Photobiol Photomed 24 '2018, 13-20

PHOTOBIOLOGY AND PHOTOMEDICINE

UDK 617.586-005.4-001-089.844-085.831:616.379-008.64

DOI: 10.26565/2076-0612-2018-24-02

PHOTOTHERAPY IN COMPLEX TREATMENT OF WOUNDS
IN PATIENTS WITH ISCHEMIC AND NEUROISCHEMIC FORM
OF DIABETIC SYNDROME

Yu.V. Ivanova

Dr. Sci. (Med.), Principal Researcher

Department of Surgical Infections

SI “Zaycev V.T. Institute of General and Urgent Surgery
of NAMS of Ukraine”

1 Balakirjeva entrance, Kharkiv, 61103, Ukraine

tel.: +38 (057) 349-41-94

e-mail: dr.mushenko@gmail.com

ORCID 0000-0001-8773-6827

V.A. Prasol

Dr. Sci. (Med.), Head of the department

Department of Acute Vascular Diseases

SI “Zaycev V.T. Institute of General and Urgent Surgery
of NAMS of Ukraine”

1 Balakirjeva entrance, Kharkiv, 61103, Ukraine

tel.: +38 (057) 349-41-71

e-mail: dr.mushenko@gmail.com

ORCID 0000-0002-0556-6981

A.M. Korobov

Cand. Sci. (Phys.-Math.), Head of the laboratory
Science and Research Laboratory of Quantum Biology
and Quantum Medicine

V.N. Karazin Kharkiv National University

6 Svobody Sq., Kharkiv, 61022, Ukraine

tel: +38 (057) 707-51-91

e-mail: amkorobov@karazin.ua

ORCID 0000-0001-8237-7159

D.S. Timchenko

Researcher

Science and Research Laboratory of Quantum Biology
and Quantum Medicine

V.N. Karazin Kharkiv National University

6 Svobody Sq., Kharkiv, 61022, Ukraine

tel.: +38 (050) 011-11-30

e-mail: dimatimchenko2020@gmail.com

ORCID 0000-0002-7456-0583

D.O. Kirienko

Postgraduate

Surgery Department No. 1

Kharkiv National Medical University
4 Nauky Av., Kharkiv, 61022, Ukraine
tel.: +38 (067) 750-18-73

e-mail: kirden27@gmail.com

ORCID 0000-0001-5290-1159

E.M. Klimova

Dr. Sci. (Biol.), Prof., Head of the laboratory

Diagnostic Laboratory with Immunoenzyme and
Immunofluorescence Analysis

SI “Zaycev V.T. Institute of General and Urgent Surgery
of NAMS of Ukraine”

1 Balakirjeva entrance, Kharkiv, 61103, Ukraine

tel.: +38 (050) 303-31-72

e-mail: labionhnamnu@gmail.com

ORCID 0000-0002-4007-6806

E.V. Mushenko

Cand. Sci. (Med.), Senior Researcher

SI “Zaycev V.T. Institute of General and Urgent Surgery
of NAMS of Ukraine”

1 Balakirjeva entrance, Kharkiv, 61103, Ukraine

tel.: +38 (057) 349-41-50

e-mail: dr.mushenko@gmail.com

ORCID 0000-0003-0244-3289

M.V. Pogorielov

Dr. Sci. (Med.)

Medical Institute

Sumy State University

2 Rymskogo-Korsakova St., Sumy, 40007, Ukraine
tel.: +38 (066) 900-54-48

e-mail: m.pogorielov@gmail.com

ORCID 0000-0001-9372-7791

M.E. Serbin

Researcher

Science and Research Laboratory of Quantum Biology
and Quantum Medicine

V.N. Karazin Kharkiv National University

6 Svobody Sq., Kharkiv, 61022, Ukraine

tel.: +38 (095) 202-53-73

e-mail: makserbin@gmail.com

ORCID 0000-0002-0519-3361

The aim of the study was to improve results of wound healing in patients with ischemic and neuroischemic
forms of diabetic foot syndrome by using a combination of phototherapy, platelet-derived growth factor and

modern cover materials

The results of surgical treatment of 48 patients with ischemic and neuroischemic diabetic foot syndrome,
which were divided into main group (24 patients) and comparison group (24 patients). All these patients who
underwent treatment in the Department of acute vascular diseases in the Clinic of the ST “Institute of General
and Urgent Surgery named after V.T. Zaitsev of the National Academy of Sciences of Ukraine” suffered from
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diabetes mellitus type IT and had IV degree of foot ischemia according to Fontaine. The diagnostic was performed
for all patients according to a standard algorithm. Analysis of the results of clinical, laboratory, non-invasive and
invasive methods of examination in the preoperative period enabled to determine the degree of disorder in blood
flow, the nature of collateral circulation and microcirculation. Patients of both groups underwent femoro-tibial
and femoro-popliteal bypass, as well as hybrid reconstructions. The parameters of regional hemodynamics in
patients of main group and the comparison group before and after revascularization were comparable.

The patients of main group used the treatment technology developed by us. In cases of development of
phlegmons of the foot after the opening of the abscess, vacuum therapy was performed for 7—14 days until
the wound was completely cleaned. In the preoperative preparation complex, phototherapy was performed,
according to local situation, wounds were irradiated with different wavelengths (405, 470 or 525 nm). After
the wounds were cleaned, the wound defect was covered with PCL coating (Nanopharma, Czech Republic)
with the application of a fibrin clot and platelet-rich plasma without fibrin, after which further local treatment
was accompanied by irradiation of wounds with A. Korobov-V. Korobov photon matrices “Barva-Flex” (the
wavelength of the maximum of the emission band of 660 nm). In two cases, the closure of bone defects with
ILAYAOSTEOGEN® “A.A. PARTNERS” L.L.C. bone implants of medical company “ilaya” was used.

