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BbiOOp KOPOHAPHOro CTEHTA NPU HAJIUUUH
Mbille4yHOoro Mmocta (Ha OCHOBaHWHU pPe3yNbTaToB
MOAE/NIMPOBAHUA YC/IOBUU B 3IKCNEPUMEHTE)

B.B. lNneueB’, T.LL. CaratanHoB'?, N.B. by3aeB'*, A.M. EHnkeeBa?,
J1.KO. la3sn3soBa?, H.LU. SaruaynnnH?

1 PreQy BO “baluknpckuii rocyaapcTBeHHbIV MeanUnHCKui yuuBepeutet” MuH3apasa Poccuu,
Yoa, Poccus

2 BbY3 “PecnybnvikaHCKui kapamonorundeckuii LeHTp” MuH3apasa Pecrnybvikmn balukopTocTaH,
Yopa, Poccus

B npaktuike KapAnosioroB, CepAeYHO-COCYANCTbIX U SHAOBACKYJISIPHBLIX XUPYProB BCTPEYaKTCS MaLNeHThbI
C BPOXAEHHbIMU aHOMaJINSIMU, KorAa COCYL HYaCTUYHO JioKam3yeTcsl B ToJue muokapga. lNpu yctaHoBKe
CTEHTOB B MbILLEYHbIE MOCTbl CTEHTbI [10ABEPXXEHbI MO/IOMKE, MPUBOASILLEN K PECTEHO3Y Ui TPOMOO3Y CTEHTA.
lpy4nHY MOJIOMKY CTEHTA CBSI3bIBAIOT C CWJION AaB/IE€HUSI MbILLUEYHOr0 MOCTa U YCTaJOCTHOV MPOYHOCThIO
meTasiia CTeHTa.

Llenb nuccnepoBaHusi: co3aaHne MOLEJIN MbILLEYHOro MOCTa, OLEHKa MPO4YHOCTU CTEHTOB Y OPUEHTHPOBOY-
HbIX CPOKOB CJ1yXObl N3AE/MS1.

Marepuan n metogsbl. VIavepeHa cuvna gaBieHUs MbllLEYHOro MocTa y nauveHta ¢ I6C — 0,012 H/Mm.
Ha ocHoBe Moges MbILLEeYHOro MocTa, UMUTUPYIOLLEN LMKJIMYECKUE Harpy3Kku ¢ 3a4aHHOM CU/I0N AaB/IeHuS,
BbIMOJIHEHO UCTIbITAHWUSI CTEHTOB. [115 ccaenoBaHusi 6biy1o NCMOIbL30BAHO 2 CTEHTA Pa3HbIX MPOU3BOANTENEN.
CTeHTbI MOMELLaINCh B TPYOKY 13 MOJIMBUHUIXIIOPUAA U Y CTaHaB/IMBaINCh MEXAY ABYMS oriopamu. Pe3ybtarsl
onbiTa pukcupoBannck kaxabie 30 MyH.

Pe3ynbratsl. [losioMka nepBoro cTeHTa rnpou3oLunia 4epes 16 gHer ¢ Hadana onbita. C Lesblo YCKOPEHUS
OrbITa UNKJINYHBIE Harpy3ku Obliv YBE/INYEHbI, YTO B PeasibHbIX YC/I0BUSIX NPy HOPMaJlbHOM CepAEYHOM COKpa-
LL{eHUN COOTBETCTBOBAJIO 41-My AHI0O. BTOpPO CTEHT QyHKLMOHMpPOBaa 6osee 2 Mec, 3a 3TO BpeMsi He Obl10
BbISIBJIEHO KaKux-1Mb0 AedEKTOB B CTEHTE.

BaknovyeHne. Ha ocHOBe onbiTa BbISIBJIEHO, YTO CTEHTbI, OT/INYAIOLLMNECS MO CBOEV KOHCTPYKLUU, CraaBy
MeTaslzIoB, OpMe, MOryT MpPOSB/STL Pa3/IMYHYI YCTOMYMBOCTb K BO3AEVICTBUIO LIMKIINHECKUX HArpy30K.
Pa3paboTaHHOE YyCTPOVCTBO MOXET HaUTU MPUMEHEHNE B Hay4HO-UCCIeA0BaTe/IbCKOM chepe /s OLEeHKN
MPOYHOCTHbIX XapakTePUCTUK KOPOHaPHbIX CTEHTOB.

KnroyeBble cnoBa: MbiliedHble MOCTbI, paaualibHasl MpoYHOCTb, TPOMOO3 CTeHTa, ulemmn4eckasi 60s1e3Hb
cepaua

Ans umtuposaHua: B.B. lMneues, T.LU. CaratguHoB, W.B. Bbysaes, A.M. EHukeesa, JI.lO. la3n3osa,
H.LU. 3aruaynnunH. Bei6op KOPOHAPHOIro CTEHTA NPY HANTMYMM MbILLEYHOIO MOCTa (H2 OCHOBaHWM Pe3yNLTaToB
MOOENNPOBAHNS YCNOBUIM B 3KCNEPUMEHTE). MexayHapoAHbIV XypHaa NHTEPBEHUMOHHOUN KapanoaHrnosao-
run. 2024; 76 (1): 9-20. https://doi.org/10.24835/1727-818X-76-9

KoHdnukT uHTepecos. ABTOPbI 3as1BNISIIOT 06 OTCYTCTBMMN KOHMINKTA UHTEPECOB.
UcTouHuku duHaHcnpoBaHus. PaboTa BbinosiHeHa 6e3 CNOHCOPCKOM NOAAEPXKKN.
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Introduction. In the practice of cardiologists, cardiovascular and endovascular surgeons, there are patients
with congenital anomalies when the vessel is partially localized in the thickness of the myocardium. When
stents are installed in myocardial bridges, the stents are susceptible to failure, leading to restenosis or stent
thrombosis. The cause of stent failure is associated with the pressure force of the myocardial bridge and the
fatigue strength of the stent metal.

The aim of the study is to create a model of a muscular bridge, and assess the strength of stents, and the
approximate service life of the product.

Materials and methods. The pressure force of the myocardial bridge in a patient with ischemic heart disease
was measured — 0.012 N/mm. Stents were tested based on a myocardial bridge model simulating cyclic loads
with a given pressure force. For the study, 2 stents from different manufacturers were used. The stents were
placed in a polyvinyl chloride tube and installed between two supports. The results of the experiment were
recorded every 30 minutes.

Results. The failure of the first stent occurred 16 days after the start of the experiment. In order to speed up the
experience, cyclic loads were increased, which in real conditions with normal heart rate corresponded
to 41 days. The second stent functioned for more than 2 months, during which time no defects were detected
in the stent.

Conclusions. Based on experience, it has been revealed that stents that differ in their design, metal alloy,
and shape may exhibit different resistance to cyclic loads. The developed device can be used in research
to evaluate the strength characteristics of coronary stents.
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BeeneHue

PaguanbHasa npo4yHOCTb U XECTKOCTb ABMS-
IOTCS BaXHbIMU (OYHKLMOHANIbHLIMWN XapakKTe-
pucTMkamm npu paspaboTke CTEHTOB, CTEHT-
rpadToB 1 KaBa-GuNbTPOB. MeToabl ncnbiTa-
HUIA NS onpeaeneHns paauanbHOM NPOYHOCTH
N XXECTKOCTM O0JIKHbI OUEHMBATb NPUrOAHOCTb
M Ka4yeCTBO M3roTaBavMBaemMow npoaykumm, co-
OTBETCTBYIOLLMNE UX TEXHMYECKNUM TpeboBaHU-
amMm. MeTogbl OLEHKN pagnanbHON XEeCTKOCTU
M NPOYHOCTU MOTMYT MOMOYb YAYYLLUUTb MOHMMA-
HME MNPUYMH Pa3pyLUEHUS CTPYKTYpP CTEHTa,
B Noc/eaylLeM ABASACb OOHUM 13 GakToOpOB
no3gHero Tpombo3a cTeHTa. HekoTopble AaH-
Hble YKa3blBalOT Ha TO, 4YTO NPoONEeMbl, BO3HU-
KalowmMe nocse 3HOO0BACKYISAPHOIro feyeHus,
CBSiI3aHbl C HapylweHueM annpokcumMauunm
CTEHTAa, KOTOopas 4acTo ABMISIETCS pPe3yNbTaToM
HeOoCTaTOYHOM pagnanbHON XECTKOCTU WUnn
npo4yHocTu (1).

