p
-IlII -

MHAEKC MHCYMHope3ncteHTHoctn HOMA IR 23,1 0 (0,0%) 21 (100,0%) 28/21 100,0

MHCYWH, MME/n, 214,0 2 (6,9%) 19 (95,0%) 29/20 88,1 <0,001
BUTaMUH A, mkr/mn, 20,5 7 (22,6%) 14 (77,8%) 31/18 55,2 <0,001
WHTEPNENKUH-1B cnoHTaHHaa npoaykums, nr/mn, 45,0 14 (34,1%) 7 (87,5%) 41/8 53,4 =0,017
cermeHToAAEPHbIE HeUTpodubl, x10°/n, 261,0 9 (29,0%) 12 (66,7%) 31/18 37,6 =0,023
C-peaKTuBHbI 6enok, mr/n, 21,8 6 (26,1%) 15 (57,7%) 23/26 31,6 =0,027
6azodunbl, x10%/n, <1,0 6(26,1%)  15(57,7%) 23/26 31,6 =0,027
BUTaMUH E, mkr/mn, 27,0 10 (32,3%) 11 (61,1%) 31/18 28,9 =0,049*
amméoumnTbl, x10°/n, <28,0 10 (32,3%) 11 (61,1%) 31/18 28,9 =0,049*
1l0K03a, MMoAb/An, 25,4 7 (30,4%) 14 (53,8%) 23/26 23,4 >0,05
MHTepAeiKknH-1B MHAYUMpoBaHHaA NpoayKuua, nr/mn, <2056,0 11 (34,4%) 10 (58,8%) 32/17 24,4 >0,05*
WHTEPAENKUH 6, nr/mn, 212,0 21 (45,7%) 0(0,0%) 46/3 -45,7

neiikouuTel, x10%/1, 25,2 6 (30,0%) 15 (51,7%) 20/29 21,7 >0,05
BuTamuH [, Hr/mn, 232,4 11 (35,5%) 10 (55,6%) 31/18 20,1 >0,05*
MOHOLMTI, x10°/n, <7,0 11(35,5%) 10 (55,6%) 31/18 20,1 >0,05*
UHTEpAEenKkuH 8, nr/ma, 211,0 12 (37,5%) 9 (52,9%) 32/17 15,4 >0,05
®HO-a nHayumMpoBaHHasa npoayKkuus, nr/mn, <2084,0 6 (33,3%) 15 (48,4%) 18/31 15,1 >0,05
BuTamuH K, Hr/mn, 21,3 14 (38,9%) 7 (53,8%) 36/13 15,0 >0,05
®HO-a B cbiBOpOTKE, nr/ma, <1,0 16 (40,0%) 5 (55,6%) 40/9 15,6 >0,05
MHTEpNENKNH-1B B cbiBopoTKe, nr/mn, >11,0 17 (40,5%) 4 (57,1%) 42/7 16,7 >0,05
303uHodUNbI, X10°/n, 22,0 5(35,7%) 16 (45,7%) 14/35 10,0 >0,05
®HO-a cnoHTaHHas npoaykums, nr/ma, 21,0 4 (50,0%) 17 (41,5%) 8/41 8,5 >0,05
nasovKoAaepHble HelnTpodunbl, x10°/n, <3,0 7 (41,2%) 14 (43,8%) 17/32 2,6 >0,05

Mpumedanna: PHO-a — haKTop HEKPO3a OMyX0NM abda; P — CTaTUCTUUECKan 3HAUMMOCTb CPaBHEHUA NoKasaTenel (Mo Kputepuio X ¢ nonpaBKoii Metca; * — 6e3 nonpaskm
Metca)

BcA BbibOpKa
Puck=42,9%; n=49
Whole sample
isk=42.9%; n=4

Puc. 1 [lepeso Knaccuukayuu puckos nocneonepayuoHHbIX
paHesbix 0caoxHeHUl y 607bHbIX ¢ U36bimoyHol maccol mena

Fig. 1 Risk classification tree for postoperative wound
complications in obese patients

cynviH <14,0 MM
Puck=6,9%; n=29
Insulin <14.0 mIU/I
Risk=6.9%; n=29

CynH 214,0 MM
Prck=95,0%; n=20
Insulin >14,0 mIU/I
isk=95.0%; n=2

oayKuma <51,0 nr,
Puck=3,7%; n=27
rleukin-1B spontane
ductlon <51.0 pg

ogyKkuma >51,0 nr,
Prck=50,0%; n=2
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Table 2 Biochemical parameters of blood in examined patients

£ o

2. Ltz

5 9 S 0T (df=1)

E® pei

(=]