Using these tactics, allow to achieve complete wound healing in 91.7% of patients and partial healing (more
than 50%) in 8.3% of patients in main group. The terms of treatment of these patients did not exceed 2 months,
high amputations were not required. In patients of comparison group against the background of traditional
local treatment, the wounds healed within 2—4 months; in eight cases, repeated hospitalization was required
to perform a plastic closure; in two cases amputation was performed below the knee.

Thus, phototherapy and plastic closure of wounds of the lower extremities after revascularization in isch-
emic diabetic foot syndrome is indicated in cases where the wounds have no tendency to spontaneous healing;
introduction of the developed tactics of treatment of “problem” wounds of the lower extremities allowed to
achieve complete healing in 91.7% of patients, partial (more than 50%) healing in 8.3% of patients and avoid
high amputations; the use of a complex of treatment including phototherapy, wound closure with a synthetic
coating with platelet growth factor, and the closure of bone defects with implants is an extremely effective stim-
ulator of development in the wound of granulation tissue suitable for further autodermoplasty.

Key words: ischemic diabetic foot syndrome, dermoplasty, synthetic coatings, phototherapy, platelet
growth factor, bone implants.

®OOTOTEPAIIIA B KOMILVIEKCI JITKYBAHHA
ITPA IVIACTUYHOMY 3AKPUTTI PAH Y XBOPUX 3 INTEMIYHOIO TA
HEHPOIIIEMIYHOIO ®OPMAMM CTOITU JIABETUKA

IO.B. IanoBa'!, O.M. Kirimosal, B.O. IIpacoxa!, €.B. Mymenko!, A.M. KopoGos3,
M.B. IToropeaos?*, 11.C. Timuenko?, M.€. Cep6in?, /1.0. Kipieako?
LTY «IHcmumym 3az2anvHoi ma HesiokaadHoi xipypeii imeni B.T.3atiuesa HAMH Yxpainu», m. Xapkise, Ykpaina;
2Xapxkiscvkuil HayioHabHUlU MeduuHull YyHigepcumem, m. Xapkie, Ykpaiua;
sXapxiscvkuil HayioHanvHull yHisepcumem imeni B.H. Kapasina, m. Xapxis, Yxkpaina;
“Cymcovxuil deprcasHuil ynisepcumem, m. Cymu, Ykpaina

MerTo10 TPOBEIEHOTO AOCTI/I?KeHHS OYJI0 IOTINIIIEHHS Pe3YJIbTATIB JIIKYBAHHS PaH y XBOPUX 3 IMIEMIYHOIO
Ta HEUpOoileMivHOI0 (hopMaMu CUHAPOMY CTOITH JliabeTHKa IISIXOM 3aCTOCYBaHHS B KOMILIEKCI JIIKyBaHHSA
ororeparii, Tpom6oIIUTADHOTO PAKTOPA POCTY i CYIACHUX MOKPUBHUX MaTepiaIiB.

B po6ori mpencraBiieHi pe3ysIbTaTH XipyprivHoro JiKyBaHHA 48 IMaIi€eHTIB 3 CHHAPOMOM iNIeMivHOI Ta
HeHpoileMiuHoi /1iabeTUYHOI CTOIH, AKi BiZITIOBIJTHO /10 3aBJaHb JOCIi/?KeHHsI OyJId pO3/IijieHi Ha OCHOBHY
rpyny (24 namienTa) i rpyny nopiBHaHHA (24 namienTa). Bei i mamienTtu, Aki mpoxoauau JIiKyBaHHS
V BiAZJIEeHH] TOCTpUX 3aXBOPIOBAaHb cyAuH KiiHiku Y «IHCTHTYT 3arajpHOI Ta HeBigkIamHOI Xipypril
imeni B.T. 3atineBa HAMH VYxpainu», crpasknanu Ha mykposui aiabet II/] II tumy i manu IV crymins imemii
cromu io Fontaine. /liarHocTHKY TPOBOAMIIN BCiM XBOPUM 32 CTAH/IAPTHUM aJITOPUTMOM. AHAJTi3 PE3yIbTaTiB
KIIHIYHUX, TaO0PAaTOPHUX, HEIHBA3UBHUX 1 iIHBA3MBHUX METO/IiB 00CTEKEHHS B IIepeoepariiHoMy nepiozi
JIO3BOJISIB BUBHAUUTH CTYIIIHB [TOPYIIEHHS MaTiCTPAIFHOTO KPOBOTOKY, XapaKTep KOJIATepaTIbHOTOKPOBOOOITY
1 mikporupkysanii. ITamienTam 060X rpyn BUKOHYBAJIKUCSA CTETHOBO-TOMIJIKOBE 1 CTETHOBO-ITIAKOTiHHE
IIYHTYBaHHA, & TAKOXK IiOpuAHI peKOHCTPyKITil. [Ioka3HUKY perioHapHOi reMOAMHAMIKY y TAIIEHTIB OCHOBHOI
TPy i TPYIIX MOPIBHAHHA /IO 1 MiC/I PeBaCKyJIIpU3aIiii MOXKHA OYJI0 IIOPiBHSATH.