PaguanbHasa cuna posnxHa ObiTb AOCTaTOY-
HOM AOns nogaepXaHuss reoMeTpun CTeHTa
M nNpegoTBpallEeHNsa OUCAOKAUMM N TMOJIOMKMN
YCTPONCTBA, HO HE HACTOJIbKO BbICOKOM, YTOObI
OHa 4Ype3MepHO MpeBbillana guameTp cocyna
nnau noBpexpgana ero. Ha paguanbHyilo npoy-
HOCTb M XECTKOCTb BAUAIOT MHOrMe akTopbl:
He3Ha4YMTebHOe U3MeHeHune Nboro U3 aTUX
$aKToOpoB MOXET NOBANATb HA DYHKLUMOHASb-
HOCTb YCTPOWCTBA.

VicnblTaHue paananbHOW MPOYHOCTM U XKECT-
KOCTWN SIBNSIETCHA 4YaCTblO TECTOB, NPOBOANMBbIX
Ha BHYTPUCOCYOMCTbIX CTeHTax. PagmanbHas
XEeCTKOCTb CTeHTa XxapakTepusyeTt npenen
YMpyrocTy CTEHTA B OTBET paguasibHO CXMMalo-
wen cune. lNpun Harpyske, MpesbilLaloLLein
npenen ynpyroctm cteHta, NOCNeoHUn nofa-
BepraeTcs HeobpaTumon pgedopmaumm n He
MOXET BEPHYTbCHA K WCXOAHOMY OMaMETPY,
4YTO BEOET K yTpaTe KapkacHowm dyHKumn. Pagu-
anbHas MPOYHOCTb ONpeaensaeTcsa Kak gasne-
HMEe, NPV KOTOPOM CTEHT MCMbITbIBAET HEOO-
patumyio gedopmaumio (2).

Hepenoko B cnydasx CO CTEHTUPOBAHMEM
KOPOHapPHbIX apTepuin, 0OCOOEHHO B 30HE Ha-
JINYMS MblLLEYHbIX MOCTOB U BblLLE, BOSHMKAIOT
TPOMO03bl CTEHTOB (3). MNMPUYMHON 3TOMY MO-
ryt 6biTb NOSOMKa CTEHTA Ha OAHOM W3 €ero
y4aCTKOB, HAAPbIB UHTUMbI B C/ly4ae HEMOJIHO-
ro NOKPbLITUS 30HbI MbILLEYHOIO MOCTa (4), Ha-
nnyme TypOyNEHTHOrO KPOBOTOKA B CTEHTE.
YBenn4yeHne HanpsixxeHus casura npu Typoy-
JIEHTHOM KPOBOTOKE U TpaBMa UHTUMBbI SIBNS-
I0TCHA npegukTopamMn K TpoM6oobpa3oBaHUIO
n cnasmy (5). YBenuyeHue HanpsixkeHns coBu-
ra, CBA3aHHOIO C MbILLEYHbIMW MOCTaMM, Tak-
€ CHUMXaeT BblpaboTKy Ba30aKTMBHbIX areH-
TOB aHOOTENMeM, Takmx kak okcua azoTa (NO)
N npocTtarnaHguH 12 (npocTtaunkivH); ecTe-
CTBEHHbIX aHTUKOAryJsiHTOB U aKTMBATOPOB
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dunbprnHonmsa: TpomMboMOayNMHA, TKAHEBOro
akTMBaTopa Maa3dMUHONreHa C YBEJIMYEHUEM
CUHTE3a MPOKOoarynsaHToB; NMHIIMBMUTOPOB PUb-
puHonuaa: TkaHeBOoro dgaktopa, WHrméutopa
akTuBaTopa nnasmMuHoreHa-1, sHpotenuHa-1
M aHrMoTeH3uHNpeBpalawero depmeHTa
(6, 7). CnepoBaTenbHO, yBENMYEHNE HANpsxXe-
HUA cOBuUra U BbICOKOE BHYTPMUCOCYOUCTOE
OaBfeHne B MblLLEYHOM MOCTY HEFraTUBHO BJN-
AI0T Ha QYHKUMIO SHOOTENUS U CYLLECTBEHHO
BINSAIOT HA SHOOTENUN3aBUCMMYIO Ba30penak-
cauuto. 3TO0 NpPMBOAUT K Crasmy, CHUXEHUIO
KPOBOTOKA B CTEHTUPOBAHHOM y4yacTKe U Mo-
cnenyowiemy Tpombo3y cteHTa (5, 8). Hepenko
B CJlydae CTEHTUPOBAHUS 30H MbILLEYHbIX MO-
CTOB U UX ANArHOCTUKM MPUMEHSIOTCS BHYTPU-
cocyamcTble MeToabl Budyanmaauum (9).

Lenb nccnepoBaHua: BOCCO3aaHne Mmoae-
I MbILLEYHOrO MOCTa U OLEHKA NPOYHOCTHbIX
XapakTepUCTUK CTEHTOB.

Matepuan n metoabl

Hamu 6bino pa3paboTaHo YyCTPOWCTBO, KO-
TOpPOE OueHMBaNO NoBeaeHne MOLENEN CTEH-
TOB B apTepUsX C MbILLEYHBIMU MOCTaMu, TEM
camMbIM NO3BOJISAS CpaBHUBaATb 3PPEKTUBHOCTb
DOYHKUMOHMPOBAHUA  Pa3NNyHbLIX  Moaenemn
CTeHTOB. AnnapaT NO3BOJIFET OLLEHUTb, 3a Ka-
KOe BpeMsi Mpon3onaeT NosioMKa CTeHTa B TOMN
WU MHOMN KOHDUIypaLumn.

CTeHT nomewaeTca mMexnay nnacTtuHamu,
B KOTOPbIX pacnofoxeHa Tpybka n3 nosmBu-
HUNXJo0puaa, MoOenupylLwas cocyn, nanee
B TPYOKY MMMNaHTMPyeTCs CTEHT. B cpeaoHem
[aBfIEHME MbILLEYHOro MOCTa, 0Ka3blBAEMOIO
Ha cocyn, paBHo 0,11-0,20 H/MM?2, 4TO ObIIO

