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Distal radial artery access for the treatment
of complications after ulnar artery catheterization

A.L. Kaledin*, I.N. Kochanov, T.Ya. Burak, S.S. Seletsky, A.A. Ivanov, G.G. Dularidze
I.I. Mechnikov NorthWestern State Medical University, St.Petersburg, Russia

Objective: to study the effectiveness of the distal radial artery access in the treatment of complications after
ulnar artery catheterization.

Material and methods. We analyze the outcomes of 1558 catheterizations of the ulnar arteries. Less than 1%
of local hemorrhagic complications and 1.5% of post-catheterization occlusions of the ulnar artery were
revealed after ulnar artery catheterization,

Results. One half of the patients with hemorrhagic complications after ulnar artery catheterization underwent
conservative treatment (mechanical compression of the site of complication), the rest of patients underwent
surgical treatment. Positive effect was achieved in all patients who underwent endovascular treatment for post-
catheterization hemorrhagic complications. In 50% of cases, recanalization of post-catheterization ulnar artery
occlusion via the distal radial access was effective. In 1 patient after recanalization of post-catheterization ulnar

WYcnonb3oBaHne AncTaabHOro Jiy4eBoro apTepmnasnbHOro 4OCTyna rpy I84€HNN OCTI0XKHEHN
rocsie karerepusaLmm JI0KTeBos apTepum
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artery occlusion using the distal radial artery access, the occlusion of radial artery in wrist segment occurred,

with preserved blood flow in radial artery of the forearm.

Conclusion. Distal radial artery access for correction of post-catheterization complications in ulnar artery

is a feasible and safe method.
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CokpaweHus
OJIKA — OKKJII031S1 TOKTEBOW apTepumn
OJ10 — oucTtanbHbIn lyd4eBOr OOCTYN
JI4A — nyyeBaga apTepud
JIKA — nokTeBasa apTepus

BeepnexHue

JlokTeBoOW apTepuanbHbIi 4OCTYN NpU Npo-
BeOEHUW 9HO0BACKYNAPHbIX MPOLELyp NCMOJIb-
3yetca c 2001 r. (1) v Mo cpaBHEHUIO C Ny4EeBbIM
apTepuanbHbiM LOCTYNOM UCMONb3YETCS PEXE.
OCnOXHEHMA Mocne KaTeTepusaumm JTOKTEBOM
M JTy4eBOV apTepuin UOEHTUYHbI U MOTYT BCTpE-
4yaTbCs MPUMEPHO C OAMHAKOBOM YacTOTOM (2).
Hamnbonee HebnaronpusaTHbie NoOCTKaTeTepwu-
3aUMOHHbIE MECTHbIE COCYAMCTbIE OCJIOXHE-
HUS, Tpebylolme BHMMATENIbHOrO noaxona K
TakTUKe UX KOppPekLuun, — nocrTkaretepusaum-
OHHas OKKJII03UA apTepum OoCcTyna, NynbCcupy-
loLas rematomMa n apTepmoBeHo3Hasa pucTyna.
Jo HepaBHEro BpeMeHM JaHHbIE OCJIOXHEHUS
TpeboBany OTKPbLITOrO XMPYPruieckoro BMe-
LaTenbCTBa, YTO YBENYMBANO BPEMS FOCMu-
TanMsaunum n 9KOHOMMYECKUE 3aTpaTtbl Ha Je-
YyeHre. DHOO0BACKYSpHAsa TakTMka B JIEYEHUN
3TUX OCJIOXHEHUN MOXEeT OblTb NpeanovYTu-
TesnbHEeN N 4OCTaTO4YHO XOPOLLO 3apeKOMeHO0-
Bana cedbs npu pekaHanuaauum nocTkateTepu-
3aUMOHHON OKKJIO3UKM Ny4eBoin aptepun (JT4A)
(3). N3BECTHBI Crydam pekaHanmsaumm OKKJIIo-
3un nokteson aptepun (OJIKA) nneyeBbIM ap-
TepuasnbHbiM LOCTYNOM C WCMNOJSIb30BAHMEM
“TeXHMKM NeTnm OT Nly4eBOW K JIOKTEBOW apTe-
pun”, Mpn KOTOPOW MNPOBOLAHMK M3 MIEYEBON
apTepumn aHTerpaagHo 3asoanTtcs B JIHA, nagoH-
HYIO Oyry U peTporpagHO pekaHanmanpyeTtcs
nokrtesas aptepusa (JIkA) (4). Hamun npepgnara-
€TCH HOBbIN, Ha HaW B34, 9HO0BACKYSIPHbLIN
METOo[, pekaHanu3aumm nocTkaTeTepus3aunoH-
How OJIKA 1 3HO0BACKYSIPHbIVM METOA, KOPPEK-
UMM NOCTKaTeETEPM3ALMOHHOW MNYSIbCUPYIOLLEN
rematomsbl JIKA. ApTepuen noctyna npu nedve-
HUU OCJIOXHEHUIM nocne katetepudaumm JIkKA
Oblna mcnosb3oBaHa uncunatepanbHas JI4A

Knctu (B obnactn aHaTtoMmyeckon Tabakepku
M Ha TblIJIbBHON TMOBEPXHOCTU  KUCTWU).
OunctaneHbln nydyeson pgoctyn (OJ14) knctum
(aHaTOoMMuecKkas Tabakepka, TbiflbHas NOBEpPX-
HOCTb KMUCTM) 3apekomMeHaoBan cebs kak ao-
CTyM, KOTOPbIA B CPaBHEHUU C TPAANLMOHHBIM
JIly4€BbIM JOCTYMOM npegnieybs MMeeT MEHb-
LIEE YMCO MECTHbIX OCNOXHEHU, OCOOEHHO
Takux, Kak MoCTKaTeTEPU3aLUOHHbLIE OKKIIO-
3uu (5).

Mpw 3HO0BACKYNSIPHOM JIEYEHUMN MYJIbCUPY-
lOLWen remaToMbl BO3HMKAET HEOOXOOUMOCTb
OHOBPEMEHHOW MOCTNPOoLeaypPHON KOMMpeC-
cun JIKA (B 30He gedekTa) u apTepun gocTtyna
(JT4A). TpenmyLLecTBO MCMNOJSIb30BAHUS UMNCU-
nartepanbHon JIHA kKnctm B npennaraemMom
HaMVu MeTode 3ak/lloyaeTcss B TOM, YTO Mpu
nepexatunmn JI4A Knctm (aptepuda 4octyna) Kpo-
BOTOK NO JIHA coxpaHaeTcsa 4yepe3 MnoBepx-
HOCTHYIO NafOHHYIO Ayry, TEM CaMbliM HUBENN-
pyeTcsi BO3MOXHOE BO3HUMKHOBEHME ULLEMUN
KNCTW.

Mpn ycnewHom pekaHannsauyy nocrkare-
TepusdaumoHHonm OJIkA komnpeccus JIHA (kak
B MECTE O0CTyna, Tak U NMPOKCUMaJIbHEE) MO-
3BONSET “nepeHanpaBnTb” KPOBOTOK MO peka-
HanuampoBaHHOM JIKA. Tlpn 3TOM CHMXaeTcs
puck peokkno3nnm JIKA. B cnyyae HeygayHoOM
MOMbITKN pekaHanmaaumn KOMMPECCUOHHbIN
remocTta3d [J1[l KucTn coxpaHaeT KPOBOTOK
JI4A No NOBEPXHOCTHOM NaaoHHON ayre.

MaTtepuan n metoabl

B Hawen kaTeTepusaunoHHoln nabopaTto-
pun B nepuop ¢ 2014 no 2023 r. npoBeneHo
1558 karetepusaumin JIKA. Tynbcupyrowas
rematoma BepudpuumponsaHay 12 (0,8%) 6onb-
HbIX, MOCTKaTeTepm3auMoHHasa OKK/3UA —
y 24 (1,5%).

Mynbcupytollas remaTtoma anarHocTmpoBa-
flacb B paHHEM MOCNeonepauyioHHOM NEPUo-
he, N nevyeHne (KOHCepBaTUBHOE, a Npu Head-
GEKTUBHOCTU — XMPYPrM4yeckoe) NnpoBoaMnIOCH
npu Bepudukaunum rematombl (tabn. 1).
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Ta6nuua 1. MNocTkaTeTepusaumoHHas remaTtomMa JIOKTEBOIN apTepum 1 ee neveHne

Mynbcupytowas rematoma (n = 12)

KoHcepBaTMBHOE NneveHre (MexaHnyeckas KOMNpeccus) n=6(50%)
Xunpypruyeckoe nedveHue:
OTKpbITOE n=2(17%)
9H[0BACKYNSAPHOE n=4(33%)
AHaToMMyeckas Tabakepka
AHTerpagHas pekaHanmaaumus (n=23)
(vnncunartepanbHas J14A)
(n=4) Tbln KNCTN
Pekanannsauus (n=1)
nocTkaTeTepm3auyioHHOM
OJIkA AHaTomuyeckas Tabakepka
(n=8) MonbiTka pekaHanmaaLmm (n=2)
(nncunartepanbHas J14A)
= Tbin KUCTN
(n=4)
(n=2)

Puc. 1. Cnyyan nocTkateTepmnsaLmOHHON OKKTIO3UN NOKTEBOW apTepun 1 BapmaHTbl apTepun 4oCTyna npu pekaHa-

nnM3aumn OKKItO3nn.

KoHTponb adpdekTnBHOCTU nedeHuns (Y3WN)
OCYLLECTBANCA Nepen BbIMMCKON 13 O00NbHU-
Libl M NO UCTeYeHMM 1 Mec nNocne pekaHanmaa-
umm (Y3WN).

MNoctkaTtetepusaunmonHaa OJIKA BbIIBNSA-
flacb y NauUMEHTOB NPW NOBTOPHbIX 3HA0BACKY-
JNISIPHbIX BMeLLaTeNnbCTBax, Npuv 3TOM OKKJ/03UA
apTepum CyObEeKTUBHO He MposABAAnacCh.
PekanHanmsaumsa okkno3uvn (Mnm ee nonbitka)
npoBOAUNACHL MOCSe 3aBEPLUEHNS 3HOOBACKY-
napHon (KAI, YKB) npouenypsbl (puc. 1). KoHT-
ponb adpdekTnBHoCTU nedeHus (Y3U) ocy-
LLEeCTBNANCS Mnepen BbIMUCKOW 13 OO0NbHULbI
M MO uctedeHnn 1 mMec nocrne pekaHanmsauuu.

TexHuka u 3Tanbl JiIe4HeHUs

nysbcupylowieit remaTombl

Mocne Bepudunkaumm rematombl N Heyagay-
HOWM MOMbITKN ee MEXaHU4YeCKOro KoMnpeccu-
OHHOro caasflieHUsa NpUMeHdanacb 9HO0BACKY-
napHas metoamka. Aptepmen gocTyna Ciyxm-
na uncunartepanbHasa JIHA knctu. B yctbe JIKA
NO3ULMOHNPOBAJICA MNPOBOLHUKOBLIV KaTeTep
(JR, IM), no koTopomy B HaccenH NnagoHHbIX
Oyr 3aBOoguacs KOPOHapHbIA MPOBOAHUK
(0,014"). AHruorpadpuyeckm onpenensnochb
MecTo gedekTta JIKA, Kyoa noasoaumncs 6an-
noH. MHdnauma 6annoHa ocyulecTBnsnacb B
TeyeHune 6—8 MVH C OAHOBPEMEHHOMN HAPY>KHOM
MexaHN4YeCKOn KOMMNPECCUEN 30HbI MybCUPY-
loLen remaTtomsl (puc. 2). B 3aBepLueHne npo-
BOAMSICS aHrmorpamUyecknin KOHTPOJb 3¢-
$EKTUBHOCTU remMocTasa U ynbTpa3ByKOBOW
KOHTPOJIb apTepui npeanieyssa U KUCTU.

TexHuka n 3Tanbl pekaHanusauum

nocrtkaretrepusauunoHHom OJIkA

Mpn pekanannsauuy OKKIO3MKU apTepuen
JocTyna cnyxwuna wuncunartepasbHas JIHA ku-
ctTn. llocne 3aBeplUeHns 3HOO0BACKYASPHOrO
BMeLUaTeNbCTBa NPOBOAUIACH OLEHKA Xapak-
Tepa OKKJI03UN (MPOTSXXEHHOCTb, HANUYME NN
OTCyTCTBME “KYNbTU”, Hanuuyne kKonaatepab-
HbIX BETBEN B MECTE OKKJIO3UU, KasibLUUHO3,
YPOBEHb AUCTANIbHOrO KOJIlaTepPasibHOro 3a-
MOJSIHEHWS JIOKTEBOW apTepumn 4epes NagoHHbIe
ayrn) (puc. 3).

B ycTtbe JIKA nO3numoHMpOBasCa NpoBOA-
HMKOBLIN kaTeTep (JR, IM), no koTopomy 4epes
30HYy OJIKA B apTepun KMCTM 3aBOANCSA KOPO-
HapHbIv npoBogHuK (0,014"). BannoHHaa aHrn-
onsacTnka 30Hbl OKKJO3UM OCYLLECTBASANACH
nepudepnyeckmumm 6GannoHHbIMKU KaTeTepamim
1 6annoHamMu, NCNOoJb3yeMbIMU OJ1S1 KOPOHap-
HbIX BMELLATENbCTB OT AUCTaJIbHOIO K MPOKCU-
ManbHOMY otaeny JIKA, ¢ gunatauuein B Tede-
HMe 2—-3 MuH. locne nonyyeHns yaoBneTBopu-
TENbHOr0 aHruorpadmnyeckoro peasynbraTa
WHCTPYMEHTLI U3 nncunatepanbHom JI4A knctm
yoananuce (puc. 4).

Ha mecTo nyHKummn nncunatepanbHom JI4A
KUCTWM HaknagbiBanca Tyron 6aHpax (OGuHT).
B TeyeHme nepBbIX CYTOK MOC/Ee pekaHann3a-
uMn 60NbHOMY pekoMeHO0BaIMCh GU3nNHeckme
YAPaXXHEHUA KNCTU (CXXMMaHME N pas3XnmMmaHue
B TedeHne 1 MUH) C LEeSblo YBENNYEHUS KPOBO-
TOKa Mo pekaHann3auposaHHoOM JIKA Ha ¢doHe
“nepegaBneHHoON” nncunatepanbHom JIHA Ku-
ctu. lMpn aTomM KPOBOTOK Mo JIHA coxpaHancs

Ucnonb3oBaHmne AncTasibHOro Jly4eBOoro aprepunasibHoro 4ocTtyrna ripuv je4eHnn OCJI0XKHEHUI
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PEHTITEHOHAOBACKYJIAPHAS XUPYPI Vs

Puc. 2. Adrnorpadusa apTepuii npegniedbs (apTepuanbHbli JOCTYN — JydeBas apTepus TblIbHOW MOBEPXHOCTU
K1CTN). B guctanbHOM OTAene fIOKTeBON apTepuun — AedekT CTEHKM apTePUU C HaKOMIEHEM KOHTPACTHOro BeLle-
CcTBa (CTpesika) B MArknx TKaHsx npeanneybs (a). KopoHapHbI NPOBOAHMK aHTErpaaHo 3aBeeH B 6acCeiH NafoHHbIX
ayr kmctu (6). BannoH (cTpenka) B mecte gedekta CTeHKU NokTeBoin aptepun (B). NHdnsauma 6annoHa (ykasaHo
CTpenkor) B MecTe aedeKkta CTEHKM IOKTEBOM apTepuu (r). KoHTponbHasa aHrnorpadus aptepuii npeanneyba. Cnasm
apTepun (CTpenka) auctanbHee mecta 6annoHHo aunataumm. ledekt CTEHKM NIOKTEBOW apTePUN YCTPaHEH (4, e).

Puc. 3.ocTkaTeTepur3aumMoHHas OKK03nA IOKTeBOMapTepun. KonnatepanbHoe
3anoJIHEHNE NaAO0HHbIX OYyr 4Yepe3 MEXKOCTHylo apteputo. JJoctyn — nydeBas
apTepusa B 06/1aCTM aHaToOMMUYeckon Tabakepku (cTpenka).
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Puc. 4. Otanbl pekaHannsauym NocTkaTeTEPU3aLMOHHON OKKIO31M IOKTEBOM apTepun. NpOBOOHMKOBBIN KaTeTep
B YCTbe JIOKTEBOI apTepum (a). bannoHHas aHrnonnacTvka 30Hbl OKK03un (6, B). KOHTponbHas aHrnorpadusa peka-
HaNM3VPOBAHHOM JIOKTEBOM apTepun (r).

yepes3 TMOBEPXHOCTHYIO JIALOHHYIO  4Oyry.
KOHTpOJIb MpOXOAMMOCTU apTepuin npegnne-
YbS N KNCTWU OCYLLECTBASNICA Nepes, BbIMMCKON
60/bHOr0 K3 cTaumoHapa M Mo UCTEeYEHUN
1 Mec nocne pekaHann3auunn.

Pe3ynbTaTthbl

YcnewHoe XMpyprmyeckoe 9HA0BACKYNSP-
HOEe NevyeHre NyJbCUPYILEN FeMaTOMbl MPO-
BefeHo y 4 605bHbIX. CpeaHee BpeMs peHTre-
HOCKONUM cocTaBuao 9 MUH, cpepHas [o3a
peHTreHockonun — 210 mQGy, AAWUTENbHOCTb
npoueanypbl — 34 MuH. lepepn BbINMCKOW M3
60/1bHNLbBI BbIMNOSHAACA YNbTPA3BYKOBOW KOH-
TPOsb apTepuin npeanneydbs n kuctn. dedekr
CTeHKN JIKA OTCyTCTBOBasl y BCEX OOJIbHbIX.
YoosneTBopuTENbHAA NPOXoauMOoCTb JIKA Ha-
6nopanack y 3 60nbHbIX. OJIKA (Npy KOHTPOJIb-
HoM Y3 nepepn, BbINMCKON U3 OONbHULbLI U NO
ncreyeHmn 1 mec) BbisiBNeHa y 1 60MbHOrO.
Mpu koHTponbHOM Y3WU JI4A npepnneybs n Kn-

CTn (Nepepn BbINUCKON U3 60MbHULBI 1 MO UC-
TedyeHmn 1 mec) y Bcex 60onbHbIX JTHA npoxoan-
Ma Ha BCEM MPOTAXKEHNN.

PekaHanmnsauusa nocTkaTeTepmsauoHHON
OJIKA npoBeneHa y 4 6onbHbIX. CpeaHee Bpe-
MS1 PEHTIEHOCKONUKX COCTaBuno 21 MuH, cpea-
HA9 no3a pentreHockonuu — 1135 mGy, onu-
TenbHOCTb npouenypbl — 48 MuH. Tpn KOH-
TponbHOM Y3W nepen BbINUCKOM N3 BONbHULI
M Mo ncteveHnm 1 Mec nocne pekaHanmaaymm
— okkno3us JIKAy 1 6onbHoro. OgHOBPEMEHHO
npoBoamncs KOHTPosb JIHA. Y 3 60nbHbIX JTHA
NPoOxXoAayma Ha BCEM MPOTsXKeHUN. OKKIo3us
JIHA knctm (MecTto nyHKumMm) oTMeveHa y 1
60nbHOro, NpM 3ToM KPOBOTOK JIHA npegnne-
ybsi Obln coxpaHeH. MecCTHble OCNOXHEHNS ap-
Tepun oocTyna B 000oux BUOax fevyeHuns obinm
HE3HAYUTENBbHBLIMMW, MPY 3TOM HU B OOHOM CIy-
yae He OblJI0 OTMEYEHO WLIEMUUN KUCTW.
XapakTepucTmkyu npouenyp v OCIOXHEHUS
npeacTasneHbl B Tabn. 2.

Ta6nuua 2. OCNOXHeHNs1 OMCTaNbHOro Jy4eBOro AOCTyNa Mpu NeYeHnn OCNIOXHEHW Nocne kaTeTepusalymu NOKTEBON

apTepun
Nynbcupyiowasa | MocTkateTepusaunoHHas
remaroma JIkA OJIkA
(n=4) (n=4)

OPDEKTNBHOCTL (ycnex) Npoueaypsi 100% 50%
[nutenbHOCTb NpoLeaypbl, MUH* 34 48
Bpems peHTreHockonun, MuH* 12 20,4
[o3a peHtreHockonun, mGy* 210 1135
OkKJTI03151 TOKTEBOW apTepum (Mocne 3HA0BACKYNSPHOrO JIeHeHNs) 25% 25%
OkkJio3ms apTepun JocTtyna (nyyesas aptepus) - 25%
lfemaTomMa B MecTe apTepuu LOCTyna, He TpebytoLas neveHuns - 25%

* [laHHble NpeacTaBieHbl MeaMaHow.
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OGcyxneHue

JlokTeBoOW [OCTYM MOXET BbICTYMNaThb B Kaye-
CTBE aNbTEPHaTMBbLI TpaHcpagmasbHOMYy A0-
ctyny. OCNnOXHEeHNs JIOKTEBOro AO0CTymna Ha
npennneybe MOryT BCTpedyaTbCs Tak Xe, Kak n
OCJIOXXHEHMSA MPOKCMMAaSIbHOro Jly4eBOro Ao-
ctyna (6). JIKA, B OTAn4ME OT Sly4eBON, UMEET
MEHbLLEE KOJIMYECTBO O-PELLENTOPOB, YTO CHU-
XaeT BEepOoATHOCTb ee cnasma (7), n bonee
rnybokoe 3aneraHme B TKaHAX npegnneybs
(8, 9). OnbIT NpMMeHeHua gucTanbHon JTHA ana
KOPPEKUNUN OCIIOXHEHUW TpaHCcpaananbHOro
O0CTyna N3BeCTEH U MPUMEHSIETCSH B NOBCEN-
HeBHOM npakTtuke (10, 11). Mcnonb3oBaHne
OJ10 npu KoppeKkumm OCNOXHEHWW Nocne KaTe-
Tepusaumm JIKA mnccnepoBaH mMano. [aHHbIn
MEeTOoL, KOPPEKUUN OCJIOXHEHUN MMeeT psag,
npenmyuiecTs. lpexae Bcero, otnagaeT He-
06X0ANMOCTb B OTKPbITOM XMUPYPru4eckom
BMELLATENbCTBE, a B CJ/lyd4ae pekaHanmsauum
nocTtkateTepmsaunoHHon OJIKA BoccTaHoOBSE-
HMe ee NPOoCBETA MNO3BOJISET MOBTOPHOE €€ UC-
Mosb30BaHMeE Kak apTepun 4OCTyna npu aHOoo-
BaCKyNS(PHbIX BMellaTenbcTBax. Kpome TOro,
pekaHann3aymsa nocTkareTepru3aymMoOHHON OK-
KMO3Mn ABASETCA OOHVMM M3 OOHOBPEMEHHO

Abbreviations
UAO - ulnar artery occlusion
DRA - distal radial artery access
RA - radial artery
UA — ulnar artery

Introduction

The ulnar artery access has been used in
endovascular procedures since 2001, (1) but
less frequently than the radial artery access.
Complications after catheterization of the ulnar
and radial arteries are similar and occur with
approximately the same rate (2). The most un-
favorable post-catheterization local vascular
complications that require a careful approach
to correction are post-catheterization occlusion
of the access artery, pulsatile hematoma, and
arteriovenous fistula. Until recently, these com-
plications required “open” surgery, which in-
creased the time of hospitalization and the
costs of treatment. Endovascular approach to
the treatment of these complications may be
preferable because of its proven effectiveness
for recanalization of post-catheterization oc-
clusion of the radial artery (RA) (3). There are
known cases of recanalization of ulnar artery

MPOBOAMMbIX 3TanoOB 3HAO0BACKYJ/IIPHOrO BMe-
aTenbCTBa, YTO CHUXAET UCMOJIb30BAHME UH-
CTPYMEHTa 1N MaTepunasnos 1 He TpebyeT nonoJ-
HUTENbHOW rocnuTanM3aunm, HEeCMoTps Ha
acMMNTOMHOCTb OKKJto3uun. OJ1[1, nogreepaun
Haly NPennosioXeHNs N paHee MNoJlyYeHHble
JaHHble O TOM, 4TO MPM BOSHUKHOBEHUMN NOCT-
KateTepusaumMoHHOW OKKo3nmn JIHA Knctu (B
MecTe 0OCTyrna) KPOBOTOK Mo JI4A npegnneybs
COXpPaHSEeTCs 4Yepesd MNOBEPXHOCTHYK NanoH-
Hyto ayry. ncunatepanbHbin OJ1, npn nedve-
HUM OCNOXHEHUW nocne katetepusauun JIKA
npenynpexngaeT BO3MOXHOE pas3BUTUE ULe-
MUN KUCTU. MECTHbLIE OC/IOXXHEHUS MOCHe
MCMONb30BaHMUS JIy4EBOW apTepun O0CTyna,
Takme Kak OKKJ03ud, rematoma, TpeodyloT
JanbHelwero HabnogeHus.

3akJilo4eHue

O nna npoBegeHusa KOppekL My OCNoXKHe-
HUIN MOCNe KaTeTepusaunn NOKTEBOM apTepumn
SIBNSIETCA OCYLECTBUMbIM 1 6€30nacHbIM Me-
ToOoOM. JTa HOBas MeToAMKa 3acnyXuBaeT
hanbHenwero HabnwogeHusa, MOCKOJIbKy OHa
JaeT MpenMyLLecTBO Kak nayumeHTam, Tak U
oneparopam.

occlusion (UAO) through brachial artery access
with the “loop from radial to ulnar artery”,
when the guidewire from the brachial artery is
antegradely inserted into the RA, palmar arch,
and the then ulnar artery (UA) is retrogradely
recanalized (4). We propose a new, in our
opinion, endovascular method for recanaliza-
tion of post-catheterization UAO and an endo-
vascular method for the correction of post-
catheterization pulsatile hematoma of UA. The
ipsilateral wrist RA (in the area of the ana-
tomic snuffbox and dorsal surface of the hand)
was used as an artery access for the treat-
ment of complications after UA catheteriza-
tion. Distal radial access (DRA) in a wrist seg-
ment (anatomic snuffbox, dorsal surface of
the hand) leads to fewer local complications,
especially post-catheterization occlusions in
comparison with the traditional radial access
in the forearm (5).

Endovascular treatment of pulsatile hema-
toma requires simultaneous post-procedural
compression of the UA (in the area of the de-
fect) and the access artery (RA). In our method,
the advantage of using the ipsilateral wrist RA is
the following: when the wrist RA (access artery)
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Table 1. Post-catheterization hematoma of the ulnar artery and its treatment

Pulsating hematoma (n = 12)

Conservative treatment (mechanical compression) n=6(50%)
Surgical treatment
“open” n=2(17%)
“endovascular” n=4(33%)

Anatomic snuffbox

Antegrade recanalization
(ipsilateral RA)
(n=4)

(n=3)

Dorsum of hand

Recanalization
of post-catheterization UAO

(n=1)

Anatomic snuffbox

(n=8)

Attempt of recanalization
(ipsilateral RA)
(n=4)

(n=2)

Dorsum of hand

(n=2)

Fig. 1. Cases of post-catheterization ulnar artery occlusion and variants of the access artery for the recanalization

of occlusion.

is clamped, the blood flow in the RA is pre-
served through the superficial palmar arch,
thereby the possible ischemia of the hand is
avoided.

With successful recanalization of the post-
catheterization UAO, compression of the RA
(both at the site of access and more proximally)
makes it possible to “redirect” the blood flow in
the recanalized UA. At that, the risk of UA reoc-
clusion is reduced. In case of unsuccessful re-
canalization attempt, compression hemostasis
of wrist DRA preserves the blood flow in the RA
through the superficial palmar arch.

Materials and methods

From 2014 to 2023, 1558 catheterizations of
UA were performed in our catheterization labo-
ratory. Pulsating hematoma was confirmed in
12 patients (0.8%), post-catheterization occlu-
sion - in 24 patients (1.5%).

Pulsating hematoma was diagnosed in the
early postoperative period, and treatment (con-
servative or surgical, if ineffective) was carried
out after the hematoma verification (Table 1).
Control of the treatment effectiveness (ultra-
sound) was performed before the discharge
and in 1 month after recanalization (ultrasound).