HOMA IR insulin resistance index 3.1 0 (0.0%) 21 (100.0%) 28/21 100.0
insulin, mlU/I, 214.0 2 (6.9%) 19 (95.0%) 29/20 88.1 <0.001
vitamin A, pg/ml, 0.5 7 (22.6%) 14 (77.8%) 31/18 55.2 <0.001
interleukin-1pB spontaneous production, pg/ml, 245.0 14 (34.1%) 7 (87.5%) 41/8 53.4 =0.017
segmented neutrophils, x10%/I, 261.0 9 (29.0%) 12 (66.7%) 31/18 37.6 =0.023
C-reactive protein, mg/l, 1.8 6 (26.1%) 15 (57.7%) 23/26 31.6 =0.027
basophils, x10%/1, <1.0 6(26.1%) 15 (57.7%) 23/26 31.6 =0.027
vitamin E, pg/ml, 27.0 10 (32.3%) 11 (61.1%) 31/18 281 =0.049*
lymphocytes, x10%/1, <28.0 10(32.3%)  11(61.1%) 31/18 281 =0.049*
glucose, mmol/Il, >5.4 7 (30.4%) 14 (53.8%) 23/26 23.4 >0.05
interleukin-1B induced production, pg/ml, <2056.0 11 (34.4%) 10 (58.8%) 32/17 24.4 >0.05*
interleukin 6, pg/ml, >12.0 21 (45.7%) 0 (0.0%) 46/3 -45.7
leukocytes, x10°%/I, 25.2 6 (30.0%) 15 (51.7%) 20/29 21.7 >0.05
vitamin D, ng/ml, >32.4 11 (35.5%) 10 (55.6%) 31/18 20.1 >0.05*
monocytes, x10%/1, <7.0 11 (35.5%) 10 (55.6%) 31/18 20.1 >0.05*
interleukin 8, pg/ml, >11.0 12 (37.5%) 9 (52.9%) 32/17 15.4 >0.05
TNF-a induced production, pg/ml, <2084.0 6(33.3%) 15 (48.4%) 18/31 15.1 >0.05
vitamin K, ng/ml, 21.3 14 (38.9%) 7 (53.8%) 36/13 15.0 >0.05
serum TNF-a, pg/ml, <1.0 16 (40.0%) 5 (55.6%) 40/9 15.6 >0.05
serum interleukin-18, pg/ml, 211.0 17 (40.5%) 4 (57.1%) 42/7 16.7 >0.05
eosinophils, x10%/1, 22.0 5 (35.7%) 16 (45.7%) 14/35 10.0 >0.05
TNF-a spontaneous production, pg/ml, 1.0 4 (50.0%) 17 (41.5%) 8/41 8.5 >0.05
stab neutrophils, x10%/1, <3.0 7 (41.2%) 14 (43.8%) 17/32 2.6 >0.05

Notes: TNF-a — tumor necrosis factor alpha; p — the statistical significance of the comparison of indicators (according to the x? criterion with Yates correction; * — without
Yates correction)

Ha puc. 1 npepctaeneHa guarpamma gepesa peleHuii pucka  complications (risk=3.7%, n=27) was found for a combination of
BO3HWKHOBEHWA NOC/NEONePaLMOHHbIX OCIOXKHEHNI Ha OcHOBe KOM-  factors: insulin <14.0 mIU/| and interleukin-1B spontaneous pro-
6uHaLMM ABYX BAMAIOLIMX GAKTOPOB: COAEPKAHMA MHCYIMHA U CNOH-  duction <51.0 pg/ml.

TaHHO NPOAYKLMM UHTepAelk1Ha-1B. Fig. 2 presents the ROC analysis and predictive indicators of

C nomoupto iepeBa pellenuit Gbi10 BbiAeNEHO 3 Knacca PUCKa  the quality of the constructed decision tree.

Tabauya 3 [Nokasamesnu UHCYAUHA U choHMaHHoU npodyKyuu uHmepnelikuHa- Table 3 Indicators of insulin and spontaneous production of
18y nayueHmox ¢ u3bbimoyHol maccoli mena 8 3a8UcUMOCMU OM MeYeHus interleukin-16 in obese patients with different patterns
paHesozo npoyecca, Me (g25,; q75) of wound healing, Me (q25; q75)
I'pynna 3axusneHus / Healing group 0
I rpynna (OPN) Il rpynna (3PM) 11l rpynna (CPN) (df=2)
| group (CWH) (n=21) | Il group (DWH) (n=16) | Ill group (SWH) (n=12)
WHCYAUH, MME/n 18.80 10.60 5.30 <0.001
insulin, miU/I (16.30; 23.40) (8.15; 11.80) (4.72; 5.70) :
CMOHTaHHasA NPoAyKLMsA 4.00 1.00 1.50
LR A, muf (1.00; 47.00) (1.00; 2.50) (1.00; 8.75) AU

spontaneous production of IL-1B, pg/ml

NpumeyaHwe: p — cTaTUCTUYECKAA 3HAYMMOCTb CPABHEHWS BceX rpynn (no kputeputo Kpyckana-Yonnuca)
Note: p —the statistical significance of comparison of all groups (according to the Kruskal-Wallis test)
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OCNO¥KHEHHOTO TEYEHMA PAHEBOrO NPOLLECCa Y NALMEHTOK C U36bITOY-
Ho maccoit Tena (Tabn. 4).

[ NOCTPOEHWA NOTUCTUYECKON PErPeCCHOHHOM Moaenm Bbino
MCNONb30BAHO MOLIAroBoe BKAOYeHWe pakTopos. Mepsbim bbin Ao-
6aBneH GpakTop «MHCYNMHY», KaK Hambonee 3HaYMMO BAMAIOLWMIA HA
LleNIeBYIO NepeMeHHYI0 Ha OCHOBaHMW aHanu3a puckos. [lobaeneHne
nocneaytolwmx GakTopos CyLLECTBEHHOMO BAWAHMA HA NMOCTPOEHHYIO
MOAe/b He OKa3blBaso.

Hanbonee BbICOKMI PUCK Pa3BUTUA paHEBbLIX MOcieonepaLu-
OHHbIX OCNOXKHEHMU (prnck=95,0%, n=20) Habnoganca y NaLmMeHToK C
ypOBHEM MHCyAMHA 214,0 MME/A. CpeaHwit ypoBeHb pucKa onpeae-
NEH NpU ypoBHe UHCyAMHa <14,0 MME/A v CNOHTaHHOM NPOAYKLMM
UHTEpneiknHa-1p 51,0 nr/mn (puck=50,0%, n=2). HaumeHbLLKIA ypO-
BeHb PUCKA Pa3BUTUA OCNOXKHEHWI (pUCK=3,7%, n=27) BblsBNEH ANA
KOMBUHaLMM GAKTOPOB: MHCYAMH <14,0 MME/N 1 MHTepaenkuH-1B
CroHTaHHas npoayKumsa <51,0 nr/mn.

Ha puc. 2 npeacrasneHbl ROC-aHanu3 1 NporHOCTUYECKMeE NoKa-
3aTe/IM KauecTBa NOCTPOEHHOTO AepeBa PeLleHu.