Puc. 1. YcTpoiicTBO Ans mcnbl-
TaHUS CTEHTOB B apTepusx
C MbllUEYHbIMWU MOCTaMu. 1 —
apuratenb, co3garoLlmin koneba-
HUS C UMUTaUUEN MbILLIEYHOro
MOCTa; 2 — MNepucTanbTUYECKNN
Hacoc; 3 — Tpybka M3 NonmBU-
Hunxnopunaa; 4 — cTeHT; 5 — cTa-

namepeHo y 10 nauyeHToB C HaNM4YNEM Mbi-
weyHoro mocTta (10). YcTtaHaBnuBaetcda cuna
0aBJ/IEHMS MbILLIEYHOr0 MOCTa Ha TpyOKy yepes
MoABUXHYIO onopy. Tpybka noaknyaeTcs
K MepUCTabTUYECKOMY HACOCY M 3aMbIKaeTCs.
Mocne aTtoro no Tpybke nyckaetca Gu3nono-
rMYecknin pacTBop C AABfEHUEM, UMUTUPYIO-
WMM GU3MNONOrMYHOE AaBneHne B KOPOHAPHbIX
aptepusax. CKkopocTb 1 aMmnanTyga noaduvpa-
JINCb C YY4ETOM HYaCTOTbl CEPAEYHbIX COKpaLLLe-
HUM B MUHYTY 1 YBENMYMBAIUCH C LENbIO 3KO-
HOMWM BPEMEHW ONs NpoBeneHus onbita. Hapg,
30HOI YCTaHOBKM CTEHTa YycTaHaBAMBancs
3NIEKTPOHHON MUKPOCKOMN C PYyHKLMEN 3anncu
ona oukcaumm MOMEHTa MOoJIOMKU CTeHTa.
YcTaHaBnvBanacb HadajibHas Todka oTcyeTa
[0 TOroO MOMEHTa, Noka He MpPoun3onaeT no-
JloMKa yCcTaHOBfIEHHOro cteHTta. [locne Toro,
Kak npounsoLusa nosioMka CTEeHTa, BbICYNTbIBA-
J10Cb, Yepes3 Kakoe BPeMs Npoun3oLuna nosioM-
ka. Takum o06pas3omM, MOXHO MPearnonoXunTb,
Kakoe BpeMsi Moaesib CTeHTa 6yaeT pyHKUMO-
HMpOBaTb B apTEPUN C MbILLEYHBIM MOCTOM.
YCTPOMCTBO NpeacTaBiieHo Ha puc. 1.

Cnocob 6bin1 peann3oBaH Npu TecTUpoBa-
HUM B nabopaTopHbIX YCNOBUSX. TecToBoe
YCTPOMCTBO ObINO COOPaAHO U MOAKIOYEHO.
Bl BbICTaBNEHbl cnenylolimMe napameTpsbl
ons cteHtoB Nel un 2:

— 4acToTa cepaedHblX COKpalleHUn (kone-
6aHua nogswxHoW onopbl) 4o 250 B MUHYTY,
okono 360 000 cokpalleHnin B CyTKW;

— cuna gaBneHust Ha cteHT 0,20 H/MMm?;

— nasneHue nepdysum 100 mm pT.CT.

C nomoupo Moaenn 6b10 NCMONL30BAHO
2 B1Oa CTEHTOB Pa3HbIX MPOVU3BOAUTENEN C Bbl-

TU4YHaa onopa; 6 — noaBuXHas
onopa.

Bbi60p KOPOHAPHOIro CTEHTA MPY HAJINYUU MbILLEYHOIro MOCTa
(Ha oCHOBaHWV Pe3ybTaToOB MOAEINPOBAHVST YyCI0BUK B 9KCMEPUMEHTE)
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Puc. 3. O6pasel cteHTa Ne2 1o (a) v nocne (6) npoBeaeHus onbiTa Ha AedopMaLmio.

COKOW pagmasnbHOM XECTKOCTbIO, HO pa3nnyao-
LLMXCA MO CBOENM reoOMeTpuUHecKOor CTPYKType.
OuameTp v anMHa cTeHToB Obln 3 X 15 MM.

Y NepBOro CTeHTa KOHCTPYKLMM s4eek Oblnn
coeaVHeHbl Mexay coboii V-obpasHbiMun coe-
OnHeHusamn (obpasey, 1). Apyroin cTeHT Obin
CUHyCcOoUaanbHOro Nnpoduns c nas3epHon ceap-
KOW B KJIIOYEBbIX TOYKaX C S-06pasHbIMU coe-
OnHeHnaMun (obpasel 2). CTeHTbl NToMeLlanmch
B TPYyOKYy M3 MNOAMBUHUAXIOPWOA, KOTopas
yCTaHaBnvBanacb B MOAESb MbILLEYHOTO MO-
cta. Pesynbrartbl onbita GpUKCMPOBAINCL Ha
USB-kamepy kaxable 30 MMH 0O TOrO MOMEH-
Ta, Noka He NPoOU30MAET MNOJSIOMKa CTEHTA B Ka-
KOM-1MB0 13 ero CerMeHToB.

B nepBom o0Opasue OoTMe4Yanucb MepBble
npusHaku gedopmauumn 6anok Ha 10-e cyTku.
MonHasa nonomka npowunsowna yepes 16 gHen
OT Hayasna yCcTaHOBKM (puUC. 2), YTO B peasibHbIX
YCNOBUSIX NPY HOPMaiilbHOM CEPAEYHOM COKpa-
weHum B npenenax oo 80 B MUHYTY COOTBET-
cTBOBasO Obl 41-My OHIO.

BTopoin o6pasel, GyHKLUMOHMPOBAN B Teve-
HUe 2 MecC, 3a 3TO BpeMms He ObIIo BbISIBJIEHO
Kakux-nmbo pnedektoB B cTeHTe (puc. 3). MNpn
CpaBHEHNN MOJIy4YEeHHbIX pPe3yJjibTaTOB OCHOB-
Has NosIoMKa OTMeYanacb B MeCTax coeguHe-
HUSA a4eek, B AaHHOM cnyyae B obpasue Nel
¢ V-o6pas3HbiM coeanHeHMeM. Ha ocHoBe
MOJIyYEeHHbIX [OaHHbIX FreomMeTpuyeckasl KOH-
CTPYKLMSA nepBoro obpasiLa okasanack cnabee
BTOpPOro. M rmnoteTMieckn MOXHO caenatb
BbIBO, YTO €C/IN NauueHTy YCTaHOBUTb CTEHT
nepsoro obpasua, To 4Yepe3 41 geHb y Hero
MOXET NPOM30MNTN MNOJSIOMKA CTEHTa, KoTopas
MOXET MPUBECTU K PECTEHO3y M TPOMOO3y
cTeHTa.

OGcyxaeHue

KoHCTpyKLUUS ycTpoicTBa nrpaet 605bluyio
posib B paananbHOW MPOYHOCTU U XECTKOCTU
Kapkaca. Kak npasufio, yCTpomncTea C OTKPbI-
TbIMW CTPYKTYPaMU (MU C HUSKMM COOTHOLLE-
HMEM mMaTepuana Ha KBagpaTHbli OI0NM) Me-
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IOT MEHbLLYIO paguasibHyO XEeCTKOCTb U NpoY-
HOCTb, YEM 3aKpPbITble KOHCTPYKUUM (Unn c
BbICOKOW MJIOTHOCTbIO MaTtepuana). TonwmHa
CTPaTOB aHa/IOrMYHO MMEET BNUSHME Ha paau-
anbHYIO MPOYHOCTb M XECTKOCTb. BonbLunit
anameTtp obecrneumsaeT GONbLUYIO paavab-
HYIO MPOYHOCTb U XECTKOCTb MO CPaBHEHUIO
C YCTPOMCTBOM C MaJsiol TOJNLWMHON cTpaTta.
Bonbluoe 3Ha4YeHe NMEET MaTepuars, N3 KoTo-
pOro caenaHo ycTponcTBo. Beibop maTepunana
MOXET KOMMEHCUPOBATb OTKPbITYO CTPYKTYPY
YCTPONCTBaA 3a CYET YBENMYEHUS paguasibHOMN
XECTKOCTU. Hanpumep, HekoTopble cnaBbl
kobanbTa 1 Xpoma obecneunmsaloT GONbLIYIO
paguanbHylo MPOYHOCTb, YEM HepXaBeloLlas
ctanb. CnepoBaTenbHO, CTEHT C OTKPbITbIMU
a4yelikamMm U3 xpoma-kobanbta MoOXeT obecre-
YNTb 6OJIbLUYIO PaaVanbHY XEeCTKOCTb U NPOoY-
HOCTb, YEM CTEHT C 3aKPbITbIMUN N3 HEPXKABEIO-
wewn ctanm (11).