Post-catheterization UAO was detected in
patients during repeated endovascular interven-
tions, while arterial occlusion was not evident
subjectively. Recanalization (or attempted reca-
nalization) of the occlusion was performed after
completion of the endovascular (CAG, PCI) pro-
cedure (Fig. 1). Control of the treatment effec-

tiveness (ultrasound) was performed before the
discharge and in 1 month after recanalization.

Technique and stages of pulsating

hematoma treatment

After verification of hematoma and unsuc-
cessful attempt of its mechanical compression,
endovascular technique was used. The ipsilat-
eral RA of the hand was used as the access ar-
tery. A guide catheter (JR, IM) was positioned
at the orifice of the UA, and a coronary guide-
wire (0.014") was inserted through it into the
palmar arch vessels. The site of the UA defect
was determined using angiography, and the
balloon was inserted at this location. The bal-
loon was inflated for 6—8 min with simultaneous
external mechanical compression of the pulsat-
ing hematoma area (Fig. 2). Finally, angio-
graphic control of hemostasis effectiveness
and ultrasound control of forearm arteries were
performed.

Technique and stages of recanalization

of the post-catheterization UAO

During the recanalization of occlusion, the
ipsilateral RA of the hand was used as the ac-
cess artery. After completion of the endovascu-
lar intervention, the characteristics of the oc-
clusion were assessed (length, presence or
absence of a “stump”, presence of collateral
branches at the site of occlusion, calcification,
level of distal collateral ulnar artery filling
through the palmar arches) (Fig. 3).

Ucnonb3oBaHmne AncTasibHOro Jly4eBOoro aprepunasibHoro 4ocTtyrna ripuv je4eHnn OCJI0XKHEHUI
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Fig. 2. Angiography of forearm arteries (arterial access — the radial artery of dorsum of the hand). In the distal part of
the ulnar artery there is a defect of arterial wall with accumulation of a contrast agent (arrow) in the forearm soft tissues
(a). The coronary guide wire was inserted antegradely into the vessel of the palmar arterial arch (b). A balloon (arrow)
at the site of ulnar artery defect (c). A balloon inflation (arrow) at the site of ulnar artery defect (d). Control angiography
of forearm arteries. Artery spasm (arrow) distal to the site of balloon dilatation. The defect of the ulnar artery wall was
eliminated (e, f).

Fig. 3. Post-catheterization ulnar artery occlusion. Collateral filling of the palmar
arches through interosseous artery. Radial artery access in the area of the
anatomic snuffbox (arrow).
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Fig. 4. Stages of recanalization of post-catheterization ulnar artery occlusion. Guide catheter at the orifice of ulnar
artery (a). Balloon angioplasty of the occlusion zone (b, ¢). Control angiography of recanalized ulnar artery (d).

A guide catheter (JR, IM) was positioned at
the orifice of the UA, and a coronary guidewire
(0.014") was advanced through it to the UAO
area in the hand artery. Balloon angioplasty of
the occlusion area was performed with periph-
eral balloon catheters and balloons used for
coronary interventions from the distal to the
proximal parts of the UA, with dilatation applied
for 2-3 minutes. After obtaining a satisfactory
angiographic result, the instruments were re-
moved from the ipsilateral RA of the hand (Fig. 4).

A tight bandage was applied to the puncture
site of the ipsilateral RA of the hand. During the
first day after recanalization, the patient was
advised to do hand exercises (fist clenching
and unclenching for 1 min) in order to increase
blood flow in the recanalized UA with the
"clamped” ipsilateral RA of the hand. At that,
blood flow in the RA was preserved through the
superficial palmar arch. The control of patency
of the forearm and hand arteries was per-
formed before the patient was discharged from
the hospital and in 1 month after recanalization.

Results

Successful surgical endovascular treatment
of pulsatile hematoma was performed in 4 pa-
tients. The average fluoroscopy time was
9 minutes. The average fluoroscopy-related
radiation dose was 210 mGy. The duration of
procedure was 34 minutes. Before the dis-
charge, ultrasound control of forearm and hand
arteries was performed. None of the patients
had defects of the UA wall. Satisfactory paten-
cy of the UA was achieved in three patients.
UAO (during the control ultrasound before the
discharge and after 1 month) was revealed in
1 patient. Control ultrasound of the forearm
and hand RA (before the discharge and after
1 month) confirmed RA patency along its whole
length in all patients.

Recanalization of the post-catheterization
UAO was performed in 4 patients. The average
fluoroscopy time was 21 min. The average
fluoroscopy-related radiation dose was
1135 mQGy. The duration of procedure was
48 minutes. Control ultrasound before the dis-

Table 2. Complications of distal radial artery access in treatment of complications after ulnar artery catheterization

Pulsating hematoma of UA | Post-catheterization UAO
(n=4) (n=4)

Effectiveness (success) of procedure 100% 50%
Procedure duration, min* 34 48

Fluoroscopy time, min* 12 20.4
Fluoroscopy-related radiation dose, mGy* 210 1135
Ulnar artery occlusion (after endovascular treatment) 25% 25%
Access artery occlusion (radial artery) - 25%
Hematoma in access artery that does not require treatment - 25%

* Data presented as median.
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charge and in 1 month after recanalization
showed UA occlusion in 1 patient. Simulta-
neously, assessment of RA was performed.
In 3 patients, RA was patent along its whole
length. Occlusion of the hand RA (puncture
site) was revealed in 1 patient; at that, blood
flow in the forearm RA was preserved. For the
both types of treatment, local complications in
the access artery were insignificant, and no
case of the hand ischemia was observed.
Characteristics of procedures and complica-
tions are presented in Table. 2.

Discussion

Ulnar artery access may be used as an alter-
native to transradial access. Complications of
the forearm ulnar access may occur in a similar
way as complications of proximal radial access
(6). UA, unlike radial artery, has a fewer number
of a-receptors, which reduces the likelihood of
its spasm (7), and lies deeper in forearm tis-
sues (8, 9). We are aware of the experience with
the use of the RA for the correction of transra-
dial access complications, this access is used
in everyday practice (10, 11). The use of DRA
for the correction of complications after UA
catheterization is understudied. This method of
complications correction has a number of ad-
vantages. First of all, there is no need for an
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Oco6eHHOCTH NpoLecca pe3HAOTeNIU3aLUHU
NPY UMMJIAHTALUU KOPOHAPHbIX CTEHTOB
(0630p nuTeparypbl)

C.Tl. Cemutko, T.C. CaHaonse*, N.X. Kamonos, H.B. Llepetenn

Hay4Ho-rnpakTnyeckui LeHTP NHTePBEHLMOHHOM KapanoaHrnoaormm
®rAyO BO “lNepBsbivi MoOCKkOBCKUIA rocyaapCTBEHHbIV MEeANLIMHCKUI YHUBEPCUTET
numenu .M. CeveHoBa” MuH3aapasa Poccun (CeveHoBCckuii YHuBepcuTeT), MockBa, Poccusi

MeTtoavika 3HA0BaCKYISPHOIr0 JIEHEHUS TOPaXEHVVI KOPOHAPHbIX apTEPUI MpoLLia nyTe OT 6a/I/IOHHOV aHrno-
nnacTykv A0 UMMIAHTaUUN CTEHTOB C JIEKaPCTBEHHbLIM MOKPbITUEM. CeroAHsi CTEHTbI C JI€KapPCTBEHHbIM
MOKPbITUEM LUMPOKO UCIOJIb3YIOTCS A1 PEBACKYIapu3aLmy KOPOHaPHbIX apTepuii U CyLLeCTBEHHO CHUIWIIN
4acTOTy PECTEHO30B M0 CPABHEHMIO C FOJIOMETA/ITINHECKUMM CTEHTaMU. [Tpobrema 3aMmenneHHow niv HeroJs-
HOVi peaHaoTenu3aumy okasasnacb BecbMa CreuynpuyHor ais 60JbLUMHCTBA CTEHTOB C J1EKAPCTBEHHbIM
MOKPbLITUEM, 0C/IEe UMIMIAaHTaLUNN KOTOPbIX COXPaHSIETCS PUCK Pa3BUTUS MO34Hero tpombosa, cBs3aHHOIo
He TOJIbKO C HeroJIHOM 3HAOTeAn3aumen CcTpar CTeHTa, HapyLUeHneM SHA0TEINalbHON QYHKUNN, HO U XPO-
HUYEeCKOVi BOCNaNTENIbHOV peakumnen cocyancTor cTeHkn. Co3aaHne CTEeHTOB C YbTPAaTOHKUMK CTpaTtamu,
ab/1loMUHaIbHOE MOKPbLITUE CTPAT MOJIMMEPOM U JIEKAPCTBOM CIIOCOOCTBYIOT YMEHbBLLIEHWUIO TPaBMbl CTEHKU
cocyna, BocrnaanTesibHOM OTBETHOM peakumy 1 06ecreynBaroT ObICTPYIO SHAOTENN3ALINIO CTEHTOB.

KnioueBbie cnoBa: viiemuyeckas 601e3Hb cepala, KOPOHapHbIE CTEHTLI, PESHAOTENN3ALMS, MUKPOMOPY-
CTOE€ MoKpPbITUE, 6ECOIMMEPHOE aHTUMNPOINGEPATUBHOE MOKPbLITUE, CTEHT Yukon

Ansa umtupoBanusa: C.IM. Cemutko, T.C. CaHgonse, .X. Kamonos, H.B. Llepetenn. OcobeHHOCTH nNpoLecca
pesHaoTenm3aunn Npu UMMIaHTauum KOPoHapHbIX CTEHTOB (0630p nuTepatypbl). MexayHapoaHbIi XypHail
WHTEPBEHLMOHHOW kapanoaHrmnoaorin. 2023; 73 (2): 20-34. https://doi.org/10.24835/1727-818X-73-20
KoHdnukT nHTepecoB: aBTopbl 3asB9I0T 00 OTCYTCTBUM KOHDMKTA MHTEPECOB.

UcTouHukmn puHaHcmpoBaHus: padoTa BbiNosIHEHa 6€3 COHCOPCKOW NOAAEPXKN.

Features of re-endothelialization process
during implantation of coronary stents
(review of literature)

S.P. Semitko, T.S. Sandodze*, I.Kh. Kamolov, N.V. Tsereteli

Scientific and Practical Center of Interventional Cardioangiology of the Federal State Autonomous
Educational Institution of Higher Education, I.M. Sechenov First Moscow State Medical University
of the Russian Ministry of Health (Sechenov University), Moscow, Russia

Method of endovascular treatment for coronary artery lesions has made its way from balloon angioplasty to
implantation of drug-eluting stents. Today, drug-eluting stents are widely used for coronary artery
revascularization and have significantly reduced the incidence of restenosis compared to bare metal stents.
Delayed or incomplete re-endothelialization is a very specific problem for most drug-eluting stents, as after
their implantation, there is a risk of developing late thrombosis associated not only with incomplete
endothelialization of the stent struts or impaired endothelial function, but also with chronic inflammatory
reaction of the vascular wall. The development of stents with ultrathin struts, the abluminal coating of the struts
with polymer and drug contribute to the decrease of vascular wall trauma and of the inflammatory response and
provide faster stent endothelialization.

Keywords: coronary heart disease, coronary stents, re-endothelialization, microporous coating, polymer-free
antiproliferative coating, Yukon stent
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B nedyeHun cCTeHO3MpPYyoLLE-OKKITHO3MNPYIO-
LLMX NOPaKEHNN KOPOHAPHbLIX apTepuin 3HO0-
BaCKyJIipHble BMellaTefnbCTBa 3aHMMAlOT,
6e3ycnoBHO, Auguvpytouiee mecto. Metoamka
9HA0BACKYNSPHOIO NevYeHns NopaxeHunin Kopo-
HapHbIX apTepuin NpoLuna NyTb OT GasIOHHOMN
aHrMonIacTMkKM A0 UMMaHTauuym CTEHTOB C
nekapcTBeHHbIM nokpbiTem (CJIM). CerogHsa
CJIM wmpoko MCnonb3ylTCa OJs peBackyngd-
pr3auyi KOPOHAPHbIX apTEPUN U CYLLLECTBEHHO
CHU3WIN 4aCTOTy PECTEHO30B MO CPaBHEHUIO
C rosioMeTa/IM4ecknuMn CcTeHTamn Gnarogaps
NPUMEHEHUIO UUTOCTaTMKA, MHIMOUpPYIOLLLEro
nponudepaumnio rMaakoOMbILLEYHbIX KIEeTOK
M POCT HeouHTUMsI (1-4). OgHako nboe BMe-
LaTeNbCTBO Ha apTepusax Bbi3biBAET MOBPEX-
OEeHne UEeNOCTHOCTU 3HAOOTENUS, 4TO, B CBOIO
oyepedpb, OaeT TONYOK K C/IOXKHOMY Kackagy
BOCMaNNTESIbHbIX MPOLLECCOB, KOTOPLIE B AaJib-
HeWLWeM MOryT NPUBECTU K Pa3BUTUIO pecTe-
HO3a (5-7). NoaTomy Bce nocnenHue paspa-
O0TKM CTEHTOB HamnpaB/ieHbl Ha NoaaBneHne
3TOro BOCMNA/INMTENBLHOINO npoLecca, Kak Tpur-
repa K pa3BmTMIO pecTeHo3a.

OHOOTENUN — 9TO OAHOC/ONVHBIN NAacT Mao-
CKUX KJIETOK, BbICTUAAIOWMIA BHYTPEHHIOK MNO-
BEPXHOCTb KPOBEHOCHbLIX U JMM@aTUNYECKnX
COCYy[O0B 1 NOAOCTb cepaua. AHOoTeNmn nrpa-
€T BaXHYIO POJib HE TOJSIbKO B PEryMpoBaHnNN
COCyauUCTOro TOHyca MnyTeM BbICBOOOXOEHUS
Ba3oamaTatopoB /N Ba3OKOHCTPUKTOPOB
B HKenexaiwme Cnov rmagkoMbILLEYHbIX Kie-
TOK, HO M B KOHTPOJIE BOCMANIUTENbHbIX, MPO-
nudepaTmBHbIX peakunin NoKanbHOW reMokoa-
rynauun (8). B drsamonornyeckmnx ycnoBusix
QHAOTeNMasnbHble KIEeTKU MnoasepralTcs BO3-
LEeNCTBMIO HaNPsPKEHMS caBuUra notoka KpoBW,
B TO BPEeMS Kak rMaaKoMblILLEYHbIe KITETKU B Me-
OManibHOM C0€ NUCNbITbIBAIOT LUKINYECKOE Ha-
npsXeHue, BbISBBaHHOE MyJbCUPYIOLLVM Xapak-
TepoM KpoBoToka (8, 9). MaakombllLEeYHble
KNeTK1, pacnosiIoXEHHblIE B Megun cocyga, He
nogBeprarTcs NPAMOMY BO3OENCTBUIO HAMpsi-
XXEHUS1 caBUra notoka KpoBu, U NnLb ONOCpe-
[OOBAHHO Ha HUX BAIMSIET TPAHCMypasibHOE OaB-
neHue cteHkn cocyna (8, 10). OgHako mocne
TpaBMaTM3auum 3aHOoTenms, oOYCNOBIEHHOW
YyCTaQHOBKOW CTEeHTa, MNOBEPXHOCTHbIN C/on
rMmajKoMbILWEeYHbIX KNeToK noaBepraeTcsa rnps-
MOMY BO3OEWNCTBUIO HanpsXeHwus casura no-
TOKa, 4YTO $ABNAETCH HEePU3NONOrNYeCKUMm

CTPECCOBbLIM CTUMYJIOM /11 HUX. Takoe BO3-
JerncTeme nNpuBOOUT K WX TpaHcdopmaumm
B NponndepaTnBHbIN CUHTETUYECKNI PEeHOTUN
(8—12). B peaynbrate B NOBPEXAEHHOM y4acT-
K& COCYOMCTOW CTEHKM CHUXAETCs COoKpaTu-
TenbHass GYHKUMS B OTBET Ha BO3OENCTBUE
TpUrrepHoix $akTopoB M, HANPOTUB, YCUIIN-
BaeTcs nponudepaums magkoMbILLEYHbIX KJe-
TOK, 4TO SBASIETCA HEOTbEMJIEMOW YaCTblO
npouecca pocta HeOUMHTUMBI. [pamas cBs3b
MeXay npsiMbIM BO3OENCTBUEM HaNpPsXeHUs
caBura notoka Ha GEeHOTUNMYECKME N3MEHE-
HUS B MaKOMbIWEYHbIX KJeTKax HABJSeTCs
npeaMeToM akTUBHOIo naydenua (8, 13—-15).

B dursmonornyeckmx ycnoBusix yBesimyeHne
HanpsPKEHUs NOToKa ABNSIETCA CTUMYJIOM )15
BbipaboTkn okcuaa asota (NO) sHooTenuanbs-
Hov NO-cuHTaszon (eNOS) (8, 16). KonnyecTtso
eNOS un BbicBo6oxgaemoro NO 3aBucuUT OT
BHYTPUKJIETOYHOrO Kasnbums (Ca?t), Hannyme Ko-
TOPOro 3aBMCUT OT HaMps>XXeHus caBmra noToka
M NepeHOCUMBbIX KPOBbIO ONONOrMYecKy akTuB-
HbIX MONEeKy, Takux Kak TPOMOWH, ageHO3UH-
HyKNeoTuabl, aueTUIXONH, BPaOUKMHUH U T.4,.
(8, 17). Nmelowmecs paHHble Takke CBUAOE-
TEJNIbCTBYIOT O TOM, YTO Hanps>XXeHne casura rno-
Toka moaynmpyeT NO yepes monekyny aaresmm
TPOMOOUUTOB K SHAOOTENMaAlbHbIM KJieTKam
(PECAM-1 (platelet endothelial cell adhesion
molecule)), KoTopass HENOCPEAOCTBEHHO pery-
nupyet 0OasanbHylo aktuBHocTb eNOS (18).
OOHako B 3KCMEPUMMEHTaxX, B KOTOPbIX MPOBO-
aunacb oueHka akcnpeccun PECAM-1, 6bii1o
MPOAEMOHCTPMPOBAHO, 4YTO PEreHepupoBaH-
HbIl HOOTENUN He 06sa3aTesNlbHO NpPeBpaLLaeT-
CS B MOJIHOUEHHO PYHKUMOHUPYIOLWMIA SHOO0TE-
i, npoayumpytowmii NO B prn3nonorniyeckmx
konnyectBax (8, 19). MNoBpexaeHHbIN aHAOoTE-
NNiA He cNOCcOBEH K BbICTPON pesHAoTENM3aunmn
30H MNOBPEXAEHUSA CTEHKM COCYLa U CTpaT CTEH-
Ta, obecne4vyeHmno banaHca mexay Basogunara-
TOopamMm M Ba30OKOHCTPUKTOPaMM M agekBaTHO
KOHTPOAMPOBATb COCYAUCTbIN TOHYC, Y4TO B CO-
BOKYIMHOCTU C BO3AENCTBMEM CTPECCOBbIX (pak-
TOPOB, NPOAYLMPYIOLLMX BblpabOTKy MeamaTo-
pOB BOCManeHusa mn nponudepaunn, MOXeT
npmBecTn K GOPMUPOBAHUIO U JallbHENLLEMY
pasBUTUIO rMNepnIasmm HEOUHTUMbI B 30HE
CcTeHTMpoBaHud (8, 16-20).

Kpome TOro, mccnenosaHusi nokasbiBaloT,
4YTO NOC/e UMMaHTaumMn CTeHTa B Nnpuerao-
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Puc. 1. KnioyeBble xapakTePUCTUKN KOPOHAPHbLIX CTEH-
TOB, BAMSIOLIME HA KITMHUYECKNE UCxoabl (32).

WMX K CTpaTamM 30HaxX BO3HWMKAIOT JiOKaslbHble
remMoguHammyeckme HapylweHnusa. Ctpatbl UM-
MJAAHTUPOBAHHOIO CTEHTa CO34aloT 30HblI pe-
LMPKYN[UMM 1 061acTu HU3KOro HanpsixkeHus
cAapura notoka B MPUCTEHOYHOM 06nacTu, Tak
Ha3blBaeMble 3aCTOMHbIE 30HbI (8). VIMEHHO
B 9TUX 30HaXx BbISIBNSETCH 3aMejieHne CKOpPOo-
CTW 3HJOTENM3auMn CTpaT MMMIAHTUPOBAHHO-
ro cteHta (21-23). 3T0 xapakTepulyeTcs CHU-
XEHVMEM [OaBflIeHMsa cABura rnoToka, BbICOKUM
MHOEKCOM KonebaHunii naBneHnsa cosura n yee-
JIMYEHNEM MHOEKCA BPEMEHM OTHOCUTESIbHOMN
3KCMO3nLNN KPOBU B 06/1aCTN CTEHTUPOBAHUS
(6, 7, 24). MNMooobHbIe HapPYLLUEHUS NOKabHOWN
reMoanHaMmnKnm crnocoOHbl CNPOBOLMPOBATb
NpoKoarynsaHTHble 3P dEKTbI 1 NPUBECTU K TPOM-
603am (5, 25, 26) 3a cueT obpazoBaHusa N 60-
fiee oMTesNbHOWM 3KCMO3MNLUMM B 30HE PELMPKY-
naumn TpomMbuHa, GubpuHa n apyrnx Gakto-
POB CBEPTbIBAHNS KPOBMU, a Takxke akTuBauumn
TPOMBOLMTOB B 30HE peuupkynsaunm (6, 22, 26).
C Opyrovi CTOPOHbI, YETKO YCTAHOBJIEHO, 4TO
3TN Xe hakTopbl UrpatoT BaxkHY poJib 1 B pO-
CTe HEOUHTUMBI (27, 28).

Takmm o006pa3oM, MOBbILLEHNE OaBeHUs
cOBUra M CHUXeHue amMnnutydbl KonebaHui
[aBfieHns caBura sIBAsitOTCA BaXXKHbIMU CTUMY-
natopamMmu pesHgotTennsaumm (29), cnocob-
CTBYS Murpaumm n nponudepauym sHooTeNM-
anbHbIX KJETOK N3 MpuUaerarwmx MHTAKTHbIX
30H (30). A Tak kak npsimasi CBA3b Mexay BO3-
HUKHOBEHMEM NO3AHEr0 TPOMOO03a 1 CTENEHBIO

3HOOTENM3auUnM CTPaT CTEHTA YXKE HE BbI3biBa-
€T COMHEHUN (5), TO CKOPOCTb peaHaoTenmaa-
UMM cocyda mn cTpaTt CTEeHTa MOXET pacueHu-
BaTbCS K&Kk HE3AaBUCUMbIN HaKTOP OOArOCPOY-
HOrO NPOrHoO3a.

Mpobnema 3amensieHHOW WAW HEeMnOoJIHOM
peaHpooTenmMaaumm okasanacb BecbMa Creun-
duyHon ans 6onbliunHcTea CJIMN, nocne nwm-
naaHTaumMm KOTOPbIX COXPaHSETCs PUCK pas-
BUTUSA no3gHero Tpombo3a, CBA3aHbIA He
TONIbKO C HEMNOJIHOW 3HOOoTenmM3aumen crtpar
CTEHTa, HAapPYyLUEeHVNEM JSHOOTENMaNbHOW (PYHK-
UMM, HO N C XPOHWYECKOW BOCMaNNTENbHOWN
peakumen cocyancTom ctenku (31).

B HacTosuwee BpemMsa BbloeneHbl OCHOBHbIE
XapakTePMCTUKU An3ariHa CTEeHTa, BAUSIIOWME
Ha NPOrHo3 mmnnaHTauum (puc 1). TonwmHa
CTpaT 1 0COBEHHOCTUN NUX COEOUNHEHUs OKa3bl-
BalOT OCHOBHOE BJIMSIHWE HA CTEMNEHb MOBPEX-
LEHNS COCYOMUCTOM CTEHKMN, rMNepniasmm Heo-
WHTUMbI 1 pUCKkM Tpomboaa (21, 22, 27, 32).

B psaoe nybnmkauuini nokasaHo, 4TO Ha cTe-
MeHb HapyLUEHUS NOKaSbHOW remMoanHaMunKkm
B 06n1acTv MnnaHTaumMu onpeaesieHHo BNus-
IOT 0COOEHHOCTM reoMeTpum cTeHTa (4, 6, 33):
HanpuMep, CekLMm cTeHTa c obTekaemoii dop-
MO CMNOCOOHbI CYLLECTBEHHO YAydlUUTb NO-
KanbHbI KPOBOTOK BOKPYF CTpaT MO CpaBHe-
HUKO CO CcTpaTaMu NPSMOYrofibHOM OOpPMbI
(24, 33). MNpn aTOM OONEe TONCTble CTpaThl
NpUBOAAT K GOPMUPOBAHUIO BOMbLLMX 30H pe-
LMPKYA[UMN, YEM TOHKME, N, COOTBETCTBEHHO,
HecyT 60JIbLLUNIA PUCK MPOKOArynsiLunm 1 TPOM-
6oob6pasoBaHus (5, 34, 35) (puc. 2).

MccnepoBaHus nokasanu, 4to CJ1N c 6onee
TOHKMMMK CTpaTaMun acCoUMMPOBASIUCH C Nyy-
WIMU KNHMYecknmmn ncxogamu (37). Mo paH-
HbiIM MeTaaHannsa 10 paHOOMU3UPOBAHHbLIX
KJMHUYECKNX NCCNeaoBaHni, B KOTOPbIX CpaB-
HuBanu CJIIN ¢ ynbTpaToOHKMUMUK 1 ¢ Bonee Ton-
CTbIMW CTpaTtamMu, nepsBble obecneymBaloT He
TONbKO JIy4LLYIO TMOKOCTb, BbICOKYIO [OCTaB-
NIIEMOCTb, HO U YMEHbLUAIOT TpaBMaTuaaumio
1 BOCMasieHMe COCYAUCTONM CTEeHKN B 06nactu
CTEeHTUPOBaHUS 1 CNOCODOCTBYIOT Bosiee ObICT-
por sHooTenm3auun. ToOHKMe cTpaTbl Bbi3biBa-
IOT MEHbLUYIO TypOYyNeHTHOCTb MOTOoKa KPOBWU
B 00NacTy CTEHTUPOBAHUSA, YEM Yy CTEHTOB
c 6onee KpyrnHbIMY cTpaTamm, Npu 3TOM CHU-
XaeTcs pMCcK No3gHMX Tpombo30B. NMokasaHo
3HAUYNTENBLHOE CHWXKEHME MOTEPU MPOCBETA
LeneBoro cocyna, oOycnoBneHHOE HU3KOWN
4acTOTOM MHapPKTa MrMokapga npu NpUMeHe-
HUM CTEHTOB C YJbTPATOHKMMW M TOHKUMU
cTpatamMm NO CpaBHEHUIO C Bonee KpPynHbIMU
cTpatramMn. YMEHbLUEHUE TOJLWMHbI CTpaThl
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Puc. 2. BnusHue ausainHa ctpaT Ha TPOMOOreHHOCTh (36).

cTeHTa B cpegHeM Ha 10 MKM NO3BONMIO CHU-
3UTb PUCK NOTepn npoceeTa Ha 16% (38).

Mo paHHbIM PaHOOMU3MPOBAHHOIO WMCChe-
noeaHua ISAR-STEREO 6onee ToHkue cTpathl
CJIM 3HauMTEeNbHO CHMXAKT PUCK Pa3BUTUS
pPecTeHO03a NO CPaBHEHUIO C TONCTbIMU CTpaTta-
mu. A. Kastrati n coaBT. B TeyeHne 1 roga Ha
651 mauveHTe wnsydanu BAUAHUE TOJLUMHbI
CTpaTt Ha PeCcTeHOo3bl N CTOAKHYIUCb CO 3HA4u-
TenbHo ©0o0siee BbICOKMM YUC/IOM pPa3BUTUSA
PEeCTEeHO30B MO AaHHbLIM aHruorpadun n pesa-
CKynsipm3auum LeneBoro cocyna B rpynne ¢ 6o-
nee TONCTbIMM CcTpaTtamMu CcTeHTa. AHrmo-
rpadpuryeckmn NoATBEPXOEHHbIN PECTEHO3: CTEHT
C TOHKUMU cTpaTamMun 15% n 25,8% ¢ ToncTbiMun
cTpatamu (p 0,003). PeBackynsipusauus
LLeSIEBOr0 cocyda: CTEHT C TOHKMMK CTpaTtamm
8,6% 1 13,8% c Ttoncteimum ctpatamu (p = 0,03)
(39).