Mnowaab nog ROC-kpunsoit coctasuna 0,97, 4To CBMAETENLCTBY-
eT 06 o4YeHb BbICOKOM MPOrHOCTUYECKOM KauyecTBe CMOAENMPOBaH-
HOro filepeBa peLleHuit. ONTUManbHbIM NOPOr OTCEYEHWUS COCTaBWA
50,0%, npu 3TOM JOCTUTaNNCh BbICOKME YYBCTBUTENBHOCTb (95,2%) 1
cneunduuHocTs (96,3%).

B 1abn. 5 npeacrasneHbl cpefHUE U3MEHEHWA PUCKOB, OTHOLLIE-
HUWA WaHCOB, KOIPPULMEHTbI TIOTUCTUYECKOWN PErPECCUOHHON Moaenu
U UX YPOBEHb 3HAYMMOCTM PUCKA NOCIEONEPALUOHHBIX OC/IOKHEHWI
[N KOHLEHTPALMKU MHCYNHA.

Hanbonbwmit 3¢pPpeKT BOSHUKHOBEHUA PUCKA OC/IOKHEHUIA pa-
HEBOTO NPOLLECCa BbIABNEH A8 COAEPMHKaHMA MHCyAuHa (MME/n), yBe-
JMYEHNE KOHLEHTPALMM KOTOPOTO MOXET MOTEHLMANbHO NOBbLICUTH
pucK 6onee, yem Ha 99% 3a CYET POCTa 3HAYEHUIN OT MMHMMA/IbHOTO
CBOErO0 YPOBHA [0 MaKCMManbHOro. C yBenmyeHnem cogepkaHua uH-

Tabauya 4 Knaccel pUcka passumus 0C/IOHHEHHO20 PaHE8020 NPoOYecca y

nayueHmox ¢ u3beimoyHoli maccoli mena

XapaKkrepuctuKa knacca / Parameter

NHcynuH 14,0 MME/n
Insulin 214.0 mIU/I

WHcynuH <14,0 MME/n, cnoHTaHHan NpoayKuma uHTepaerknuHa-1p 51,0 nr/mn

The area under the ROC curve was 0.97, which indicates a
very high predictive quality of the simulated decision tree. The
optimal cut-off threshold was 50.0% while achieving high sensi-
tivity (95.2%) and specificity (96.3%).

Table 5 shows the mean risk changes, odds ratios, logistic
regression model coefficients, and their significance level for the
risk of postoperative complications based on insulin level.

The greatest effect of the risk of complications of wound
healing was found for the insulin level (mIU/l), an increase of
which can potentially increase the risk by more than 99% due
to an increase in values from its minimum level to its maxi-
mum. With an increase in insulin level by 1 mIU/I, the risk of
postoperative complications increases by 24.6% on average.
It should be noted that this factor is statistically significant,
which indicates its close integration into a single logistics mod-
el.

Table 6 shows the quality indicators and the formula of the
logistic model for the ability to enter new values of the factors
and assess the risk.

The AuROC coefficient with a value of 0.983 indicates a high
predictive quality of the model (p<0.001).

Fig. 3 shows ROC-analysis and predictive indicators of the
quality of the constructed logistic model for the risk of postop-
erative complications. The cut-off point of 100.0% is the optimal
borderline for separating a positive forecast from a negative one.

The value of the area under the ROC curve was 0.98, which
characterizes the very high predictive quality of the logistic re-
gression model with achieved high sensitivity (90.5%) and spec-
ificity (100.0%).

Table 4 Risk classes for the development of complicated
wound healing in obese patients

Insulin <14.0 mIU/I, spontaneous production of interleukin-18 >51.0 pg/ml

MHcynuH <14,0 MME/n, cnoHTaHHaA NpoayKuma HTepaelikuHa-1p <51,0 nr/mn

O61bEM rpynnbi Jonsa Knacca Puck
Group size Class share, % Risk, %
20 40.8% 95.0%

2 4.1% 50.0%

27 55.1% 3.7%

Insulin <14.0 mIU/I, spontaneous production of interleukin-1B <51.0 pg/ml

cynmHa Ha 1 MME/n puck nocneonepaumoHHbIX OCJI0XKHEHWI MoBbI-
waeTca B cpeaHem Ha 24,6%. CneflyeT OTMETUTb, UTO JaHHbIN GaKTop
AB/IAETCA CTAaTUCTUYECKM 3HAYMMbIM, YTO FOBOPUT O TECHOM WMHTErpa-
LMK ero B e4MHYI0 NOTUCTUYECKYIO MOAENb.

B 1ab. 6 npeacTaBaeHbl NoKasaTeny Kavectsa U dopmyna noru-
CTUYECKOW MOZENUN ANA BOSMOXKHOCTU NOACTAaBAATb HOBbIE 3HAUEHUA
(baKTOPOB M PacCUMTLIBATL OLEHKY PUCKOB.

KoapdunumeHt AUROC co 3HaueHnem 0,983 roBOpuT O BbICOKOM
NPOrHOCTMYECKOM KadecTBe mogenu (p<0,001).

Ha puc. 3 npeactasneHbl ROC-aHann3 v NporHocTUyeckue no-
Ka3aTeNm KayecTBa MOCTPOEHHOM NOTUCTUYECKOW MOZENU AN pu-

Puc. 2 ROC-kpusas depesa peweHuli 018 Npo2HO3UPOBAHUS PUCKA
pa38uUMUA NOCAEoNEePaYUOHHbIX OCAOMHEHUU y nauueHmMoK ¢
u3bbimoyHoli maccoli mena

Fig. 2 ROC-curve of the decision tree for predicting the risk of
postoperative complications in obese patients
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Tabnauya 5 Cmpykmypa noaucmudeckol peepeccuoHHol modenu 07 yenesozo

NoKasamesia PUCKa nocsieonepayuoHHbIX 0CroMcHeHuUl

®dakrop

Factor U3MeHeHue pUckKa, %

KoHcTaHTa / Constant

WHcynuH, MME/n

Insulin, mIU/I 24.6/100.0

Tabnuya 6 Mokazamenu Kayecmea u opmyna noaucmuyeckoll peepeccuoHHol

modenu 011 PUCKQ pazsumua nocseonepayuoHHbIX ocnoxcHeHul

dopmyna perpeccum
Regression formula

CKa pa3BUTMA NOC/IEONEPALMOHHbIX OC/OXKHEHWI. TouKa OTCeveHumn
100,0% npepactaBnaet coboit ONTUMANbHYIO FPAHULY OTAENEHMA MNo-
JIOKUTE/IbHOTO NPOrHO3a OT OTPULLIATENBHOTO.