BTopuyHble npouecchl Npmn obpaboTke ma-
Tepuana yCcTponcTBa K TOMY e BAUSIOT Ha pa-
ONanbHYO MPOYHOCTb W pagnanbHYKO >XECT-
KOCTb. TepmMmudeckasi o6paboTka, OTXKXUF U MO-
NMpoBka SABNAIOTCA OObIYHbIMU BTOPUYHBIMU
npoueccamMmu nNpu NPOU3BOACTBE CTEHTOB.
TepmMuyeckan obpaboTka maTepuana v cnna-
BOB Mnepepn pes3koi NpMBOAUT K OTBEPXOEHMIO
Matepuana u yxyaueHuto MpoYHOCTU N XeCT-
KocTu. B npouecce omxura matepuman pas3msr-
YaeTcs, U CTeHT paclumpseTcs 6e3 paspyLie-
Hua. Ecnn maTepuan nogBepPrHyT Ype3mMepHo-
MY OTXMUry, CTEHT OyOeT C/IMWKOM MArKUM
N MMETb HEeOOCTATOYHYIO pagnasibHylo Npoy-
HOCTb N XecTKoCTb. O6LMe NnapamMeTpbl OTXU-
ra — 3To TeMmrepartypa, BpPeMs OxJaxaeHus
1N nonoxeHne matepuana. nuHa n temnepa-
Typa BAMSIIOT HaA MSArKOCTb MaTepuana nocne
oTXura, a nosioxeHwe maTtepuana BAugeT Ha
OOHOPOAHOCTbL ero cBowncTe. Meton nonmpos-
KN YCTPOWCTBA, TAKOW KaK 31eKTPONnoanpoBKa,
Takke BAUSET Ha paaunanbHylO MNPOYHOCTb
N XECTKOCTb YCTPOWCTBA, pa3pylias noBepx-
HOCTb MaTtepuana (12).

[Ona cnnaBoB € NamMATbio GOPMbI, TaKMX Kak
HUTUHON, 3T BTOPMYHbIE MPOLLECCbl MOXHO
BapbMpoOBaTb, YTOObI NpUAAaTb OOHOMY U TOMY
Xe martepuasny pas3finyHble KOHEYHble CBOM-
cTBa. [nanasoH 3/1acTUYHOCTU UK MSATKOCTb
CTEHTa MOXEeT ObITb yBENMYeHa aasa npuoaHus
6onblien rmbkocTn, YTO ynydllaeT A0CTaBKy
npu COXpaHeHUM afekBaTHOM pagunasibHON
MPOYHOCTU M XEeCTKOCTU. BTopmyHas obpaboT-
Ka crniaBoB C NamMATbio GOPMbI MPUOAET MaTe-
puany Temneparypy nepexoga (tremnepartypa,
npu KOTOPOM CTEHT OEMOHCTPUPYET ONTU-

MasibHYlO paaunanbHyl0 MPOYHOCTb U XKECT-
KOCTb). OTa Temnepartypa MOXeT OblTb ycTa-
HOBJSIEHa Ha YPOBHE HOpPMaJslbHOW Temneparty-
pbl Tena (He 6onee 37 °C). Ecnm nocMoTpeTb Ha
apyrne paspabaTbiBaemMble MaTepuasbl CTEH-
TOB, TakmMe Kak nosmmMepsbl, TO Bonblias 4YacTb
pagmanbHOM NPOYHOCTU N XKECTKOCTU 3aBUCUT
OT CMEecu MaTepuanoB U OT TOro, HACKOJIbKO
6biIcTPO MaTepuansl 6unoabcopbupytoTcs.
YeTKkoe noHMMaHme TOro, Kak Kaxabli N3 aTmx
dakToOpOB BAUSIET HA pagualbHYyO NPOYHOCTb
M XXECTKOCTb, MO3BOJIIET YCKOPUTb pa3paboTky
CTEHTOB, aganTUPOBaHHbIX K KOHKPETHbIM TU-
nam cocynos (13-15).

YT106bI MPON3BOAUTENN MOMIM OLLEHUTbL pa-
ONAnNbHYIO MPOYHOCTb W >XECTKOCTb CBOWUX
YCTPOWCTB, UM HEOOXOAMMO MOHUMAaTb, Kakyto
MH(OPMaLMIO OHXN MOTYT NOJYYUTb C MOMOLLLBIO
nabopaTopHbIX UCNbITaHUA. OHK Takxe A0SXK-
Hbl MOHMMAaTb CUJIbHbIE N CNnabble CTOPOHbI Bbl-
6paHHOro metoaa TectupoBaHus. MNMpu oueHke
nabopaTtopHbIX METOAOB MCMbITAHWUA OAs U3-
MepeHus paananbHO MPOYHOCTU 1 XECTKOCTHU
K/lo4YeBbIM (pakTOPOM ABNSETCS NOMCK MeToaa
C aJeKBaTHOW OLIEHKOW N paspelleHnemM ans
n3mMepeHns HebOJbLLINX PasNnNyni B KaXXAoM
OTOEeNbHOM CTeHTe. Pa3pelueHne OonxHo ObiTb
[OCTaTO4YHO BbICOKUM, YTOObI MOXHO ObI10 Bbl-
DEenNTb pPasnuyna B U3rOTOBJIEHUN N BbISIBUTb
HE3HauYuUTEeNbHbIE pPa3MyMga B MaTepuanax.
MH>xeHepbl J,O0KHbI UMETb BOSMOXHOCTb CpaB-
HMBaTb TeKyLUMe MNPOEKTbl C NpeablayLnMm
B X0 NUCCefoBaHuii, paspaboTok 1 TEXHUNYE-
CKNX XapakTePUCTUK. DTO NpeaocTaBnsdeT LeH-
HYI0 MHpOPMaUMIO /19 NPOABUXEHUS An3anHa
WA U3MEHEHUSA HanpaB/iEHUS B MPOWU3BOL-
cTBe. [laHHble O0J/KHbI Nerko rnepenaBaTbCs
PYKOBOACTBY M OTAENY MapKeTuHra, 4tobbl HO-
Bble pa3paboTkm oTBEeYaIN KIIMHUYECKUM Tpe-
6oBaHuAM. [aHHble MHCTPYMeHTbl OyayT COOT-
BETCTBOBaTb KOHTPOJIIO KayecTBa BblNyckae-
MO NpoAayKLUMN.

CyLiecTByeT HECKOSIbKO MEeTOA0B MCMbITa-
HUSA CTEHTOB Ha pagnasnbHY0 MPOYHOCTb!