Takmm 00pa3oM, yMeHblUeHWUe TOJILMHbI
CTpaT KOPOHApPHbIX CTEHTOB HaMpPsMYy Yiy4-
LIaeT KIIMHMYECKNE pe3ynbTaTbl UMMNIaHTauumn,
npPeanonoXnTenbHO CHMXast Natopuanonorn-
yeckme nocneacTBma TpaBMbl COCYOUCTOWM
CTEHKMW.

B TO e BpemMd Ha npoLecc peaHaoTennsa-
UMM okasbiBaeT O6osblIOe BAUSHME penbed
MOBEPXHOCTM CTeHTa. Jloka3aHo, 4TO penbed
MOBEPXHOCTM CYLLECTBEHHO BUFAET HA MUrpa-
UMIO KaK OTOENbHbIX 9HOOTENNASIbHBIX KIETOK
(40, 41), Tak 1 HA VX KOJIJTEKTUBHYIO MUTPaLMIO
(7, 17), kOoTOpass ocHoOBaHa Ha agre3nm 3HOo-
TenmanbHbIX KIeTOK K cybcTpaty (15, 42) ¢ no-
MOLLbIO TPaHCMEeMOpPaHHbIX PeLenTopoB ce-
MenCTBa MHTEMPUHOB, YTO BUSET HA CKOPOCTb
1 KayecTBO peaHgoTennsaumm (31, 43). B akc-
nepmMeHTax NoTOK XUAKOCTU, UMUTUPYIOLLNIA
TOK KPOBW, CHMXAET CLENJIEHNE MeXay 9HOO0-
TenmanbHbIMU KNeTKaMn M CNoCOOCTBYET MO-
Tepe UesioCTHOCTU MOHocn0s (5). 3To NpuBO-
ONT K NePEKITIOYEHMIO C KONIEKTUBHOM Ha UHON-
BUAYaANIbHYIO MUIpauMio KINEeTOK M HapyllaeTt
nepegady curHasaa OT MOrpaHuyHbIX KIEeTOK
K cocegHuM. M30MpoBaHHbIE KETKU CMbIBa-
IOTCS MOTOKOM, 4YTO MPMBOAUT K 3aMensieHUIO
peangoTenmnsaummn. Tonorpadpuryeckme mMoam-
dukaumn NOBEPXHOCTU, Unm GopmMmpoBaHue
onpeneneHHoro penseda NoBepxXHOCTU CTEH-
Ta, NPOTMBOAENCTBYIOT 9TOMY 3ddeKkTy, Cno-
COBCTBYS KONMNEKTUBHOW HanpaBfEHHOW MU-
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Puc. 3. YactoTta aHrmorpaduyeckm NnoaTBEPXKAEHHOIO
pecTteHo3a cpeau nauMeHTOB B rpynnax CTEHTOB
C MOANPULMPOBAHHOM LLIEPOXOBATOW U MaaKOoM NoBepx-
HOCTbIO.

rpaunn SHAOTENVANbHBIX KNETOK B YCIOBUSAX
HanpsXXeHns caBura notoka 3a cyeT popmMu-
poBaHuMa 60s1ee MNPOYHOW aare3nm K NOBEPXHO-
CTu cTeHTa (25).

Mpynnoin aBTopoB Bo rnaee ¢ A. Dibra coo06-
waetca 06 ycnewHoM MPUMEHEHWUN CTEHTOB
C MOANPULMPOBAHHON MOBEPXHOCTHLIO B KJIN-
HU4yecko npakTuke (44). bbin paspaboTaH
NPOTOKON ABOMHOrO cnernoro paHaoMmU3npo-
BAHHOIO MCCNeaoBaHMs B3aMMOCBS3U MexXay
penbedomM MNOBEPXHOCTU CTEHTA U pe3ynbra-
TOM cTeHTupoBaHusa. CpaBHUBANNCL CTEHTHI
C WepoxoBaTon (MMKPOMOPWUCTOM) 1 rnagkon
NOBEPXHOCTbIO. B unccnepoBaHnm npuMEHs -
JINCb MaTPUYHbIE CTEHTbI N3 MEAVLUHCKOW He-
p>xaBetouien ctanm 316 L, KoTopble U3roTOBNS-
JINCb N3 LENbHbIX TPYOOK METOAOM JSla3epHOM
pe3kn. Bce cTeHTbl NoaBeprnvchb 3/1EKTPOXU-
MUYECKON NONMPOBKE O/ CO30aHUS MNaakomn
NOBEPXHOCTU, a Ha OPYrux CTEeHTax co3naBa-
nacb wepoxoBaTtas (MMKponopucTtasi) noBepx-
HOCTb METO[OM MeCKOCTPYMHON 00paboTKu.
B 06LLei CNOXHOCTU B UCCliea0BaHMe BKITHOYM-
an 200 nayyeHToB CO 3HAYMMbIM CTEHO30M
B HaATUBHbIX KOPOHAPHbIX apTepuax, KOTopble
Oblnn cnydarHbiM 0Opa3oM pacnpenersneHbi
OBOVIHbIM cnenbiM MeToOOM AN19 CTEHTUPOBA-
HUA cTeHTaMu C raaKon nMbo ¢ MMKPONopU-
CTOM TMOBEPXHOCTbIO. BaxHo, 4TO rpynnb
OblNIN HE TOJIbKO CTAaTUCTUYECKU COMOCTaBMMbI
MO NCXOAHbIM aHAMHECTUYECKNM JaHHbIM, HO U
C MOYTV MOEHTUYHbIMU MPOLLEeAYPHBLIMU MNoKa-
3artenaMu, BKJlOHas COMNOCTaBUMbIA OOCTUr-
HYTbIA OKOHYaTEeNbHbIA AMaMeTp npocBeTa.
lMepBuYHaa KOHEYHasi Toyka MCCAegoBaHUS
BKJIlOYANa OLLEeHKY MO34HEN noTepu nMpocBeTa

B CTEHTUPOBAHHOM y4acTKe, BTOPUYHAs KOHEY-
Has TouKa oueHuBasa aHrmorpapuyeckun pe-
CTEHO3 U KJIMHMYECKue ucxoapl. bbino npoge-
MOHCTPMPOBAHO, 4TO NO34HAS NOTEPS NPOCBe-
Ta cocyaa coctaBuna B cpegHem 1,0 = 0,7 mm
B rpynrne CTEHTOB C LUEPOXOBATOMN NMOBEPXHO-
ctbio 1 1,2 = 0,7 MM B rpynne ¢ rmagkon no-
BEPXHOCTbLID CTEHTA CO CpegHen pasHuuen
0,2 MM. AHruorpadpunyeckmin pecTeHo3 Obin
obHapyxeH B 25% nauMeHTOB B Frpynne CTeHTa
C MUKPOMNOPUCTON NOBEPXHOCTbLIO 1 35% nauy-
€HTOB B rpynrne CTeHTa C Magkon MOBEPXHO-
CTbto. [Mpn NCNONBL30BAHUK CTEHTA C MUKPOMO-
PUCTOW NMOBEPXHOCTbLIO Habntoganacb TeHAEH-
LMST K CHUDKEHUIO YaCTOTbl aHrmorpadumnyeckoro
pecTteHO3a U no3gHenm noTepu npocsBeTa
(puc. 3).

OTun pesynbraThl NOKa3bIBAlOT, HTO MOANDU-
UMpOBaHHAA MUKPOMOPUCTass MOBEPXHOCTb
CTeHTa YMEHbLUAET PUCK NO34HEN NOTepU Npo-
CBETa N MOXET YCKOPATb MNPOLLECC SHO0TENU-
3aumun crtpat (44). MNpn atom moaudukaums
MOBEPXHOCTM CTEHTA MUKPOMNOpPamMu He OKa3bl-
BaeT BANSHUS HA BaXXHENLIMe MexaHU4eckue
CBOWCTBA CTEHTOB U Ha napameTpbl ero 6e30-
nacHocTtu (45).

B anoxy CJIIM gaHHble, NpuBEeAEHHbIE B 9TOM
nccnenoBaHUM, NpPencTaBAAloT 0COObIA UHTE-
pec, MOCKOMIbKY MMKPOMNOPUCTass NOBEPXHOCTb
He TOJIbKO 6NaronpuUATHO BAMSIET HA NPOLECC
aHOooTENM3auMnU, HO U MOXET YBEINYUTb EM-
KOCTb CTeHTa Ojs XpaHeHusa aHTunponnoe-
paTuBHbLIX MpenapaTtoB, YTO MOXET CHU3UTb
MOJSIMMEPHYIO Harpy3Ky MM BOBCE MCKITOYNTb
HEOOX0AMMOCTb HaHEeCEHUS NOJIMMEPHOro MNo-
KpbITUS.

B dyHpameHTanbHoin patote T.T.N. Voa
1 COaBT. oNucbiBaeTcs pa3paboTaHHaa nepsas
TeopeTnyeckad maremaTmyeckas MOAOENb,
noaTreepXxgawLwasa KoHuenuutio asyx@asHoro
(6biCTPOro N 3aMmeasieHHOro) BbICBOOOXAEHNS
NleKapCTBEHHOIO BELLECTBa N3 MUKPOMOP MO-
ONOULMPOBAHHOM NOBEPXHOCTU CTeHTa. XoTd
npencraBjieHHas MOLesb BKJIOYaEeT psig, 3Ha-
YUTENbHbIX YMPOLUEHNN, OHA OENCTBUTESIbHO
YCMELIHO AEMOHCTPUPYET KIIOYEBbLIE OCOOEH-
HOCTW 9KCMepMMEHTaNbHO HabnwoaemMoro
npouecca BbICBOOOXAEHUS. ABTOPbI NMPOBENN
3KCMEePMMEHTbI MO BbICBOOOXAEHUIO NEKAPCTB
M3 CTEHTA C MMKPOMOPUCTON MOBEPXHOCTbIO
1 0BHaAPYXWIN, 4TO NPODUSIb BLICBOOOXAEHMUS
MMEET SIPKO BblPaXXEHHbIM ABYXATarHbIN Xapak-
Tep, Npu 3TOM OoJbLUast YacTb NMpenapara Bbl-
CcBOOOXOAETCs OTHOCUTENIbHO ObICTPO B TeYe-
HMe NpuMepHo 12 4, a ocTaBLladacd 4acTb npe-
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Puc. 4. Mukponopsl cteHTa (nosBepxHocTb PEARL).

napara BbICBOOOXOaeTCs MeiJIEHHee B Te4eHne
npuMepHo Hepenu. lNapameTpamu, KOTOpble
MOryT ObITb WCMOJSIb30BaHbl AN KaJIMOPOBKM
npodunen BbICBOOOXAEHUS, SABMASAIOTCHA TOJ-
LLMHA CJI0S IeKapCTBEHHOIO CpeacTBa, LWepo-
XOBaTOCTb MOBEPXHOCTMU, a TakKKe KONM4YeCTBO
rnonmmMmepa unm ero oTcytcTeme (46).

MoHumaHmne naTtoPuranonorndeckux mexa-
HM3MOB MOTEPU NMPOCBETA M MO3OHUX TPOMOO-
30B nocne nmnnaHtauun CJIMM, aHgoTenmanb-
HON ONCOYHKUMN N BOCMANIEHUS MOXET CMo-
cobCcTBOBATbL Pa3BUTUID TEXHONOMMM N HOBbIX
ON3anHOB KOPOHapHbIX CTEHTOB. PaHee npen-
nonaranocb, 4TO UCMNOJIb30BaHME BMope3opoin-
pyeMOoro nosmmepa B CoCcTaBe CTEHTA NO3BOJIUT
YMEHbLINTb KOJMYECTBO MNO3OHUX TPOMOO30B
nocne YKB nytem MUHMUMM3aLMM pucka Bocna-
JINTENBbHbIX peakumini Ha NOANMEPHOE NOKPbITNE
N peMoaeNnMpoBaHnE COCYaMCTON CTEHKU (47).
Mpn aTOM OONrOCPOYHbIE KITMHUYECKME NCXO-
Obl y coBpeMeHHbix CJIIM ¢ noCTOSHHbIM 1A
6rope3opbrpyemMbIM NONMEPHbIM MOKPbITU-
€M TMPUMEPHO OOMHAKOBbI, 4YTO, BEPOATHO,
CBA3aHO C MPUMEHEHNEM MOAVMMEPHbIX MaTe-
puvanoB C yayylweHHOW OMOCOBMECTUMOCTbLIO
U B MUHVMMaJIbHOWN CTENeHn BbI3blBaOLLMX BOC-
naneHme cocyamcTon cTeHkn (37). B 9TOM KOH-
TeKCTe maeasnbHbIM MOJIMMEPHBLIM MOKPLITUEM
CTeHTa, BblOENSIOWLErO JIEKAPCTBEHHOE BeLLe-
CTBO, MOXET paccMaTtpuBaTbCAd €ro OTCyT-
cTBMe. Knacc CTEHTOB, BbIOENSAIOWMX JieKap-
CTBEHHOE BELWECTBO, B KOTOPbIX B Ka4ecTBe
MOLYATOPa ero BblAENEHNS MPUMEHSETCS He-
MOJSIMMEPHBIN areHT, y>XXe NOABUIICS B MexXayHa-
POOHOW KITMHUYECKOW npakTuke (34).

MepBoih N Hambonee OeTaNbHO N3YYEHHOMN
nnatgpopmor ¢ MoaANPULMPOBAHHON (MUKPO-
MOPUCTON) MOBEPXHOCTbIO, UCMOJSIb3OBAHHOW
B KJIMHUYECKUX UCCNeadoBaHusaX, Obina nnat-
¢dopma cteHToB Yukon (nponssoamTens: Trans-

lumina GmbH, lTepmanuns) (48). OHa peannso-
BaHa B CTeHTax HOBOro nokosieHnsa Yukon
Choice PC n Yukon Chrome PC, coueTtaiowmx
B cebe onTuMasnbHbI AU3aH N TONWMHY CTpaT
CcTeHTa (68-79 MkM ang nnatdopmbl U3 KO-
6anbT-XpOMOBOIro cnnaea), absoMMHaNbHOE
nokpbITne 6uogerpagmpyemMbiM MOJIMMEPOM
(PLA) ¢ cnponnmycoMm, YHUKanbHYO MUKPOMO-
PUCTYIO MOBEPXHOCTb, COCTOSILLYIO N3 MHOXE-
CTBa MUKPOMOP (Tak Ha3biBaemMasi MoOBEPXHOCTb
PEARL®), crnocoOCTBYIOLLYIO YCKOPEHHOW 3H-
noTenuaaumm, 4TOo CHMXAeT PUCK MNO3OHUX
TpomM6030B (43-45, 49) (puc. 4).

Mo paHHbIM, onybnukoBaHHbIM G. Stefanini
M COaBT., CyMMapHo 6onee yem Ha 4000 naum-
EHTOB MNPOAEMOHCTPUPOBAHO, YTO MNPUMEHE-
HMe CTeHTOB cemMencTea Yukon ¢ moaupuum-
pPOBaHHOMN MWKPOMOPUCTON MOBEPXHOCTLIO
CHVXano NPOLEHT No3aHnx Tpom6030B (50).

B HacTosLwee BpeMs OOCTYMHbI pe3ynbTaThl
10-neTHero paHgoOM1U3nMpPOBAHHOIO KIMHUYEC-
koro nccneposaHus ISAR-TEST-4 Ha nonyns-
UMM NauueHTOoB, OTpaXalllen peasbHyo
KNMHUYeckylo npakTuky. CpenHuin BO3pacT
naumeHToB, BKJIIOYEHHbIX B WUCcliegoBaHue,
cocTaBun 66,7 roga, caxapHbiii auabdeTt oTme-
yeH y 28,9%, cnoxHasa mopdonorma cocyam-
CTOro pycrna ¢ nopaxeHumamm tuna B2/C —
y 72,8%, a MHOrococygucTble MNOpaxeHus
BCcTpevyanucby 86,5% naumeHTtoB (51). HYactoTta
Tpombo03a 3a 10 neT ons cteHToB Yukon cocTa-
Buna 1,8% no cpaBHeHuto ¢ 3,7% onsa Cypher,
B TO BPEMS Kak y CTeHTa CpaBHeHUs Xience
2,5%, KOTOPbIV Ha 3TOM NONYAALMM NALUVUEHTOB
HEe mokasan CTaTUCTUYEeCKM 3HA4YrMMOoro npe-
BOCXOACTBA Ha4 CTEHTOM MEPBOro NMOKOJIEHUS
Cypher (puc. 5).

[NMokasaTenn kKnnHM4eckom apPeKTUBHOCTH
1 6€30NacHOCTM NMO3BOSIUIN BKITKOYUTb CTEHTHI
C MOOVPULMPOBAHHON MMKPOMNOPUCTON MOBEPX-
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Puc. 5. Puck onpeneneHHoro/BeposiTHoro tpombo3a
cteHTa 3a 10 net B uccneposaHuu ISAR-TEST-4.

HOCTbIO Yukon B cnmcok 12 CTEHTOB HOBOIO
MOKOJIEHUS, PEKOMEHA0BAHHbIX K MPUMEHEHUIO
npu pesackynspmsaumm Muokapga Espo-
nemcknm obLecTBOM kKapamonoroB n EBpo-
rnenckom accoumaumen crneumanmcToB no Ypec-
KOXHbIM nHTepBeHuysam B 2018 r. (puc. 6) (52).
Vicnonb3oBaHme COBPEMEHHbIX TEXHOIOMMIA,
Taknx Kak TOHKME W ynbTpaTOHKME CcTpaThl,
B KOPOHApPHbIX CTEHTAx HOBOro MOKOJIEHUS
CNocoOCTBYET YMEHbLUEHUIO TpaBMaTM3aumun
1 BOCMaJIeHNs COCYAUCTON CTEHKM B 06nacTu
CTEHTMpPOBaAHMA N 6onee ObICTPOW 3HOOTENU-
3aumun (37-39), a npuMeHeHne abntoMnHaSb-
HOroO NOKPLITUA U MoaMdUKaLUN NOBEPXHOCTN
CTEeHTa Takxe YyCKOPSIT aHaoTenmMsaaumio ctpar
(43-45, 39) 1 cnocoBCTBYIOT CHUXEHUIO pUCKa
pasBuTMSa TPOMOO3a 1 pecTeHo3a CTEHTOB.

Supplementary Table 6 CE-approved new-generation drug-eluting stents recommended for clinical use based on
randomized trials with a primary clinical endpoint (in alphabetical order)

. Stent platform Polymer coating | References -
Based on durable polymer coatings
Promus element Platinum-chrome PBMA and PVDF-HFP Everolimus Bk
Resolute Cobalt-chrome PBMA, PHMA, PVP, and PVA Zotarolimus Te=ts
Xience Cobalt—chrome PBMA and PVDF-HFP Everolimus B
EluNIR (BioNIR) Cobalt—chrome PBMA and TSPCU Ridaforolimus 2
Based on biodegradable polymer coatings
Biomatrix Stainless steel PDLLA Biolimus A9 =
Nobori Stainless steel PDLLA Biolimus A9 el
Orsiro Cobalt-chrome PLLA Sirolimus e
Synergy Platinum-chrome PLGA Everolimus 2
Ultimaster Cobalt—chrome PDLLA/PCL Sirolimus x
Yukon Choice PC Stainless steel PDLLA Sirolimus 1
Polymer-free o
BioFreedom Stainless steel - Biolimus A% 2 5
Yukon Choice PF Stainless steel - Sirolimus *# o

DES = drug-eluting stent; PBMA = poly n-butyl methacrjlate; PC = polymer-coated; PDLLA = poly(D.L)-lactic acid;: PDLLA/PCL = poly (D.L)-kctide-co<aprolactone; PF = pol-
ymer-free; PHMA = polyhexyl methaaylate; PLGA = poly(d |-lactide-co-glycolide) PLLA = poly-L-lactic acid; PVA = pobnvinyl acemte; PYDF-HFP = poly(vinylidene fluoride-
cohaxafluoropropylene); PVP = polyvinyl pyrrolidone; TSPCU = thermoplastic silicone-polycarbonate-urethane.

Puc. 6. NpunoxeHne 6 k pekomeHgaumam EBponeiickoro obLiecTsa kapanosioros o peBackyspusaumm

Muokapaa

2018 r.
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Endovascular interventions undoubtedly oc-
cupy a leading position in the treatment of
stenosing-occlusive lesions of coronary arter-
ies. Method of endovascular treatment for cor-
onary artery lesions has made its way from bal-
loon angioplasty to implantation of drug-eluting
stents. Today, drug-eluting stents (DES) are
widely used for coronary artery revasculariza-
tion and have significantly reduced the inci-
dence of restenosis compared to bare metal
stents due to the use of a cytostatic that inhibits
smooth muscle cell proliferation and neointima
growth (1-4). However, any intervention on the
arteries compromises the endothelium integri-
ty, which in turn triggers a complex cascade of
inflammatory processes that can further lead to
restenosis (5-7). Therefore, all the latest devel-
opments in stents are aimed at suppressing this
inflammatory process as a restenosis trigger.

Endothelium is a monolayer of squamous
cells lining the inner surface of the blood and
lymphatic vessels as well as the heart cavity.
Endothelium plays an important role not only in
the regulation of vascular tone by releasing
vasodilators and/or vasoconstrictors into the
underlying layers of smooth muscle cells, but
also in the control of inflammatory and prolifer-
ative reactions of local hemocoagulation (8).
Under physiological conditions, endothelial
cells are subject to shear stress generated by
blood flow, while smooth muscle cells in the
medial layer are subject to cyclic stress caused
by the pulsating nature of blood flow (8, 9).
Smooth muscle cells located in the tunica me-
dia are not directly affected by shear stress of
the blood flow but only indirectly affected by
transmural pressure of the vessel wall (8, 10).
However, after endothelium injury caused by
the stent placement, the surface layer of
smooth muscle cells is directly exposed to
shear stress of the blood flow, which is a non-
physiological stress stimulus for it. Such expo-
sure leads to the transformation of these cells
to a proliferative “synthetic” phenotype (8-12).
As a result, the contractile function in the dam-
aged site of the vascular wall is reduced in re-
sponse to triggers, and, on the contrary, smooth
muscle cell proliferation is enhanced, which is
an integral part of the neointima growth. Positive
correlation between the direct effect of flow
shear stress and phenotypic changes in smooth
muscle cells is extensively studied (8, 13-15).

Under physiological conditions, an increase
in shear stress of the blood flow is a stimulus for
the production of nitric oxide (NO) by endothe-
lial NO synthase (eNOS) (8, 16). The amounts

of eNOS and released NO depend on the con-
tent of intracellular calcium (Ca?"), which is de-
termined by the flow shear stress and biologi-
cally active molecules present in the blood,
such as thrombin, adenosine nucleotides, ace-
tylcholine, bradykinin, etc. (8, 17). Available
data also suggests that flow shear stress mod-
ulates the NO production through the platelet
endothelial cell adhesion molecule (PECAM-1),
which directly regulates basal eNOS activity
(18). However, experiments evaluating
PECAM-1 expression demonstrated that re-
generated endothelium does not necessarily
transform into a fully functional endothelium
producing physiological levels of nitric oxide
(8, 19). Damaged endothelium is not capable
to make a rapid re-endothelialization of injured
parts of the vessel wall and stent struts, to pro-
vide a balance between vasodilators and vaso-
constrictors or to adequately regulate vascular
tone, which, together with stress factors that
induce the production of pro-inflammatory and
pro-proliferatory mediators, may lead to the oc-
curence and further progression of the neointi-
ma hyperplasia in the stenting area (8, 16-20).

In addition, studies show that local hemo-
dynamic disorders occur in the strut-adjacent
areas after stent implantation. Struts of the im-
planted stent create recirculation zones and
low flow shear stress areas in the parietal re-
gion, the so-called stagnant zones (8). Delayed
endothelialization of the implanted stent strata
is found specifically in these zones (21-23).
This phenomenon is characterized by a de-
crease in flow shear stress, strong shear stress
fluctuations, and an increase in the relative ex-
posure time of blood in the stenting area (6, 7,
24). Such disorders of local hemodynamics can
provoke pro-coagulant effects and lead to
thrombosis (5, 25, 26) due to the production of
and longer exposure to thrombin, fibrin and
other blood coagulation factors in the recircula-
tion zone as well as due to platelet activation in
the recirculation zone (6, 22, 26). On the other
hand, it was clearly established that the same
factors play an important role in the neointima
growth, too (27, 28).

Thus, an increase in the shear stress and
a decrease in the amplitude of shear stress
fluctuations are important inducers of re-en-
dothelialization (29), promoting the migration
and proliferation of endothelial cells from adja-
centintact zones (30). Since the direct relation-
ship between the occurrence of late thrombosis
and endothelialization levels of the stent struts
is no longer in doubt (5), the vessel and stent
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Fig. 1. Key characteristics of coronary stents which
affect clinical outcomes (32).

strut re-endothelialization rate can be regarded
as an independent factor in long-term prog-
nosis.

Delayed or incomplete re-endothelialization
is a very specific problem for most drug-eluting
stents, as after their implantation, there is a risk
of developing late thrombosis associated not
only with incomplete endothelialization of the
stent struts or with impaired endothelial func-
tion, but also with a chronic inflammatory reac-
tion of the vascular wall (31).

At present, the main characteristics of the
stent design that affect the implantation prog-
nosis have been identified (Fig. 1). The strut
thickness and features of strut junctions have
a major impact on the extent of damage to the
vascular wall, neointima hyperplasia, and
thrombosis risk (21, 22, 27, 32).

Several publications reported, that the stent
geometry definitely have an effect on the de-
gree of local hemodynamic disturbances in the
implantation area (4, 6, 33): for example, sec-
tions of a streamlined stent could significantly
improve the para-strut local blood flow com-
pared to rectangular struts (24, 33). At the
same time, the thick struts lead to the formation
of larger recirculation zones than the thin ones,
and, accordingly, entail greater risks for pro-
coagulation and thrombosis (5, 34, 35) (Fig. 2).

Studies showed that using of DES with thin-
ner struts was associated with better clinical
outcomes (37). According to a meta-analysis

of ten randomized clinical trials comparing DES
with ultrathin and thicker struts, the former not
only provide better flexibility and high delivera-
bility, but also reduce damage and inflamma-
tion of the vascular wall in the stenting area and
promote faster endothelialization. Thin struts
cause less turbulence of the blood flow in the
stenting area than stents with larger struts,
while reducing the risk of late thrombosis.
A significant decrease in the lumen loss of tar-
get vessel due to the low incidence of M| was
shown when using stents with ultrathin and
thin struts compared to larger struts. A de-
crease in the stent strut thickness on average
by 10 um allowed reducing the risk of lumen
loss by 16% (38).

According to ISAR-STEREO randomized tri-
al, DES with thinner struts significantly reduced
the risk of restenosis compared to thicker
struts. Kastrati et al. studied the effect of strut
thickness on restenoses in 651 patients for
1 year and noted significantly higher rates of
restenoses on angiograms and target vessel
revascularization in the thicker strut group.
The rate of angiography-confirmed restenosis
was 15% with thin-strutted stents and 25.8%
with thick-strutted stents (p = 0.003). The rate
of target vessel revascularization was 8.6%
with thin-strutted stents and 13.8% with thick-
strutted stents (p = 0.03) (39).

Thus, reduced thickness of coronary stent
struts directly improves the clinical outcome
of implantation, presumably by mitigating
pathophysiological consequences of vascular
wall damage.

At the same time, topography of the stent
surface has a significant effect on the re-en-
dothelialization process. It was proven, that the
surface topography has a great effect on mi-
gration of both single endothelial cells (40-41),
and their collective migration (7, 17), which is
based on the adhesion of endothelial cells to
substrate (15, 42) via transmembrane recep-
tors of the integrins family, which influences the
rate and quality of re-endothelialization (31, 43).
In experiments, a fluid flow that mimicked blood
flow reduces the adhesion between endothelial
cells and contributes to the loss of the mon-
olayer integrity (5). This leads to switching from
collective to individual cell migration and im-
pairs signal transmission from border cells to
adjacent ones. Isolated cells are washed away
by the flow resulting in the delayed re-endothe-
lialization. Topographic modifications or forma-
tion of a certain topography of the stent surface
counteract this effect by promoting a collective
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Fig. 2. Effect of struts design on thrombogenicity (36).

target migration of endothelial cells under flow
shear stress due to stronger adhesion to the
stent surface (25).