3HayeHMe niowaamn nog ROC-kpuson pasHo 0,98, uTo Xapak-
TEepU3yeT O4YEHb BbICOKOE MPOrHOCTUYECKOE KauecTBO IOrMCTUYECKOM
perpeccvoHHoi mogenn. [oCTUTHYTbI BbICOKME YYBCTBUTENbHOCTb
(90,5%) u cneuunduuHocTs (100,0%).

OBCYXXAEHUE

Cnepyet OTMETUTb, YTO B AOCTYMHON NUTEpaType UCCNefoBa-
HWI, NOCBALLEHHBIX MAaTEMATUYECKOMY MOZE/IMPOBAHMIO PUCKA AU~
TE/IbHOTO W OC/IOKHEHHOMO TEYEHUs PAHEBOTO NpoLLecca Nocsie Xu-
PYPrUYeckmx BMELLATENbCTB, Mao. boMbWMHCTBO paboT HanpasaeHo
Ha U3y4YEeHUEe 3aKUBIEHUA TPOPUUECKMX A3B BCIEACTBUE COCYAMUCTBIX
WY APYTVX HapyLIEHWH, @ TaKkKe MOAEIMPOBaHMI0 cOBCTBEHHO Npo-
Lecca 3axueneHus paH [13].

MpennoxeHHaa HaMu MOAeNb MPOrHO3MPOBAHUA PUCKA He-
61aronpuATHOrO TeYEHUA paHeBOro npolecca y 60/bHbIX € U3bbI-
TOYHOM MAccoii Tefla OCHOBBIBAETCA Ha 0OBEKTUBHBIX 1abOPaTOPHbIX
MoKasaTensx v NPoLEMOHCTPUPOBA/A BbICOKYHO YYBCTBUTEbHOCTb U
cneunduyHocTb. OnMcaHHble B IUTEPATYPHBIX UCTOYHMKAX MOZEM
NPOrHO3MPOBaHUA MOC/EONEPALMOHHbBIX OC/IO0XKHEHWI Ha OCHOBE
HeWpPOHHbIX CETel, XOTA U MMEIOT BbICOKOE MPOrHOCTUYECKOE Kaye-
CTBO, HO [OCTaTO4HO C/0XHbI U TPEBYIOT SKOHOMUYECKMX TpaT [11,
14].

LWapadyTtamHosoit UP u coast. (2018) paspabotaHa moaenb
MPOrHO3MPOBAHUA BPEMEHU 3aXKMBEHUA PaH Y BO/IbHBIX CaXxapHbIM
[1abeTom Ha doHe seyeHns MUAMaLMAoM (MPoCsHOe macho) B co-
yetaHum ¢ KBY-tepanueii [15]. OgHaKO BO3MOMXKHOCTU MPUMEHEHMA
[AHHOW Mogenu y 60/bHbIX C M3ObITOYHOM Macco Tena 6e3 caxap-
Horo AvabeTa, a TakKe Ha GOHE Pa3NMYHOTO MECTHOTO IeYEHNA PaH
HEeACHO.

HeKkoTopble aBTOpbI B KayecTBe MPOrHOCTUYECKUX MapKEpPOB
npeanaraloT UCnoab3oBaTb GpakTopbl TpaHcKpunumm Nrf2 n NF-kB, Ko-
TOpbIe Y4acTBYIOT B PA3BUTUM BOCMANIUTENbHBIX M UMMYHHbIX PEaKLMIA
[16]. MpepnokeHa METOAMKA OLLEHKM CKOPOCTM 3aXKMB/IEHWA PaHbl Ha
OCHOBE WM3MEpeHWs NowWwaan nepudoKanbHOro BOCMANEHUA METOo-

Puc. 3 ROC-kpusas no2ucmuyeckoli modesnu 0718 pUcKa passumus
NnocneonepayuoHHbIX 0CI0HHeHU

Fig. 3 ROC-curve of the logistic model for the risk of postoperative
complications

CpegHee yaenbHoe/MaKcumanbHoe

Average specific/maximum risk change, %

Table 5 Structure of the logistic regression model for
the target risk of postoperative complications

OTHOLIEHM!eE LWAHCOB
(AN 95%)
Odds ratio (Cl 95%)

KoadpduumeHT perpeccumn
Regression coefficient

-13.1524 0.007

2.74 (1.28; 5.85) 1.0065 0.009

Table 6 Quality scores and logistic regression model formula
for the risk of postoperative complications

AuROC=0.983, n=49, p<0.0001

Puck=1/(1+Exp(-(-13,152+1,007xuHcynnuH MME/n)))
Risk=1/(1+Exp(-(-13.152+1.007xinsulin mIU/I)))

DiScusSION

It should be noted that there are few studies in the available
literature on mathematical modeling of the risk of long and com-
plicated wound healing after surgical interventions. Most of the
works are aimed at studying the healing of trophic ulcers due to
vascular or other disorders, as well as modeling the actual pro-
cess of wound healing [13].

The model we proposed for predicting the risk of an unfa-
vorable course of wound healing in obese patients was based on
objective laboratory parameters and demonstrated high sensitiv-
ity and specificity. The models for predicting postoperative com-
plications based on neural networks described in the literature,
in spite of high prognostic quality, are quite complex and require
high expenses [11, 14].

