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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 SI “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 JIIKYBAHHA
ITPU IVIACTUYHOMY 3AKPUTTI PAH Y XBOPHX 3 IINEMIYHOIO TA
HEMPOIIEMIYHOIO ®OPMAMMY CTOITU JIABETHUKA

IO.B. IanoBa!, 0.M. Kiximosa!, B.O. IIpaco.!, €.B. Mymiernko!, A.M. Kopo6os?,
M.B. IToropeaos*, /I.C. Timueuko?, M.€. Cep6in?, /1.0. KipieHko?
TY «IHcmumym 3azanbHoi ma HesiokaaoHoi xipypeii imewi B.T.3atiyesa HAMH Yxpainu», m. Xapxie, Yxpaina;
2Xapxiecvkuil HaUloHabHUll MeduuHull yHigepcumem, m. Xapkis, Ykpaiua;
3Xapxkiscvkuil HayioHanbHUll yHisepcumem imeni B.H. Kapasina, m. Xapxie, Yxpaina;
Cymcovxuil deprcasHull yHigepcumem, m. Cymu, Ykpaina

MeTo10 ITPOBEIEHOTO AOCTI/I>KEHHS OYJI0 ITOIINIIIEHHS Pe3yJIbTaTiB JIIKYBAHHSA PAaH y XBOPHUX 3 iMeMiYHOIO
Ta HEHPOIMEMIYHOI0 (JOpMaMU CHHIPOMY CTOIHU JiabeTHKa IMUIIXOM 3aCTOCYBAHHSA B KOMIUIEKCI JIIKYyBaHHS
doroteparmii, TpomboITApHOTO haKTOPA POCTY i CyYaCHUX IOKPUBHIX MaTEPialiB.

B pob6orti mpencTapiieHi pe3yabTaTH XipypriqvHOro JiKyBaHHS 48 MaIi€HTIB 3 CHHAPOMOM ilIeMivYHOI Ta
HeHpoileMiuHOi /1iabeTUIHOI CTOIH, SIKi BiJIMIOBIIHO IO 3aBJaHb JOCJIJ?KEHHs OyJId PO3/IiJIeHI Ha OCHOBHY
rpyny (24 namienra) i rpymy nopiBuaHHA (24 narmienTta). Bei ni mamienTH, Aki TpoXoauau JIiKyBaHHS
y BiZliJIeHHI TOCTPUX 3aXBOPIOBAaHb CyAWH KiiHiKKH Y «IHCTHTYT 3araspHOI Ta HEBigKIagHOI Xipyprii
imeni B.T. 3aitneBa HAMH VYxkpainu», crpaxkganu Ha iykposuit giabet II/1 II tumy i manu IV erymins imemii
cromu 1o Fontaine. /[iarHoCcTHKY TPOBOAMIIN BCIM XBOPUM 32 CTAHIAPTHUM aJITOPUTMOM. AHAJTI3 pe3yIbTaTiB
KIIHIYHUX, 1a00paTOPHUX, HEIHBAa3UBHUX 1 iIHBA3UBHUX METO/IB OOCTEKEHHS B IIEpeIoNePaIliiHOMY IIepiozi
JIO3BOJISIB BU3BHAYUTH CTYIIIHb TOPYIIEHHS MaTiCTPIBHOTO KPOBOTOKY, XapaKTep K0JIATePaIbHOTOKPOBOOOITY
i mikporupxkysanii. ITamierTaMm 060X rpyn BUKOHYBAJIUCS CTETHOBO-TOMIJIKOBE i CTETHOBO-IIIIKOJIIHHE
LIYHTYBaHHS, & TAKOXK ribpuaHi pekoHCTpyKIIii. [Ioka3HuKY perioHapHOil reMOAMHAMIKHY y AI[iEHTIB OCHOBHOI
TPYIH i TPYIIH MOPiBHAHHA JI0 1 MicJIA peBacKy IsIpu3alii MokHa Oys10 IOPiBHATH.