A group of authors headed by A. Dibra re-
ported about successful use of surface-modi-
fied stents in the clinical practice (44). A proto-
col of a double-blind, randomized study to
evaluate a relationship between stent surface
topography and stenting outcomes was devel-
oped. Stents with rough (microporous) and
smooth surfaces were compared. The study
used matrix stents made of medical stainless
steel 316L, laser-cut from single-piece tubes.
All stents were electrochemically treated to cre-
ate a smooth surface, while other stents were
sandblasted to create a rough (microporous)
surface. A total of 200 patients with significant
stenosis in native coronary arteries were en-
rolled in the study. They were double-blind
randomized for stenting with smooth-surfaced
stents or microporous-surfaced ones.
Importantly, the groups were statistically com-
parable not only in terms of baseline history
data, but also with nearly identical procedural
parameters, including comparable achieved
final diameters of lumina. The primary endpoint
of the study was late lumen loss at the stenting

site, and the secondary endpoint was angio-
graphic restenosis and clinical outcomes.
The late lumen loss was shown to average
1.0 £ 0.7 mm in the rough-surfaced stent group
and 1.2 £ 0.7 mm in the smooth-surfaced stent
group, with the mean difference of 0.2 mm.
Angiographic restenosis was found in 25% of
patients in the microporous-surfaced stent
group and 35% of patients in the smooth-sur-
faced stent group. There was a downward trend
in the incidence of angiographic restenosis and
late lumen loss when the stents with a micropo-
rous surface were used (Fig. 3).

These results indicate that the modified mi-
croporous stent surface reduces the risk of late
lumen loss and could accelerate endotheliali-
zation of struts (44). At the same time, the mi-
croporous modification of the stent surface
does not have any effect on the most important
mechanical properties of stents and their safety
parameters (45).

In the era of drug-eluting stents, data from
this study are of particular interest because
microporous surface not only improves the
endothelialization process, but also are able to
enhance the stent's capacity to store antipro-
liferative drugs, thus reducing the polymer load
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Fig. 3. Rate of angiographically confirmed restenosis in
patients in the groups of stents with a modified rough
and smooth surface.

or even completely eliminating the need for
polymer coatings.

In their fundamental work, T.N. Tuoi et al.
described the first theoretical mathematical
model, which confirms the concept of two-
phase (fast and delayed) release of drug sub-
stance from micropores of the modified stent
surface. Although the presented model in-
cludes a number of significant simplifications,
it successfully demonstrates the key features
of the experimentally observed release. The
authors carried out experiments on drug re-
lease from a microporous-surfaced stent and
found that the release profile has a clear two-
stage nature, with most of the drug being re-
leased relatively quickly over about 12 hours,
and the remaining drug being released more
slowly over about a week. Parameters that can
be used to calibrate release profiles include drug
coating thickness, surface roughness, and the
amount or the absence of the polymer (46).

The understanding of pathophysiological
mechanisms of lumen loss and late thrombosis

after the DES implantation, endothelial dys-
function, and inflammation may contribute to
the development of technologies and new de-
signs of coronary stents. Previously, it was
assumed that using the stents with bioresorb-
able polymers would reduce the number of late
thrombosis after PCI by minimizing the risk of
inflammatory reactions to polymer coating
and remodeling of the vascular wall (47).
At that, the long-term clinical outcomes after
the use of modern DES with a permanent or
bioresorbable polymer coating are very similar,
which is probably due to the use of polymer
materials with improved biocompatibility, which
cause minimal inflammation of the vascular wall
(37). In this context, no polymer coating of
a drug eluting stent may be considered to be
ideal. A class of drug-eluting stents, in which
a non-polymeric agent is used as a drug re-
lease modulator, has already appeared in inter-
national clinical practice (34).

The first and most thoroughly studied plat-
form with a modified (microporous) surface
used in clinical studies was the Yukon stent
platform (manufacturer: Translumina GmbH,
Germany) (48). It is implemented in the stents
of new generation Yukon Choice PC and Yukon
Chrome PC, which combine an optimal strut
design and thickness (68-79 um for a cobalt-
chromium alloy platform), a sirolimus-contain-
ing biodegradable polymer (PLA) abluminal
coating, and a unique microporous surface
with numerous micropores (the so-called
PEARL® surface), promoting an accelerated
endothelialization and reducing the risk of late
thrombosis (43-45, 49) (Fig. 4).

According to data published by G. Stefanini
et al. (50), implantation of Yukon stents with
a modified microporous surface reduced the
percentage of late thrombosis in over 4,000
patients.

Fig. 4. Stent micropores (PEARL surface).
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Results of a 10-year randomized clinical trial
(ISAR-TEST-4) are now available for a popula-
tion of patients that reflects real clinical set-
tings. The mean age of patients enrolled into
the study was 66.7 years; diabetes mellitus was
diagnosed in 28.9%, complex morphology of
the vascular bed with B2/C lesions was found
in 72.8%, and multivessel lesions — in 86.5%
of patients (51). The 10-year thrombosis rate
for Yukon stents was 1.8% vs. 3.7% for Cypher
stents, while Xience stent (comparator) had
2.5%, which was not significantly superior over
the first generation Cypher stents in this popu-
lation of patients (Fig. 5).

Parameters of clinical efficacy and safety
made it possible to include Yukon stents with
a modified microporous surface into the list
of 12 new generation stents recommended for
myocardial revascularization by the European
Society of Cardiology and the European
Association of Percutaneous Interventions in
2018 (Fig. 6) (52).

The use of modern technologies, such as
thin and ultrathin struts, in the coronary stents
of new generation can reduce the damage and

[}
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Xience V
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stent thrombosis, %
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o 2 4 & 8 10
| | Years after the procedure |

Patients of the !

risk group ] i i i i

Yukon DES 1299 1179 1089 935 793 671
Xience V 652 590 542 473 403 334
Cypher 652 585 536 460 369 321

Fig. 5. Risk of definitive/probable stent thrombosis over
10 years in the study ISAR-TEST-4.

the inflammation of the vascular wall in the
stenting area and hasten the endothelialization
(37-39), while the use of abluminal coating,
and the modification of the stent surface also
can speed up the endothelialization of struts
(43-45, 39) and decrease the risks of thrombo-
sis and stent restenosis.

Supplementary Table 6 CE-approved new-generation drug-eluting stents recommended for clinical use based on
randomized trials with a primary clinical endpoint (in alphabetical order)

Stent platform

Polymer coating . “Refermces -

Based on durable polymer coatings

Promus element Platinum-chrome PBMA and PVDF-HFP Everolimus Bk

Resolute Cobalt-chrome PBMA, PHMA, PVP, and PVA Zotarolimus tetis

Xience Cobalt—chrome PBMA and PVDF-HFP Everolimus B

EluNIR (BioNIR) Cobalt—chrome PBMA and TSPCU Ridaforolimus 2

Based on biodegradable polymer coatings

Biomatrix Stainless steel PDLLA Biolimus A9 =

Nobori Stainless steel PDLLA Biolimus A9 el

Orsiro Cobalt-chrome PLLA Sirolimus e

Synergy Platinum-chrome PLGA Everolimus 2

Ultimaster Cobalt-chrome PDLLAJPCL Sirolimus x

Yukon Choice PC Stainless steel PDLLA Sirolimus 1

Polymer-free o
=

BioFreedom Stainless steel - Biolimus A% 2 Q

Yukon Choice PF Stainless steel - Sirolimus *# o

DES = drug-eluting stent; PBMA = poly n-butyl methacrjlate; PC = polymer-coated; PDLLA = poly(D.L)-lactic acid;: PDLLA/PCL = poly (D.L)-kctide-co<aprolactone; PF = pol-
ymer-free; PHMA = polyhexyl methaaylate; PLGA = poly(d |-lactide-co-glycolide) PLLA = poly-L-lactic acid; PVA = pobnvinyl acemte; PYDF-HFP = poly(vinylidene fluoride-
cohexafluoropropylene); PYP = polyviny pyrrolidone; TSPCU = thermoplastic silicone-polycarbonate-urethane.

Fig. 6. Appendix 6 to 2018 Guidelines on myocardial revascularization of the European Society of Cardiology.
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YcnewHoe xupypruueckoe sieyeHue HHPULMPOBAHHOIO
aoprobeapeHHOro 6udypKkaLlMOHHOro nporesa NyTem
ero yaaneHus ¢ 6upypKayUuOHHbIM LWUYHTUPOBAHUEM
BHEe 30Hbl paHee BbIMOHEHHOW PEKOHCTPYKLHUH.
KnuHuueckoe HabnogeHue

A.H. MNaxkoB', H.J1. basHanH" 2, K.B. letaxeeB'*, A.B. CtenaHoB’, B.B. >XKypaBesb',
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MuH3zapaBa Poccun (CeuyeHoBckuii YHuBepcuteTt), Mocksa, Poccus

2bY3 ropoaa Mocksbl “lfopoackas knmHu4eckasi 6osibHuua Ne15 numenn O.M. dunarosa
3 ropoaa Mocksbi”, MockBa, Poccusi

UHGekLmy cocyancTbiX TPAHCMIAHTATOB CBSI3aHbl CO 3HAYUTEIIbHBIM PUCKOM CMEPTHOCTH 1 3a060/1eBaeMOCTH
v obxoaatcsa B CLUA npumepHo B 640 MmiiH fosnapos B rod. KnvuHu4deckas kapTuHa 3aBUCUT OT BPEeMEHU, Mpo-
Lwiejlero ¢ MOMeHTa UMIIaHTaLmumy, U MecTa ornepauun. TilaTesbHbI aHaMHEe3 v puavkaibHoe obcienoBaHne
B co4YeTaHuy C Pas/NyHbIMU MEeToAdaMy BU3yasn3aLmy 4acTo HeoOXoAuMb! [J1 MOCTaHOBKW AnarHosa.
s uHULMPOBaHHbIX a0PTaJIbHbIX MPOTE30B CYLLIECTBYET HECKOJIbKO BaPUaHTOB JIeHYEeHWs, BKJIl0Yas NCceYeHmne
TpaHcraHTara ¢ 9KCTpaaHaTOMUYECKUM LLYHTUPOBaHNEM, PEeKOHCTPYKLIMIO in Situ 1 peKOHCTPYKLIMIO HE0aop-
TOMOAB3/OLLIHON CUCTEMOV. JleyeHne WHGULIMPOBAHHbLIX 3HAOBACKYJ/ISPHBIX MPOTE30B aopThl aHa/lornMyHo.
[ns nHGULMPOBaHHBIX Nepudepuyeckux LLYHTOB MOXHO MCIO/Ib30BaTh METOAbI COXPaHeHWs TPpaHCIaHTara,
HO B CJ/ly4asix, korga 3T0 HEBO3MOXHO, HEOOXOAUMbI YAa/leHNe TpaHCriaHTata U PEBACKYJ/ISPU3aLInS HeEPes
HEenHOULIMPOBaHHbIE MI0CKOCTU TkaH!. B aToM 0630pe obcyxaaroTcs anarHocTvka, obLee BeaeHne v Xvmpyp-
ru4eckue rnoaxonbl K MHGULIMPOBaHHbLIM COCYANCTbIM TPaHCIIaHTaTaM, a Takxke KJIIMHUYECKUI CJly4ari yCreLHo-
ro XUPYPru4eckoro J1e4eHns UHULMPOBAHHOIO aopTo-6eapeHHOro bugypkaLmoHHOro nportesa nyremM ero
yaaneHus ¢ 6uypKaLmMoHHbIM LLYHTUPOBaHNEM BHE 30HbI PaHee BbIMOJIHEHHOV PEKOHCTPYKLIMN.

KnroueBsbie cnoBa: nHpekuus npoTesa, PEKOHCTPYKTUBHAS OrepaLiys, MOBTOPHOE BMELLATEe/IbCTBO

Ana uutupoBaHusa: A.H. Mankos, H.J1. BasnanH, K.B. TetaxeeB, A.B. CtenaHoB, B.B. Xypasenb,
K.B. NonbmucapsH, N.E. YepHbiwesa, C.MN. CeMmnTko. YcnewiHoe Xmpypruyeckoe fneveHme MHPMUMPOBaHHOIO
aopTtobenpeHHOro 6MdypKaLMOHHOro NpoTesa NyTem ero yaaneHusi ¢ 6udypkauMoOHHbIM LLYHTUPOBAHNEM
BHE 30Hbl paHee BbIMOJIHEHHON PEKOHCTPYKUMK. KnunHudeckoe HabniopeHwe. MexayHapoaHbId XypHast
WHTEPBEHLMOHHOV kapanoaHrnonorum. 2023; 73 (2): 35-45. https://doi.org/10.24835/1727-818X-73-35

KoHNUKT nHTepecoB: aBTopbl 3asBASAI0T 00 OTCYTCTBUM KOHDNKTA MHTEPECOB.
UcTouHuku puHaHcupoBaHus: paboTa BbinosiHeHa 6€3 COHCOPCKON NoAAEPXKKN.

Successful surgical treatment of infected aorto-
femoral bifurcation prosthesis by its explantation
and bifurcation bypass grafting outside the area
of previous reconstruction.

Clinical case description

A.N. Pankov’, N.L. Bayandin'?, K.V. Getazheev'*, A.V. Stepanov’, V.V. Zhuravel',
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BeepeHue

OnepaTtvBHbIE BMeLLIATENbLCTBA Ha UHOpa-
peHanbHOM oTaene OpPIOLWHOW YacTu aopThbl,
NnoaB3a0LUHbIX U 6eApeHHbIX apTepusax ABNS-
loTcs Hambosee pacnpoCcTpaHeHHbIMU B COCY-
ancrton xumpyprun. Cpeom Bcero MHoroobtpa-
31 onepaTtuBHbIX METOO0B JIEYEHMNA OOMUHU-
PYIOLLLYIO MO3ULMIO 3aHMMaeT aopTobeapeHHoe
6udypkaumMoHHoe WyHTUpoBaHue (ABBLLU) nnu
npote3vpoBaHne (ABBI1) ¢ ncnonb3oBaHMEM
CUHTETUYECKMX MaTepuanoB. CUHTETUYECKME
npoTe3bl B COCYANCTON XUPYPIrv NCNONb3YIOT-
cs yxe 6onee 50 net. Tem He MeHee OOHUM U3
CaMbIX FPO3HbIX OCJIOXKHEHUIM B COCYAUCTOW
XMPYPrun gBRsieTCa MHOEKUMa COCyaucToro
npoTtesa. Yactota 3TOro rpoO3HOro OC/OXHEe-
HUSA MOCJIE PEKOHCTPYKTUBHbLIX Ornepawnin aop-
Tbl M NOAB3OOLWHO-0€APEHHOIr0 CerMeHTa, rno
JaHHbIM pasHbix aBTOpoB, coctaenseT 0,5-6%
(1-3). HpeKUMOHHbIE OCNOXHEHNST OTAroLla-
IOTCS BICOKOM CMEPTHOCTbIO A0 50% B paHHeEM
nepuoae n oo 29% B NO3gHEM, a TaKXE BbICO-
Ko yactotor amnytaumm — 0o 20% (4, 5).

KnmnHmnyeckoe n anmaemMmonornyeckoe 3Ha-
YyeHne nMeeT Knaccmpunkaumsa MHpekUnn B 3a-
BUCUMMOCTU OT BPEMEHU NX BO3HUKHOBEHUS —
paHHSASa 1 No3aHAS. PaHHSa npoTe3Has Hoek-
umMs 06bIYHO BO3HMKAET B TedeHne 1-3 mec
rnocsie onepartuBHOro BMeluartenscrtea. lo3a-
HAS HPEKUUS nNpoTe3da — 3TO MHPEKLUUA, BO3-
HuKalowas Yyepe3 3 Mec nocne onepaTMBHOrO

BMewaTenbcTea. [NpuYnHON paHHUX UHPEK-
UM, KakK MpaBuiio, SBNSETCA MHTpaonepaun-
OHHOE 3apaxeHune, a NO3gHUX — FreMaTOreHHoe
pacnpocTpaHeHre n3 gpyrux obnacrten tena.
Mpn MHpEeKUNaxX, BO3HUKLLINX Ha paHHeNn cTa-
Onn, 0BbIYHO OTMEYaTCs MECTHbIE MPU3HAaKM
BocnaneHns B 06,1aCTN XMPYypPrnyeckoro BMme-
wartenbcTBa: obpasoBaHmne abcLecca Unm Bbi-
LENEHME XNUOKOCTHOro OTaensemMoro. Takke
MOryT ObITb 1 APYrne OCNOXHEHUS, Takne Kak
KpoBOTeYeHMe, OKK03Us nNpoTesa, obpasoBa-
HUe ncesgoaHeBpu3aM. [na no3gHUX MHOEK-
LMA xapakTepHO obpa3oBaHVe aHeEBPU3M aHa-
CTOMOS30B U/ CBULLEN (6, 7).

OTmonorna nNpoTesHbiX UHOEKUUA MHOro-
dakTopHa. ITO MOryT ObITb Tak Ha3blBaeMble
3HOOreHHble MHPEKLMN (eCTECTBEHHANA KOXHas
dnopa naumeHtTa uian TPaH3UTOPHbLIE KOJSIOHU-
3vpylowme naToreHbl) MO0 OHW MPUXOAST OT
OKpy>XaloLlen cpenpl ornepaumoHHOro nonsa —
3aK30reHHble MH@ekUnn. OCHOBHbLIMY BO3OYyaM-
TenaMm MHGEKUUN ABNSIIOTCA Koaryna3oHera-
TUBHbIE U 30J1I0TUCTbIE CTAdDUNOKOKKU, 38 HAMU
cnenyT 3HTepobakTepuu, CUHErHomHas na-
noyka, rpubkn (Hanpumep, Candida spp.),
CTPENTOKOKKN, KOPUHEDAKTEPUM N aHa3POObI.
Mo HekOTOpPbIM AaHHBIM MHPEKLMS NpOoTE3a Me-
TULMIMHPE3UCTEHTHLIM 30/10TUCTbIM CTadu-
JIOKOKKOM COMpPSiXXeHa C NAOXMM NPOrHO30M (8).

Jo cnx Nop HET YeTKMX peKkoMeHJauun no
JleYeHMo NPOoTE3HbIX HPeKuMn. CyLlecTByto-
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wme nogxodpl K Ne4eHmio nHdekumm cocyan-
CTbIX MPOTE30B BKJ/IOYAIOT KOHCEPBATUBHbIE U
xuvpypruyeckme metoabl (9). Llenbio neyenud
SIBNSIETCA UCKOPEHeHne nHdekuun n obecne-
yeHne nepudepmnyeckoro KpoBoobpaLLeHus
nyTemM 3amMeHbl COCyauCTOro martepuana v nc-
NONb30BAHUS CUCTEMHOW aHTUOMOTMKOTEpPA-
nin (10, 11). MpuHUMNBI aHTUOUOTUKOTEPANUN
NMPOTE3HOMN MHMEKLMM OCHOBAHbI HA MOJTy4eHnN
BbICOKMX KOHLEHTpaAUMi B nnasmMe B TEYEHUE
anutensHoro nepuoga (12, 13). B KOHTeKcTe
XVPYPru4eCKOro sedeHnus paccmMmaTpuBaloTca
MeToOuKU in Situ N 3KCTpaaHaToOMUYecKoe
LWYHTUPOBAHME C WMCMNONIb30BAHMEM MPOTE3a,
MMMNperHnpoBaHHOro awertatom cepebpa u/
nnn pudpamMnrMumMHOM, a Takke apTepuanbHble
M BEHO3Hble anfaorpadtbl (8). SkTpaaHTOMU-
yeckoe LUYHTUpOBaHMe siBnsieTcs Gosee npen-
no4ytutesnbHeiM Metogom (14, 15). Xupypru-
Yyeckoe BMeLlaTeNbCTBO AO/MKHO 00s3aTesibHO
conpoBOXAaTbCA yaaneHnem MHPULMPOBaH-
HOro npoTes3a UefmMkoM nmbo YacTudHo (16).
B nutepatype Takke onmcaH 3a¢ppeKTUBHbIN Me-
Tog4, NnedeHns U NpPoPUNaKTUKKU NPOTE3HOW UH-
dEeKUMMN C MOMOLLBIO YKYTbIBAHUSA MbILLEYHbIM
JIOCKYTOM M1 omMeHTonnactukon (17). B ceete
BbllLeyKa3aHHbIX OaHHbIX HaM XOTenocb Obl
npeacTaBuUTb HAbAEHME YCNELHOrO IeYeHus
naumeHTa ¢ OJnUTesNbHO CYLLECTBYIOLWEN NHEDEK-
umen npotesda nocre onepauyv ABBIT.

KnuHun4yeckoe HaGnopgeHune

MauyeHT 54 neT rocnUTannM3npoBaH B OTAENIEHNE
kapauoxupyprim HIMLUWK 30.09.2022 ¢ xanobamu
Ha obuLyto cnaboCTb, YMEPEHHYIO OAbILLKY NPpU Ha-
rpyskax, anm3ogbl FOJIOBOKPY>XEHUS, CONMPOBOXAaA-
IOLMECs XONnoAHbIM MOTOM W MoHmXeHnem AL no
90/60 MM pT.CT., 601 B NPaBO HUXHEN KOHEYHO-
CTW C HEBO3MOXHOCTbIO ONMMpPaTbCs Ha BbINPAMIIEH-
HYIO HOTY (NepenBuraeTcs Ha KOCTbUISX), Nepuoau-
yeckn dopmupylolmincs abcuecc B npasBov noa-
B34OLWHOW 06nacTn C OMOPOXHEHWEM FHOWHbLIM
coaepXnmbiM. 13 aHamMHe3a M3BECTHO, YTO NaLMEHT
B ceHTa6pe 2021 r. rocnuTtanManpoBaH MO MECTY
XKUTENbCTBA B KIIMHNYECKYIO MEXPaNOHHYIO B0bHN-
LLy C KIIMHNYECKOW KapTUHOM OCTPOro xuBoTa. PaHee
Xanob Ha COCTOosiIHME 3[40PO0Bbsi HE MNPenbsaABnsn.
Mpu nocTynneHnm B 3KCTPEHHOM MOpsiaKe BbINOJI-
HeHa auarHocTuyeckas nanapockonusi — 6e3 narto-
norvn. KnnHunyeckasa kKapTuHa ocTpon 6011 B XMBO-
Te coxpaHsanacbk. Mpu Y3W opraHoB 6poLLHOMN no-
NIOCTU ONarHOCTUPOBaH pa3pbiB  aHEBPU3MbI
MHdpapeHanbHOro otTaena aopThbl.

B aKkcTpeHHOM nopsgke nauMeHTy BbINOJIHEHO
ABBIll. B paHHem nocneonepauvioHHOM rnepuoae
OTMEeYasnoCb CKOMIEHNE XNUAKOCTN B 3a0PIOLLIMHHOM

npocTpaHcTBe, Gonblue crnpaBa. B cBasn ¢ 6one-
BbIM CUHAPOMOM B OPIOLLHOW NONOCTM crpasa 1 no-
aBneHnem cybodpebpunuteta 4yeped 1 mec nocne
onepaTruBHOrO BMeLlaTenbCTBa OblIN BbIMNOSHEHbI
OpeHnpoBaHMe 3abplOLWNHHOIO MNpPOCTPaHCTBA
crnpaBa, ycTaHOBKa AgpeHaxen. N3 gpeHaxen nony-
YyeHa Npo3payHas XmMaKkocTb 6e3 3anaxa. bakTepno-
NIOFNYECKNI aHann3 OTAEeNaeMOro U3 apeHaxen
nokasan pocTt Enterococcus faecalis. MHoro-
KOMMOHEHTHAA BHYTPUBEHHAs aHTMOGakTepuasbHas
Tepanusi C y4eTOM YyBCTBUTENIbHOCTU MUKPOMDNIOPLI
npoBoaunacb B TeyYeHne AJIMTENIbHOrO BpPeMeHU
C NONIOXUTESNTbHOW ONHAMUKOWN.

lMocne yoaneHus ApeHaxHoW CMCTEMbI OTMeYa-
NIOCb yXyALWEHME CaMO4YyBCTBUSA C MOBbILLEHNEM
TemnepaTypbl Tena go 40 °C. MoBTOpHO HasHavyeHa
aHTubakTepmanbHas Tepanus C MOJIOXKUTEsNbHOMN
OVNHAMUKOWN.

B ¢peBpane 2022 r. BO3HMKII0 pe3koe yxyaLeHne
COCTOSIHUSA, nauueHT Obll  rocnuUTanM3npoBaH
B FHOMHOE XUPYpPrnuyeckoe oTaeneHne rno MecTy
xutenbctea. 09.02.2022 BbINOJIHEHO BCKPbITUE
M OpeHnpoBaHMe abcuecca npaBor NoAB340LLHON
obnactu. lMpu KT opraHoB 3abpPHOLUMHHOIMO Mpo-
CcTpaHCcTBa: WHPUABTPATUBHO-BOCNANUTESIbHbIE
M3MEHEHUS1 MbILLIL, NOSICHULbLI ¢ HGOPMUPOBAHNEM
30H CKOMJIEHUS XNOKOro COAEPXMMOro, C OTKPbI-
TbIMU CBULLIEBBIMU XOAaMMW Ha naTepasbHylo U ne-
pepHenartepanbHyi0 MOBEPXHOCTU XWBOTA, MNWUEnN-
akTa3mda. B ceHTsabpe 2022 r. rocnutann3mpoBaH
B HIMUWK. MNpun ocMoTpe Ha nepegHen NOBEPXHOCTU
>XXMBOTA ONpenenseTcs nocneonepaunoHHbIi pybeLy,
nocne CpeguHHON nanapoToMuu, B TUMNUYHOM Me-
cTe B 06/1aCTU CKapMnoOBbIX TPEYroJSIbHNKOB C OBYX
CTOPOH nocreonepaymoHHble pybubl. B npaBoii
rnoaB3a0LLUHON 06nacT Haf, MaxoBOW CKAaaKon oBa
CBULLA HA pacCTOSHUM 5 CcM Apyr OT apyra ¢ 3akpbl-
TbIM CBULLEBbLIM XOA0M (MOCNe yaaneHnsa apeHaxemn
B pes3ynbrarte ApeHupoBaHus abclecca npaBown
noaBs3ao0LLIHON obnactn, 6€3 rHoMHOro oTaeaemMo-
ro n numdopen). B obnactn naxa Hag NOOKOBbLIM
cMMPn3oM B Npoekumm 6enom NMHnn onpepensaeTt-
CS1 CBULL, C 3aKpbITbIM CBULLEBLIM XO040M 6€e3 oTae-
ngemMoro. B KAMHMYeckoM U BMOXMMNYECKOM aHa-
nn3ax KPoBU ONpenensancs HeEMTPOUNbHbLIN NENKO-
untos 14,7 - 10%/n, C-peakTuBHbI 6enok 49 mr/n.
BbinonHeHa MCKT opraHoB OpOLLIHOMA MOMOCTU C
KOHTpacTupoBaHuem (puc. 1). SkTasua nHbpape-
HanbHOro otaena aopTtbl. CocTtosHne nocne ABBI.
Okknio3unsa neBot 6GpaHKn. MNpaBOCTOPOHHUI NCO-
ac-abcuecc. CHUXeHMe 3KCKPETOPHOM GYHKUMM
npaBon NOYKK, pacLUMPEHME NPaBOM JIOXaHKN.

05.10.2022 BbiNonHeHa onepauus: aopTobu-
dypKaunMoHHoe LWyHTUpoBaHue npote3om Gelsoft
16 x 8 x 8 MM 13 TopakodppeHONOMOOTOMNYECKOIO
JOCTyna cfieBa BHE 30Hbl paHee BbIMNOJIHEHHOMN

YcniewHoe xvpyprudeckoe aedeHne MHOULMpoBaHHOro aopTobeapeHHoOro 6udypkaLmoHHOro
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Puc. 1. MCKT-kapTnHa oo onepaumu.

PEKOHCTPYKLMU, peuMniaHTaumnsa HUXHen Opbixe-
e4yHOW apTepun B NpoTes, yaaneHne MHGULMPOBaH-
HOro aopTobMdypKaLMOHHOrO npoTesa 13 3abpto-
LUMHHOro OOCTyna crnpaea, caHauus 1 ApeHnpoBa-
Hue 3abplownHHOro abcuecca cnpaBa U Jioxa
yoaneHHoro npotes3a. Onepauus 6bina pasgeneHa
Ha 2 aTana: “4ncTbliii” 1 “rpA3HbIN”.