Sharafutdinova IR et al. (2018) developed a model for pre-
dicting the time of wound healing in diabetic patients during
treatment with miliacil (millet oil) in combination with EHF ther-
apy [15]. However, the possibility of using this model in obese
patients without diabetes mellitus, as well as against the back-
ground of various local treatments of wounds, is unclear.

Some authors suggest using Nrf2 and NF-kB transcription
factors as prognostic markers, which are involved in the develop-
ment of inflammatory and immune responses [16]. A technique
for assessing the rate of wound healing based on measuring the
area of perifocal inflammation by digital identification was pro-

3aKuBano MeANIeHHO, C OCNOMKHEHUAMM
Healed slowly, with complications
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Aom undposoi naeHTudukaumm [17]. OgHako npumeHeHWe MeToaa
OCHOBAHO Ha PErUCTPaLMM YMEHbLLIEHUS BOCNAUTENbHbIX ABAEHUI U
HE YYUTbIBAET APYTve XapaKTEPUCTUKM paHEeBOro NpoLiecca.

CoBpemeHHas cTpaTerns NPodUIaKTUYECKOH MEAVLIMHBI BKHO-
YaeT He TO/IbKO BbIABNEHUE OTAENbHbIX PaKTOPOB PUCKa 3a60NeBaHNI
WM UX UCXOLO0B, HO U OLEHKY CYMMapHOro Mau OBLLEro pucka, Ko-
TOPbIN aHANM3UPYETCA C NOMOLLBIO NPOTHOCTUYECKMX Mogenen. Ma-
TEMATUYECKOE MOJENVMPOBAHUE MO3BONAET HUBENMPOBATb CYObEK-
TUBHBbI GaKTOP B OLLEHKE NPOrHO3a 3aXKMBNEHWA PaHbl. BbifBaeHWe B
npeAonepaLyoHHOM NepUoAE NaLMEHTOB, MMEIOLLMX MOBbILLEHHbIN
PUCK HEBNArONPUATHOMO 3aXKMBNEHWA PaHbl, NO3BOAUT NepPCOHUH-
LIMPOBaHO NPOTrHO3MPOBaTb Pa3BUTUE PAHEBBIX OC/IOXKHEHWI 1 CBOEB-
PEMEHHO KOPPEKTUPOBATb IeYEBHYIO TaKTUKY.

OrpaHU4eHNA UCCNEA0BAHUA CBA3AHbI C BKAOYEHWEM B HETO
TO/IbKO KEHLLMH, YTO 06YCN0BNEHO CNEeLndUKON BbINONHEHHOTO XU-
PYPrU4ECKOr0 BMELLATENbCTBA — KOHTYPHOM NIACTUKM MOJIOYHDIX Ke-
NE3 1 nepeaHeit BPIOLWHOM CTEHKU MO 3CTETUYECKUM MOKA3aHUAM.

B npogponkeHne TeMbl paboTbl NpeacTaBisfeTca Lenecoobpas-
HbIM WM3y4eHMe NPOTrHOCTUYECKOW 3HAUMMOCTU NPEL/IOKEHHOW Moze-
JI1 OLLEHKM PUCKaA Pa3BUTUA 3aMEe/IEHHOTO U OCNOXKHEHHOIO TEYEHUA
paHeBoro npouecca Ha 6onbluelt BbIGOPKe 1 C BKIOYEHUEM NaLWeH-
TOB MYy»CKOr0 nona.

3AKNIOYEHUE

Ha ocHoBe meToza Aepesa peLueHuit 418 NPOrHo3MpoBaHUs No-
CNeonepaLyoHHbIX OCNOXKHEHUI BblNo BblgeNeHO 3 PUCKOBbIX Knac-
ca C YPOBHAMM pUCKa OT 3,7% 0 95,0% € NOMOLLbIO ABYX BANAOLLMX
GaKTOpPOB: MHCYMH, MME/A U MHTepAeitknH-1B cnoHTaHHas NPOAYK-
ums, nr/ma. Hanbonblumin BKNAA B NPOrHO3MpPOBaHUE 3aMeIeHHOro
1 OCNIOXKHEHHOTO TeYeHUA paHeBoro npouecca y 60bHbIX ¢ U36bITOY-
HOW Maccow Tena BHOCUT COAEPIKaHNE UHCYIMHA, KOTOPOE B CPeHeEM
NOBbILWWAET PUCK Ha 24% npw yBennyeHun Ha 1 MME/A. B coBoKymnHO-
CTV BO3MOHO MOBbILLIEHWE pUCKa 6onee Yyem Ha 99% npu U3MeHeHWUK
3HAYEHWUA MHCYAMHA OT MMHUMA/IBHOTO [0 MaKCMMasbHOMO CBOEro
ypOoBHs. Bbicokuit puck (95,0%) onpeaenseTcs Npu copepsKaHum UH-
cynuHa 214,0 MME/n.

posed [17]. However, the application of the method is based on
the registration of a decrease in inflammation and does not take
into account other characteristics of the wound healing process.

The modern strategy of preventive medicine includes not
only the identification of individual risk factors for diseases or
their outcomes but also the assessment of the total or general
risk, which is analyzed using predictive models. Mathematical
modeling allows leveling the subjective factor in assessing the
prognosis of wound healing. Identification of patients with an
increased risk of complicated wound healing in the preoperative
period would allow for a personified prediction of the develop-
ment of wound complications and timely adjustment of treat-
ment tactics.

The limitations of the study are related to the inclusion of
only women in it, which is due to the specifics of the performed
surgical intervention — augmentation mammaplasty and the aes-
thetic anterior abdominal wall reconstruction.

In continuation of the topic of the work, it seems appropri-
ate to study the prognostic significance of the proposed model
for assessing the risk of developing a delayed and complicated
course of wound healing in a larger sample and including male
patients in it.