¥ mamnieHTiB OCHOBHOI IPyIIH 3aCTOCOBYBaIACs po3po0JieHa HAMU TEXHOJIOTIA JiKyBaHHA. Y BUIAJKaX
PO3BUTKY (JIETMOH CTOIIH ITic/Is1 PO3THUHY THIHHUKA IPOBOAMIIACS BAKyyMHA Teparris pad mpotsaroM 7—14 aib no
ITOBHOT'O OUUIIIEHHS PaHH. Y KOMILIEKCI ITepeZoIepaifHO] IMiATOTOBKY IIPOBOAYUIH (POTOTEPATTII0 — B 3aJIE3KHOCTI
BiJT JIOKQJIBHOI cUTYyaIlii 06po6JIsiIi paHU BUIIPOMIHIOBAHHAM 3 Pi3HUMH JOBKHHaMu XBIIb (405, 470 abo
525 um). ITicsist ouniieHHsI paH Biji HeKpo3iB paHoBuii AedekTt 3akpusaiu mokpurtsim PCL (Nanopharma, Yexist)
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¢ arurikamieo GuOPUHOBOTO 3TYCTKY i IJ1a3Mu, 36aradeHoi TpoMOonuTapHuM (pakTopoM pocty 6e3 pibpuny,
IiCJIS YOTO IOJIAJTbIIe MicIleBe JIIKYBAHHS CYIIPOBOJIKYBAJIOCS OIIPOMIHEHHAM paH (OTOHHUMHU MATPUIISIMU
Kopo6osa A.-Kopo6osa B. «bappa-®iekc »(10BKMHA XBHJIi MAaKCUMYMy CMYTH BUITPOMiHIOBaHH: 660 HM). Y
JTBOX BUIIQ/TKaX BUKOPUCTOBYBAJIOCS 3aKPUTTS lepeKTiB KicTok KictkoBuMu iMriantatramu ILAYAOSTEOGEN®
«A.A. PARTNERS» L.L.C., medical company «ilaya».

BukopucranHsa po3pobJieHOI TAKTUKH JIO3BOJIUJIO IOCSTTH MMOBHOTO 3arO€HHSA paH y 91,7 % xBopuX
i gactkoBoro 3aroeHHs (6ibmre 50 %) y 8,3 % xBopux OCHOBHOI rpymnu. TepMiHu JIiKyBaHHS X NAII€HTIB He
MIePEBUIIYBATH 2 MiCAIB, BUKOHAHHS BUCOKUX aMITyTaliil He O6yJI0 MOTPiOHO. Y XBOPUX IPYIHU ITOPiBHAHHSA
Ha TJIi 3aCTOCYBaHHS TPAJUIIIHOTO MiCIIEBOTO JIIKYBAaHHS PAHU TOLIUCA TPOTATOM 2—4 MICSIIiB; Y BOCBMU
crocTepe)keHHAX Oysia moTpibHa MOBTOPHA TOCIiTAsi3allisd /1A BUKOHAHHS IUIACTUYHOTO 3aKPUTTS; B ABOX
BUIIaJIKax Oy/IM BUKOHAHI aMITyTaIlil Ha piBHI TOMTKH.

TakuMm unHOM, (POTOTEpAIIiS i IUTACTUYHE 3aKPUTTS PaH HIDKHIX KiHITIBOK ITiCJISA OTIeparlii peBacKy Iapu3ariii
IIPU CUHAPOMI illleMiuHOI JliabeTHYHOI CTOIU MMOKAa3aHO Y BHUIIQIKaX, KOJM PAaHU HE MAKOTh TEHJIEHIII] /10
CTIIOHTAaHHOTO 3aTOEHHIO; BIIPOBAJKEHHS PO3PO0OJIEHOI TAKTUKIY JIIKYBAaHHS «ITPOOJIEMHUX» PaH HIDKHIX KiHI[IBOK
JTO3BOJIHJIO IOCATTH IIOBHOTO 3aTO0EHHA y 91,7 % XBopux, yactkoBoro (6isbiire 50 %) 3aroennsa —y 8,3 % xBopux
1 YHUKHYTH BUKOHAHHS BUCOKUX aMITyTallili; 3aCTOCYBaHHS KOMILIEKCY JIIKYBaHHs, 1110 BKJIIOUA€ (POTOTEpAIIiio,
3aKPUTTA PaH CUHTETUYHUM IIOKPUTTAM 3 TPOMOOIIUTAPDHUM (PKTOPOM POCTY, 8 TAKOXK 3aKPUTTH KiCTKOBUX
JepexTiB IMIUTAaHTATAMU € HAJI3BBUYAHO e(DEKTUBHUM CTHMYJIATOPOM PO3BUTKY B PaHi FPaHyJIAIIHHOI TKAHWHH,
MPUATHOI JIJI1 TTOAJIBIIIO] AyTOAEPMOTLIIACTUKH.

KiarouoBi ciroBa: cCHHIPOM ilIeMivHOl AiaGeTUYHOI CTOIH, J€PMOILIACTHKA, CHHTETHYHI ITOKPUTTA,
dororeparmisi, TpoMboIIUTAPHUE (PAKTOP POCTY, KICTKOBI iMILTAaHTATH.