1) B MeToge TOHKOMIEHOYHOM NeTAn Uc-
MoNb3yeTCs Mosiocka TOHKOW NNEHKM, KOTopas
obopaymBaeTCcs BOKPYr CTEHTA 1 3aTEM BbITS-
rMBaeTCs C MOMOLLbIO CUCTEMbI UCMbITAHUA Ha
pacTaxeHue. B jaHHOM MeTode CyllecTByeT
enHas Toyka COMpuMKOCHOBeHUS. ToHkonne-
HOYHasa MEeTAs MMEEeT TO4uKy 3alleMNeHus,
B KOTOPOW MJjieHKa NepekpbiBaeTcs U coeam-
HSAETCACHaTAXHBIMYCTPOMCTBOM. HepocTaTok
3TOro MeToda B TOM, 4YTO TouYKa 3alleMieHNns
MOXET Bbl3BaTb HEPABHOMEPHOE cXaTue

Bbi60p KOPOHAPHOIro CTEHTA MPY HAJINYUU MbILLEYHOIro MOCTa
(Ha oCHOBaHWV Pe3ybTaToOB MOAEINPOBAHVST YyCI0BUK B 9KCMEPUMEHTE)
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WHTEPBEHLNOHHAS KARAWOJIOMNs

2) MeTon NNOCKUX MNacTUH — MeTon ABYX-
TOYEYHOro KOHTaKkTa, Npu KOTOPOM MCMOAb3Y-
IOTCS ABE MJOoCKMe niacTuHbl. CTEHT nomMeLlla-
eTcs Mexay ABYMS NacTUHaMU N CXKXUMAETCS;

3) meTon V-o6pasHbix 6710KOB — MeTof, 4-To-
4eYyHOro KOHTakTa, B KOTOPOM WCMOJIb3YIOTCS
nBa V-obpasHbix 610Ka, KOTopble cobupatoTcs
BMECTEe /19 paauasibHOro cXxaTusa CTeHTa.
V-006pasHblii 650K UMEET YHUKASIbHbIE YCOBUS
Harpy3km no CpPaBHEHWUIO C METOOAaMM TOHKO-
MJIEHOYHOM NEeTNN N ABYXTOYEYHOIro cXxaTtus (5).

Kaxxabli MeTOA UCMOb3YETCA A1 U3SMepe-
HUSA pagmanbHbiX CU KU HarpyxaeTt obpasubl
CTEHTOB MO-pa3HOMy. HesaBucumo OT TOro,
MCMNONb3YETCS NN TOHKOMJIEHOYHAs NeTNd, NMao-
ckas nnactuHa, V-obpasHbiii 650K unn cer-
MEHTHOE CcXaTue Aas M3MepPEHUs pagmanbHON
MPOYHOCTU U XXECTKOCTU, 3HAYEHMUS, NOJTYHEH-
Hbl€ C MOMOLLbIO 3TUX METOAO0B, AO0/KHbI ObiTb
CPaBHUTENIbHBIMM MO KAa4E€CTBY U KOTMYECTBY.

Mop ycTtanocTteio MmaTepumasna NnoHMMaloT MNo-
BPEeXAEHNE 1 pa3pyLleHne maTepuana uin ns-
Oennda npu NOBTOPSIOLWMXCA Harpyskax 3a
ornpeaesneHHbln NPOMEXyToK BpemeHu. [pwu
YCTaNIOCTHOM UCMbITAHUW YCTaNOCTb Marepua-
nla BbI3bIBAIOT LUKIINYECKUE HArpy3km C COOT-
BETCTBYIOLWLEN WCNbITAaTENIbHON 4YaCTOTOMN.
PaspyweHne matepuana B npouecce ycTa-
JIOCTHOrO MCNbITAHUS MPOUCXOOAUT 3a4acCTylo
ropasgo HuMXxe CTaTU4ecKux npenesioB npoY-
HOCTW. YCTaNIOCTHbIE UCTbITaHWUS, C OLHOW CTO-
POHbI, UCMONBL3YIOTCA 019 OnpeneneHnsa xa-
pakTepucTuk mMeTanna, ¢ gpyrom — ons npo-
BEPKW CpoKa CNyXObl n3nenuvs.

C y4eTOM HbIHELWIHUX peanuii U 4acToThl
BCTPEYAEMOCTM MbILLEYHbIX MOCTOB (16) nme-
eTcs NoTPebHOCTb B TECTUPOBAHNM CTEHTOB Ha
yCTanocTb MaTepuana naactu4Hom gedpopma-
uven, kotTopasi B CBOEN HamMeHbllen popme
0603HavaeTcsa Kak MuKkponaacTuyHasa gedop-
Maums. 9T NOBPEXAEHUS MOryT pacTyn npu
nocrieayoLmx Harpyskax (PoCT TPELLMH U KOp-
po3uit), BNAOTb A0 OKOHYATENbHOIro paspylue-
HUS MaTepuana nim nagenvsa.

MccnepgoBaHme MHOMMX ClydaeB noepexae-
HUS NPUBOAMT K cneayowmm BeiBogam (17):

* paspyLlieHmne NpouCXoauT He MO NPUYmnHE
OTAENBbHOW NEPErPY3KU;

* paspyLleHMEe NMPOUCXOOANT ropasgo HUXKe
CTaTU4eCcKnx NpenenoB NPOYHOCTY;

* Harpyska MEeHSIeTCS N0 BPEMEHU U 3a4a-
CTYIO MOBTOPSIETCA.

Mcxoaos ns aToro v3genus npu umkamde-
CKOI Harpy3ke 00651agaloT BeCbMa OrpaHuyeH-

HbIM CPOKOM CJy>0bl. [103TOMY Ha KPUTUYECKU
BaXKHbIX N3AENUNSAX Mepen Ha4anom akcnayaTa-
LM NPOBOAATCS OLEHKA M pacyeT cpoka CiyX-
Obl UM YCTANOCTHbLIE UCTLITAHMSA, NO3BONSAIO-
LMe OueHNTb CTOMKOCTb n3genua (onpenene-
HMe aKcryaTauMoHHOM NPOYHOCTN).

3akJilo4eHue

CTeHT, KOTOpbI yCTaHABNANBAETCH B CTEHO-
3MPOBaHHbIN COCYA, O0/KEH MMETb 40CTaTO4-
HYIO pagnanbHyo MPOYHOCTb U XXKECTKOCTb, YTO-
Obl ocTaBaTbCA B OTKPbITOM COCTOSIHUM U CO-
XPaHATb CBOE MOJIOXXEHNE B MECTE YCTaHOBKMN.
OH [OomKeH COXpaHATb CBOK pagunanbHylo
MPOYHOCTb C TEYEHMEM BpeMeHU, YTOoObl npe-
OOTBpPaATUTb MUIPaUMI0 CTEHTA, YTO MOXET
CTaTb NPUYNHOW AN PeCTeH03a UM Tpomb0o3a
CcTeHTa. B gpyrom cnyyae npuv Hannymu cnamiu-
KOM 00bLUOV pagnanbHOW CUJbl UK XECTKO-
CTV BO3MOXHO Ype3MepHOoe pacluivpeHue Le-
NIeBOro cocyaa, 4To MOXET NPUBECTM K UCTOH-
YEHMIO MaAKOM MYCKynaTypbl U pPas3BUTUIO
aHeBpM3Mbl apTepumn. Bce n3 goCTynHbIX He-
CKOJIbKMX MeTOA0B N1abopaToOpHbIX UCMbITAHUIA
MMEIOT COBEPLUEHHO Pa3HbIE YCIIOBUS HArpy3-
kn. NMpounssognTen OOMKHbI ONPeaennTb yy-
Wyl CcuctemMy ngnasd TeCcTUPOBaAHUS CBOUX
ycTpoincTB. [Nocne Toro kak meton nabopaTtop-
HbIX CMNbITAHWI BbIOPAH 1 NPoLLEen nccnegosa-
HMe BOCMPOU3BOOUMOCTU U MOBTOPSEMOCTU
pe3ynbLTaTtoB U3MEPEHUI, OAHHbIE MOIYT BbiTb
MCNONb30BaHbl AOJi1 0becneyvyeHmns KadecTsa
NPOM3BOACTBA U NPenCTaB/EHNA OOKYMEHTOB
peryavpylowmm opraHam.