“Uuetbin” atan (puc. 2). TopakodpeHontomoo-
TOMUS cnesa, 3abplOLWNHHBIA A0CTYN K OPHOLHON
aopTe, GOpMUPOBAHME MPOKCUMASIbHOrO aHacTo-
Mo3a “KoHel, B 60K” Mexay npoTe3oM U UHdpape-
HaslbHbIM OTAE/I0M a0PThbl BbILLE 30rbl PpaHee BbIMoJ1-
HEHHO peKOHCTPYKLUMK. BbiBeaeHne 6GpaHLl npo-
Tesa Ha 6egpa C ABYX CTOPOH, dpopMUpOBaHME
ONCTaNIbHbIX aHAaCTOMO30B “KOHel, B 60k” mexay
6paHwamMmu npoTtesa u [BA Cc [OByX CTOPOH.
Penmnnantauma HBA B npotes. “IpasHbin”’ aT1an
(puc. 3). MapapekTanbHbli 3abOPIOLUMHHBIA OOCTYI
K OpIOLWHON aopTe cnpaea, K MECTY NPOKCMMasbHO-
ro aHacToMO3a paHee UMMIaHTUPOBAHHOIO NpoTe-
3a. YpaneHue npoTtesa, APEHMPOBAHME MOJIOCTU
abcuecca, caHauums fioxa nportesa 1 nonoctun abe-
uecca. [peHnpoBaHue nNpaBol 3abploLLMHHON 06-
nactu v nonoctu abecuecca.

B nocneonepaunoHHOM nepuoae y nauueHTta no
pesynbTatam ynbTpa3ByKOBOIro UccneaoBaHms 6binmv
MoJlydeHbl AaHHble 3a MNPOrpeccupoBaHne rmapo-
Hedpo3a NpaBow MNOYKM, YTO MOATBEPAUIOCH AaH-
HbiMn MCKT (puc. 4). MNMaumeHT KOHCYNbTUpPOBaH

YPOJIOroM, 6bII0 MPUHATO peLleHne 06 yCTaHOBKE
HedpocToMbl crnpaBa. 07.10.2022 r. BbiNONHEHA
MYHKUMOHHAA HedpPOCTOMUS MO PEHTTEHOBCKUM
M ybTPa3BYKOBbIM KOHTPOJIEM.

[NocneonepaumoHHbIV Nepuog NnpoTeKkan rmaako.
BakTepuonornyeckuin aHanma OT NoceBa 3KCMIaH-
TUPOBAHHOIO NPOTE3a 1 OTAENAEeMOro N3 rHOMHOIro
oyara nokasan pocTt Enterococcus faecalis.
MpopomkeHa aHTMOMOTMKOTEpPanUa Mo pes3ynbTa-
Tam rnocesa. 3aXMBNEHNE PaH NEPBUYHbLIM HATSXe-
Hmnewm. Noces KpoBM Ha 15-e cyTKM nocne onepaumum
6e3 pocTta Mukpodopsbl. MNoBbILLEHNS TeMnepaTy-
pbl TeENa He oTMe4deHo. Ha 30-e cyTkn nocne onepa-
LM NauMeHT BbIMUCAH B YAOBIETBOPUTESIBHOM CO-
cTosiHMU. Yepe3d 6 mec npu KOHTponbHo MCKT
OpraHoB GPIOLLHOM NOMOCTU C BHYTPUBEHHbLIM KOH-
TpacTupoBaHmeM (puc. 5): NnpoTe3d GYHKLUNOHMPYET
YOOBNETBOPUTESNIbHO, OOBLEKTUBHO MAUVEHT OTMe-
YyaeT yny4yleHne caMO4YyBCTBUS, YBENNYEHNE ONC-
TaHuMn 6e36051eBOM XO0ObLObI.

O6cyxaeHue

NHdekuma cocyamcToro nportesa sBnseTcsd
TSKENbIM OCJIOKHEHNEM, KOTOPOE MOXET Mpun-
BECTU K MHBaNMM3auum unm cMepTu naum-
eHTa. KnmHmnyeckass kapTuHa MOXET LWMPOKO
BapbMpoBaTb — OT BECCUMNTOMHOIO TEYEHUS
0O pas3BuTUS CBULLEN W KPOBOTEYEHMUI.
CyLecTByeT HECKONIbKO XUPYPrMYyecKkux Bapu-
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Puc. 2. “4ucteiin” 9Tan, WyHTMPOBaHNE BHE 30HbI PaHee
BbINOJIHEHHOW PEKOHCTPYKLUMM, BbIBEAEHME BpaHLL Npo-
Te3a Ha 6eapa AncTanbHee paHee UMMIaHTUPOBAHHbIX
npOTE30B.

Puc. 4. MCKT nocne aopTo-61dypKaLMOHHOIO LUYHTU-
POBaHUS CMHTETMYECKMM MPOTE30M M3 TOpakodpeHo-
NOMOOTOMUNYECKOrO [0CTyrna CjlieBa BHE 30HbI paHee
BbIMOJIHEHHOM PEKOHCTPYKUUM, peuMriaHTaums HUxX-
Hel OpbXeeyHoW apTepun B NpoTes, yaaneHne nHdpun-
LMPOBaAHHOIo aopTo-6udypkaunmoHHOro nporesa u3
3abpIOLINHHOIO A40CTyna crnpaea, caHauus U OpeHnpo-
BaHWe 3abploLIMHHOro abcuecca cnpaea U foxa yaa-
JIEHHOro NPOoTE3a.

Puc. 3. “Ipa3HbIN” aTan, yoganeHne MHOULMPOBAHHOIO
nportesa.

Puc. 5. MCKT opraHoB GptoLLHOI MOMOCTM C BHYTPU-
BEHHbIM KOHTPaCTMPOBaHMEM Yepes 6 Mec.

YcniewHoe xvpyprudeckoe aedeHne MHOULMpoBaHHOro aopTobeapeHHoOro 6udypkaLmoHHOro
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AHTOB JIe4EHUS MHDULMPOBAHHbBIX a0PTaSIbHbIX
NPOTE30B. IKCTPaaHATOMNYECKOE UIn ex Situ
LUYHTMPOBAHNE MOXET ObITb BbIMOJIHEHO Yepe3
MJIOCKOCTU HEUHODULMPOBAHHbLIX TKAHEN C MO-
cnenywowumMm yganeHmemM UHOUUMPOBAHHOIO
TpaHcniaHTaTa ¢ caHaumemn MHPULUMPOBaHHOM
TKaHW. 9Ta NOCNeaoBaTesibHOCTb NPEeAnoYTU-
TenbHa, 4TOObI N36exaTb ANTENBHON NLLEMINN
TKaHeln, ecnu yganeHme TpaHcnnaHTaTta 6bi0
BbIMNOJIHEHO A0 peBackynsapusaumn. Onepaumio
MOXHO NPOBOAMTbL NO3TAMNHO C MHTEPBASIOM OT
1 0o 5 gHen, 4ToObl N36exaTb YOJIMHEHWS BPe-
MEHU ornepauun.

Jpyrve xupypru4yeckme BapuaHTbl BK/OYa-
I0OT uccevyeHue UHPULMPOBAHHOIO TpPaHC-
niaHTata C HeMeONleHHOW PEeKOHCTPYKUuuen
Ha MecTe. BbinonHAOTCA arpeccmnBHas caHa-
uMsa n yganeHne UHOUUUPOBAHHLIX TKAHEWN.
BapunaHTbl peKkoOHCTPpYKUUW Oa49 noaxona in situ
BK/IOYAIOT B Cebs1 pa3meLleHre nNpoTe3HOro
TpaHcnaaHTara Win TKaHEBOro TPaHCIaHTaTa,
nPUYeEM NOCAeOHUIN BKIOYAET apTepuasbHble
anfoTpaHCrniaHTaTbl, BEHO3Hble ayIoTPaHC-
naaHTaTbl M BEHO3HbIE ayTOTPAHCMIAHTaThI.

Mpwn akcTpaaHaTOMMYECKOM LLUYHTUPOBaHNN
n yganeHum TpaHcnnantara 30-gHeBHas cMepT-

Introduction

Surgical interventions on infrarenal part of
the abdominal aorta, iliac and femoral arteries
are the most common in vascular surgery.
Aortic bifurcation bypass grafting (ABBS) or
replacement (ABBR) using synthetic materials
Among various surgical methods of treatment,
are prevailed. Synthetic prostheses have been
used in vascular surgery for over 50 years.
However, one of the most severe complications
in vascular surgery is the infection of vascular
prosthesis. After reconstruction surgeries on
aorta and iliac-femoral segment, this devastat-
ing complication develops at a rate of 0.5-6%,
according to different authors (1-3). Infectious
complications are aggravated by high mortality,
up to 50% in the early and up to 29% in the late
follw-up, as well as a high amputation rate — up
to 20% (4, 5).

Classification of infections depending on the
time of their occurrence, early or late after sur-
gery, is of clinical and epidemiological signifi-
cance. Early prosthetic infection usually occurs
within 1-3 months after surgery. Late infection
of prosthesis is an infection occurring 3 months
after surgery. The cause of the early infection is
usually intraoperative infection, and of the late

HOCTb CO BPEMEHEM YJyyluMiacb U B LIEJIOM
konebnetca ot 5 po 25%. Mo3gHaAs cMepT-
HOCTb B 60JIbLLNHCTBE UCCNEeA0BaHUN COCTaB-
nana 20 u 45%. OCHOBHbIM HEAOCTATKOM 3TOMN
MeToAVKM Oblfla OrpaHNYeHHas NPoxXoaMMoCTb
TpaHcnnaHTaTta. lNokasaTtenu nepBuUYHON Npo-
xogumocTun yepes 1 rog konebnotcs ot 60 oo
90%, a 4yepe3 5 netr — ot 40 mo 75% (16).
Hun3kas yactoTa NOBTOPHOIr0 MHMULMPOBAHUS
3a CYET TOro, YTO HOBbI TPaHCMNaHTaT He Mno-
MeLllaeTcs B UHOMUMPOBaAHHOE onepaLnoHHOe
none, SIBASIETCA OCHOBHbLIM MPENMYLLECTBOM
3TON TEXHUKM. HacToTa NMOBTOPHOrO 3apaxe-
HUS NPU 9KCTPaaHaTOMUYECKOM LLYHTUPOBA-
HUW B nccnenoBaHmax konebanacb o1 0 0o 15%
(16). NaymeHTbl C NPOTE3HOW UHDEKLINEN UME-
IOT pUCK peunHdeKLMn, YPOBEHb KOTOPOI 3aBU-
CUT OT TMNa COCYANUCTOro matepmana, UcrnoJsb-
3yemMoro gns nedeHms nHdekumm (8). B npea-
CTaB/IEHHOM HaMU KJIMHMYECKOM HabnoaeHun
Obilna BblOpaHa TakTuKa LWYHTUPOBAHUS BHE
30Hbl paHee BbINOJIHEHHOW PEKOHCTPYKLUMN
C yoaneHnemM MHUUMPOBaAHHOro NpoTesa B COo-
yeTaHUN C AHTUMUKPOOHBLIM JIEYEHMEM.
MaumeHT B yOOBNETBOPUTENIbHOM COCTOSIHUN
BbiNMncaH Ha 30-e cyTku nocne onepauun.

infection — hematogenous spread from other
parts of the body. Infections occurring at an
early stage usually manifest by local signs of
inflammation in the surgical intervention site:
development of an abscess or appearing of a
liquid discharge. There may also be other com-
plications, such as bleeding, prosthesis occlu-
sion, and pseudoaneurysm. Late infections are
characterized by the development of aneu-
rysms of anastomoses or fistulas (6, 7).

The etiology of prosthesis infections is char-
acterized by many factors. These factors may
include endogenous infections (natural flora of
the patient’s skin or transient colonizing patho-
gens), or exogenous infections (from the envi-
ronment of the surgical field). The main infec-
tious agents are coagulase-negative Staphylo-
coccus and Staphylococcus aureus, followed
by Enterobacteria, Pseudomonas aeruginosa,
fungi (e.g. Candida spp.), Streptococci,
Corynebacterium and anaerobes. According to
some reports, prosthesis infection caused by
methicillin-resistant Staphylococcus aureus is
associated with a poor prognosis (8).

To date, there are still no clear guidelines for
the treatment of prosthetic infections. Current
approaches to the management of vascular
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prosthesis infection include conservative and
surgical methods (9). The goal of treatment is
to eradicate infection and provide peripheral
blood flow by replacing vascular material and
using systemic antibiotic therapy (10, 11). The
principles of antibiotic therapy in the treatment
of prosthesis infection are based on maintain-
ing high plasma concentrations over a long
period (12, 13). Surgical treatment may include
in situ techniques and extra-anatomic bypassg
using a prosthesis impregnated with silver ac-
etate and/or rifampicin, as well as arterial and
venous allografts (8). Extra-anatomic bypass-
ing is the preferred method (14, 15). Surgical
intervention should include total or partial re-
moval of infected prosthesis (16). There are
reports in literature describing an effective
method of treatment and prevention of pros-
thesis infection using muscle flaps and omen-
toplasty (17). Taking in consideration the above
data, we would like to present a case of suc-
cessful treatment of a patient with a long-term
infection of the prosthesis after ABBR surgery.

Clinical case description

A 54-year-old patient was hospitalized to the
Department of Cardiac Surgery on September 30,
2022, with complaints of general weakness, moder-
ate dyspnea on exertion, episodes of dizziness ac-
companied by cold sweat and decrease in blood
pressure to 90/60 mm Hg, pain in right lower limb
with inability to put weight on a straightened leg
(moves on crutches), a periodical abscess in right
iliac area with purulent discharge. According to the
medical history, in September 2021 the patient was
admitted to a local clinical hospital with clinical signs
of acute abdominal syndrome. Previously he had no
health-related complaints. Urgent diagnostic lapa-
roscopy performed at admission did not reveal any
pathological findings. Acute abdominal pain per-
sisted. Abdominal ultrasonography revealed a rup-
tured infrarenal aortic aneurysm.

Aorto-femoral bifurcation prosthess was implant-
ed on an emergency basis. In the early postoperative
period there was fluid accumulation in the retroperi-
toneal space, more on the right side. Due to right-
sided pain in the abdominal cavity and low-grade
fever, drainage of retroperitoneal space on the right
side and drains placement was performed in 1 month
after the surgery. A clear odorless liquid was ob-
tained from the drains. Bacterial examination of dis-
charge from the drains showed the growth of
Enterococcus faecalis. Taking into account the
microflora sensitivity, a long-term multicomponent
intravenous antibiotic therapy was prescribed, with
positive changes over time.

After removal of the drainages, the patient’s con-
dition deteriorated, with an increase in body tem-
perature up to 40 °C. Antibiotic therapy was pre-
scribed again, with positive changes over time.

In February 2022, the patient’'s condition sud-
denly worsened and he was admitted to the
Department of purulent surgery at his home area.
On February 9, 2022, incision and drainage of the
abscess in the right iliac area was performed.
CT scan of retroperitoneal area revealed infiltrative-
inflammatory changes in lower back muscles with
areas of fluid accumulation and open fistulous tracts
to the lateral and anterior-lateral abdomen walls,
and a pyelectasia. In September 2022, the patient
was admitted to the Scientific and Practical Center
of Interventional Cardioangiology. On examination,
there is a postoperative scar after a median laparot-
omy on anterior abdominal wall and postoperative
scars in a typical place — in the area of femoral trian-
gles on both sides. In the right iliac area, above the
inguinal fold, there are two fistulas at a distance of 5
cm from each other with a closed fistulous tract (af-
ter the removal of drains used for drainage of right
iliac area, without purulent discharge and lymphor-
rhea). In the inguinal area above the pubic symphy-
sis in the projection of the white line, there is a fistula
with a closed fistulous tract without discharge.
Clinical and biochemical blood tests: neutrophilic
leukocytosis 14.7 x 10%/I, C-reactive protein 49 mg/I.
Abdominal contrast-enhanced MSCT was per-
formed (Fig. 1). It revealed: ectasia of the infrarenal
aorta; condition after ABBR; occlusion of the left
branch; right-sided psoas abscess; decreased ex-
cretory function of the right kidney, dilatation of the
right pelvis.

On October 05, 2022, the surgery was per-
formed: aorto-femoral bifurcation bypass with a
Gelsoft prosthesis 16 x 8 x 8 mm using the thoraco-
phreno-lumbotomy access, on the left and outside
the area of previously performed reconstruction; re-
implantation of the inferior mesenteric artery into the
prosthesis; removal of infected aorto-femoral bifur-
cation prosthesis through the right retroperitoneal
access; sanitation and drainage of right-sided retro-
peritoneal abscess and the bed of the removed
prosthesi. The surgery was divided into 2 stages:
“clean” and “dirty”.

“Clean” stage (Fig. 2). Left thoraco-phreno-lum-
botomy, retroperitoneal access to abdominal aorta,
creation of the proximal end-to-side anastomosis
between the prosthesis and the infrarenal aorta
above the site of the previously performed recon-
struction. Bilateral exteriorization of prosthesis
branches on hips, creation of distal anastomoses
“end-to-side” between the branches of the prosthe-
sis and SFA bilaterally. Re-implantation of the IMA

YcniewHoe xvpyprudeckoe aedeHne MHOULMpoBaHHOro aopTobeapeHHoOro 6udypkaLmoHHOro
rnpoTesa nyTem ero yaaneHusi ¢ budypkaLumoHHbIM LLYHTUPOBAHNEM. ..



CERAEYHO-COCYANCTAS XNPYPI Vs

Fig. 1. MSCT image before surgery.

into the prosthesis. “Dirty” stage (Fig. 3). Pararectal
retroperitoneal access to abdominal aorta on the
right, to the proximal anastomosis of previously im-
planted prosthesis. Graft explantation, drainage of
abscess cavity, sanitation of prosthesis bed and ab-
scess cavity. Drainage of the retroperitoneal area
and abscess cavity.

Postoperative ultrasound study revealed pro-
gressive hydronephrosis of the right kidney. This was
confirmed by MSCT scan data (Fig. 4). After urologi-
cal consultation it was decided to perform right-sided
nephrostomy. X-ray- and US-guided percutaneous
nephrostomy was performed on October 07, 2022.

The postoperative period was unremarkable.
Bacterial culture test of explanted prosthesis mate-
rial and purulent discharge showed the growth of
Enterococcus faecalis. Antibiotic therapy was con-
tinued based on the results of bacterial culture test.
The wound healed by primary intention. Blood cul-
ture on the 15th day after surgery showed no micro-
flora growth. Increased body temperature was not
observed. On the 30th day after surgery, the patient
was discharged in satisfactory condition. On the
control abdominal MSCT with intravenous contrast
enhancing (Fig. 5) performed after 6 months: the
prosthesis functions satisfactorily; the patient re-
ported an improvement in general well-being and
increase of pain-free walking distance.

Discussion

Infection of vascular prosthesis is a serious
complication which may lead to patient’s disa-
bility or death. The clinical pattern may be
widely variable, from an absence of symptoms
to development of fistulas and bleeding. There
are several surgical options for infected aortic
grafts treatment. Extra-anatomic or ex situ by-
passing through non-infected tissues may be
performed, followed by removal of infected
graft and debridement of infected tissue. This
operation sequence is preferable, in order to
avoid prolonged tissue ischemia if the graft was
removed before the revascularization. Surgery
may be staged with an interval of 1 to 5 days to
avoid prolongation of surgery time.

Other surgical options include excision of
the infected graft with immediate reconstruc-
tion in situ. Aggressive debridement and re-
moval of infected tissue is performed.
Reconstruction options for the in situ approach
include placement of a prosthetic graft or tissue
graft, the latter includes arterial allografts, ve-
nous allografts and venous autografts.

With the use of extra-anatomic bypassing
and graft removal, 30-day mortality rate de-
creased over time and generally ranges from 5
to 25%. Late mortality rate in most studies was

Ne 73, 2023



CARDIOVASCULAR SURGERY

Fig. 2. “Clean” stage, bypassing outside the area of the
previous reconstruction, exteriorization of prosthesis
branches on hips distally to previously implanted
prostheses.

Fig. 3. “Dirty” stage, removal of the infected prosthesis.

Fig. 4. MSCT after aortobifurcation bypass grafting
using synthetic prosthesis performed from the left
thoracophrenolumbotomic approach outside the area of
previous reconstruction, reimplantation of the inferior
mesenteric artery into the prosthesis, explantation of the
infected aortobifurcation grsft using the right
retroperitoneal access, sanitation and drainage of the
right-sided retroperitoneal abscess and the bed of the
explanted graft.

Fig. 5. Abdominal MSCT with intravenous contrast
enhancing after 6 months.
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20% and 45%. The main disadvantage of this
technique was the limited patency of the graft.
Primary patency after 1 year ranges from 60 to
90%, and after 5 years — from 40 to 75% (16).
The main advantage of this technique is a low
incidence of reinfection rate, due to the fact
that the new graft is placed to the non-infected
surgical field. Within the studies, reinfection
rates after extra-anatomic bypassing ranged
from 0% to 15% (16). Patients with prosthetic

Cnucok nutepatypbl [References]

1. Anpgpeiuyk K.A. Beibop cOCyaMCcTOro npoTesa B Xupypruu
aopThl “BLICOKOr0 pucka”. Kapauonorvs n cepaeqHo-
cocyaucrtas xvpyprus. 2016, 9 (4), 95-104.
https://doi.org/10.17116/ kardio20169495-103
Andre chuk K.A. The choice of vascular prosthesis in high-
risk aortic surgery. Kardiologiya i Serdechno-Sosudistaya
Khirurgiya. 2016;9(4):95-104. https://doi.org/10.17116/
kardio20169495-103 (In Russian)

2. [Jopouwko E.IO., JlbiaukoB A.A. BruomexaHuyeckme CBOWA-
CTBa, NaToreHeTnyeckne MexaHnm3mbl U NyTM MHGULUMPOBa-
HUS1 TK@HbIX COCYAMCTbIX MPOTE30B B @HMMOXUPYPTUWN.
Mpo6nemsl 340p0Bbs 1 akonorun. 2020, 4, 79-86.
https://doi.org/10.51523/2708-6011.2020-17-4-5
Doroshko Y.Y., Lyzikov A.A. Biomechanical properties,
pathogenetic mechanisms and pathways of infection of
tissue-engineered vascular conduits in angiosurgery.
Health and Ecology Issues. 2020, 4, 79-86. https://doi.
org/10.51523/2708-6011.2020-17-4-5 (In Russian)

3. Bokepuss J1.A., A6gynracaHoB PA., WeaHoB A.B.,
ApakensH B.C. TekCTwnbHble COCYAMCTbIE MPOTE3bl B
aHrnoxupyprn. AHHasbl xupyprim. 2019, 24 (3), 165-174.
https://doi.org/10.24022/1560-9502-2019-24-3-165-174
Bockeria L.A., Abdulgasanov R.A., lvanov A.V., Arakelyan V.S.
Textile vascular grafts in angiosurgery. Russian Annals of
Surgery. 2019, 24 (3), 165-174. https://doi.
org/10.24022/1560-9502-2019-24-3-165-174 (In Russian)

4. TieSka V., Certik B., Molatek J. et al. Infekce cévnich rekon-
strukci v aortofemoralni oblasti [Vascular reconstructions
infections in the aortofemoral region]. Rozhl Chir. 2012,
91 (11), 597-600.

5. Wep6iok AH., WHpepbues T.C., YnbsaHoB [.A.,

BacunbeB C.B. MoBTOpHbIE PEKOHCTPYKTMBHLIE ONepauum
Ha aopTe W apTepusiX HUXHUX KOHEYHOCTen. Xupyprus.
2002, 9, 64-69.
Shherbjuk A.N., Inderbiev T.S., Ul'janov D.A., Vasil'ev S.V.
Repeated reconstructive operations on aorta and arteries
of lower extremities. Russian Journal of Surgery =
Khirurgiya. 2002, 9, 64-69. (In Russian)

6. Taher F, Assadian O., Hirsch K. et al. Protheseninfektionen
im aortofemoralen Bereich und ihre Vermeidung
[Aortofemoral vascular graft infections and their preven-
tion]. Chirurg. 2015, 86 (3), 293-302.
https://doi.org/10.1007/s00104-015-3009-x

7. AbpynracaHoB PA. VHdekumsi cocyamcTbiX MpOTe30B.
KomnnekcHble npobnemsi cepaeyHo-cocyancTbix 3aboe-
BaHwii. 2016, 1, 12-17. https://doi.org/10.17802/2306-
1278-2016-1-12-17

infection are at risk of reinfection, the level of
which depends on the type of vascular material
used to treat the infection (8). In our case, we
chose to perform bypassing outside the area of
a previously performed reconstruction and to
remove an infected graft in combination with
antimicrobial treatment. The patient was dis-
charged in a satisfactory condition on the 30th
day after the surgery.