®OTOTEPAIINA B KOMILIEKCE JIEUEHUS
IIPU IVIACTUYECKOM 3AKPBITUU PAH Y BOJIBHBIX C UITIEMUYECKOM
1 HEVPOUIITEMUYECKOI ®OPMAMMU CTOIIbI JMABETUKA

10.B. UBanoBal, E.M. Kiitmmoga', B.A. IIpaco.x!, E.B. Mymenko!, A.M. Kopo6oB3,
M.B. IToropesaos*, [1.C. Tumuenko?®, M.E. Cepoun?, /[.A. Kupuenko?
ITY « Mucmumym obweil u HeomaoxcHotl xupypauu umenu B.T.3atiyesa HAMH Ykpaunwst», 2. Xapvkos, YkpauHna;
2XapvKosckuil HAQYUOHANBHBLU MeQUYUHCKUL YHUBepcumem, 2. Xapvkos, YkpauHa;
JXapvkrosckuil HayuoHanvHwill yHusepcumem umeru B.H. Kapa3uHa, 2. Xapvkos, Ykpauna;
“Cymckoll cocydapcmeerHblil yHugepcumem, 2. Cymul, YkpauHa

I[enpi0 TPOBEIEHHOTO HCCJIENOBAHUS OBLJIO YJIYUIIEHUE PE3YJIbTATOB JIEUeHUs PaH Y OOJIBHBIX
C UIIEMUYECKOU W HEHPOUIIeMHUYECKOH popMaMu CHHAPOMA CTOIThI TUA0OETHKA IIyTeEM IIPUMEHEHHUS B
KOMIUIEKCE JIeueHus HOTOoTePAIINU, TPOMOOIUTAPHOTO (haKTOpa POCTa U COBPEMEHHBIX IIOKPOBHBIX MAaTEPHAJIOB.

B pabote npezcTaBieHbI Pe3yJIbTaThl XUPYPTUYECKOTO JieueHs 48 MaIeHToB ¢ CHHAPOMOM UIIIEMUYECKON
U HEHPOUIIEMHUUECKOH AUabEeTUIECKON CTOIBI, KOTOPhIE B COOTBETCTBUHU C 3aZjadaMU HCCIeTOBAHUS OBLIH
paszesieHbl HA OCHOBHYIO I'pyIny (24 manpeHTa) U TpyNily cpaBHeHusA (24 manuenTa). Bce 3T mamueHTsI,
[IPOXOJIUBIINE JeUYeHNe B OT/AEeJIeHUU OCTPHIX 3ab0jieBaHUM cocyZ1oB KIUHUKY 'Y «HCTUTYT 0O1ied u
HeoT10:KHOH xupypruu umenu B.T. 3aitiieBa HAMH Ykpaunbi», crpaganu caxapabiM auaberom C/I I1 tuma u
umenu IV creneHp UIilleMuH cTombl 1o Fontaine. /[MarHOCTHKY TPOBOAWIN BceM OOJIBHBIM TI0 CTAaHIAPTHOMY
aJITOPUTMy. AHAJIN3 PE3YJIbTATOB KIMHUYECKUX, J1A00PATOPHBIX, HEMHBA3UBHBIX 1 WHBA3UBHBIX METOOB
o0cieloBaHUSA B IPEIONIEPAIIOHHOM IIEPHO/Ie TI03BOJIAII ONIPEIEIUTD CTelleHb HapyIIeHs MarucTPaJIbHOTO
KPOBOTOKA, XapaKTep KOJJIaTePaJILHOTO KPOBoOoOpalleHuss U MUKponupkyasanuu. [lanuentam obeunx
TPy BBIIOJHSINCH OepeHH0-0epIioBoe U OepeHHO-TI0/IKOJIEHHOE IIIYHTUPOBAHUE, a TAKXKe THOPUIHbIE
pexoHcTpykIun. [lokazaTenn pernoHapHON reMOAUHAMUKHY y MAIUEHTOB OCHOBHOM TPYHIIBI U TPYIIIBI
CPaBHEHUSI JI0 U [I0CJIe PEBACKYJ/IAPU3AIUY OB COIOCTABUMBI.

¥ manueHTOB OCHOBHOH I'DYIIBI IPUMeHsIach pa3paboTaHHass HAMU TEXHOJIOTHUA JieueHus. B cyuasax
pasBuTHA (IJIETMOH CTOIBI ITOCIE BCKPHITUS THOWHUKA ITPOBOMIACH BAKYyMHAs Tepalus paH B TEUEHUE
7—-14 cyTOK 0 OJTHOTO OUMIIEHUs PAaHBI. B KOMILJIEKce IpeIoneparuOHHON MOATOTOBKHU IPOBOIUIN
(oroTepanuio — B 3aBUCUMOCTH OT JIOKQJIBHOU CUTYalll 00pabaThIBaiv PAHbl U3JIyYeHUEM C PA3IMUHBIMU
miuHaMu BoJiH (405, 470 wnu 525 am). Ilocsie ounIleHusi paH OT HEKPO30B PaHEBOH JieDeKT 3aKpbIBAIU
nokpsiTeM PCL (Nanopharma, Yexus) ¢ anminkamnueidr GuOpPHUHOBOTO CTYCTKA U IJ1a3Mbl, 00OTaIeHHOH
TPOMOOIIUTAPHBIM (PaKTOpPOM pocTa 6e3 hpubpUHa, IOCJIEe YETO TATbHENIIIEE MECTHOE JIEYEHHE COTTPOBOXKIAIOCH
o6yyeHueM paH doToHHbIMH MaTpunamu Kopo6osa A.-Kopo6ora B. «bapBa-®iekc» (inHa BOJIHBI
MaKCHUMyMa IMOJIOCH u3iyueHus 660 HM). B IByX ciydyasx HMCIIOJIb30BAJIOCh 3aKPHITHE J1e(EKTOB KOCTEH
koctHbIMU UMIIaHTaTaMu ILAYAOSTEOGEN® «A.A. PARTNERS» L.L.C., medical company «ilaya».