B Hawem mnccnepoBaHun 6bIS1I0 NPOBELEHO
TECTUPOBAHNE MEXAHNYECKOW MPOYHOCTM ABYX
BapnaHTOB CTEHTOB B pa3paboTaHHOM YCTpPOWi-
CTBE [JI9 MCMbITAHUS CTEHTOB B apTepusx C
MbILLEYHbLIMN MOCTaMu. B pesynbrate nepBoro
BapmaHTa UCNbITaHUSA CTEeHTa MNoJsioMKa Npowu-
3owia Ha 16-1 aeHb, 4To cooTBETCTBYET 41-My
OHIO Npu PU3NON0rM4ecknx UCcrenoBaHUsX.
Bo BTOpOM BapumaHTe NosioMKa He Npon3oLuna,
OH NpopaboTan 6onee 2 mec.

AononHutenbHaa nHpopmauna

MccnepoBaHme He MMENO CNOHCOPCKOW nog-
OepXKn. ABTOPbI HECYT MOJIHYIO OTBETCTBEHHOCTb
3a nNpenocTaBfieHne OKOHYaTeslbHOW BepCcumn pPyko-
nmMcu B nedyatb. Bce aBTOPbI NMpUHMUMann y4yactumne
B pa3paboTKe KOHLENLUMN 1 au3saiHa nccnenoBaHns
N B HANMCaHM pykonumcu. OkoHYyaTenbHaga Bepcud
pykonucu 6blna opobpeHa BCeEMW aBTOpaMW.
ABTOPbI HE NOoJy4Yann roHopap 3a UccnegoBaHme.
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Radial strength and stiffness are important
functional characteristics for development of
stents, stent grafts and vena cava filters.
Methods of testing used for determining radial
strength and stiffness should allow assessment
of suitability and quality of manufactured prod-
ucts in order to meet their specifications.
Methods for assessing radial stiffness and
strength may help to improve understanding
the causes of destruction of stent structures
degradation, which subsequently are the fac-
tors of late stent thrombosis. Some evidence
suggests that problems occurring after endo-
vascular treatment are related to poor stent ap-
proximation, which is often the result of insuffi-
cient radial stiffness or strength (1).

The radial force should be sufficient to main-
tain stent geometry and to prevent device dislo-
cation and failure, but not that much to exceeds
the vessel diameter or damage it. Many factors
influence radial strength and stiffness: slight
changes in any of these factors can affect the
functionality of the device.

Testing of radial strength and stiffness is a
part of tests performed on intravascular stents.
Radial stiffness of the stent characterizes the
stent elastic limit in response to radial compres-
sive force. When a strain exceeds the elastic
limit of the stent, the latter undergoes irreversi-
ble deformation and cannot restore its original
diameter, which results in loss of frame function.
Radial strength is defined as a pressure at which
irreversible deformation of the stent occurs (2).

Often, the coronary arteries stenting, espe-
cially in the area of myocardial bridges and
above it, is associated with stent thrombosis
(3). The reasons may include the stent break-
down in one of its sections, a tear of intima in
case of incomplete coverage of the myocardial
bridge area (4), or the presence of turbulent
blood flow in the stent. Increased shear stress
caused by turbulent blood flow and intima dam-
age is a predictor of thrombus formation and
spasm (5). Increased shear stress associated
with the myocardial bridges also reduces the
production of vasoactive agents by the en-
dothelium, such as nitric oxide (NO) and pros-
taglandin 12 (prostacyclin); natural anticoagu-
lants and activators of fibrinolysis — thrombo-
modulin, tissue plasminogen activator, with an
increase of procoagulant synthesis; fibrinolysis
inhibitors: tissue factor, plasminogen activator
inhibitor-1, endothelin-1 and angiotensin-con-
verting enzyme (6, 7). Therefore, increased
shear stress and high intravascular pressure in

the myocardial bridges are negatively affecting
endothelial function and significantly affecting
endothelium-dependent vasorelaxation. This
leads to spasm, decreased blood flow in the
stented area and subsequent stent thrombosis
(5, 8). Often, for the stenting of myocardial
bridge areas and their examination, intravascu-
lar imaging methods are used (9).

The purpose of the study is to reconstruct
a muscle bridge model and to evaluate the
strength characteristics of stents.

Materials and methods

We developed a device which is used to as-
sess the behavior of stent models in arteries
with myocardial bridges, thereby allowing to
compare performance of the different stent
models. The device allows estimating how long
it will take for a stent of a particular configura-
tion to break.

The stent is placed between the plates,
which contain a polyvinylchloride tube simulat-
ing the vessel, and then the stent is implanted
into the tube. On average, the pressure of the
myocardial bridge on the vessel is 0.11-0.20
N/mm?2, which was measured in 10 patients with
myocardial bridge (10). The pressure force of
myocardial bridge pressure on the tube is set
trough a mobile support. The tube is connected
to the peristaltic pump and locked. After this,
a saline solution is infused through the tube us-
ing a pressure that simulates the physiological
pressure in the coronary arteries. The flow rate
and amplitude were selected taking into ac-
count the heart rate per minute, and were in-
creased in order to save time for the experi-
ment. Electron microscope with a recording
function was placed above the stented area to
record the moment of stent failure. An initial
reference point had been set up until failure of
the installed stent occurs. After the stent failure
occurred, the time required for the failure to oc-
cur was calculated. Thus, it can be assumed
how long the stent model will function in an ar-
tery with myocardial bridge. The device is
shown in Fig. 1.

The testing method was implemented in
laboratory conditions. The test device was as-
sembled and connected. The following param-
eters were set for stents No. 1 and No. 2:

— heart rate (periodic motions of the mobile
support) up to 250 beats per minute, about
360 000 beats per day;

— pressure force on the stent 0.20 N/mm?;

Bbi60p KOPOHAPHOIro CTEHTA MPY HAJINYUU MbILLEYHOIro MOCTa
(Ha oCHOBaHWV Pe3ybTaToOB MOAEINPOBAHVST YyCI0BUK B 9KCMEPUMEHTE)

— perfusion pressure 100 mm Hg.
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1 | Fig. 1. Device for testing stents
in arteries with myocardial
\ E bridges. 1 — motor that produces
periodic motions simulating
amyocardial bridge; 2 — peristaltic
pump; 3 — polyvinyl chloride tube;
4 - stent; 5 — static support;
6 — mobile support.

Fig. 2. Sample of the 1st stent before (a) and after (b) the deformation test.

- i ___, ‘-..1-\’9—‘“3-":»»":-’-'-', =

Fig. 3. Sample of the 2nd stent before (a) and after (b) the deformation test.
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With the model, 2 types of stents from differ-
ent manufacturers were used. They both have
high radial rigidity, but different geometric
structure. The diameter and length of the stents
were 3 x 15 mm.

In first stent had cells with V-shaped con-
nections between them (sample 1). The other
stent had sinusoidal profile, laser welding at key
points, and S-shaped connections (sample 2).
Stents were placed into the polyvinylchloride
tube which was installed to the myocardial
bridge model. Experiment results were record-
ed on a USB camera every 30 minutes until the
stent failure in any of its segments.

In first sample the first signs of struts defor-
mation were noted on the 10th day. Complete
failure occurred in 16 days after the initial in-
stallation (Fig. 2), which would correspond to
41 days in real conditions with a normal heart
rate up to 80 beats per minute.

The second sample functioned more than
2 months, and within this period of time no stent
defects were detected (Fig. 3). The comparison
of the results showed that the main failure oc-
curred at the cells junctions, in this case — in the
sample number 1 with V-shaped connections.
Based on the data obtained, geometric design
of the first sample turned out to be more fragile
comparing to the second. And hypothetically it
may be concluded that if a patient has the first
sample stent installed, after 41 days he may
experience stent failure, which may lead to
restenosis and stent thrombosis.