CONCLUSION

Based on the decision tree method for predicting postop-
erative complications, three risk classes were identified with risk
levels from 3.7% to 95.0% using two influencing factors: insulin,
mlU/l, and interleukin-1B spontaneous production, pg/ml. The
greatest contribution to predicting the delayed and complicated
course of wound healing in obese patients was made by the lev-
el of insulin, which on average elevated the risk by 24% with its
increase by 1 mIU/I. Taken together, it is possible to increase the
risk by more than 99% when changing the level of insulin from
its minimum to its maximum. High risk (95.0%) was defined as
insulin levels >14.0 mIU/I.

JIUTEPATYPA

1. Endalifer ML, Diress G. Epidemiology, predisposing factors, biomarkers,
and prevention mechanism of obesity: A systematic review. J Obes.
2020;2020:6134362. https://doi.org/10.1155/2020/6134362.

2. [epos WU, LectakoBa MB, lanyctan [P. PacnpocTpaHéHHOCTb caxap-
Horo pAuabeta 2 TMma y B3pOCIOTO HaceneHus Poccun (Mccneposanve
NATION). CaxapHelli duabem. 2016;19(2):104-12. https://doi.org/10.14341/
DM2004116-17

3. banaHoBa lOA, WanbHoga CA, flees Afl, Umaesa A3, KoHuesaa AB, Mypomue-
Ba A, 1 ap. OXmpeHmne B POCCUIACKO MONYAALMM — PacnpPOCTPAHEHHOCTb M ac-
coumaLmm c pakTopamm pUcka XpPOHUYECKUX HEMHDEKLMOHHbIX 3a60neBaHu.
Pocculickuli kapouosnoauyeckuli ¥cypHas. 2018;23(6):123-30.

4. Tanumos OB, 3uaHrnpos PA, CadpuH WUH, XaHos BO, KoctuHa OB, MuHuranmH
[M. OnbIT BLINONHEHNA XUPYPrUYECKMUX BMELLATENbCTB Y NaLMEHTOB € U36bl-
TOYHON Maccoi Tena u oxupeHuem. MeduKo-hapmayesmuyeckuli HypHasn
Mynsc. 2019;21(8):71-6.

5. YabaHosa Hb, Mataes CU, Bacunbkosa TH, TpowuHa WUA. MeTabonnyeckue
HapyLweHus Npy aAMNOLMTOKMHOBOM AncbanaHce v recTalMoHHbIE OC0XHe-
HusA. OxmupeHue u memabonusm. 2017;4(1):9-16. https://doi.org/10.14341/
OMET201719-16

6. Pence BD, Woods JA. Exercise, obesity, and cutaneous wound healing:
Evidence from Rodent and Human Studies. Adv Wound Care (New Rochelle).
2014;3(1):71-9. https://doi.org/10.1089/wound.2012.0377

44

REFERENCES

1. Endalifer ML, Diress G. Epidemiology, predisposing factors, biomark-
ers, and prevention mechanism of obesity: A systematic review. J Obes.
2020;2020:6134362. https://doi.org/10.1155/2020/6134362.

2. Dedov ll, Shestakova MV, Galustyan GR. Rasprostranyonnost' sakharnogo dia-
beta 2 tipa u vzroslogo naseleniya Rossii (issledovanie NATION) [The prevalence
of type 2 diabetes in the adult population of Russia (NATION study)]. Sakharnyy
diabet. 2016;19(2):104-12. https://doi.org/10.14341/DM2004116-17

3. Balanova YuA, Shalnova SA, Deev AD, Imaeva AE, Kontsevaya AV, Muromtse-
va GA, i dr. Ozhirenie v rossiyskoy populyatsii — rasprostranyonnost' i assot-
siatsii s faktorami riska khronicheskikh neinfektsionnykh zabolevaniy [Obesity
in the Russian population — prevalence and associations with risk factors for
chronic noncommunicable diseases]. Rossiyskiy kardiologicheskiy zhurnal.
2018;23(6):123-30.

4. Galimov QV, Ziangirov RA, Safin IN, Khanov VO, Kostina YuV, Minigalin DM.
Opyt vypolneniya khirurgicheskikh vmeshatel'stv u patsientov s izbytochnoy
massoy tela i ozhireniem [Experience in performing surgical interventions in
patients with overweight and obesity]. Mediko-farmatsevticheskiy zhurnal
Pul's. 2019;21(8):71-6.

5. Chabanova NB, Mataev SI, Vasilkova TN, Troshina IA. Metabolicheskie narush-
eniya pri adipotsitokinovom disbalanse i gestatsionnye oslozhneniya [Metabol-
ic disorders in adipocytokine imbalance and gestational complications]. Ozhire-
nie i metabolizm. 2017;4(1):9-16. https://doi.org/10.14341/OMET201719-16

6. Pence BD, Woods JA. Exercise, obesity, and cutaneous wound healing: Evi-
dence from Rodent and Human Studies. Adv Wound Care (New Rochelle).
2014;3(1):71-9. https://doi.org/10.1089/wound.2012.0377



Cyxonaposa EB ¢ coasm. TedeHne paHeBOro mpoliecca

BECTHMK ABUMILIEHHEI
Tom 25 * No 1 %2023

7. Haalboom M. Chronic wounds: Innovations in diagnostics and therapeutics.
Curr Med Chem. 2018;25(41):5772-81. https://doi.org/10.2174/09298673246
66170710120556

8. Tnyxos AA, Apanosa MB. MaTopusnonorvs AnnTenbHO HE3AKMBAIOLWMX PaH U
COBPEMEHHbIE METOABI CTUMYNALMMU PaHEBOTO NpoLiecca. Hosocmu xupypauu.
2015;23(6):673-9. https://doi.org/10.18484/2305-0047.2015.6.673

9. Motekaes HH, ®puro HB, Muyerko AB, /IbBos AH, MaHTenees AA, Kutaesa HB.
XpOHUYECKUe, ANINTENBHO HE 3aXKUBatOLLME A3BbI U PaHbl KOXKM U NMOAKOKHOMN
Knetyatku. KauHuyeckas depmamonoaus u eeHeposnoaus. 2018;17(6):7-12.