Y mamieHTiB OCHOBHOI Py 3aCTOCOBYBAJIACS pO3p0o0JIeHa HAMU TEXHOJIOTIA JIIKyBaHHA. Y BUIAJKAX
PO3BUTKY (DJIETMOH CTOIIH ITic/Is PO3TUHY THITHIKA IIPOBOMIIACS BAKYYMHA Teparisa paH nmpotsarom 7—14 aib no
IIOBHOT'O OUHIIIEHHS PAaHU. Y KOMIUIEKCI ITepeI0TIePaIiiiHOI MiITOTOBKU IIPOBOAIIIH (POTOTEPAITII0 — B 3aJIEKHOCTI
BiJT JIOKQJIBHOI cUTYyaIii 00po6JIsiii paHU BUIIPOMIHIOBAaHHAM 3 Pi3HUMHU A0B:KHUHAMU XBUIb (405, 470 abo
525 um). ITicsist ounieHHs PaH Biji HeKpo3iB paHoBuii fiedekT 3akpuBanu mokpurtsim PCL (Nanopharma, Yexist)

14



CLINICAL PHOTOMEDICINE PBPM 24’2018

¢ aruTiKamien GuOPUHOBOTO 3TYCTKY i IJ1a3MU, 30aradeHoi TpoMOoIuTapHUM (haKTOpoM pocTy 6e3 (pibpuHy,
IiCJIA YOTO MOIAJTBIIIE MicIleBe JIIKYBAaHHS CYIIPOBO/IXKYBAJIOCSA OMIPOMIHEHHAM paH (GOTOHHUMHU MATPUISIMHU
Kopo6osa A.-Kopob6osa B. «bapsa-®iekc »(10BKMHA XBIJII MAKCHUMyMYy CMYTH BUITPOMiHIOBaHH:A 660 HM). Y
JIBOX BUIIa/IKaX BUKOPHUCTOBYBAJIOCS 3aKPUTTS TepekTiB KicTok KictkoBumu imrantaramu ILAYAOSTEOGEN®
«A.A. PARTNERS» L.L.C., medical company «ilaya».

BukopucranHa po3po0eHOi TAKTUKH JI03BOJIMJIO JIOCATTH IIOBHOT'O 3arO€HHA paH y 91,7 % xBopux
i wactkoBoro 3aroeHHs (6ibire 50 %) y 8,3 % xBopux 0CHOBHOI rpynu. TepMiHU JTiKyBaHHS IUX NAI[iEHTIB He
TIePEBUIIYBAIN 2 MiCAIIB, BUKOHAHHS BUCOKUX aMITyTaliil He OysI0 MOTPiOHO. Y XBOPUX IPYIU IOPiBHAHHS
Ha TJIi 3aCTOCYBaHHS TPAUIIIHOTO MiCIIEBOTO JIIKYBAaHHS PAaHU TOLIUCA MPOTArOM 2—4 MiCAIiB; y BOCBMU
CITOCTEPEXKEHHAX Oys1a MOTPiOHA MOBTOPHA TOCHIiTAi3allisA s BUKOHAHHSA [IJIACTUYHOTO 3aKPUTTS; B JBOX
BUIIaZKax Oy/IM BUKOHAHI aMITyTallil Ha piBHI TOMiIKH.

TaxkuM YUHOM, (POTOTEpAITiS i IIJTACTHYHE 3aKPUTTS PaH HIDKHIX KIHITIBOK ITiCJIs OIlepallii peBacKysspu3ariii
IIPY CUHAPOMI ieMiuHO1 iabeTHYHOI CTONH IMOKA3aHO y BHUIIQJKaX, KOJU PAHU HE MAKTh TEHJIEHIII] /10
CIIOHTAaHHOTO 3aTOEHHIO; BIIPOBA/KEHHS PO3PO0JIEHOI TAKTUKY JIIKYBAaHHS «ITPOOJIEMHUX» PaH HIKHIX KiHITIBOK
JIO3BOJIMJIO IOCATTU TIOBHOTO 3aTOEHHA ¥ 91,7 % XBopuUX, 4acTKOBOTO (6u1bIe 50 %) 3aroeHHs —y 8,3 % XBOpUX
1 YHUKHYTH BUKOHAHHS BUCOKUX aMIIyTallili; 3aCTOCYBaHHs KOMILIEKCY JIIKyBaHHs, 1110 BKJII0UAE (poTOTEpATTIilo,
3aKPHUTTA paH CUHTETUUYHHUM ITOKPUTTAM 3 TPOMOOIIUTAPHUM (PKTOPOM POCTY, & TAKOK 3aKPUTTS KiCTKOBUX
JtlepexTiB IMIUTAaHTAaTAMU € HAZI3BUUAMHO e(DEKTUBHUM CTUMYJIITOPOM PO3BUTKY B paHi rpaHyJIAIIMHOI TKAHUHH,
MIPUIATHO] JIJISI TIOJAJIBIII0] Ay TOAEPMOILIACTUKH.