Hcnosnp3oBaHue pa3pabOTAaHHON TAKTHKU MO3BOJIMJIO JOOUTHCS IMOJHOTO 3a:KUBJIEeHUA paH y 91,7%
00JIbHBIX U YaCTUYHOTO 3askuBiieHus (6osee 50%) v 8,3% GOIBHBIX OCHOBHOM Ipymiibl. CPOKH JIEUEHUS STUX
MAIINEHTOB He MPEBBIIIATN 2 MECSIEB, BHIIIOTHEHUs BHICOKUX aMIIyTallMi He MOTPe6oBaIoCch. Y GOJIBHBIX
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IPYIIIBI CPaBHEHUS HA POHE IPUMEHEHUS TPAIUIIIOHHOTO MECTHOTO JIEUEHUSI PAHBI 323KUBAJIU B TeueHue 2—4
MeCSIIIEB; B BOCHMU HAOTIO/IEHUAX TOTPEOOBAIACEH IIOBTOPHAS TOCITUTATHU3AIIHS /17T BHITIOJTHEHUS IUIACTUYECKOTO
3aKPBITHS; B JIBYX CJIydasax ObLIN BBIIIOJTHEHBI aMIIyTAIIMH HA YPOBHE IOJIEHH.

Taxum obpazom, hoToTepanusa U IUIACTUYECKOE 3aKPHITHE PAH HIDKHUX KOHEYHOCTEHN IIOC/IEe OIlepaIlii
PeBaCKyJISIpU3AIIUH IIPU CHHIPOME UIIIEMUYECKOH ANabeTHUeCKOH CTOIbI TOKA3aHO B CJIyYasiX, KOTZ[a PAHbI He
HMMEIOT TEH/IEHIIUH K CIIOHTAaHHOMY 32 KHBJIEHUIO; BHEZIpEHUE Pa3pabOTaHHOHN TAKTUKHY JIEUEHHS «ITPOOJIEMHBIX»
PaH HIDKHUX KOHEYHOCTEHN ITO3BOJIIIIO JOCTHYH ITOJTHOTO 3aKUBJIeHUA ¥ 91,7% 60yIbHBIX, 9acTUYHOTO (60stee
50%) 3axkuBiienus —y 8,3% G0OIBHBIX 1 130€KaTh BHIIIOJTHEHHUS BBICOKUX aMITyTaIlUi; TIPUMeHeHNe KOMILIEKCA
JIeYeHHU s, BKIJIIOYAIONIETO (OTOTEPAIINIO, 3aKPBITHE PAH CUHTETUYECKUM MOKPHITHEM C TPOMOOIUTAPHBIM
¢xTOpOM pocTa, a TaKKe 3aKPBITHE KOCTHBIX JIE(EKTOB UMIIAHTATAMU SIBJISIETCS YPE3BBIYANHO 3(D(HEKTUBHBIM
CTUMYJISITOPOM Pa3BUTHUS B PaHe TPAHYJISAIMOHHON TKAHU, IPUTOTHOH /IJIs1 JaTbHEHIIIEH ayTOZepMOILIACTUKH.

KirroueBble cjI0OBa: CUH/POM HIIEMUYECKOH UabeTUYECKOH CTOIBI, IEPMOILIACTHKA, CHHTETHUECKUE
MIOKPBITHUA, HOTOTEPATINS, TPOMOOIIUTAPHBIN (GAKTOP POCTa, KOCTHHIE HMILJIAHTATHI.

Introduction

Treatment of wounds in patients with ischemic
diabetic foot syndrome presents certain difficulties in
connection with the feature of the course of the wound
process. [1] Monckeberg’s sclerosis and arterial calci-
fication are intrinsic for patients with diabetes. These
pathological changes are most often determined in the
arteries of the shins and feet. In contrast to patients
with atherosclerosis with proximal lesions of the ar-
terial bed with a pronounced clinic of shin and foot
ischemia and intermittent claudication, patients with
diabetes mellitus typically have an occlusive-stenotic
lesion of the distal arteries, which often excludes the
development of classical intermittent claudication in
association with the absence of ischemia of the lower
leg muscles, and the combination with the phenomena
of diabetic polyneuropathy neutralizes the pain syn-
drome. All this leads to the fact that manifestation of
the disease is most often the development of necrosis
of the foot and gangrene of the toes. [1,2]

The presence of polyneuropathy is also of great
importance in the pathogenesis of the wound process, in
particular, disorder of wound healing processes caused
by pathological regeneration. Healing of an ischemic
ulcer or a wound of the foot after a debridement is the
final goal of surgical treatment, provided the restoration
of the blood supply of the foot by a revascularization sur-
gery. [3] However, self-healing of wounds and ulcers is
not always possible due to the vastness of the soft tissue
defect, sometimes with bone damage, presence of infec-
tion, disorder of regeneration against diabetic polyneu-
ropathy, localization of the wound in the “problem area”
that is chronically traumatized due to walking, etc. [4]

The aim of the study was to improve the results
of wound healing in patients with ischemic and neu-
roischemic forms of diabetic foot syndrome by using
phototherapy (FT), platelet-derived growth factor
(TGF), also modern cover materials and bone implants
in the complex.