Abdulgasanov R.A. Infection of vascular grafts. Complex
Issues of Cardiovascular Diseases. 2016, 1, 12-17.
https://doi.org/10.17802/2306-1278-2016-1-12-17
(In Russian)

8. Hayes P.D., Nasim A., London N.J. et al. In situ replace-
ment of infected aortic grafts with rifampicin-bonded
prostheses: the Leicester experience (1992 to 1998).
J. Vasc. Surg. 1999, 30 (1), 92-98.
https://doi.org/10.1016/s0741-5214(99)70180-1

9. Wilson W.R., Bower T.C., Creager M.A. et al. Vascular Graft
Infections, Mycotic Aneurysms, and Endovascular
Infections: A Scientific Statement From the American Heart
Association. Circulation. 2016, 134 (20), e412-e460.
https://doi.org/10.1161/CIR.0000000000000457

10. Acosta S, Monsen C. Outcome after VAC® therapy for
infected bypass grafts in the lower limb. Eur. J. Vasc.
Endovasc. Surg. 2012, 44 (3), 294-299.
https://doi.org/10.1016/j.ejvs.2012.06.005

11. Erb S., Sidler J.A., Elzi L. et al. Surgical and antimicrobial
treatment of prosthetic vascular graft infections at differ-
ent surgical sites: a retrospective study of treatment out-
comes. PLoS One. 2014, 9 (11), e112947.
https://doi.org/10.1371/journal.pone.0112947

12. Cirioni O., Mocchegiani F., Ghiselli R. et al. Daptomycin and
rifampin alone and in combination prevent vascular graft
biofilm formation and emergence of antibiotic resistance in
a subcutaneousrat pouchmodel ofstaphylococcal infec-
tion. Eur. J. Vasc. Endovasc. Surg. 2010, 40 (6), 817-822.
https://doi.org/10.1016/j.ejvs.2010.08.009

13. Edmiston Jr C.E., Goheen M.P,, Seabrook G.R. et al. Impact
of selective antimicrobial agents on staphylococcal adher-
ence to biomedical devices. Am. J. Surg. 2006, 192 (3),
344-354. https://doi.org/10.1016/j.amjsurg.2006.04.009

14. O'Connor S., Andrew P., Batt M., Becquemin J.P. A system-
atic review and meta-analysis of treatments for aortic graft
infection. J. Vasc. Surg. 2006, 44 (1), 38-45. https://doi.
org/10.1016/j.jvs.2006.02.053

15. Earnshaw J.J. The current role of rifampicin-impregnated
grafts: pragmatism versus science. Eur. J. Vasc. Endovasc.
Surg. 2000, 20 (5), 409-412.
https://doi.org/10.1053/ejvs.2000.1197

16. Kilic A., Arnaoutakis D.J., Reifsnyder T. et al. Management
of infected vascular grafts. Vasc Med. 2016, 21 (1), 53-60.
https://doi.org/10.1177/1358863X15612574

17. Dua A., Rothenberg K.A., Lavingia K. et al. Outcomes of
Gracilis Muscle Flaps in the Management of Groin
Complications after Arterial Bypass with Prosthetic Graft.
Ann. Vasc. Surg. 2018, 51, 113-118.
https://doi.org/10.1016/j.avsg.2018.02.009

Ne 73, 2023



CARDIOVASCULAR SURGERY

CBepeHunsa 06 aBTopax [Authors info]

MankoB AHppeit HukonaeBuu - kaHg. mepd. Hayk, 3aBefylolmin otaeneHvwem kapavoxupyprim HILL MHTEpBEHUMOHHOW Kapamo-
aHruonorun GraQy BO Mepebiit MITMY nmenmn .M. CeveHora MuH3ppaBa Poccun (CeyeHoBckuin YHusepeuteT), Mockaa.
https://orcid.org/0000-0002-2681-4243

BasHauH Hukonaii JleoHappoBuY — [OKTOP Mef. HayK, Npodeccop, Bpay CepaeyHO-COCYANCTLIN XMPYPr KapaMOXUPYPruyeckoro
otnenenus HIL, nHTepBeHUMOHHOW kapamoaHruonorun GrA0yY BO Mepsbii MIMY nmenn U.M. CeveHoBa MwuH3popaBa Poccumn
(CeyeHoBCKMIA YHMBEPCUTET); 3aBEAYIOLMIA oTAeNeHneM kapanoxupypriuv FBY3 ropona Mocksel “fopoackas KnmHuyeckas 60nbHMLA
Ne15 nmenn O.M. dunatosa 13 ropoga Mocksbl”, Mockea. https://orcid.org/0000-0002-9199-5669

Fetaxeee Kantemup BuktopoBuy — Bpay cepaeyHo-cocyamcTbiid xupypr HIL, uHTepBeHumoHHol kapanoarruonori GrAQY BO Mepebiit
MIMY nmenn U.M. CeuyeHora MuH3apasa Poccun (CeveHoBckuin YHuBepenTeT), Mocksa. https://orcid.org/0000-0001-5193-0556
CrenaHoB AnekcaHap BaneHTMHOBMY — Bpay aHECTE3MOSI0r-pPeaHMMaTonor, 3aBeytoLLmnii OTAENEeHNEM aHECTE3VOOM NI -peaHnMaLn
HML, vHTepBeHumoHHON kapaunoarruonorun GrAQY BO Mepeblt MITMY umenn U.M. CeueHoBa Munagopaea Poccun (CeueHoBCKWMiA
YuuepcuteT), Mocksa. https://orcid.org/0000-0002-4009-4596

Xypaseno Bnagucnas BnapumupoBuy - Bpady CepLeyHO-COCYAMUCTHIA XWMPYpr Kapauoxupypruyeckoro otgenedus HIL
VHTEepBEHUMOHHON KkapamoaHruonorun GrAQY BO Mepsbit MIMY umenn W.M. CeyeHoBa MuHagpasa Poccum (CeveHOBCKMIA
YuusepcuteT), Mocksa. https://orcid.org/0000-0001-7286-0884

F'ynbmucapsan Kapen BagumoBuy — Bpay no peHTreH3HA0BacKynsapHbIM AUarHOCTUKE U IEHEHWIO OTAENEHNS PEHTTEHOXUPYPTUYECKMX
METO/0B AMarHoCTVKM 1 neverns HIL, nHTepeeHLmoHHo kapanoaHronor GraQyY BO Mepabliit MTMY nmenn .M. CeveHoBa MuHaapaga
Poccum (CeuveHoBckuii YHuBepeuTeT), Mockea. https://orcid.org/0000-0002-8985-2220. E-mail: karengyulmisaryan@gmail.com
YepHbiweBa UpuHa EBreHbeBHa — KaHA. Me[. HaykK, Bpay-Kapauonor, 3aMecTUTeNb AMPEKTOpa N0 MeANLMHCKON YacTu U KIUMHWKO-
akcnepTHol pabote HIL, nHTepBeHUMOHHON KapanoaHronorum GrAQY BO Mepebiit MIMY nmenu U.M. CeueHosa Munaapasa Poccun
(CeueHoBckuin YHnBepcuteT), Mocksa. http://orcid.org/0000000297070691

Cemutko Cepreii MeTpoBuY — [0OKTOP MeA,. Hayk, npodeccop, ampekTop HIL, nHTepBeHLmoHHo kapamoarruonorum GrAQY BO Mepsbiit
MIMY nmenn U.M. CeyeHoBa Munsgpaea Poccumn (CeveHosckuin YHuBepcuTeT), Mocksa. https://orcid.org/0000-0002-1268-5145.
E-mail: semitko@mail.ru

* Aapec ans nepenucku: fetaxees KaHtemup Buktoposud — ten.: +7-964-030-88-98. E-mail: getazheevd7@mail.ru

Andrey N. Pankov - Cand. of Sci. (Med.), Head of the Department of Cardiac Surgery, Scientific and Practical Center for Interventional
Cardioangiology, I.M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian Federation, Moscow.
https://orcid.org/0000-0002-2681-4243

Nikolay L. Bayandin - Doct. of Sci. (Med.), Professor, Cardiovascular Surgeon, Department of Cardiosurgery, Scientific and Practical
Center for Interventional Cardioangiology, I.M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian
Federation; Head of the Department of Cardiac Surgery, O.M. Filatov City Clinical Hospital (City Hospital Ne15), Moscow.
https://orcid.org/0000-0002-9199-5669

Kantemir V. Getazheev - cardiovascular surgeon, Scientific and Practical Center for Interventional Cardioangiology, I.M. Sechenov First
Moscow State Medical University of the Ministry of Health of the Russian Federation, Moscow. https://orcid.org/0000-0001-5193-0556
Alexander V. Stepanov - anesthesiologist, Head of Department of Anesthesiology and Resuscitation of the Scientific and Practical
Center for Interventional Cardioangiology, .M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian
Federation, Moscow. https://orcid.org/0000-0002-4009-4596

Vladislav V. Zhuravel’ - cardiovascular surgeon, Department of Cardiosurgery, Scientific and Practical Center for Interventional
Cardioangiology, I.M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian Federation, Moscow.
https://orcid.org/0000-0001-7286-0884

Karen V. Gyulmisaryan - specialist on radioendovascular diagnostics and treatment, Department of Radiosurgical Methods of
Diagnostics and Treatment, Scientific and Practical Center for Interventional Cardioangiology, I.M. Sechenov First Moscow State
Medical University of the Ministry of Health of the Russian Federation, Moscow. https://orcid.org/0000-0002-8985-2220.

E-mail: karengyulmisaryan@gmail.com

Irina E. Chernysheva - Cand. of Sci. (Med.), cardiologist, Deputy Director for Medical Affairs and Clinical and Expert Work of the
Scientific and Practical Center for Interventional Cardioangiology, .M. Sechenov First Moscow State Medical University of the Ministry of
Health of the Russian Federation, Moscow. https://orcid.org/0000-0002-8985-2220

Sergey P. Semitko - Doct. of Sci. (Med.), Professor, Director of the Scientific and Practical Center for Interventional Cardioangiology,
I.M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian Federation, Moscow. https://orcid.org/0000-
0002-1268-5145. E-mail: semitko@mail.ru

* Address for correspondence: Kantemir V. Getazheev - phone: +7-964-030-88-98. E-mail: getazheevd7@mail.ru

CrtaTtbga nony4yeHa 27 masa 2023 r. MpuHaTa B neyaTtb 16 aBrycta 2023 r.
Manuscript received on May 27, 2023. Accepted for publication on August 16, 2023.

YcniewHoe xvpyprudeckoe aedeHne MHOULMpoBaHHOro aopTobeapeHHoOro 6udypkaLmoHHOro 45
rnpoTesa nyTem ero yaaneHusi ¢ budypkaLumoHHbIM LLYHTUPOBAHNEM. ..



PA3HOE

ISSN 1727-818X (Print); ISSN 2587-6198 (Online)
https://doi.org/10.24835/1727-818X-73-46

OnpeneneHue NpeaUKTOPOB HeGNAronpUATHOro
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AKTYyanbHOCTb: B HacTOsILLee BPEeMsi aKTyaslbHOCTb UCC/IEA0BaHVs ONpeaeseTcs KpamHe HEA0CTaTOYHbIM
OCBeLLeHNeM AaHHOoV npobaemMaTvikv, 4To, B CBOIO 04epesb, HENMOCPEACTBEHHO OTPAXaEeTCs Ha TakTyKe Beae-
HUWS NauMeHTOB C AaHHOM NaToJIorne.

Llenb uccnepgoBauns: aHaim3 pesybTatoB 0NepaTuBHOro J1€4EeHUs NaLneHTOB C OCTPOV NLLIEMUNEV HVXKHUX
KOHEYHOCTEV Ha (POHE HOBOW KOPOHaBUPYCHOM MHGDEKLMN W BHYTPUIOCINTA/IbHOM JIETAJIbHOCTU.
Onpenenntb NPeaukTopbl HEOGAaronpUsITHbIX MCXOA0B, MOCTPOUTL MPOrHOCTUYECKYIO MOAEJb Y MauyeHTOB
C OCTpOVi niemmeri KOHe4YHOCTew 1 severe acute respiratory syndrome- related coronavirus-2 (aanee — SARS-
Cov-2).

Martepuan n metoabl. [u3aviH MCCNe[OBaHVs: WCCAEL0BaHNE OAHOLIEHTPOBOE, PETPOCIEKTUBHOE.
PeTpocnekTBHO rnpoaHaan3npoBaHo 47 nauneHToB C OCTPOU uiiemueri koHe4HocTeri (OVIK) Ha ¢poHe Tede-
Husi SARS-Cov-2 B nepuog c ceHTs6pss 2020 r. no anpesb 2022 r. ¢ nogreepxaeHHbIM SARS-Cov-2. B nccne-
Z0BaHUY aHaIn3npoBaINCh COEAHUY BO3PACT NaLMeEHTOB, AaHHbIE 1abopaTopHbIX MoKa3aTesner, ConyTCcTBy-
oLLasi naTtosorvs, CTeneHb ULEeMun, AaHHbIe MHCTPYMEHTaIbHbIX 00C/1en0BaHni, BbIOOP cTpaTteruy 1e4eHusi
W BHYTPUrocnutasabHas 1€TaslbHOCTb.

C rnomoLblo CTaTUCTUYECKOro aHaam3a BbISIBJIEHA KOPPEIsuns KIMHUYECKUX MCXO4oB naumeHToB ¢ OUK
C TsKecTblo TeyeHnss SARS-Cov-2.

Pe3ynbratel. CoeaHuvi Bo3pacT naumeHToB coctaBun 71,1+ 6,3 roaa. Octpas niiemusi BepxHeri KOHe4YHOCTU
6bina y 3 nauneHToB. CpeaHee 3HadeHne D-aumepa coctaBusio 4645 Hr/Mi, cpeaHee 3HadyeHne pepputmHa —
969, 1 mkr/n. SARS-CoV-2 6bin1 noaTeepxaeH y 100% nawumeHToB.

PacnpenenerHne cteneHn OUIK (no N.U. 3areBaxury): 1 — 8,5% (n = 4); 2A — 44% (n = 21); 2b — 39%
(n=18); 3A-8,5% (n=4). 78,5% nauneHToB rojy4aas aHTUKoaryssHTHyr0 Teparuio.

lMaymeHTbl ¢ cornyTCTBYyIOLEH Naroorneri pacrnpenennincs CaeayoLwmmMm obpa3om: caxapHbivi auabet
38,7%; runeptoHmnyeckasi 6ose3Hb 85,3%; LiepebpoBacKy/isipHble HapyLUeHVsl B aHaMHe3e 64,7 %, HapylueHne
puTMma ro vy pubpunnsumm npeacepani 42,4%.

TsXKeCTb nopaxeHusl BUPYCHOV MHEBMOHMM 1o AaHHbIM KT: KT1 — 12% (n = 6), KT2 — 19% (n = 9), KT3 -
29% (n=14), KT4 - 21% (n = 10), KT He npoBoaniocb — 19% (n = 8 B CBSA3U C TSXKECTbIO COCTOSIHUS).

lMauymeHTsl Obliv pas3aesneHbl o TUMYy BMELLATEIbCTB:! CEJIeKTUBHBIN TpoMboamauc 9%, xupyprudeckasi
TpoMb3akTOoMuUsI 10%, aHAOBacKysiPHbIe BMeLuaTesibcTBa 63%, rubpuaHbie BMeLuaresscTea 18%.

lpoun3BeneH peTpoCrnekTUBHBIM aHann3 KIMHUYECKMUX NCXOA0B (CMEPTHOCTb OT BCEX MPUYnH, G0JbLLNE
cepaeqyHo-cocyancTble cobbITvs, MOBTOPHas peBackynspudauus). C rnoMoLybio MetToga PerpeccuBHOMro
aHanm3a BbiSIBUIaCh KOPPESILMUS MEXAY KOHEYHOM TOYKOM U TSXKECTbIO OCHOBHOIo 3ab0/1eBaHys, BbIMOJIHSI-
JINCb OLiEeHKa NpeanKTopPOB HEOIAronpUsSITHLIX UCXOA0B U [OCTPOEHNE MPOrHOCTUHECKOV MOLEIIN.

Takxe OLEeHUBaIMChb OCJIOXHEHUS, MO HaLUMM LAaHHbIM Yy TPEX rnaumeHToB ObLl paHHWI TPOMOO3 30HbI
PEKOHCTPYKLMU 1 Y ABYX NALMEHTOB Hab/1104a/1Ccsl TEXHUYECKUI HEYCIEX PeBaCKYyIpu3aLmmy apTepuyii ro1eHn
U CTOrbI.

BHyTpurocnutasbHasi CMePTHOCTb cocTaBuna 65,3%.

Bakno4yenmne. Ha ocHOBe MPOrHOCTUYECKOK MOAEN BbISIBJIEHA KOPPESILMS KITMHUKO-/1a00PaTOPHbIX AaHHbIX
Y KOHEYHOW TOYKM.

KnroueBsbie cnoBa: peackynspusaims, SARS-Cov-2, TpooM603, 0CTpas ULLIeMusi, TOOMOOTUYECKNE COObITUS,
BH/10BACKY/ISIPHbIE BMELLaTe/IbCTBa

Anga uutuposanusa: [.E. 3i03uH, M.A. Tokapes, [.B. Tennsikos. OnpeneneHne npeamkTopoB HebnaronpusT-
HOro Ncxoaa y NaunmeHToB C OCTPOWN NLEMNEN KOHEYHOCTEN NPM HOBOM KOPOHABMPYCHOW MHMEKLMN B OCTPOWN
dase 3abonesaHunsa. MexayHapoaHbii XypHaa MHTePBEHLUMOHHOM kapanoaHrnonorin. 2023; 73 (2): 46-58.
https://doi.org/10.24835/1727-818X-73-46

KoHdnukT nHTepecos: aBTopbl 3asBMS0T 00 OTCYTCTBUM KOHDIMKTA MHTEPECOB.
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Determination of predictors of adverse outcome
in patients with acute limb ischemia

with a new coronavirus infection

in the acute phase of the disease

D.E. Zyuzin*, P.A. Tokarev, D.V. Teplyakov
State Budgetary Healthcare Institution “Pokrovskaya City Hospital”, St. Petersburg, Russia

Relevance. At the moment, the study relevance is determined by extremely insufficient coverage of this issue,
which in turn directly affects managing patients with this pathology.

Study objectives: to analyze outcomes of surgical treatment of patients with acute ischemia of lower limbs in
connection with the new coronavirus infection and in-hospital mortality; to identify predictors of adverse
outcomes; to construct a prognostic model for patients with acute limb ischemia and severe acute respiratory
syndrome-related coronavirus-2 (hereinafter — SARS-Cov-2).

Material and methods. Study design: single-center, retrospective study. We retrospectively analyzed
47 patients with acute limb ischemia (ALI) on confirmed SARS-Cov-2 for the period from September 2020 to
April 2022. In this study, we analyzed the mean age of patients, laboratory tests results, comorbidities, ischemia
grade, imaging data, choice of treatment strategy, and in-hospital mortality.

Statistical analysis revealed a correlation between clinical outcomes in patients with ALl and SARS-Cov-2
severity.

Results. The mean age of the patients was 71.1 £ 6.3 years. Acute ischemia of the upper limb was present in
3 of them. The mean concentration of D-dimer was 4,645 ng/mL. The mean level of ferritin was 969.1 ug/L.
SARS-CoV-2 was confirmed in 100% of patients.

The distribution of ALI grades (according to I.l. Zatevakhin's clasification) was as follows: 1 — 8.5% (n = 4);
2A-44% (n=21); 2B-39% (n=18); 3A - 8.5% (n = 4); 78.5% of patients received anticoagulants.

Patients with comorbidities were distributed as follows: diabetes mellitus — 38.7%, hypertension — 85.3%;
history of cerebrovascular disorders — 64.7%; AFib arrhythmias — 42.4%.

The severity of viral pneumonia according to CT: CT1 - 12%(n=6), CT2 - 19%(n=9), CT3-29% (n = 14),
CT4-21% (n=10), CT was not performed — 19% (n = 8 because of the condition severity).

Patients were grouped by intervention type: selective thrombolysis — 9%, surgical thrombectomy — 10%,
endovascular interventions — 63%, hybrid interventions — 18%.

Clinical outcomes (all-cause mortality, major cardiovascular events, repeat revascularization) were
retrospectively evaluated. Using regression analysis, we found a correlation between the end-point and the
severity of the underlying disease, assessed predictors of adverse outcomes, and constructed a prognostic
model.

Complications were also evaluated; according to our data, three patients had early thrombosis in their
reconstruction zones and two patients had technical failures of revascularization of their lower leg and foot
arteries.

In-hospital mortality was 65.3%.

Conclusion. Our prognostic model allowed to find a correlation between clinical and laboratory data and the
end-point.

Keywords: revascularization, SARS-Cov-2, thrombosis, acute ischemia, thrombotic events, endovascular
interventions

For citation: D.E. Zyuzin, PA. Tokarev, D.V. Teplyakov. Determination of predictors of adverse outcome in
patients with acute limb ischemia with a new coronavirus infection in the acute phase of the disease.
International journal of interventional cardioangiology. 2023; 73 (2): 46-58.
https://doi.org/10.24835/1727-818X-73-46
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PA3HOE

BeepeHue

CoobuieHns npodeccrnoHanbHOro coodLe-
CTBa CO BCEro Mmpa roBopAaT 0 CTPOromn koppe-
NAUMM MexXay HOBOW KOPOHABUPYCHOW UHGEK-
unen (SARS-Cov-2) 1 BO3HUKHOBEHVEM TPOM-
OOTNYECKNX OCNOXHEHUI BCNeaAcTBME Tak
Ha3blBAEMOro LUMTOKMHOBOIO LUTOPMA, KOTO-
pbli Bbl3blBAET rMMNepBOCNaIUTENBHYIO peak-
LU0 opraHnu3ma, npuBOASLLYIO K rmnepkoary-
nauum 1 SHOOTENUANbHOM AONCOHYHKLMNN.
Mo nepBbiIM OMyOGNMKOBAHHBLIM AaHHbIM Obln
OTMEYEH PEe3Ku POCT OCTPOW ULLEMUN KOHEY-
HocTen (OUK). Tak, no gaHHbIM Y. Etkin u co-
aBT., 3aboneBaemMoCTb MNaLUWMEHTOB OCTPON
ULIEMUIN HUXKHUX KoHevyHocTen (OMHK), acco-
ummpoBaHHom ¢ COVID-19, HyxaamoLwmxcs
B rocnutanusauuun, konebnetcsa ot 3 0o 15%,
o1 600 go 3000 cnyyaeB OCTPOV MLWEMUU, CBA-
3aHHOW C HOBOM KOPOHaBUPYCHON UHEKLUMEN
B CLUA, ncxonsa ns npumepHo 20 000 naumeH-
TOB, KOTOPbIM B HaAcTosLLee Bpems TpebyeTtca
rocnutann3auusa n MHTeHcuBHas Tepanus (1).

LUenb nccnepoBaHusa: onpenesieHme npe-
OMKTOPOB HEONAroNPUATHBIX MICXOO0B, MOCTPOEe-
HME MPOrHOCTUYECKON MOAENN Y MaUMEHTOB
¢ ONK n COVID-19, a Takxe aHanM3 pesyJsbra-
TOB OMNEPATVBHOIO JIEYEHUS U BHYTPUTOCMMN-
TasbHON NeTanbHOCTN.

O0630p nuTepartypsbl

AHanua nybnukaunmii Gbis1 OCYLLLECTBIEH Ha
6a3e gaHHbIX 31EKTPOHHbIX pecypcoB PubMed
1 Scopus. NEKTPOHHbIN NOUCK MPOBOAMIICS MO
crnenyloLwyM KJloYEBLIM CNIOBaM: OCTpas umile-
MUS KOHe4dHocTel n COVID-19, apTepuanbHbiii
Tpom603 1 COVID-19 n TpomboTUyeckasa oOk-
KI031A apTepuin KoHevyHocTu u COVID-19.
B aHanua Bk/lOHaNMCb CTaTbU Ha aHMIMNCKOM
a3blke. MicxogHo cTtaTby ong aHanm3a oToupa-
JINCb MO Ha3BaHWIO 3arofIOBKOB U pestome, Aa-
Jlee — No NMoJIHOMY TeKCTy nybnukauum. B yact-
HOCTW, aHanM3y nogBepranucb OTAENbHbIE
KJIMHUYECKME ClyyYaun, Cepust KIIMHNYECKUX Chy-
yaeB, CUCTEMHbIE 0030pbI.

Bbino npoaHannsauposaHo 36 uccneposa-
HuM (1, 2, 3-38), BkovawLWMX 4 peTpocrnek-
TUBHbIX UCCNleaoBaHUs, 3 NPOCMEKTUBHbIX UC-
cnepgoBaHus, 30 KIIMHNYECKUX Clly4YaeB.

PesynbTaThl: BCero 6b1m npoaHanmanposa-
Hbl OaHHble 194 nauumeHToB, CTpagalLLUX
OUVHK n SARS-Cov-2, cpegy Hux 157 (81%)
MY>UKH CO cpeaHuM Bo3pacTtom 60 net. Y 60/1b-
LWUMHCTBA MauneHToB Oblna apTepuasnbHas rm-
nepteHaunsa (112 naumeHtoB, 58%) n amnabet
(55 naumeHToB, 28%). O npegonepauMoHHON
Tepanum aHTUKOAryngaHTamMm nnm aHTUTPoMOo-

LMTapHbIMM NpenapaTtaMmu coobLanocb COOT-
BeTCcTBEHHO Y 13 (7%) n 21 (11%) nauuneHTa.

Hanbonee mncnonb3yembiM MeTOO0M Jeve-
HMA O6blna TpomMbambonakTomua (31% Bcex
onepaTuBHbIX BMeLlaTenbCTB). B 0buen cnox-
HocTn 32 (19%) nayuneHTa He OblM NOABEpPT -
HYTbl peBackynsipmsaunm B CBS3U C KPUTUYEC-
KMM CTaTyCOM. YpPOBEHb TEXHNYECKOrO ycrnexa
Obln HU3KUM (68%), a ypOBEHb CMEpPTHOCTU
Obln BbICOKMM (35%).

MaTtepuan n metoabl

B pamkax peTpoCnekTMBHOrO uccnenoBa-
HMS OblNl COCTaB/IEH PErucTp NMauueHToB, ne-
PEHECLUNX OCTPYIO ULLIEMUID C BEPUOULMPO-
BaHHbIM COVID-19 B nepuon C CeHTs6ps
2020 r. no anpenb 2022 r. B perncTp BKJIKOYEHDI
47 naumeHToB. lNokasaHWs K peBackynsapuaa-
Lu1n onpenensnncb Ha OCHoBaHUM Poccrincknx
pekomeHpauum 2020 r. n pekomMeHgauunin
EBponerickoro obuwecTtesa CoOCyanCTbIX XMPYpP-
roB oT 2020 r. CTeneHb OCTPOI ULLEMUU OLE-
HMBanacb B COOTBETCTBUM C KJlacCcudmrkaymen
N.N. BateBaxmHa.

Kputepumn BkItOHYEHUS NALMEHTOB B UCCe-
LOBaHue:

+ nogTBepXxaeHHbin SARS-COV-2;

+ Hanu4mne OUK.

Kputepum nckoyeHuns:

* COCTOSIHVME TEPMMUHASIbHOW CTEMNEHUN THAXEe-
CTM HA MOMEHT OCTPOro Tpombo3a KOHEYHO-
cten (n=6);

* HanM4me NPoOTUBOMOKA3aHUIN K peBackKy-
napusaumm KOHe4YHocTen (n = 8).

BbiGop cTpaTermm ne4eHms oueHnBancsa UH-
OVNBMAyanbHO B COOTBETCTBUMW CO CTEMEHbIO
UweMuu, nokanmsauuen nopaxeHus, Taxe-
cTbio COVID-19, Hannynem mnu OTCYTCTBUEM
MPOTUBOMNOKA3aHUN K MPOBEAEHUIO CENEKTUB-
Horo Tpombonuauca. lMaumeHTam c nepBoun
CTeneHblo nLeMUn nepBow NuHUen mnsdupa-
JNlacb KOHCepBaTMBHAas Tepanus, rnpm nporpec-
CUPOBAHMN SIBJIEHUA ULIEMUN MAUMEHTY Bbl-
MOJIHANOCH OnepaTuBHOeE fieyeHne. B kavecTse
npegonepauyioHHoro obcnenoBaHusa MpPOBO-
ONTNCb OCMOTP COCYOUCTOro xmpypra/spada
POMAWJZT ¢ nocnenyloWwumM BbINOJIHEHUEM
Y3OC apTepuii U BEH HMKHUX KOHEYHOCTEN
M DanbHENLWNM NPUHATUEM PELLEHMS B 3aBU-
CUMOCTM OT KJIMHMYECKON cutyaummn. B kaye-
CTBE MEAVKaMEHTO3HON Tepanum MNauneHTy
Ha3Ha4YanmMcb GontocHas Ao3a HedpakuMoHU-
poBaHHOro renapuHa (H®I) B 3aBUCMMOCTU
OT Macchl Tena, nogaepxvearLLas OKCUreHo-
Tepanus, UHPY3MOHHAs Tepanus, a Takxke
ajekBatHada aHanoresuvd. na sudyanusaumn
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nopaxeHust NPUMeHsANacb NHBA3VBHAsI aHIMOo-
rpadusa c NPUMEHEHNEM pexnma cyoTpakLmu.
Mo pesynbratam aHrmorpadmm NPUHUMAaNoOCh
pelleHne o BblOOpe MeToda peBacKynspula-
umn. NpoBepeHne cenekTMBHOro TPOMO0IN3N-
Cca, B 4YaCTHOCTU pPEeXuM A03MPOBAHUS U Ha-
6niogeHre 3a nNauMeHToM Mpu ero nposene-
HUW, OCYLLECTBAANOCH MO PELLEHNIO BPpaYeOHOMN
KOMUCCUW. DHO0BACKYNAPHbIE BMELLATENbLCTBA
OblnN BbINOJNIHEHBI B 72% B BMae Tpombacnupa-
LN, MEXaHWUYECKOW acnnpauMoHHOM TPOMO3K-
TOMMUW, CENEKTUBHOIO TpoMboAn3uca, 6anioH-
HOW aHrMoMacTuKM, CTEHTUPOBAHUSA, a TakXe
pas3nnNyHbIX KOMOWHAUWMA OaHHbIX MEeTOOMK.
MMbpuaHble BMeLLaTeNbCTBa BbINOJSIHEHbI B 18%
NyTEM BbIMOJIHEHNS MPAMOI U HENPSIMOIA TPOMO-
3KTOMUU C aHTMOKOHTPOJIEM C MOcnenyoLen
Tpombacnupaumen mn/unm GannoHHOM aHrmo-
NaacTUKN CO CTEHTUPOBAHMEM mMnu 6e3 Tako-
Boro. B kauyectBe cucTtembl gebankuHra wuc-
nosib3oBanacb CUCTEMA MEXAHWMYECKOW acnu-
paunoHHo TpoMbakToMum Rotarex (Rotational
Excisional Atherectomy System — BD). JaHHas
cucTtema mMcnosab3oBanacb B Nepuon C UIOHS
2021 r. no anpenb 2022 r. 3a gaHHbIM Nepuog,
Obin npoonepupoBaH 21 (45%) nauueHT,
9 (19%) 13 KoTOpbIX ObIIN MPOSIEYEHbI C UC-
Nnosb30BaHMEM OaHHOro ycTtpomncrtea. [daHHas
MeToaMKa NPUMEHSNACh Kak CAMOCTOSTENbHO,
Tak 1 B KOMOMHaLUMN C ApYrMMun 3HA0BACKyNsap-
HbIMU MeToaukamMmn. TexHU4eckmi ycnex Obin
nocTturHyT B 95,8% cnyvaeB. “Knaccuyeckas”
TPOMOSKTOMUSA C aHrMorpaduyeckmMmMm KOHT-
ponem Obina BbinonHeHa B 10% cny4aes.
MpeobnapaHne 3HOOBACKYNSPHbIX METOOMK,
B MEPBYID O4epedb, CBA3AHO C OTCYTCTBUEM
HEoOXoAMMOCTM NPOBEAEHNS NHBA3MBHOW UC-
KYCCTBEHHOW BeHTunsaumun nerkux. C Hakonne-
HMEM OnbiTa MOCTEMEHHO Ha4dana BHeApPATbLCS
MeToamka MpPOBOAHUKOBOW aHecTe3nm npu
NnpoBeaeHNN OTKPbITLIX U TMOPUAHBLIX METOOMK.
PesynbtaT peBackynapusaumm oueHmMBascs rno
KIMHUYECKOMY, aHrmorpaduyeckoMmy KOHTPO-
Jt0 1 ponnnep-KoHTponto (Tabn. 1).
UHTpaonepaunoHHoe BeaeHue. MNpn aHOo-
BaCKyJIIPHbIX BMeLLaTeNbCTBax renapuHmsa-
uMsa npoBoamnacb COrlacHO CTaHOAPTHOMY
npotokony. B cnyyae npuHATHUA pellueHuns
0 6annoHHOM aHronIacTuke U/uanm CTEHTUPO-
BaHUM NAUMEHTY Ha ONepauyioHHOM cTone da-
BaslaCb HarpysoyHasi o3a ABONHON aHTUTPOM-
douuTapHol Tepanun. B cnyyae BbINONHEHUS
CeNekTUBHOIro Tpombonmanca MHTpaapTepu-
anbHO B TOoNWy Tpomba BBOAMNAcChb GOOCHas
[03a aktunuae 5 mr (1 mr/mn), nanee nHpy3us
1 Mr/4 Ha 6 4 c nocnepylOWMM aHrmorpadum-

Ta6bnuua 1. [demorpaduyeckne ©  KAUHUYECKME
XapakTepMCTMKM NaLMEHTOB Nepen, peBackynspusaumen

Bospacrt (4W), roabl 71,1+£6,3
Mon, myxckon 25 (53%)
lMnepToHnyeckas 60ne3Hb 40 (85,3%)
CaxapHblin anabeT 18 (38,7%)
Mwemunyeckas 6onesHb cepaua 40 (85%)
AputmMuUn 20 (42,4%)
[bixaTenbHas He[oCTaTO4HOCTb 41(87%)
O6beM nopaxeHns nerkux:

KT1-2 15 (31%)

KT3-4 24 (50%)

KT He BbINONHEHO 8 (19%)
TaxecTb cocTosHus no wkane NEWS:

HU3KWNI 12 (25%)

cpenHuin 19 (40%)

BbICOKMIA 16 (35%)

4yec KUM KOHTposieM. lNMpun OTKPbITbIX BMeLla-
TeNbCTBaAx renapuHuUdaumsa OCyLLeCTBNsANachb
Mo CTaHOapTHOMY nMpoTokony. B paHHem
rnocneonepaumMoHHOM nepuone npoBoauiach
HenpepbiBHasa MHPY3mna HDI B no3e B 3aBUCU-
MOCTK OT MaccChl Tesla NnaumeHTa ¢ KOHTPONEM
AYTB pas B 4 4 (uenesoe AHTB coctasnsano
60-80 c).