10. bacosa /1A, KapakuHa OE, MaptbiHoBa HA, Koyoposa JIB. MporHo3vposaHue
NOCNEONePaLMOHHBIX OCNIOKHEHWU Ha OCHOBE HEWpPOCETEBbIX TEXHOMOTMUIA.
BecmHUK Ho8bIx MEOUYUHCKUX mexHonoaull. 2015;22(4):117-21.

11. MwupsabeksH FOP, lobposonbckuit CP. MporHos 1 npodunakT1Ka paHeBbIX OC-
NOMKHEHWI NOC/Ie NNACTUKM NepeaHeit 6PIoWHOW CTEHKM MO NOBOAY NOCNeo-
NepaLyOoHHO BEHTPaNbHOM rpbixku. Xupypaus. 2008;1:66-71.

12. Menon SN, Flegg JA. Mathematical modeling can advance wound healing
research. Adv Wound Care (New Rochelle). 2021;10(6):328-44. https://doi.
org/10.1089/wound.2019.11

13. Hysosa Ob, [eHucos EH, Mewepsakos AO, Yaanos BB. OnbiT ucnonbso-
BaHMA MaTeMaTWYeCcKoro MOAENIMPOBaHWA crocoba NPOrHO3MpPOBaHMA
BPEMEHW 32XKMBEHUA THOMHbIX PaH B KAMHWYECKOM npakTuke. Meduko-
hapmauesmuyeckuli xcypHan Mynsc. 2017;19(12):42-6.

14. Ambrozova N, Ulrichova J, Galandakova A. Models for the study of skin wound
healing. The role of Nrf2 and NF-kB. Biomed Pap Med Fac Univ Palacky Olo-
mouc Czech Repub. 2017;161(1):1-13. https://doi.org/10.5507/bp.2016.063

15. LWapadytauHosa WP, MyctaduHa 33, Tabutosa AfA, LLaiibakosa Af. WH-

HOBALIMOHHbIE TEXHONOTUM B MOHUTOPWHTE CKOPOCTM 3aXKMBEHUA PaH.
MexOyHapooHeil cmydenveckuli Hay4Hbil secmHuk. 2018;4(1):177-9.

16. XuH, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, et al. Chronic inflammation in
fat plays a crucial role in the development of obesity-related insulin resistance.
J Clin Invest. 2003;112(12):1821-30. https://doi.org/10.1172/JCI19451

7. Haalboom M. Chronic wounds: Innovations in diagnostics and therapeutics.
Curr Med Chem. 2018;25(41):5772-81. https://doi.org/10.2174/09298673246
66170710120556

8. Glukhov AA, Aralova MV. Patofiziologiya dlitel'no nezazhivayushchikh ran
i sovremennye metody stimulyatsii ranevogo protsessa [Pathophysiolo-
gy of long-term non-healing wounds and modern methods of stimulation
of the wound process]. Novosti khirurgii. 2015;23(6):673-9. https://doi.
org/10.18484/2305-0047.2015.6.673

9. Potekaev NN, Frigo NV, Michenko AV, Lvov AN, Panteleev AA., Kitaeva NV.
Khronicheskie, dlitel'no ne zazhivayushchie yazvy i rany kozhi i podkozh-
noy kletchatki [Chronic, long-term non-healing ulcers and wounds of the
skin and subcutaneous tissue]. Klinicheskaya dermatologiya i venerologiya.
2018;17(6):7-12.

10. Basova LA, Karyakina OE, Martynova NA, Kochorova LV. Prognozirovanie posle-
operatsionnykh oslozhneniy na osnove neyrosetevykh tekhnologiy [Prediction
of postoperative complications based on neural network technologies]. Vestnik
novykh meditsinskikh tekhnologiy. 2015;22(4):117-21.

11. Mirzabekyan YuR, Dobrovolskiy SR. Prognoz i profilaktika ranevykh oslozhneniy
posle plastiki peredney bryushnoy stenki po povodu posleoperatsionnoy ven-
tral'noy gryzhi [Prediction and prevention of wound complications after plastic
surgery of the anterior abdominal wall for postoperative ventral hernia]. Khiru-
rgiya. 2008;1:66-71.

12. Menon SN, Flegg JA. Mathematical modeling can advance wound healing
research. Adv Wound Care (New Rochelle). 2021;10(6):328-44. https://doi.
org/10.1089/wound.2019.11

13. Nuzova OB, Denisov EN, Meshcheryakov AO, Udalov VV. Opyt ispol'zovani-
ya matematicheskogo modelirovaniya sposoba prognozirovaniya vremeni
zazhivleniya gnoynykh ran v klinicheskoy praktike [Experience in the use of
mathematical modeling of the method for predicting the time of healing of
purulent wounds in clinical practice] Mediko-farmatsevticheskiy zhurnal Pul's.
2017;19(12):42-6.

14. Ambrozova N, Ulrichova J, Galandakova A. Models for the study of skin wound

healing. The role of Nrf2 and NF-kB. Biomed Pap Med Fac Univ Palacky Olo-
mouc Czech Repub. 2017;161(1):1-13. https://doi.org/10.5507/bp.2016.063

15. Sharafutdinova IR, Mustafina ZZ, Gabitova AYa, Shaybakova AD. Innovatsionnye
tekhnologii v monitoringe skorosti zazhivleniya ran [Experience in performing
surgical interventions in patients with overweight and obesity]. Mezhdunarod-
nyy studencheskiy nauchnyy vestnik. 2018;4(1):177-9.