KiarouoBi ciroBa: CHHIPOM ileMidHol AiaGeTUYHOI CTOMH, JePMOILIACTHKA, CHHTETHYHI ITOKPHUTTH,
doroTeparisi, TpoMboIIUTAPHUE (PAKTOP POCTY, KICTKOBI iMILTAaHTATH.

®OTOTEPAIIUA B KOMILIEKCE JIEUEHUS
IIPU INTIACTUYECKOM 3AKPBITUU PAH Y BOJIBHBIX C UIIIEMUYECKOM
1 HEMPOUIIIEMUYECKON ®OPMAMMY CTOIIbI JUABETUKA

10.B. BanoBa', E.M. Kiiumosal, B.A. IIpacoa!, E.B. Mymieako!, A.M. KopoGos3,
M.B. IToropeaos*, /1.C. Tumuenko?, M.E. Cepoun?, /I.A. KupueHko?

1TY « dHcmumym obwetl u HeomaodicHotl xupypauu umenu B.T.3aiiyesa HAMH Yxpautbsl», 2. Xapvkos, YkpauHa;
2Xapvrosckuil HQUUOHANBHDBLU MeOUYUHCKULL YyHUBepcumem, 2. Xapvkos, YkpauHa;
3Xapvkosckuil HayuoHavbHwlil yHusepcumem umeru B.H. Kapa3uHa, 2. Xapvkos, YkpauHa;
“Cymcxkoll cocydapcmeenHblil yHusepcumem, 2. Cymwl, Ykpauna

Ilenpi0 MPOBEIEHHOTO HCCJIENOBAHUS OBLJIO YIYUIIEHHUE PEe3yJIbTATOB JIEUEHUs PaH Y OOJBHBIX
C UIIEMUYECKOU M HEHPOUIIEMHUUYECKON (pOpMaMu CHHAPOMA CTOIThI JUA0ETHKA IIyTEM IIPUMEHEHHUs B
KOMILJIEKCe JledeHH s HOTOTepanui, TPOMOOIIUTAPHOT0 (aKTOPA POCTA U COBPEMEHHBIX ITOKPOBHBIX MATEPHATIOB.