Materials and methods

The results of treatment of 48 patients with isch-
emic and neuroischemic forms of diabetic foot syn-
drome were analyzed, which were divided into two
groups, according to the purpose of the study. The main

group consisted of 24 patients with ischemic necrosis
of toes or feet, who were treated in the Department of
Acute Vascular Diseases in the Clinic of the State In-
stitution “Zaycev V.T. Institute of General and Urgent
Surgery of NAMS of Ukraine” (SIIGUS) in 2016—2018.
The mean age of patients was 67 + 3.6 years, the du-
ration of diabetes was 11+1.4 years. All patients had
type II diabetes and had the IV degree of foot ischemia
according to Fontaine.

The comparison group included 24 patients with
ischemic necrosis of the toes or foot and wounds after
debridement, which were treated in same department
of the SI IGUS in 2013-2015. The average age of pa-
tients was 64 + 4.2 years, the duration of the disease of
type II diabetes melitus was 10 + 1.6 years; all patients
had the IV degree of foot ischemia by Fontaine.

The analysis of the results of clinical, laboratory,
non-invasive and invasive methods of examination of
patients in the preoperative period enabled to deter-
mine the extent of the disorder of of the blood flow, the
nature of the collateral circulation and microcircula-
tion. Diagnostics was done to all the patients according
to a standard algorithm:

1) Histori of disease, clinical and laboratory exam-
ination: duration of the disease, intermittent claudica-
tion, pain at rest, presence and nature of necrosis, pulse
on the main arteries; analysis of laboratory methods of
research and anamnesis of comorbidity .

2) Non-invasive examination included determi-
nation of the index of regional systolic pressure on the
arteries of the foot using a portable ultrasound device
“Super Dopplex” (China); ultrasound dopplerography
using the Hitachi EUB 7500 device (Japan) with linear
sensor L 5-10 MHz; the determination of the oxygen
tension (TcPO2) in the foot tissues percutaneously
with the aid of the TCM 400 apparatus “Radiometer
Copenhagen” (Denmark).

3) As an invasive study, angiography was per-
formed using “Philips Integris Allura” device (Holland).

In the postoperative period, a control determina-
tion of the index of the regional systolic pressure on
the arteries of the foot, ultrasound examination of the
arterial reconstruction zone and the determination of
TcPO2 in the foot tissues were done.

From 24 patients in the main group, 4 patients
underwent femoro-tibial bypass, in 15 cases — fem-
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oral-popliteal reconstruction; 5 patients underwent
a hybrid reconstructive surgery (femoral-popliteal
reconstruction in combination with balloon angio-
plasty of tibial arteries). 15 patients had wounds after
debridment and small amputations on the foot, which
could not be closed with auto-dermoplasty; 2 patients
had foot phlegmon, and 3 has infected wounds; in
4 patients, wounds were localized on the plantar sur-
face of the foot; in 2 cases there were marginal lesions
of the foot bones.

From 24 patients in the comparison group, 18 had
a femoral-popliteal reconstruction, 2 had femoral-fem-
oro-tibial bypass, and 4 had a hybrid reconstruction.
13 patients had wounds after necroctomy and small
amputations on the foot, 3 patients had foot phlegmon,
and 3 had infected wounds; in 5 patients, wounds were
localized on the plantar surface of the foot.

Treatment for patients of both groups was pre-
scribed according to the following scheme: compen-
sation of diabetes mellitus (transfer to fractional
insulin therapy); metabolic therapy, antibacterial,
anticoagulant and vasotrophic therapy; physical meth-
ods of treatment; therapy aimed at treating osteoporo-
sis (calcium drugs).

The patients of the comparison group underwent
traditional treatment of wounds of the foot after
debridement using daily dressings with antiseptics,
ointments, sorbents, etc.

In order to improve the results of treatment of
wounds and ulcers of the lower extremity, the following
treatment methods and their combinations were used
in the patients of the treatment group: phototherapy;
stage closure of tissue defects with a synthetic coating
of polycaprolactone (PCL, Nanopharma, Czech Repub-
lic) with application of a fibrin clot and plasma enriched
with TGF without fibrin; vacuum therapy with Acti
VAC apparatus manufactured by KCI (USA); autoder-
moplasty according to Thiersch; free autodermoplasty
with split-thickness skin graft.

For phototherapy in the complex of local treatment
of wounds, A. Korobov-V. Korobov flexible photonic
(LED) matrices “Barva Flex” were used with different
wavelengths of the maximum emission band — 405 nm,
470 nm, 525 nm and 660 nm, which corresponded to
violet, blue, green and red spectral ranges, with various
therapeutic effects. [5] Indications for the use of FT
were long-term ischemia with necrobiosis of wound
tissues; the presence of an infected or purulent wound.

The use of vacuum therapy for treatment of wounds
of the foot ensured the purification of the wound and
the stimulation of the growth of the granulation tissue
in the wound for further closure it with a synthetic
coating or the performance of autodermoplasty.

Closure of wounds with a synthetic coating with
the application of a fibrin clot and plasma enriched
with TGF without fibrin prevented the development of
secondary infection, stimulated the growth of connec-
tive (granulation) tissue in the wound for subsequent

autodermoplasty or healing it under the coating by
wound contraction. Indications for use of this method
for treating wounds in ischemic diabetic foot syndrome
were the presence of a defect in the foot tissues, which
cannot be closed by autodermoplasty (the bottom of
the wound is represented by bone or adipose tissue,
tendons) or the presence of a defect in the foot tissues
requiring for closing with own tissues of bone resection,
which significantly worsens the foot supportability.