Discussion

The design of the device is of big relevance
for radial strength and rigidity of the frame. In
general, devices with open structures (or low
ratio of a material per square inch) have lower
radial stiffness and strength comparing to
closed structures (or structures with high mate-
rial density). Similarly, the thickness of strata
influences the radial strength and stiffness.
Larger diameter provides greater radial strength
and rigidity compared to a device with less
strata thickness. Materials from which the de-
vice is made are of great importance. The
proper choice of a material may compensate
for limitations of the open structure of the de-
vice by increasing the radial stiffness. For ex-
ample, some cobalt-chromium alloys provide
greater radial strength comparing to stainless
steel. Therefore, a stent with open cells made
of cobalt chromium may have greater radial
stiffness and strength comparing to a stent with
closed cells made of stainless steel (11).

Secondary processes during the device’s
material working also affect the radial strength
and radial stiffness. Heat processing, annealing
and polishing are common secondary process-
es in stent manufacturing. Heat processing of
the materials and alloys before cutting is result-
ing in material solidification and impairment of
strength and stiffness. During annealing the
material softens and the stent expands without
destruction. If material is over-annealed, the
stent will be too soft and have insufficient radial
strength and stiffness. Basic annealing param-
eters are temperature, cooling time, and mate-
rial position. Length and temperature affect the
material softness after annealing, and material
position affects the uniformity of its properties.
Method of the device polishing, such as elec-
tropolishing, also affects radial strength and
stiffness of the device by destroying the mate-
rial surface (12).

For shape-memory alloys such as nitinol,
these secondary processes may be varied in
order to get different final properties for the
same material. The elastic range or softness of
the stent can be increased to provide greater
flexibility, which improves delivery while main-
taining adequate radial strength and stiffness.
Secondary processing of shape-memory alloys
gives the material its transition temperature
(the temperature at which the stent exhibits op-
timal radial strength and stiffness). This tem-
perature may be set to normal body tempera-
ture (no more than 37 °C). If consider other
stent materials being developed, such as poly-
mers, their radial strength and stiffness largely
depends on the mixture of materials and their
bioabsorption rate. A clear understanding of
how each of these factors influences radial
strength and stiffness may accelerate the de-
velopment of stents tailored to specific vessel
types (13-15).

To evaluate the radial strength and stiffness
of their devices, manufacturers need to under-
stand what information they can get through
laboratory testing. They should also consider
the strengths and weaknesses of the selected
testing method. When evaluating laboratory
testing methods for measuring radial strength
and stiffness, it is important to find a method
with adequate assessment and resolution to
measure slight differences in each individual
stent. Resolution should be high enough to re-
veal manufacturing differences and identify
subtle differences in materials. Engineers
should be able to compare specifications of
current projects with previous ones during re-

Bbi60p KOPOHAPHOIro CTEHTA MPY HAJINYUU MbILLEYHOIro MOCTa
(Ha oCHOBaHWV Pe3ybTaToOB MOAEINPOBAHVST YyCI0BUK B 9KCMEPUMEHTE)
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search and development. This provides valua-
ble information for design improvement or
change the trend in production. Data should be
easily communicated to management and mar-
keting department thereby ensuring the new
developments meet clinical requirements.
These tools will comply with the quality control
of manufactured products.

There are several testing methods for the
radial strength of the stents.

1) The thin film loop method uses a strip of
thin film that is wrapped around the stent and
pulled out using a tensile testing system. In this
method there is a single point of contact. The
thin film loop has a pinch point where the film
overlaps and connects to the tensioner. The
disadvantage of this method is that the pinch
point may cause uneven compression of the
device.

2) Flat plates method — a two-point contact
method in which two flat plates are used. Stent
is placed between two plates and compressed.

3) V-shaped blocks method — a 4-point con-
tact method that uses two V-shaped blocks as-
sembled together for the stent radial compres-
sion. V-shaped block creates unique loading
conditions compared to thin film loop and two-
point compression methods (5).

All of these methods are used to measure
radial forces, but loads to the stent samples ap-
plied differently. Whether thin film loop, flat
plate, V-shaped block, or segmental compres-
sion is used to measure radial strength and stiff-
ness, the values obtained by these methods
should be comparable in quality and quantity.

Material fatigue refers to the damage and
failure of a material or product under the influ-
ence of a repeated loading over a certain peri-
od of time. In fatigue testing, material fatigue is
caused by cyclic loadings with appropriate test
frequency. Material degradation during fatigue
testing often occurs well below the static
strength limits. Fatigue tests, on the one hand,
are used to determine characteristics of the
metal, and on the other — to check the service
life of the product.

Given current realities and the prevalence of
myocardial bridges (16), there is a need to test
stents for material fatigue by plastic deforma-
tion, the smallest form of which is referred to as
microplastic deformation. Such damages may
increase with subsequent loadings (growth of
cracks and corrosion) until the final failure of
the material or product.

From the study of many cases of damage
the following conclusions have been drawn (17):

+ Destruction does not occur due to a single
overload.

+ Destruction occurs well below the static
strength limits.

+ The load varies over time and often re-
peats.

Based on this, products undergoing cyclic
loading have a very limited service life.
Therefore, before the start of critical products
operation, an assessment and estimation of
service life or fatigue tests are carried out to as-
sess the durability of the product (to determine
an operational reliability).

Conclusion

A stent which is placed into stenotic vessel
must have sufficient radial strength and stiff-
ness to remain open and to maintain its position
at the site of placement. It must maintain its
radial strength over time to prevent stent migra-
tion, which may cause restenosis or stent
thrombosis. Otherwise, if the radial strength or
stiffness is too great, the target vessel may be-
come overdilated, which may result in thinning
of the smooth muscle and development of an
arterial aneurysm. All of the few available labo-
ratory testing methods have completely differ-
ent loading conditions. Manufacturers should
identify the best system to test their devices.
Once a laboratory testing method has been se-
lected and checked for reproducibility and re-
peatability, the data can be used for manufac-
turing quality assurance and regulatory sub-
missions.

In our study we tested mechanical strength
of two different stents using a device developed
for testing stents in arteries with myocardial
bridges. As a result of testing the first version of
the stent, failure occurred on day 16, which
corresponds to 41 days in physiological condi-
tions. With the second version of the stent, no
breakdown occurred and the stent functioned
more than 2 months.

Additional Information

The study was not sponsored. The authors take
full responsibility for providing the final version of the
manuscript to be published. All authors participated
in development the concept and design of this study,
as well as in manuscript writing. The final version of
the manuscript was approved by all authors. Authors
were not paid for the study.
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PervoHapHbI TPOMOONU3KUC Y OONbHbBIX
C KPUTUYECKOMU ULLEeMHUEeH HUXKHUX KOHEYHOCTEH
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OcTpasi nwemusi HUXXKHUX KOHEYHOCTEV Mo-MpPexHEeMy 0CTaeTCsl akTyaslbHOV MPob6IeMO B HACTOSILLIEE BPEMSI:
yacTtota amnyTaumii coctaBnsieT okoso 10—15% Bo Bpemsi rocnutann3aumm, HECMOTPSI Ha CPOYHYIO PEBACKY-
nspudaumio. OCHOBHBIMU MPUYNHAMU PAa3BUTUS OCTPOM VLLIEMUU SIBISIIOTCS TPOMOO3bI Y 9MOOIMY apTepuii
W LLUYHTOB. [py OTCYTCTBUM KOJJIaTepasibHOro KPOBOTOKA Y MaLMEHTOB C OCTPOV ULLIEMUEN HUXHUX KOHEY-
HOCTeVi M HEeBOCCTaHOBJIEHHOM B PaHHWE CPOKU COCYAMCTOV MPOXOANMOCTbIO BO3MOXHbI HEobpatumMbie
roBpexXaeHnsl TKaHew, npy KOTopbix Heobxoauma paavikaabHas orepauuvs. B cBsa3u ¢ 6ypHbIM pa3BuTmemMm
PEHTreHoHA0BACKYJISIPHLIX TEXHOJIOMMK U3MeHWIcsi 6anaHc xapakTtepa orepawuni B CTOPOHY MUHUMHBa3UB-
HbiX. CeneKkTUBHbIVI TPDOMOOJIN3NC SIBSIETCS BEAYLUNM U 9PPHEKTUBHbLIM METOAOM J1e4eHs1 60JIbHbIX C OCTPOM
NLLIEMUEN HUXKHUX KOHEYHOCTEN. B JaHHOM nntepatypHoOM 0630pe rnpoaeMOHCTPUPOBaHbI OCHOBHbIE BOMPO-
Cbl MICIMOJIb30BAHUS 3TOr0 MeToAa PeBacKyisspu3aLmy.