Crarucrtunydeckui aHaam3

CratucTtmnyeckuin aHann3 nNpoBOANSICS C UC-
Mnonb30BaHNEM MeToha aHanm3a JIMHENHON
perpeccum ¢ NoOMOLLbIO MPOrpaMMbl CTaTU4ec-
ko 06paboTkn naHHbIX The R Project n Microsoft
Excel.

Cratnctnyeckm 3Ha4YMMbIMW B MPOrHOC-
TUYEeCKOM mniaHe okasanncb C-peakTUBHbLIN
6enok (CPB) n depputnH. MNMockonbky mMexay
CaMbIMN MUHUMAbHbIMY 3HAYEHUSIMWN KaXka,0-
ro nokasaTenss o4yeHb Oofbllas pasHuua,
D-anmep genunca Ha 1000, peppuTtnH Ha 100,
a CPb Ha 10 (cobntoageHmne kputepusa romocke-
hacTtnyHocTn). He Gbifo BbISIBIEHO 32BUCUMO-
cTn D-gumepa v ero BANSHUA Ha KITIMHUNYECKUIA
Ha mncxond, B otTanyme ot depputmHa n CPB.
Mockonbky 3TO ABa MapKkepa BocnasneHusd
N OHN KOPPENVPYIT Mexay cobon, oauH 13
HMX OblN UCKJTIOYEH (COrNacHO KPUTEPUIO MYJ1b-
TUKOJUIMHEAPHOCTKN). JlaHHble rokasaTtenu
OblNM  BbIBEAEHbl B OTAENbHbLIM rpaduk.
Ha puc. 1 BUOHO, 4TO DEPPUTUH 3HAYMMEE
CPB B kayecTBe NMporHo3a HebnaronpuUATHbIX
KJIMHNYECKMX NCXOO0B.

B ¢duvHanbHy0 perpeccmoHHyo Mogess no-
nanv cnepyowye GakTopbl: TAXECTb NLLIEMUN,
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Puc. 1. 3aBucumoctb BanaHua CPB v depputmnHa Ha
KOHEYHYIO TOYKY.

3HayeHne deppuTMHa B nnasmMe n Hanudmne
TpoMboambonuu nerovyHoin aptepun (TIJA).
MauyeHTbl ¢ OCTPOI nwemmen Bbinn 3aKkoam-
poBaHbI cnegywwmm obpa3om: 1 — 1 c1., 2 -
2AcT.,3 - 2b cT., 4 — 2B CT. (CTENEHb ULLEMUN
oueHuBanacb no U.N. 3aresaxmny). B gaHHom
Moaenmn X, — aTo nauneHT c nwemuen 1, 0 pep-
puTnHa 1 6e3 TAJIA.

Ha puc. 2 nokazaHa 3aBUCUMOCTb BIIUSHUS
BCEX OLEHMBaeMbIX (PakTOPOB Ha KOHEYHYIO
Touky. ROC-kpuBas onsi nOCTPOEHHOW NPOrHO-
cTunyeckonm mopenun, AUC = 0,908.

Ta6nuua 2. Pe3ynbtaT OrMCTUYECKOro aHannaa
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Puc. 2. 3aBUCUMOCTb BIUSIHUS BCEX OLEHMBAEMbIX
$aKTOPOB HA KOHEYHYIO TOUKY.

Ha ocHoBe gaHHbIX Tabn. 2 BbIABNEHO MOpPO-
roBO€E 3HA4YeHWe a5 onpeeseHns BEPOSTHO-
CTV HebnaronpusTHOro ncxopa (puc. 3).

Ina naHHOM Mmogenn nopor oTceyvyeHns paBs-
Hanca 0,69. Ecnu BeposTHOCTbL Hebnaronpwu-
ATHOro ncxopa eolwe 0,69, NnaUMEHT OTHOCUTCS
K rpyrmne BbICOKOro pucka.

B Haweln BbIOOpke ObINM NpaBUIbHO NMpea-
ckasaHbl 83% mncxonos (puc. 4).

Mcxops n3 anHanmsa NMHENHON perpeccumn
BbIMOJIHEHO MOCTPOEHME NPOrHOCTUYECKOMN
mogenn y naumeHtoB ¢ OUK m COVID-19,

HatypanbHbiii norapudm OLL CraTucTnyeckas owmoka p
Xo -5,95 2,3293 0,0105
Nwemuns 2 4,08 1,8402 0,0264
Nwemnsa 3 4,42 1,8101 0,0144
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TIJNA 2,15 0,9684 0,0262
1,0+ 1,00 foi--mmmdemmm et deedo L Factor
77777777777777777777777777 | (correct)
2 08F | L e 0
S 0,75 i ]
= i i
< < L
§- 0,4+ 3 0,50 I e R A
Q o 8
O o2t .
’ 0,25 [-d---mmimmmmedeemmdeneee e G
i a
L 188
00, L L I 1 I ' oio i 0108 888
0,0 0,2 0,4 0,6 0,8 1,0 00090 0 ®®@00 0 0.0 000800
BepoaTHocTb 000 025 050 075 1,00
—— O6uwasn adpdeKkTUBHOCTb knaccudunkaTopa Whathappend
——  CneundunyHocTb
YyYBCTBUTENBHOCT Puc. 4. Boibopka NporHo3npyeMbIx UCXO40B.

Puc. 3. lNopor oTceveHus onga onpeneneHns BeposiT-
HOCTM HEGNAronpuUsSTHOrO NCX0Aa.
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crnocobHoe K NPOrHo3y HebnaronpuUaTHbIX UC-
XO[OB Y JaHHOW KaTeropmn naumneHToB.

Pe3ynbraTtbl

CpepHuin BO3pacT MNauMEeHTOB COCTaBMI
71,1 £ 6,3 ropa. OcTpas nwemMmns BEPXHEN KO-
He4yHoCcTu Obina y 3 nauyeHToB. CpegHee 3Ha-
yeHne D-pmmepa coctaBuno 4645 Hr/mn,
cpenHee 3HavyeHue pepputuHa — 969,1 mkr/n.
SARS-Cov-2 6bin nogreepxaeH y 100% nauu-
EHTOB.

Pacnpenenenue ctenenn OUK (no N.U. 3ate-
BaxuHy): 1 — 8,5% (n = 4); 2A — 44% (n = 21);
2b - 39% (n = 18); 3A - 8,5% (n = 4).
78,5% naumeHToB noayyYanu aHTMKOarynsHT-
HylO Tepanuio.

lMaymeHTbl C conyTCTBYKOLWEN naTtosiorven
pacnpegenunmce cnegywowym obpasom: ca-
xapHbin  gmnabet 38,7%; runepTtoHnyeckas
6one3Hb 85,3%; uepebpoBackynsipHbie Hapy-
LleHns B aHaMHe3e 64, 7%; HapyLweHne putMa
no Tuny punbpunnaunmn npeacepounin 42,4%.

TaecTb NopaxeHus BUPYCHOMN MHEBMOHNN
rno gaHHbiM KT: KT1 - 12% (n = 6), KT2 — 19%
(n=9),KT3-29% (n=14),KT4 -21% (n=10),
KT He mpoBogunock — 19% (n = 8 B cBA3M
C TSIXKECTbKO COCTOSAHUS).

MauyeHTbl 6LV pasaenexbl No TNy Bme-
LIaTeNIbCTB: CEeNIeKTUBHbIA Tpombonuanc 9%,
xupypruyeckass Tpombaktomusa 10%, aHaooBa-
CKynsipHble BMewartenbctea 63%, rmbpugHbie
BMewatenbcTea 18%.

Mo HawrM JaHHBbIM y TPEX MauueHTOB Obis
PaHHNIA TPOMBOO3 30HbI PEKOHCTPYKLIMU U Y ABYX
nauveHToB HabNAaNCA TEXHUYECKMIA HEYCMEX
peBackynapmusaumm apTepuin rosieHn 1 CTonbl.

BHyTpurocnmtanbHas CMepTHOCTb cOCTa-
Buna 65,3%.

OOGcyxaeHue

MpumeHeHne paspaboTaHHO HaMKU MoAe-
N 3HAYUTENBHO MOBLILLAET BEPOSTHOCTb NPO-
rHO3a HebnaronpusTHbIX COBbLITUIM Yy NaumeH-
TOB C TSXKENOW GOPMON KOBUAHON UHDEKLNN.
B pabote A. Al Mutair (39) nokasaHo, 4TO cen-
TUYECKNI LWOK N BbICOKUN YPOBEHb HENTPOD M-
JI0B OblNn HEGNAronNnpPUATHBIMWU MPeanuKTopamm
netanbHOro ncxoga (39).

C momeHTa Hadana nadHgemum SARS-Cov-2
ObIsI0 ONyO/IMKOBAHO HECKOJIbKO CTaTel O CU-
CTEMHOM nopaxeHun nHeBmoHmen. OUK ana-
eTcs OHUM N3 Hanbosiee pacnpoCTPaHEHHbIX
N Cepbe3HbIX OcioxHeHunn SARS-Cov-2, Bbl-
3BaHHbLIM XOPOLLUO W3BECTHOW Koppensumen
MeXay COCTOSHMEM BOCMNasieHus, rmnepkoary-
NAuMn 1 nerovyHom nHdekumen (40-42).

TpomboTnyeckne OCNOXHEHUS MOryT ObITb
BbI3BaHbl HE TOJIbKO TakK Ha3blBA€MbIM LIMTOKU-
HOBbIM LWTOPMOM, HO U paencteuem SARS-
Cov-2 HenocpencTBEHHO Ha 3HAOTENMasbHbIE
KJIETKM Yepes3 peuenTop aHrMoTEH3NHMNPEBpPa-
watowero depmeHta 2 anbeeon (aCe2), 4to
NPUBOANT KakK K akTMBauMu SHOOTENUANbHbIX
KNeTokK, Tak 1 anchyHkumm (43).

B HepaBHMX eBPOMEenckux cocyaucTbiX pe-
komeHpaumax no OWK, onybankoBaHHbIX
B 2020 r. (44), XpOHMYECKAA ULLEMUSA HUXKHUX
KoHeyHocTen (XUMHK), ¢oubpunnauma npen-
cepavi 1 NoXunsion BO3pacT Nepe4vnciieHbl Kak
OCHOBHble dakTopbl pucka OUMHK. Lo naH-
aemun COVID-19 mn3BecTHOE COCTOSIHME TU-
nepkoarynsuum 6e3 aTepOoCKIepOoTUYEeCKOro
3aboneBaHus Obino peakon atmonorven ONHK,
HO ObIsI0 N3BECTHO, YTO OHO JaeT XyALunii Npo-
rHO3 (45). B HacTosLwee BpeMs HET JOCTYIMHOMN
MHpOpMaLMM 0 BPEMEHHON KOPPENSALUN MEX-
oy SARS-Cov-2 un tpurrepom OUVHK, ogHako
y 6onblmHcTBa NnaumeHtoB OMHK pasBunacoh
BO BpeMsi ocTpoit pasbl SARS-Cov-2. C gpyroim
CTOPOHbI, B HEKOTOPbIX NybAnKaumax 3anoky-
MeHTMpoBaHa oTcpoyeHHas OVHK y nauneH-
TOB, BbI3gopoBeBLUNX 0T SARS-Cov-2, ¢ oTpu-
LaTenbHbIM Ma3koM U3 HOCOIMOTKWU, YTO CBU-
DeTenbCTBYET O TOM, YTO NPOBOCHANUTENBHOE
COCTOSIHNE MOXET COXPAHATbCH Aaxe 4epes
HECKOJIbKO Hedenb nocne 3apaxeHus (46-48).
AHann3 gaHHbIX Obll OrpaHMYeH N3-3a OTCYT-
CTBUS NOJIHbIX AaHHbIX. JledueHne ONHK Heon-
HOPOAHO M 3aBUCUT NaBHbIM 06pa3oM OT
obuien cTabunbHOCTU NauMeHTa, CTerneHu
VLLEMUN N XKNSHECNTOCOOHOCTM KOHEYHOCTEN.
MokazaHus K XMpyprmieckomMy BMeLlaTeIbCTBY
OOJIKHbI YYMTbIBATb TAXECTb CUCTEMHOIO 3a-
6oneBaHus NauneHTa.

BonblWMHCTBY OOJbHLIX Oblfla BbINOJIHEHA
3HOO0BACKyNsipHAs peBacKkynspusauns, npea-
NOYTUTENbHBIMU MeTogamMun Gbinn Tpombacnm-
paums n 9SHOOBACKysgpHas MexaHu4deckas
TPOMOAIMOON3KTOMUA. B Hawem onbite Mbl
yauie npoBoAUIN TPOMOIMOONIKTOMMUIO UH-
dpanHrMHanbHOro CerMeHTa HUXHUX KOHeu-
HocTer n = 30 (63%). B nutepartype oTmevaeT-
CSl, 4TO MPW OMArHOCTUKE OaHHOW KaTeropum
NMauyeHTOB aHrMorpaMmbl NokasbiBanau COCTO-
siHMEe “nMyCTbIHHOW CTOMbI”, BbI3BAHHOE OTCYT-
CTBMEM MUKPOUMPKYNAUMM (2). 3T OaHHble
3acTaBMNM COCYOUCTbIX XUPYProB BO BCEM
MUPE N3MEHUTb CBOW TepaneBTUYECKUIA MoA-
xon kK OVMHK npu SARS-Cov-2. HekoTopble
aBTOpbl coobLWanM 0 PYyTUHHOM NPUMEHEHUN
CEeNeKTUBHOro Tpombonmnauca ¢ anbTensiasomn
(aktnugde, Boehringer ingelheim italia s.p.a;
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MwunaH, Tannq) B kKauecTBe mMeToaa nepeoro
BblOOpa Mpu HavasibHbIX CTEMNEHAX OCTPOW
WLWLEeMUN N OTCYTCTBUW MPOTMBOMNOKA3AHUIN.
HecMoTps HA TO 4TO TPOMBONU3NC cUYUTaET-
ce He nyywum BbibopoM aOnga 60NbLUMHCTBA
MaumMeHToOB C TAXENOoM uwemMmmen, odHako
MMEHHO OH Obln BKJIIOYEH B Ka4yecTBe A0MoJ-
HUTENIbHOM OMNUWK B NMPOLEecce peBackynspu-
3auun ong ynyydlweHus OuMcTalibHOM MUKPO-
LMPKYNALUN.

AHanna nuTepaTypbl MOKa3blBaeT OTCYT-
cTBME NyOAnKaunii Ha TeMy B3aMMOCBSA3U KIN-
HUKO-N1abopaTopHbIX GaKTOPOB U KINHUYECKNX
NCXOO0B.

C uenblo NpodunakTukM paHHero nocne-
onepaunoHHOro Tpombosa, ocobeHHO B Auc-
TalbHOM MUKPOLMPKYNATOPHOM pycfie, Mbl
NCMONb30BaNIN HEMPEPLIBHYID BHYTPUBEHHYIO
MHOY3NID renapmHa HaduHas cpasy nocne
BMellaTeNibcTBa. Takxe HeobxoaMmMo OTMme-
TUTb, YTO MHOXECTBO AaHHbIX CBMOETESNIbCTBY-

Introduction

Reports from the global professional com-
munity show a strong correlation between the
new coronavirus infection (SARS-Cov-2) and
occurrence of thrombotic complications due to
the so-called “cytokine storm”, which causes a
hyper-inflammatory response of the body lead-
ing to hypercoagulation and endothelial dys-
function. In the first publications, a sharp rise in
cases of ALl (acute limb ischemia) is noted.
Thus, according to Y. Etkin, the incidence of
COVID-19-associated cases of acute ischemia
of lower limbs requiring hospitalization ranged
from 3 to 15%, or from 600 to 3,000 cases in
the United States, out of approximately 20,000
patients currently in need of hospitalization and
intensive care (1).

The purpose of our study was to determine
the predictors of adverse outcomes, to con-
struct a prognostic model for patients with
acute limb ischemia and Covid-19, and to ana-
lyze the outcomes of surgical treatment and
in-hospital mortality.

Literature review

We reviewed publications from the PubMed
and Scopus databases using the following key-
words in our electronic search: acute limb is-
chemia and COVID-19; arterial thrombosis and
COVID-19; thrombotic occlusion of limb arter-
ies and COVID-19. The analysis included arti-
cles in English. Initially, articles for analysis

€T O TOM, 4YTO aHTUKOAaryfgHTHas Tepanus sB-
naetca Haubonee 3PPeKTUBHbIM METOAOM
Ons NpoduNakTMKM TPOMOOTUYECKNX COObITUN
(49). Takke Ha OCHOBE NUTEPaTYPHbIX OAHHbIX
M3BECTHO, Y4TO renapuH obnagaeT akTMBHOCTbLIO
B OTHOLUEHUW CHUXEHUSA aKTUBHOCTU Pa3BUTUS
“UMTOKMHOBOIO LUITOPMA” Kak OCHOBHOIO NaTto-
reHeTn4ecKoro npowecca mn pesynbsrara oCTpo-
ro JIErOYHOro NOBPEXOEHMUS, BEAYLLEro K fe-
TanbHoMy ncxogy (50).

3aknio4yeHue

BbiBOObI, coenaHHble Ha OCHOBE Halluen
paboTbl, NOKa3biBAOT AOCTOBEPHYID B3aMMO-
CBS13b KJIMHUKO-1abopaTopHbIX MPeaukTopoB
N HebnaronpuaATHbIX MCXOA0B Yy MNaLWNEHTOB
¢ ocTtpon wunwemuen mn SARS-Cov-2. lpwu-
MeHeHue paspaboTaHHOM Moaenn 3Ha4YnTesb-
HO MOBbLILLAET BEPOATHOCTb NPOrHo3a Hebna-
FONPUATHBLIX COObLITUIA Y NALUVEHTOB C TSXESOM
dopMO KOBNOHOW MHPEKLNN.

were selected by titles and abstracts; then we
reviewed full texts. In particular, we analyzed
the following: individual clinical cases, a case
series, systematic reviews.

The analysis comprised 36 studies (1, 2,
3-38) including: 4 retrospective studies, 3 pro-
spective studies, and 30 clinical cases.

Results: A total of 194 patients with acute
lower limb ischemia (ALLI) and SARS-Cov-2
were analyzed; of them, 157 (81%) were males
with the mean age of 60 years. Most patients
had arterial hypertension (112 patients, 58%)
and diabetes mellitus (55 patients, 28%).
Preoperative therapy with anticoagulants or an-
tiplatelets was reported in 13 (7%) and 21 (11%)
patients, respectively.

The most common treatment method was
thromboembolectomy (31% of all surgical in-
terventions). Thirty-two patients (19%) did not
undergo revascularization due to their critical
condition. The technical success rate was low
(68%) and the mortality rate was high (35%).

Materials and methods

As a part of the retrospective study, we
formed a registry of patients who had acute is-
chemia with confirmed Covid-19 from Sep-
tember 2020 to April 2022. The registry includ-
ed 47 patients. Indications for revascularization
were based on the 2020 Russian recommenda-
tions and the 2020 guidelines of the European
Society of Vascular Surgeons. Acute ischemia
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was graded in accordance with I.l. Zatevakhin's
classification.

The criteria for inclusion of patients into the
study:

e confirmed SARS-COV-2;

e presence of acute limb ischemia.

Exclusion criteria:

e terminal condition at the time of acute limb

thrombosis (n = 6);
e contraindications for limb revascularization
(n=8).

The treatment strategies were chosen on an
individual basis, taking into account ischemia
severity, lesion location, Covid-19 severity,
presence or absence of contraindications for
selective thrombolysis. For patients with Grade
1 ischemia, conservative therapy was chosen
as the first line; in case of ischemia progres-
sion, the patient underwent surgical treatment.
During the preoperative stage, an examination
by a vascular surgeon/ specialist on radioendo-
vascular methods of diagnostics and treatment
was performed, followed by ultrasound duplex
scanning of arteries and veins of lower limbs
and subsequent decision-making depending
on the clinical situation. As a medication thera-
py, patients received a bolus dose of unfrac-
tionated heparin (UFH), depending on body
weight, maintenance oxygenation, infusion
therapy, and appropriate analgesia. To visualize
lesions, subtraction invasive angiography was
used. Based on angiography results, the revas-
cularization method was chosen. Selective
thrombolysis, in particular the dosing regimen
and monitoring of the patient during the treat-
ment, was conducted by decision of a medical
board. Endovascular interventions were per-
formed in 72% of cases and included throm-
boaspiration, mechanical aspiration thrombec-
tomy, selective thrombolysis, balloon angio-
plasty, stenting, as well as various combinations
of these techniques. Hybrid interventions were
performed in 18% of cases and included direct
or indirect angiography-guided thrombectomy
with subsequent thromboaspiration and/or bal-
loon angioplasty with or without stenting. The
mechanical aspiration thrombectomy was per-
formed with Rotarex as a debulking system
(Rotational Excisional Atherectomy System -
BD). This system was used from June 2021 to
April 2022. During this period, 21 (45%) pa-
tients received the surgical treatment, and
9 (19%) of them were treated with this device.
This technique was used both alone and in
combination with other endovascular tech-
niques. Technical success was achieved in

Table 1. Demographic and clinical characteristics of patients
before revascularization

Age (Cl) 71.1£6.3
Male gender 25 (53%)
HT 40 (85.3%)
DM 18 (38.7%)
CAD 40 (85%)
Arrhythmias 20 (42.4%)
Respiratory failure 41 (87%)
Lung lesions severity:
CT1-2 15 (31%)
CT3-4 24 (50%)
CT not performed 8 (19%)
Condition severity according
to the NEWS scale:
Low 12 (25%)
Intermediate 19 (40%)
High 16 (35%)

95.8% of cases. Classic thrombectomy with
angiographic control was performed in 10% of
cases. The predominance of endovascular
techniques was primarily due to the no need for
invasive mechanical ventilation. As experience
was gained, conduction anesthesia gradually
began to be implemented during open and hy-
brid procedures. Revascularization outcomes
were evaluated by clinical data, angiographic
characteristics and Doppler data (Table 1).

Intraoperative management

During endovascular interventions, heparin-
ization was carried out in compliance with the
standard protocol. If balloon angioplasty and/
or stenting was chosen, the patient on the op-
erating table received a loading dose of dual
antiplatelet therapy. If selective thrombolysis
was chosen, a bolus dose of Actilyse 5 mg
(1 mg/mL) was administered intra-arterially in-
side the thrombus, followed by a 6-hour infu-
sion with a rate of 1 mg/hour with further angio-
graphic control. For open interventions, hep-
arinization was carried out in compliance with
the standard protocol. In the early postopera-
tive period a continuous infusion of UFH was
performed; the UFH dose depended on the
patient's body weight and APTT, which was
measured every 4 hours (the target APTT was
60-80 s).

Statistical analysis
Statistical analysis was performed by the
method of linear regression using the software

OnpeneneHve npeankTopoB He6aronpuUsTHOro Ncxoaa y naLneHTOB C OCTPOMV NLLIEeMUNe
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Fig. 1. Effects of CRP and ferritin on the endpoint.

for statistical data processing “The R Project”
and Microsoft Excel.

CRP and ferritin values turned out to be sta-
tistically significant in terms of prognosis. Since
there was a very large difference between the
lowest values of each parameter, the D-dimer
level was divided by 1,000, the ferritin level —
by 100, and the CRP level — by 10 (meeting the
homoscedasticity criterion). In contrast to fer-
ritin and CRP, D-dimer level did not depend of
or affect the clinical outcome. Since these are
two markers of inflammation, and they corre-
late with each other, one of them was excluded
(according to the multicollinearity criterion).
These parameters are summarized in a sepa-
rate plot. Fig. 1 shows that ferritin is more sig-
nificant than CRP as a predictor of unfavorable
clinical outcomes.

Table 2. Results of the logistic analysis
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Fig. 2. Contributions of all assessed factors to the
endpoint.

The following factors were included to the
final regression model: ischemia severity, plas-
ma ferritin level, and presence or absence of PE.
Patients with acute ischemia were coded as fol-
lows: Grade 1-1, Grade 2-2A, Grade 3-2B, and
Grade 4-2C (ischemia was graded in accord-
ance with I.1. Zatevakhin's classification). In this
model, X0 is a patient with Grade 1 ischemia,
zero level of ferritin and without PE.

Fig. 2 shows the contributions of all as-
sessed factors to the end-point. A ROC curve
for the prognostic model was constructed,
AUC =0.908.

Based on data in Table 2, we identified
a threshold value to determine the probability
of an unfavorable outcome (Fig. 3).

For this model, the cutoff threshold was
0.69. If the probability of an unfavorable

InOR Statistical error P
Xo -5.95 2.3293 0.0105
Grade 2 ischemia 4.08 1.8402 0.0264
Grade 3 ischemia 4.42 1.8101 0.0144
Ferritin level above 100 pg/L 0.28 0.1322 0.0307
PE 2.15 0.9684 0.0262
1,0F
—— Overall efficacy of the classification
0,8+ —— Specificity
> Sensitivity
S 061
5
(D)
Q 04}
%)
0.2
Fig. 3. Cut-off threshold for determining
00¢[, , . . . . the probability of a poor outcome.
0,0 0,2 0,4 0,6 0,8 1,0

Probability
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Fig. 4. Sample of predicted outcomes.

outcome is higher than 0.69, the patient is at
high risk.

In our sample, 83% of outcomes were cor-
rectly predicted (Fig. 4).