Autodermoplasty was used for final closure of
the wound of the foot after the preliminary stage of
treatment. Indications for autodermoplasty were the
presence of a healthy granulation tissue on the bottom
of the wound and absence of a tendency to spontaneous
healing.

The purpose of closure of the bone defects with
the ILAYAOSTEOGEN® (“A.A. PARTNERS” L.L.C.,
medical company “ilaya”) implants was to prevent
the development of osteomyelitis and stimulation of
osteogenesis.

We developed and applied the following scheme
of treatment of the ischemic and neuroischemic dia-
betic foot.

At the stage of preparation for the revasculariza-
tion, in the presence of pronounced edema, 3—-5 ses-
sions of blue light FT were performed (wavelength of
440—470 nm, duration of the session of 5-10 minutes).
In the absence of perifocal edema, light treatment of
wounds was done by conducting 3—5 irradiation ses-
sions with green light (wavelength of 520—550 nm,
duration of the session of 3—5 minutes). The radiation
power density at FT was in the range of 0.1-1.0 W/cm?,
and the time of exposure to the wound varied depend-
ing on its area. The density of the radiation supplied to
the wound was on average 30—40 J/cm?.

If necessary, phlegmons were opened, surgical
treatment of wounds with excision of necrosis and
elimination of purulent fouling and vacuum therapy
were performed.

After stabilization of hemodynamic parameters
and formation of a clear demarcation zone, debride-
ment or amputation of necrotic toes with resection of
heads of metatarsal bone was performed. The open
wound surfaces were covered with a synthetic coat-
ing of polycaprolactone (while modeling the contour
congruently to the edges of the wound and fixing with
the Prolene 5 suture material, if necessary) with the
application of a fibrin clot and plasma enriched with
TGF without fibrin.

The plasma was obtained as follows: 20 ml of
blood were taken without a preservative from the
cubital vein. The blood was ultracentrifuged to ob-
tain a fraction enriched with TGF. A day later, during
the second dressing, the remains of the fibrin clot
were removed, and the wound coating was irrigated
with plasma enriched with an auto-platelet-derived
growth factor. In two cases, marginal bone resections
were performed with the replacement of defects with
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ILAYAOSTEOGEN® (“A.A. PARTNERS” L.L.C., medi-
cal company “ilaya”) bone implants of appropriate size.

After that, the daily irradiation of wounds with
red light was performed (wavelength of 630—-660 nm,
duration of FT sessions of 10—15 minutes, the frequen-
cy of sessions depended on the area of wounds), until
conditions appeared for performing plastic closure of
defects or healing by wound contraction.

Subsequently, daily dressings were performed with
the treatment of the coating with antiseptics (Dioxidin,
Octenisept, etc.). If there were no signs of suppuration
under the coating, the dressings were performed for
14-32 days with a gradual cutting of the edges of the
synthetic coating as wound contraction and marginal
epithelialization occurred. In the absence of a tendency
to heal wounds after 1 month, the coating was removed
and autodermoplasty according to Thiersch or with a
split perforated skin graft was planned. With obvious
signs of suppuration under the coating (2 cases), it was
removed, the wound was sanitized for 3-5 days, and
then the wound closure procedure with a synthetic
coating was repeated or a system for vacuum treatment
of wounds was installed.

In cases of manifestation of infection in the wounds
of the feet after revascularization and phlegmon forma-
tion, abscesses were opened with the installation of the
vacuum system for 7—14 days before the wound was
cleaned, after which the developed treatment complex
(5 patients) was applied.

When the wound was localized on the plantar
surface of the foot (in 4 cases), which complicated the
autodermoplasty, the developed method of closure
with a synthetic coating was used (the duration of
treatment was 1-2 months).

In all cases, the patients signed an agreement for
participation in the study. The entire list of studies
and the methods of treatment used was approved by
the Ethical Commission of the State Institution “Zay-
cev V.T. Institute of General and Urgent Surgery of
NAMS of Ukraine”.

Results and discussion

The parameters of regional hemodynamics in
patients of main group before and after various revas-
cularization operations are given in Table 1.

When examining patients of the comparison
group after revascularization operations, comparable
indicators of regional hemodynamics were determined.

Among the patients of the treatment group, who
had the closure of wounds of the foot with the use of
polymer coating, in 13 patients spontaneous epitheliza-
tion of wounds under the coating in the period up to
35 days occurred. In 9 patients, after the removal of the
coating and the surgical treatment of the wound before
contact bleeding, autodermoplasty was performed:
grafting with split perforated flap for 6 patients and
that according to Thiersch for 3 patients. One patient
refused autodermoplasty, the wound was gradually
healed by secondary tension for 4 months with epi-
thelization by 70%. In all patients after grafting with
a split perforated skin graft, a full epithelialization of
the wound was determined after 1 month. In one case,
partial (more than 50%) epithelialization of the wound
was achieved after grafting according to Thiersch,
which required repeated skin grafting.

In 5 patients of the treatment group, who were
treated with the use of a vacuum system for phlegmon
or infected wounds, it was possible to achieve cleansing
of the wounds after 7—14 days of treatment. Subse-
quently, the developed treatment tactics was applied.
The healing time for the wounds was 4—6 weeks.

Of the 24 patients in the comparison group, who
received traditional treatment, the wounds were com-
pletely healed by secondary tension for 2—4 months
and by wound contraction in 8 cases. Reduction of
wound area to 50% was observed in 6 patients. In
10 patients, there was no tendency for wound healing
and there was a progression of the necrotic process,
which in 8 cases required re-hospitalization and plastic
closure of the wound, and in 2 cases it caused amputa-
tion below the knee.