16. XuH, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, et al. Chronic inflammation in
fat plays a crucial role in the development of obesity-related insulin resistance.
J Clin Invest. 2003;112(12):1821-30. https://doi.org/10.1172/JCI19451

(i) CBEAEHMA OB ABTOPAX

CyxonapoBa EneHa MeTpoBHa, KaHAWAAT MEAULMHCKMX HayK, AOLEHT Kade-
Apbl NAacTuyeckol xupyprum, Mepsbiii CaHKT-MeTepbyprckuit rocyaapcTseH-
HbIi MEAVLIMHCKUIA YHUBEPCUTET MM. akasiemuKa W.M. Nasnosa

ORCID ID: 0000-0002-7133-0440

SPIN-kog;: 8755-7182

Author ID: 1042578

E-mail: suhoparova.e@gmail.com

Xpycranésa UpuHa dayapAoBHA, JOKTOP MEAULMHCKUX HayK, 3aBeaytolan
Kadenpoit nnactuyeckoi xupyprum, Nepsbiii CaHKT-MeTepbyprckuii rocyaap-
CTBEHHbIN MEAULIMHCKNIA YHUBEPCUTET M. akagemuka W.M. Masnosa

ORCID ID: 0000-0002-2382-0090

Author ID: 468280

E-mail: Khrustalevai@gmail.com

3uHOBbeB EBreHuii BnagumupoBuy, 0KTOp MeANLMHCKMX HayK, Npodeccop,
PYKOBOAMTENb OTAENa TepMUYecKuX nopaxkeHni, CaHkT-MeTepbyprckuii HUN
cKkopoit nomoy um. U.W. Oxkanennase

Researcher ID: E-5656-2014

Scopus ID: 57208391963

ORCID ID: 0000-0002-2493-5498

SPIN-koz;: 4069-2346

Author ID: 709654

E-mail: evz@list.ru

(i) AUTHOR INFORMATION

Sukhoparova Elena Petrovna, Candidate of Medical Sciences, Associate Pro-
fessor of the Department of Plastic Surgery, Pavlov First Saint Petersburg State
Medical University

ORCID ID: 0000-0002-7133-0440

SPIN-Kog: 8755-7182

Author ID: 1042578

E-mail: suhoparova.e@gmail.com

Khrustalyova Irina Eduardovna, Doctor of Medical Sciences, Head of the De-
partment of Plastic Surgery, Pavlov First Saint Petersburg State Medical Uni-
versity

ORCID ID: 0000-0002-2382-0090

Author ID: 468280

E-mail: Khrustalevai@gmail.com

Zinoviev Evgeniy Vladimirovich, Doctor of Medical Sciences, Full Professor,
Head of the Department of Thermal Injuries, Saint Petersburg Research Insti-
tute for Emergency Medicine named after I.I. Dzhanelidze

Researcher ID: E-5656-2014

Scopus ID: 57208391963

ORCID ID: 0000-0002-2493-5498

SPIN-kog: 4069-2346

Author ID: 709654

E-mail: evz@list.ru

45



Sukhoparova EV et al Course of wound healing

AVICENNA BULLETIN
Vol 25 * No 1 % 2023

KHszeBa EkaTepuHa CepreeBHa, KNMHUYECKMIA OpAMHATOP Kadeapbl naactu-
yeckoi xvpypruu, CaHkT-MeTepbyprckuit HUIM ckopoit nomotum um. N.N. Lxa-
Henuaze

ORCID ID: 0000-0002-8675-1483

E-mail: ek98@list.ru

MHbopmauma 06 MCTOUHUKE NOAAEPIKKM B BUAE rPaHTOB, 060pyA0BaHMs,
NeKapCTBEHHbIX NpenapaTos

®uHaHcoBo noaaepXKnU Co CTOPOHbI KOMHaHMﬁ-ﬂpOMSBOAMTeﬂeﬁ NeKap-
CTBEHHbIX NpenapaTos N meaANUUHCKOIo 060py,ﬂ,OBaHVIH aBTOPbI HE NoAyYann

KoH$AuKT nHTepecos: oTcyTcTayeT

D4 ALPEC 4719 KOPPECMOHAEHUMM:

Cyxonaposa EneHa lNetposHa
KaHAMAAT MeAMLMHCKUX HayK, JOLEHT Kadenpbl NAacTUYECKOW XUpypruwu,
Mepsblit CaHKT-MeTepbyprckuii rocyAapCTBEHHbIN MeANLMHCKUIA yHUBEPCUTET
M. akagemuka W.MM. Masnosa

197022, Poccuiickan ®epepaups, r. CaHkT-Netepbypr, yn. /iba Tonctoro, 6-8
Ten.: +7 (981) 2277979
E-mail: suhoparova.e@gmail.com

BK/IA ABTOPOB

Pa3spaboTka KoHLEenuuu 1 ausaiHa uccnegosanua: CENM, X3, 3EB
Cbop matepuana: CEMM, KEC

CratucTuyeckan 0bpaboTka gaHHbIx: CEM, KEC

AHanu3 nony4eHHbIx AaHHbIX: CEN

MoaroToBka Tekcra: CElN

PenaktuposaHve: X13, 3EB

06wwan oTBeTcTBEHHOCTL: CEM

11.11.22
24.02.23

lMocmynuna
lMpuHAmMa 8 ne4yame

46

Knyazeva Ekaterina Sergeevna, Resident of the Department of Plastic Surgery,
Saint Petersburg Research Institute for Emergency Medicine named after I.I.
Dzhanelidze

ORCID ID: 0000-0002-8675-1483

E-mail: ek98@list.ru

Information about support in the form of grants, equipment, medications

The authors did not receive financial support from manufacturers of medi-
cines and medical equipment

Conflicts of interest: The authors have no conflicts of interest

<] ADDRESS FOR CORRESPONDENCE:

Sukhoparova Elena Petrovna
Candidate of Medical Sciences, Associate Professor of the Department of
Plastic Surgery, Pavlov First Saint Petersburg State Medical University

197022, Russian Federation, Saint Petersburg, Tolstoy str., 6-8
Tel.: +7 (981) 2277979
E-mail: suhoparova.e@gmail.com

AUTHOR CONTRIBUTIONS

Conception and design: SEP, KhIE, ZEV
Data collection: SEP, KES

Statistical analysis: SEP, KES

Analysis and interpretation: SEP
Writing the article: SEP

Critical revision of the article: KhIE, ZEV
Overall responsibility: SEP

Submitted
Accepted

11.11.22
24.02.23