Using linear regression analysis, we con-
structed a prognostic model for patients with
acute limb ischemia and Covid-19. This model
is capable to predict unfavorable outcomes in
this population of patients.

Results

The mean age of the patients was 71.1+ 6.3
years. Acute ischemia of the upper limb was
present in 3 of them. The mean D-dimer level
was 4,645 ng/mL. The mean level of ferritin was
969.1 ug/L. SARS-CoV-2 was confirmed in
100% of patients.

The distribution of ALI severity (according
to I.I. Zatevakhin's classification) was as fol-
lows: 1 —8.5% (n=4); 2A - 44% (n=21); 2B -
39% (n =18); 3A - 8.5% (n =4); 78.5% of pa-
tients received anticoagulants.

Patients with comorbidities were distributed
as follows: diabetes mellitus — 38.7%; hyper-
tension — 85.3%; history of cerebrovascular
disorders — 64.7%; arrhythmias (atrial fibrilla-
tion) — 42.4%.

The severity of viral pneumonia according to
CTdata: CT1-12% (n=6), CT2 - 19% (n =9),
CT3 - 29% (n = 14), CT4 - 21% (n = 10),
CT was not performed — 19% (n = 8 because
of the condition severity).

Patients were grouped by intervention type:
selective thrombolysis — 9%, surgical thromb-
ectomy — 10%, endovascular interventions —
63%, hybrid interventions — 18%.

According to our data, three patients had
early thrombosis in their reconstruction zones

and two patients had technical failures of revas-
cularization of their crural and foot arteries.
In-hospital mortality was 65.3%.

Discussion

With our model, the probability of predicting
adverse events in patients with a severe form of
Covidinfection has been significantly increased.
Abbas Al M. (39) proved, that septic shock and
high level of neutrophils were predictors of
death (39).

Since the beginning of the SARS-Cov-2
pandemic, several articles on systemic pneu-
monia have been published. One of the most
common and serious complications of SARS-
Cov-2 is an acute limb ischemia, caused by
a well-known correlation between inflamma-
tion, hypercoagulation, and pulmonary infec-
tion (40, 41, 42).

Thrombotic complications may be triggered
not only by cytokine storm, but also by SARS-
Cov-2 directly affecting endothelial cells
through alveolar angiotensin-converting en-
zyme 2 (ACE2) receptor, leading to both activa-
tion and dysfunction of endothelial cells (43).

The recently published (2020) European
guidelines on acute limb ischemia (44), deter-
mine chronic lower limb ischemia (CLLI), atrial
fibrillation (AF), and advanced age as major risk
factors for ALLI. Before the COVID-19 pandem-
ic, hypercoagulation without atherosclerotic
disease was a rare etiology for ALLI; however,
it was known to be associated with a worse
prognosis (45). Currently, there is no available
information about a temporal correlation be-
tween SARS-Cov-2 infection and ALLI triggers;
however, most patients developed ALLI during
the acute phase of SARS-Cov-2 infection. On
the other hand, some publications have docu-
mented delayed ALLI in patients who recovered
from SARS-Cov-2 infection and had a negative
nasopharyngeal swab, suggesting that the pro-
inflammatory condition may persist even for
several weeks after infection (46, 47, 48). Data
analysis was limited because data were incom-
plete. Treatment for ALLI is not uniform and
depends mainly on the overall stability of the
patient condition, ischemia severity, and viabil-
ity of limbs. When considering indications for
surgery, the severity of the patient's systemic
disease should be taken into account.

Most patients underwent endovascular re-
vascularization, with thromboaspiration and en-
dovascular mechanical thromboembolectomy
being the preferred methods. In our experi-
ence, thromboembolectomy of the infraingui-
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nal segment of lower limbs was used more fre-
quently (n = 30 (63%)). According to literature
sources, diagnostic angiograms in this group of
patients showed the so-called “desert foot” —
condition caused by lack of microcirculation
(2). These data made vascular surgeons world-
wide to change their therapeutic approach to
ALLI accompanied by SARS-Cov-2 infection.
Several authors reported the use of routine se-
lective thrombolysis with Alteplase (Actilyse,
Boehringer Ingelheim ltalia s.p.a; Milan, Italy)
as the therapy of primary choice for early stag-
es of acute ischemia, unless contraindicated.
Despite the fact, that thrombolysis is not con-
sidered the best choice for most patients with
severe ischemia, it was included as an addi-
tional option in the revascularization process to
improve distal microcirculation.

Review of literature demonstrated the lack of
publications on relationships between clinical
and laboratory parameters and clinical out-
comes.
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UHTepBeHUHMOHHasA KOppPeKLHUA KPUTHUECKOrO CTEHO3a
nepegHeld HUCXOAALLEH apTEPUM Y NALLUEHTA
CTapuecKoro Bo3pacTa C TS)XKeJioh KoMopouaHoH
natosorued U MasbiM AUAMeTPOM cocyAa

A.A. [lybaeB, M.H. Caabikn*
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PaccMOTPEH KIIMHUYECKUV Crydan yCreLiHOn 3HA0BaCKY/ISPHOV KOPPEKUNN KPUTUHYECKOro CTeHO3a nepes-
HeVi HUCXOASLLEer apTepumn y naLmeHTa CTap4eckoro Bo3pacta ¢ KOMOopOUAHOV naTo0rueri ¢ Ncrosib30BaHu-
€M CTEHTa C JIeKapPCTBEHHbIM MOKPbITUEM.

lMpeactaBneHo HabawaeHne 91-n1eTHero nauneHTa ¢ OCTPbIM KOPOHAPHbLIM CUHAPOMOM 6e3 rnoabema cer-
meHTa ST C TsXesov conyTCTBYOLLEH NaTosorner, npoae4eHHOro ¢ npuMeHEHNEM MEeToAa YPECKOXHOIro
KOPOHapHOro BMellaresnbcTea. KopoHaporpadgus BbisiBuia KPUTUHYECKUV CTEHO3 A0 95% nepeaHe HUCxoas-
LIV apTepPUn N HE3HAYUTETIbHbBIE MOBPEXAEHWS B APYIrvX apTepusix. lNauneHTy Obia yCreLHO MMMIaHTUPOBaH
CTEHT C JIeEKapPCTBEHHbIM MOKpbITEM Resolute Integrity 2,25 x 18 mm. lNauneHT 6bin BbinvucaH JOMOV B cTa-
OU/IbHOM COCTOSIHUN.

KrnoyeBblie cnioBa: OCTPbIVi KOPOHAPHbIVI CUHAPOM, NMauUeHT CTap4ecKkoro Bo3pacra

Ana umtupoBaHusa: AA. [lybaes, M.H. Cagbiki. VIHTEpBEHUMOHHAS KOPPEKUUS KPUTUYECKOro CTeHo3a
nepeaHein HUCXoAsLWeln apTepum y naumeHTa cTapyeckoro Bo3pacTa ¢ TsSXKesion KoMopObuaHoi naTonormei
M ManbiM guameTpoMm cocypa. MexayHapOAHbIVi XypHasa WHTEPBEHUMNOHHOV kapaunoaHruonorui. 2023;
73 (2): 59-64. https://doi.org/10.24835/1727-818X-73-59

KoHdnMKT uHTepecoB: aBTopbl 3a8BAAOT 06 OTCYTCTBUM KOHMJIMKTA MHTEPECOB.

Interventional correction of critical stenosis
of the anterior descending artery in an old patient
with severe comorbidity and small vessel

A.A. Dubaev, M.N. Sadyki*
00O “R.P. Askerkhanov Medical Center”, Makhachkala, Russia

We present a clinical case of successful endovascular correction of critical stenosis of the anterior descending
artery using a drug-eluting stent in an old patient with comorbidities.

A 91-year-old man with non-ST elevation acute coronary syndrome (NSTE- ACS) with severe comorbidity
underwent successful percutaneous coronary intervention (PCI). Critical 95% stenosis of the left anterior
descending artery (LAD) and multiple lesions of other coronary arteries were revealed by coronary angiography.
Resolute Integrity 2.25 x 18 mm drug-eluting stent (DES) was inserted successfully in LAD. The patient was
discharged in symptom-free stable condition.
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TPUBYHA MOJIOA40r0o CriEUNAJINCTA

Cnuncok cokpalyieHumn
A/l — apTepuanbHOe gaBfieHne
OUNM — ocTpbIn UHDAPKT MMokKapga
OKC - ocTpbIn KOPOHAPHbIN CUHAPOM
MHA — nepegHsas HUCXOASALWAA apTepus
CJIIM — CTeHT ¢ nekapCTBEHHbIM NOKPbITUEM
YKB - 4pecKoXxHOe KOopoHapHoe BMella-
TeNnbCTBO
OKC — anekTpokapanuoCTUMyNaTop

BeepeHue

Mo paHHbIM BcemunpHOM opraHu3aymm
34paBOOXpPaHeHns oxmngaertcd, 4to K 2050 r.
ymcno nogen B Bo3pacte 80 neT m crtaplue
YBENMYUTCS MNOYTU B YeTbipe pasa. CornacHo
OAHHbIM PErncTpoB OCTPOro KOPOHAapPHOro
cuHgpoma (OKC), yncno naumMeHToB O4YeHb NO-
XWUNOro Bo3pacta C MHGapKTOM Muokapaa
pacTeT, U B CBA3M C POCTOM LOAU MOXMUIIbIX
naumMeHToOB CMEPTHOCTb B TEYEHME NOCTEAYIO-
wmx 20 net yBennuutcsa Ha 120-137%.

MHpapkT Mmrmokapaa 6e3 nogbema cermMmeH-
Ta ST aBngeTcd OoOHOW M3 BedyLlmx MpPpUYHnH
rocnmtTanM3auun, VMHBanuam3aumm m CMepT-
HOCTWM MOXWJbIX MAUMEHTOB N OOJITOXUTENEN
(1, 2). CornmacHO AaHHbIM KPYMHbIX KOFOPTHbIX
NCCNenoBaHMM, YNCAO MNOXWIbIX MauUUNEHTOB
C OCTpbIM UHapkToM Munokapaa (ONM) nve-
€T NOCTOSAHHYIO TEHOEHUMIO K yBENnu4eHuio (3).
OTO CBS3aHO C MOBbILLEHMEM J0NU MOXUIIbIX
naumeHToB cpeamn HaceneHus (4). No paHHbIM
amMmepukaHckmx uccnepoBaHun CHS, MESA,
CARDIANJHSNHLBI (1995-2012), B TeyeHune
1 ropa nocne OMM nokas3aTefNlb CMEePTHOCTU
y nNauMeHToB B Bo3pacTe oT 65 oo 74 net no-
cturaet 20%, a ctapwe 75 net — okono 30%.
B Teuenmne 5 net nocne OVM a3t undpsbl 00-
cturaioT 35 n 60% B 06eunx rpynnax cooTBeT-
CTBEHHO (2). YBennumBaeTcs Takxke M 4Uco
60nbHbIXx ¢ ONM, NnoaBeprarLMXCs YPECKOX-
HbIM KOpPOHapHbIM BMewaTtenbcTBam (YKB).
Tak, B anum ¢ 2002 no 2009 r. yaeonnochb
konundyectBo YKB, BbinosHaeMbix 80-neTHUMm
nauyeHtam ¢ ONM (5). BoNbWMHCTBO paHao-
MM3NPOBAHHbIX UCCIEA0BAHNI, NCNOJIb30BAH-
HbIX B KQ4E€CTBE OCHOBbI AJ151 Pa3paboTKM NPUH-
LMMNOB BEOEHMS MAUMEHTOB, MUCKOYano nuy,
ctapwe 80 net n3-3a Bo3pacTta Uy Hann4us
conyTcTByloWwmMx 3aboneBaHunin. OTCcyTCcTBUE
nHdpopmMauum 06 adpdpekTUBHOCTN U Be3zonac-
HOCTWN MHTEPBEHLIMOHHOIO JiedeHnsa nHpapkTa
Munokappga, conpoBoXxpatkuierocs 6ornee ya-
CTbIMU MOBOYHBIMU 3P PEKTAMU N OCIOXKHEHU-
AMU NIeYeHUs Yy MaunMeHTOB B OYEHb MOXNIIOM
BO3pacTe, MOXET NPUBECTU K OTKa3y MM OT-
CpOYKE Haanexallero se4yeHuns.

KnuHuyeckoe HabnogeHne

B knnHWKy nocTynua nayMeHT B BO3pacTe
91 ropa c xanobamu Ha gaBswme 6onu 3a rpyau-
HOW, YYBCTBO HEXBATKV BO34yxa Kak npu pusmnyec-
KOW Harpyske, Tak 1 B MOKOe, KynmpytoLmecs npu-
€MOM HUTPOMMHTA NOoA, A3bIK, MOBbILLEHME apTeEPU-
anbHoro paenenua (A4) po 190/110 mm pT.cT.,
ObILIKY B MOKOE 1 NPU MUHUMaNbHOM HU3NYEeCKOM
aKTUBHOCTW.

OKTI: 9KC ¢ yacTtoTon cepaeyHbix CokpalleHni
77 B 1 MuH. HOpmasibHOE NMONOXEHME dNEKTpUYe-
CKOW ocu cepaua. HYacTble 0OgMHO4YHbIE NOANMOPd-
Hble XesNya04YKOBbIE 3KCTPACUCTOSbI MO TUMNy éure-
MEeHUWN.

Ox0oKT: KOHUeHTpuyeckasa runeptpodumsa Mmo-
Kkapaa nesoro xenygoyka. CokpaTMMOCTb MMOKap-
na ynosnetBoputesnbHas, dpakuus Beibpoca 55%.
'MNokrHe3 No nepegHeneperopono4vHor obnactu
NeBoro xenygouka. BblpaxeHHas HepocTaTou-
HOCTb TPUKYCMMAANbHOIO KfanaHa ¢ peryprutaum-
en (+++). HegocTato4yHOCTb MUTPAsIbHOMO KilanaHa
c peryprutaumen (+++). HegoctaTtoyHOCTbL aop-
TasbHOrO KNnanaHa c peryprutauuen (+). B npaBbix
kamepax noumpytotcsa anekrtpoabl IKC. JIF PCOJIA
55-60 mm pT.cT. B nonoctn nepukapga nouupy-
loTCa cnegpl Xmnakoctu. TponoHuH — 0,03 Hr/mn,
kpeatuHpochoknHasza — 84 ME/n, MB-kpeaTtuH-
dochokmHaza — 24 ME/n.

M3 aHamMHe3a CTaso M3BECTHO, YTO B TeyeHune
10 neT naumMeHT cTpagaeT rmnepToHnYeckomn 6ones-
Hblo. MakcumanbHble undpsl AL 190/100 mm pT.CT.
MpuHMMaeT BepoWNUPOH, AWUyBeEp, BaMIJIOCET,
3NIMKBMUC, HA POHE 4Yero ycTtaHOBMIIOCb aganTupo-
BaHHoe A/l 130/80 mm pT1.cT. B mae 2019 r. 6bin
mmnnaHTupoeaH OKC no noeBony aTpuvOBEHTPUKY-
NApPHOW 6nokaabl.

lMpeaBaputenbHbiti anarHo3: NBC. Hectabunb-
Haa cTeHokapauns. HepocTtaToO4yHOCTb TPUKYCNU-
OanbHoro knanaxa lll cteneHn n MuTpanbHOro kna-
naHa lll cteneHn. Pmnbpunnaumsa npeancepanii, no-
ctosHHasa dopma. Mmnnantauma 3KC ot 28.05.19
MO NOBOAY MOJIHOW aTPUOBEHTPUKYNSPHON Bnoka-
abl. TlMnepToHnyeckas 6onesHb Il ctagun, aptepu-
anbHasa rmnepteH3ua lll ctenenn, pnck cepagyHo-
COCYyAMNCTbIX OCNOXHEHMN IV. XpoHnyeckas cepaed-
Has HegoCcTaToyHOCTh IIA, GYHKUMOHAaNbLHbIN Kacc
Il (no NYHA).

CepaoedyHon KOMaHOOM TMPUHATO peLlueHne
0 NMpoBeAeHnn KopoHaporpadpum, No pesynbraTtam
KOTOPOW BbISIBJIEHO CreAyioLee: feBbln TUM KPO-
BOCHabxeHus Mmunokapna. CTBoOJs1 /1eBOVi KOPOHap-
Hovi aptepuun: 6e3 nopaxeHwuin. [MHA: cTeHOo3
B cpeaHem cermeHTe 0o 95% (puc. 1). OrmbatoLan
apTepus: 6e3 nopaxeHun. lNpaBas KOpPOHapHas
apTtepus: runonna3upoBaHa. [lpegsapuTenbHO
naumeHT nonydun 180 mr Tukarpenopa, 300 mr
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Puc. 1. Kputnyeckuin CTeHO3 nepenHen HUCXoasLen
apTtepun.

acnupuHa per os n 400 mn pacteBopa PuHrepa BHy-
TPMBEHHO.

MpaBbiM TpaHcpagvanbHbiM AOCTYNOM BbIMOS-
HeHO cTeHTupoBaHue [MHA kopoHapHbimM CJIM
Resolute Integrity 2.25 x 18 mm. Ha uHTpaonepa-
LMOHHOM KOHTPOJIbHOM aHrnorpadumn LOOCTUTHYT
YAOBNETBOPUTENBHBIA pedynbTtaT (puc. 2). MayuenHTt
BbiNucaH Ha 10-e cyTkn B xopoLlem obLLeM COCTOSA-
HUN.

OGcyxneHue

Yncno noxunbix W CTapbiX MNauueHTOB
¢ OMM, nopgepraowmxca YKB, B 6ONbLUNH-
CTBE CTpaH 0O4YeHb HM3Koe. OTO OOYCNOBJIEHO
MOBbLILWEHHbIM PUCKOM WHBA3MBHOIO BMeELUa-
TEeNbCTBA B CBSA3M C HalIM4YMeEM psina ConyT-
CTBYOLWMX 3a00MeBaHUNN, BbICOKMM PUCKOM
OCNOXHEHWN N CMePTHOCTK (6).

Ocob6eHHOCTSMM nocneonepauyioHHOW Mo-
Lenv noBegeHns NauMeHToOB CTapyYEeCKOro BO3-
pacTa sBnAgTCA Takke NPoM3BOJibHasg OTMEHa
[e3arperaHToB, FUMOSIUMUAEMUNYECKUX U TU-
MOTEH3MBHbLIX MPEenapaTtoB, UX HeperynsapHbIni
npueMm, HeEAOCTATOYHbIV KOHTPOb YPOBHA AL,
YPOBHS MiOKO3bl B KpoBU (3).

HecMoTpsa Ha WKMPOKME BO3MOXHOCTU CO-
BPEMEHHOW MeaULMHbI, BbIOOP ONTUMaNbHOWN
TaKTUKN NI€YEHUS MaALMEHTOB MOXWUIOrO BO3-
pacta ¢ OMM ocTaeTca 04YeHb akTyasibHOWN
npo6nemoin (7).

B Bonpoce BbiObOpa cTeHTa WHTEpPecHO
obpaTtutbecs K nccnegosaHuio M.S. Marcolino

FRANE= 10

Puc. 2. CTeHT B NnepeaHel HUCXOAsLEel apTepun.

1 COaBT., KOTOPOE OblfI0 HeagaBHO onybnMKoBa-
Ho B Eurolntervention (8). Wccnepgosatenn
cpaBHUIN 3PDEKTUBHOCTb U 6GE30NaCHOCTb
CJIIN no cpaBHEHUIO C FOIOMETANINYECKUMU
CTeHTamMu y nauymeHToB cTapwe 80 ner.
[MokazaTenn cMepTHOCTU U PUCK Pa3BUTUS
MHpapKkTa Muokapga ObiIM O0ANHAKOBLIMU
B 06enx nccnenyemMbix rpynnax, Ho y naum-
eHToB c CJIIM 6bin 605€ee HU3KUA PUCK MNO-
BTOPHOW peBackynsapusaunn. B oTHOWwEHNN
BOMPOCa MHTEPBEHLUMOHHOIO JIEYEHUSA KOPO-
HapHbIX apTepuin Manoro gmameTpa obpatia-
eT Ha cebs BHUMaHME paHOOMU3NPOBAHHOE
nccneposaHme DUTCHPEERS (TWENTEI)
(9), roe nokasaHbl Xxopolume pe3ynbTathbl Npu-
MeHeHuns CJIM B neyeHun cCOCynoB Amname-
TpoM 2,5 MMm.

BbiGop Tukarpenopa cooTBeTCTBOBAJ pe-
komeHgaumam ESC B Bompoce npuMeHeHus
HOBbIX aHTUTPOMOOUMUTApPHbIX MNpenapaToB
(10).

3aksno4yeHue

MN3-3a yBeNMYEeHUs NPOOOSIKUTENBHOCTU
XXN3HU 1N ONTUMU3aLUMK OKa3aHUS MOMOLLM Na-
uneHtam ¢ OKC MOXHO OXunaaTb yBEINYEHUS
yucna nauvieHToB B CTapyeckoM BO3pacTe,
HanpaBnseMbiX 019 UHTEPBEHLMOHHOro neve-
Hunsa OKC. 9To meTon BbiBOpa B AaHHOM rpynne
MauyeHTOB, MOCKOJIbKY KOHCEPBATUBHOE fleye-
HMe B OONbLUMHCTBE cry4yaeB 0Oes3ycrneLiHo
M CBA3AHO C BbICOKO CMEPTHOCTLIO, & a0pTO-

WIHTepBEHLIMOHHAasH KOPPEKLMSI KPUTUYECKOro CTEHO3a NepenHei HUCXOASLLE apTepun y naumeHTa
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KOPOHapHOE LYHTUPOBAHME Y KOMOPOUOHbIX
naLMeHTOB CTap4YeCckoro Bo3pacTta ConpsaxeHo
C BbICOKMM pUCKOM. Bbibop apTepuanbHOro
gocTyna, Tuna MMMAaHTUPYEMOro cTeHTa

Abbreviations
BP - blood pressure
AMI — acute myocardial infarction
LAD - left anterior descending artery
DES - drug-eluting stent
PCI — percutaneous coronary intervention
PM - pacemaker

Introduction

According to the World Health Organization,
by 2050 the number of people aged 80 and
overisexpectedtoalmost quadruple. According
to ACS registries, the number of very old pa-
tients with myocardial infarction is increasing,
and due to the increase in the proportion of el-
derly patients, mortality will increase by 120-
137% over the next 20 years.

Non-ST elevation myocardial infarction is
one of the leading causes of hospitalization,
disability and death in long-living elderly pa-
tients (1, 2). According to large cohort studies,
the number of elderly patients with acute myo-
cardial infarction (AMI) tends to increase con-
stantly (3). This is due to an increase in the
proportion of elderly patients in the general
population (4). According to American trials
CHS, MESA, CARDIA and JHSNHLBI (1995-
2012), within 1 year after AMI the mortality rate
in patients aged 65 to 74 years reaches 20%,
and in patients over 75 years — about 30%.
Within 5 years after AMI these rates reach
35% and 60% in both groups, respectively (2).
The number of patients with AMI undergoing
PCl is also increasing. Thus, in Denmark, within
the period from 2002 to 2009, the number of
PCls performed in 80-year-old patients with
AMI doubled (5). Most of the randomized trials
used as the basis for development of patient
management principles excluded individuals
over 80 years due to their age or the presence
of comorbidities. The lack of information on
efficacy and safety of interventional treatment
for myocardial infarction, which is associated
with more frequent side effects and complica-
tions of treatment in very old patients, may
cause the refusal or delay of appropriate treat-
ment.

M agekBaTHOW nepuonepaunoHHor dapmako-
Tepanuu OosKeH OblTb CAenaH Nocsie paccMo-
TpeHUss MHOMBUAYaASIbHbIX PUCKOB M COMyT-
CTBYIOLLLEN NATONOMrMU NnauneHTa.

Clinical case

A 91-year-old patient was admitted to our clinic
with complaints on pressing retrosternal pain, feel-
ing of shortness of breath both during physical exer-
tion and at rest (managed by use of sublingual nitro-
mint), increased blood pressure (BP) up to 190/110
mm Hg, dyspnea at rest and during minimal physical
activity.

ECG: pacemaker with a heart rate 77 beats/min.
Normal position of the electrical axis of the heart.
Frequent occasional polymorphic ventricular extra-
systoles, presenting as bigeminy.

Echocardiography: concentric LV myocardial hy-
pertrophy. Myocardial contractility is satisfactory,
EF-55%. There is a hypokinesis in the anterior-sep-
tal part of the left ventricle. Marked tricuspid valve
insufficiency with regurgitation (+++). Mitral valve
insufficiency with regurgitation (+++). Aortic valve
insufficiency with regurgitation (+). There are pace-
maker electrodes in the right chambers. Pulmonary
hypertension (PH) as an estimated pulmonary artery
systolic pressure (ePASP) 55-60 mm Hg. There are
traces of fluid in pericardial cavity. Troponin -
0.03 ng/ml, creatine phosphokinase — 84 IU/I, cre-
atine phosphokinase-MB - 24 1U/I.

The patient has a history of hypertension during
the past ten years. Maximal values of BP — 190/100
mm Hg. Patient takes verospiron, diuver, vamloset,
eliquis, and with this drug therapy an adapted blood
pressure of 130/80 mm Hg was maintained. In May
2019, a pacemaker was implanted due to the atrio-
ventricular block.

Preliminary diagnosis: CHD; Unstable angina.
Tricuspidal valve insufficiency of Il grade, mitral
valve insufficiency of lll grade. Permanent atrial
fibrillation. Pacemaker implantation on May 28,
2019, due to the complete atrioventricular block.
Stage Il hypertension, stage lll arterial hypertension,
risk of cardiovascular complications of class IV.
Chronic heart failure of grade IIA, functional class Il
(according to NYHA).

Cardiac team decided to perform coronary angi-
ography, and its results revealed the left dominant
type of the coronary circulation. The left main coro-
nary artery: no lesions. LAD: stenosis in the middle
segment up to 95% (Fig. 1). Circumflex artery: no
lesions. Right coronary artery: hypoplastic.
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Subocclusion
of the LAD

Fig. 1. Critical stenosis of the LAD.

Previously patient received 180 mg of ticagrelor,
300 mg of aspirin per os and 400 ml of Ringer's solu-
tion intravenously.

Stenting of LAD with coronary DES Resolute
Integrity 2.25 x 18 mm was performed via right tran-
sradial access. Intraoperative control angiography
demonstrated satisfactory result of the procedure
(Fig. 2). The patient was discharged on day 10t in
good general condition.

Discussion

The number of elderly and old patients with
AMI undergoing PCI is very low in most coun-
tries. This is associated with an increased risk
of invasive intervention due to the presence of
a number of comorbidities, high risk of compli-
cations and mortality (6).

The features of the postoperative behavior
of the very old patients also include spontane-
ous discontinuation of antiplatelet agents, lipid-
lowering and antihypertensive drugs, their irre-
gular intake, insufficient control of blood pres-
sure and blood glucose levels (3).

Despite the wide possibilities of modern
medicine, the choice of optimal management
of elderly patients with AMI remains a very
pressing challenge (7).

Concerning the issue of stent selection, it is
interesting to refer the study performed by
Marcolino et al. and recently published in
Eurolntervention (8). Researchers compared

Fig. 2. Stent in the LAD.

the efficacy and safety of DES versus bare-
metal stents in patients over 80 years of age.
Mortality rates and risk of myocardial infarc-
tion were similar in both study groups, but
patients with DES had a lower risk of repeated
revascularization. With regard to the issue of
interventional treatment of small coronary
arteries, it is worth to review the randomized
trial DUTCHPEERS (TWENTEII) (9), in which
good results of using DES for the treatment of
vessels with a diameter of 2.5 mm were
shown.

Choice of ticagrelor was in line with ESC
guidelines regarding the use of novel antiplate-
let drugs (10).

Conclusions

Due to the increase in life expectancy and
optimization of care for patients with ACS, arise
of the number of elderly patients referred for
the interventional treatment of ACS may be ex-
pected. PCI is the method of choice in this
group of patients, since conservative treatment
in most cases is unsuccessful and is associated
with high mortality, and coronary artery bypass
grafting in elderly patients with comorbidities is
associated with a high risk. The selection of
arterial access, type of stent to be implanted
and appropriate perioperative drug therapy
should be made after considering the patient’s
individual risks and comorbidities.

WIHTepBEHLIMOHHAasH KOPPEKLMSI KPUTUYECKOro CTEHO3a NepenHei HUCXOASLLE apTepun y naumeHTa
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