B paboTe npencTaBieHbI pe3yJIbTaThl XUPYPTrUUIECKOT0 JIedeHus 48 MaleHTOB C CHHAPOMOM UIIIEMUYECKOH
U HEUPOUIIEMHUIECKOHN AUabeTHIeCKON CTOIbI, KOTOPhIe B COOTBETCTBUHU C 3a7jadyaMU UCCIEAOBAHUS ObLIH
pasjiesieHbl Ha OCHOBHYIO Tpynity (24 manueHTa) u rpyniy cpaBHeHus (24 manuenTa). Bee 3Ty nmamueHTsl,
IIPOXO/IUBIIIFIE JIEUEeHUE B OT/EJIEHUU OCTPHIX 3a00JieBaHUH cocyZoB KIUHUKU ['Y «HCTUTYT 00IIel u
HeoT/IOKHOU xupypruu umenu B.T. 3aiinesa HAMH Ykpaunbl», crpaganu caxapubiM auaberom C/I I1 tuma u
umenn IV crenens umemuu cromsl 1o Fontaine. [[HarHOCTHKY TPOBOAMIIA BceM OOJIBHBIM I10 CTAHIAPTHOMY
aJITOpUTMy. AHAJIU3 PE3YIbTATOB KJIMHUYECKUX, 1a00PATOPHBIX, HEMHBA3UBHBIX U WHBA3UBHBIX METOZI0B
00cJIeZI0BaHNA B IIPEAONEPAIIIOHHOM IIEPUO/IE TI03BOJISII OIIPE/IEIUTh CTEIIEHb HAapYIIEHNs MaruCTPaIbHOIO
KPOBOTOKA, XapaKTep KOJJIaTePaJIbHOTO KPOBoOOpalleHuss 1 MUKPOUUPKyasanuu. [laiuertam obenx
TPYIII BBIIOJIHAIUCH OeZpeHHO-6epIioBoe U H6epEeHHO-TI0/IKOJIEHHOE IIIYHTUPOBAHUE, a TAKXKe THOPUIHbIE
pekoHcTpyknuu. IlokazaTenn pernoHapHON TeMOAWHAMUKY Y MaI[eHTOB OCHOBHOY TPYNIIBI M TPYIIIBI
CPaBHEHWUS JI0 U TIOCJIE PEBACKYJIAPU3AIUY OBLIH COITOCTABUMBI.

¥ manueHTOB OCHOBHOM I'pYyIIIbl IPUMEHIACh pa3paboTaHHAs HAMU TEXHOJIOTHUs JieueHus. B ciryuasx
pasBuTus GJIErMOH CTOIBI IIOC/IE BCKPBITHA THOMHUKA IIPOBOJINJIACH BAKYyMHAasA Tepalusd paH B TeUeHHe
7—-14 cyTOK 10 IOJTHOTO OUYHINEHUs PaHbl. B KOMIJIeKce MpeIonepariOHHON MOATOTOBKY IIPOBOIUIIH
oToTepanuio — B 3aBUCHMOCTH OT JIOKAJIbHON CUTyaly 00pabaThIBaIy PaHbl U3JIyYeHHEM C PA3IMYHBIMU
JuinHaMu BoJiH (405, 470 winu 525 um). Ilocsie ounIneHusi paH OT HEKPO30B PaHEBOU JedeKT 3aKPhIBATU
nokpsiTeM PCL (Nanopharma, Yexusi) ¢ anminkanuei puOPUHOBOTO CTYCTKA U IIJIa3Mbl, 000TaIleHHOMN
TpOMOOIUTAPHBIM (PaKTOpOM pocta 6e3 hpubprHa, IOCJIe YETO TATbHENIIIEE MECTHOE JIEYEHUE COTIPOBOIKIAIOCH
obayuenuneM paH poToHHBIMH MaTpuilamu KopoboBa A.-Kopo6oBa B. «bapBa-®iekc» (AanHA BOJIHBI
MaKCHMyMa IOJIOCHI u3iydeHuss 660 HM). B ABYX cIydyasix MCIOJIB30BAIIOCh 3aKPBITHE Te(DEKTOB KOCTEH
kocrabivMu umivianTaramu ILAYAOSTEOGEN® «A.A. PARTNERS» L.L.C., medical company «ilaya».

Hcnonp3oBaHre pa3zpaboTaHHOU TAaKTUKHU MO3BOJIMJIO JOOUTHCS MOJIHOTO 3a’KUBJIeHUs paH 'y 91,7%
6OJIBHBIX U YACTUYHOTO 3axkuBiieHus (6osee 50%) y 8,3% 6GOIbHBIX OCHOBHOU Ipymiibl. CDOKM JIEUEHUS ITHX
MMAI[UEeHTOB He MPEBBIIIATN 2 MECAIEB, BHIIIOJIHEHUs BPICOKUX aMIIyTallMi He MOTPe6oBayoch. Y GOJIBHBIX
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TPYIIIBI CPaBHEHU HA GOHE IPUMEHEHU TPAAUITMOHHOTO MECTHOTO JIEYEHU S PAHBI 3AKUBAJIN B TeueHue 2—4
MecCsIIEB; B BOCHMU HAOTIOIEHUSX TOTPeO0OBaIACh IOBTOPHAS FOCIIUTAIU3AIIHS 111 BBIITOJTHEHUS ITACTHUECKOTO
3aKPBITHS; B JIBYX CIydasax ObLIN BBIIIOJTHEHBI AMITyTAllMH HA YPOBHE TOJIEHH.