Clinical case. Patient K., 68 years old, was ad-
mitted to the hospital with CLI critical limb ischemia
of the right lower extremity in the background of type
IT diabetes mellitus. He was treated for 2 months in
the central district hospital at his place of residence,
where an amputation of the first toe with a metatarsal
bone was performed for him. According to ultrasound
examination and angiography, an extended occlusion of
the popliteal and anterior tibial artery was noted. There
is extensive necrosis on the foot (in the region of the

Table 1

Indicators of regional hemodynamics in patients of the treatment group
before and after revascularization

Type of surgery Femoro-tibial Femoral-popliteal Hybrid reconstructive
bypass —4 (16.7%) cases bypass — 15 (62.5%) cases surgery —5 (20.8%) cases
Index Before the After the Before the After the Before the After the
surgery surgery surgery surgery surgery surgery
Index of regional
systolicpressure | 54 004 | 082006 | 0.27+003 | 0.67+008 | 0.19:006 | 0.91+0.05
on the arteries of
the foot
TePO2 (mm Hg) 16.8+4.6 48.6+7.5 9.4+35 39.6+6.7 53+25 32.9+5.7
at the foot
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distant 1st toe and the metatarsal bone, in the bottom of
one of the wounds, the bonesaw-line of the metatarsal
bone with signs of osteomyelitis is visualized (Fig. 1).

After preoperative preparation, which included,
in addition to traditional measures, phototherapy with
green light (wavelength of 520-550 nm, duration of the
session of 3—5 minutes, the frequency of 5 sessions,
see Fig. 2), in a planned manner, the femoro-tibial
autovenous bypass was performed.

After the revascularization operation, 3 sessions
of FT with green light were performed in the local
treatment complex, followed by debridement (Fig. 3).

Fig. 1. Patient K., 68 years old. Type of foot at admission

N i R

Fig. 2. Phototherapy at the stage of preoperative
preparation

Fig. 3. Type of wound after debridement
(8 days after surgery)

Later, during dressings, the wound was treated
with solutions of antiseptics and daily irradiated with
red light (wavelength of 630—660 nm, duration of
sessions of 10 minutes).

On 10 day after the revascularization in the dress-
ing room, an edge resection of the changed part of the
metatarsal bone was performed, the defect was closed
with the ILAYAOSTEOGEN® (“A.A. PARTNERS”
L.L.C., medical company “ilaya”) bone implant (Fig. 4).
The implementation of phototherapy continued.

On 12 day of treatment in the dressing room, the
wound was closed with a synthetic coating of polycapro-

Fig. 4. The wound after surgical treatment and installation
of the ILAYAOSTEOGEN?® bone implant
(shown by an arrow)

Fig. 5. The wound with a fibrin clot (shown by an arrow)

Fig. 6. The wounds are covered with a synthetic coating of
polycaprolactone (the appearance of wounds
on the 3rd day after the manipulation)
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lactone (with contour modeling congruently to the
wound edges), and the application of a fibrin clot with
plasma enriched with TGF without fibrin according to
the developed technique was performed (Fig. 5, Fig. 6).

The patient was discharged on the day 15 after
the operation. Later, local treatment was performed
in the regime of a day hospital. The wounds healed on
the day 31 after the surgery.

Conclusions

1. Phototherapy and plastic closure of wounds of
the lower extremities after a revascularization opera-
tion in ischemic diabetic foot syndrome is indicated
in cases when the wounds have no tendency to spon-
taneous healing.

2. Implementation of the developed tactics of
treatment of “problem” wounds of the lower extremi-
ties allowed to achieve their complete healing in 91.7%
of patients, partial healing (more than 50%) in 8.3% of
patients, and avoid high amputations.

3. In our opinion, the use of a complex of treatment
including phototherapy, wound closure with a synthetic
coating with TGF, and the closure of bone defects with
implants ILAYAOSTEOGEN® is an extremely effective
stimulator of development in the wound of granulation
tissue suitable for subsequent autodermoplasty.

4. We consider the researching of cellular re-
generation mechanisms and histological study of the
stages of development of connective tissue under the
influence of phototherapy, allodermoplasty and TGF,
as well as the feasibility of using a combination of
synthetic coatings and TGF with vacuum therapy to
be promising directions for the development of this
method of treatment.

References

1. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Har-
ris KA, Fowkes FG; TASC II Working Group. Inter-soci-
ety consensus for the management of peripheral arterial
disease (TASC II). J Vasc Surg. 2007 Jan;45:5.

2. Eskelinen E, Luther M, Eskelinen A, Lepantalo M. In-
frapopliteal bypass reduces amputation incidence in
elderly patients: a population-based study. Eur J Vasc
Endovasc Surg. 2003;26:65.

3. Eltzschig HK, Collard CD. Vascular ischaemia and reper-
fusion injury. Br Med Bull. 2004;70:71-86.

4. Gibbons GW. Lower extremity bypass in patients with
diabetic foot ulcers. Surg Clin North Am. 2003;83:659.

5. Korobov AM, Korobov VA, Lesnaya TA. Fototerapevtich-
eskie apparatyi Korobova serii “Barva”[Phototherapy
Korobov devices of the “Barva” series]. 2nd ed. Harkov:
Kontrast Publ.; 2008. 176 p. (in Russian)

20