Taxum o6pazom, GOTOTEPANNA U IIACTUYECKOE 3aKPHITHE PAH HIDKHUX KOHEYHOCTEH I10C/Ie Ollepanun
PeBacKyIIpU3aniy IIPU CHHAPOME UIIEMUYECKOH AuabeTHUeCcKO! CTOIBI TOKA3aHO B CIIyUasiX, KOT/Ia PaHbI He
HMEIOT TeH/IEHIIUHY K CIIOHTaHHOMY 3aKUBJIEHUI0; BHEZIPEHUE Pa3pab0TaHHON TAKTUKHY JIEUEHUS «IIPOOJIEMHBIX»
PpaH HIKHUX KOHEYHOCTEH ITO3BOJIMIIO IOCTUYD IIOJTHOTO 33KUBJIeHUs V¥ 91,7% G0JIbHBIX, yacTUUHOTO (O0JTee
50%) zakuBienuss —y 8,3% 60IbHBIX 1 H30€3KaTh BHITIOJTHEHUS BLICOKUX aMITyTaIlli; TpUMeHeHe KOMILIEKCa
JIeYyeHUsl, BKIIIOYAIOIIET0 (POTOTEpaNTHIo, 3aKPhITHE PAH CHHTETUYECKUM MOKPBITHEM C TPOMOOIUTAPHBIM
(pKTOPOM POCTa, a TAKIKE 3aKPBITHE KOCTHBIX IE(EKTOB HMILIAHTATAMH SIBJISIETCS YPE3BIYAHO 3(P(HEKTUBHBIM
CTUMYJIITOPOM Pa3BUTHUA B PaHe IPaHYJIAIMOHHON TKaHU, IPUTOTHOU JIJIA JasIbHEHIIIel ayToepMOILTIACTUKY.

KiroueBsble cj1oBa: CHHPOM HIEMUYECKOH HabeTHIecKol CTOIBI, 1epMOIIJIAaCTUKA, CHHTeTHUeCKUe
MIOKPHITHUSA, (DOTOTEpAINs, TPOMOOIIUTAPHBIN (PAKTOP POCTA, KOCTHBIE MMILJIAHTATEHI.

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” (ST IGUS) 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 Il 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
systolic pressure | 54 h 04 | 0.82+0.06 | 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 Later, during dressings, the wound was treated
one of the wounds, the bonesaw-line of the metatarsal ~with solutions of antiseptics and daily irradiated with
bone with signs of osteomyelitis is visualized (Fig. 1). red light (wavelength of 630—-660 nm, duration of
After preoperative preparation, which included, sessions of 10 minutes).
in addition to traditional measures, phototherapy with On 10 day after the revascularization in the dress-
green light (wavelength of 520—550 nm, duration of the  ing room, an edge resection of the changed part of the
session of 3—5 minutes, the frequency of 5 sessions, metatarsal bone was performed, the defect was closed
see Fig. 2), in a planned manner, the femoro-tibial with the ILAYAOSTEOGEN® (“A.A. PARTNERS”

autovenous bypass was performed. L.L.C., medical company “ilaya”) bone implant (Fig. 4).
After the revascularization operation, 3 sessions The implementation of phototherapy continued.
of FT with green light were performed in the local On 12 day of treatment in the dressing room, the

treatment complex, followed by debridement (Fig. 3). wound was closed with a synthetic coating of polycapro-

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

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

@5

Fig. 2. Phototherapy at the stage of preoperative
preparation

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

Fig. 6. The wounds are covered with a synthetic coating of

Fig. 3. Type of wound after debridement polycaprolactone (the appearance of wounds
(3 days after surgery) 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.
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