KnroueBsbie cnoBa: vilemusi UHpanHrBUHaIbHbIX apTEePUiA, OCTPbIV apTepuasibHbiii TDOMOO3, PeruoHapHbIl
CENIEKTUBHBIV TDOMOOIN3NC, SHAOBACKYJIIPHOE BMELLATEIbCTBO

AnauntnpoBanua: M.IM. YepHasuH, A.l. aBTaH, A.H. KasaHues, 0.B. benos, E.N. Macoenosa. PervioHapHbIi
TPOMOONN3NC Yy BONbHBIX C KPUTUHECKOM ULLIEMUNEN HUXHNUX KOHEYHOCTE U OCTPbIM apTepuasibHbIM TPOM-
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Acute ischemia of the lower extremities is still an urgent problem at present: the frequency of amputations is
about 10-15% during hospitalization, despite urgent revascularization. The main causes of acute ischemia are
thrombosis and embolism of arteries or shunts. In the absence of collateral blood flow in patients with acute
ischemia of the lower extremities and vascular patency not repaired at an early date, irreversible tissue damage
is possible, in which radical surgery is necessary. Due to the rapid development of X-ray endovascular
technologies, the balance of the nature of operations has changed towards minimally invasive. Selective
thrombolysis is the leading and effective method of treatment of patients with acute ischemia of the lower
extremities. This literature review demonstrates the main issues of using this method of revascularization.

Keywords: ischemia of the infrainguinal arteries, acute arterial thrombosis, regional selective thrombolysis,

endovascular intervention
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BeepneHue

ExerogHas 3ab60seBaeMOCTb OCTPON uLle-
MUen HMXHMX KoHevHocTen (OMHK) cocTaens-
et oT 1,4 no 2,6 cnyyast Ha 10 000 nauneHToB,
a vactota amnytauuin — okono 10-15% Bo Bpe-
MS rocnuTanu3aunm, HECMOTPSA Ha CPOYHYIO
peBackynapusaunto (1-3). o HeKoTopbIM
[aHHbIM, YPOBEHb JIETaNIbHOCTM COCTaBNSAET OT
10 oo 40% (4, 5).

OcHoBHbIMU MipnynHamMun passutua OUNHK
ABNAOTCA TPOMOO3bl U dIMOONUN, ANCCEKLUS
aopThbl, TPOMOO3bI MPOTE3a UM apTeEPUAsTbLHOMN
aHeBpPM3Mbl, TPAaBMbl, @ Takxe runepkoaryns-
LMOHHbIE COCTOSAHUS U ATPOrEHHbIE OC/IOXHE-
HUA, CBAA3AHHbIE C COCYOMCTbIMU OnepaunsiMm
(6, 7). CUMNTOMbI 32BUCAT OT MPUYUH, HANTMYNS
B aHaMHe3€e XPOHMYECKOro OKKJIIO3MPYIOLLErO
aTepoCK/IepPOTUYECKOTO MOPAXEHUA apTepun,
obLero KJIMHNUYECKOro COCTOsIHUS ©0sbHOrO,
ero Bo3pacTa U QOHOBbIX 3aboneBaHu.
TaXeCTb MWEeMMU HANPAMYLO 3aBUCUT OT YPOB-
HA OKKJIIO3MN, pPas3BUTUS KonnaTepasnbHOro
KpoBooOpalleHusa. B cnyyae ambonum, kak
npUYnHbl 3aboneBaHUs, OTMEYaeTCss OCTpoe
pas3BUTUE TSXENbIX ULLEMMNYECKNX NSMEHEHUI
BMJIOTb A0 FaHrpeHbl KOHeYHOCTU. Mpu Tpom-
603ax COCTOSIHME MOXET U3MEHATbCS MocTe-
NEHHO C MUHUMAJbHO BblipaXXeHHbIMW CUMMTO-
MaMU 1 BbiTb CTabUIbHBLIM, MPOrPECCUPYIOLLNM
unmn perpeccupyowmm (8). B Poccuiickon
depepaunm 4yacTo ncrnonb3lyeTcs knaccmpuka-
una OMHK, npegnoxeHHaa N.N. 3aTeBaxmHbIM
(2002) (8), B 3apybexHblX MCTOYHMKAX 4Yalle
npumMmeHaoT  knaccuodukaumio  Rutherford
(1986, 1997) (9). MNMauneHTbl, rOCNIMTANN3NPO-
BaHHbIE B CBA3M C CUMMTOMaMm ULLEMUN B Te-
YyeHue 2 Hep, Mnocsie OCTPOro Havana 3aboneBa-
HUS, KnaccmpuumpytoTca kak nmetome OMHK
(10, 11).

JleyeHue naumeHToB ¢ OMHK no-npexHemy
OCTaeTCs CNoXHoN 3apgadver. OTKPbITbIE XU-
pypruyeckme TpOMB3KTOMUU UAWN LLYHTUPOBA-
HUS MOryT HEe MPUBECTU K BOCCTAHOBJIEHUIO
KPpOBOTOKa, OCOOEHHO B apTepusix FOJIeHWU.
JlokanbHbIN KaTeTep-HarnpaB/eHHbI TPOMOO-
JIM3UC B COYETAHMM C MNepuonepauroHHON
acnvpaunen u MexaHnm4eckom TPOMO3IKTOMU-
en cenyac ctan npegnoyYTuTeNbHbIM METOA0OM
fledyeHns Takux 6onbHbIX. Ero ncnonb3osaHue
MPUBENO K 3HAYMMOMY CHMXKEHMIO YMcna amny-
Tauun (4, 8, 12-14).

CTonT OTMETUTB, 4YTO NPUN aHaNM3e PesyJib-
TaToB nevyeHus nauyeHtoB ¢ OUMHK wncnonb-
30BaHue TpomMmbonuamnca yepes kaTteTep, No3un-
LMOHNPOBAHHLIV HENnoCpenCTBEHHO B TPOM-
OVpOBaHHbIN y4acTOK CoOCyaa, oKasanocCb
apPpekTnBHee 1 6GesonacHee CUCTEMHOIO
Tpombonuaunca. JlokanbHoe OencTBMe npena-
paTta yMEHbLIAMI0 PUCK OCAOXHEHUI U NMO3BO-
NAN0 CHU3UTb [o3y Tpombonutuka (15).
MWHMHBA3MBHOCTbL MNpPOLEeAypbl, OTCYTCTBUE
o6Lero Hapkosa 1 NosIoXKMTENbHbLIE Pe3ybTa-
Tbl JIEYEHUNST 3HAYMMO BbIAENSIOT 3TOT METOA
peBackynsapusaumm no CpPaBHEHUIO C OTKPbI-
TbIM XMPYPruyecknm BMewlaTenbctsom (16).
A npepoTBpalleHne NOBPEXAEeHUs aHO0TENud
3a CYeT OTCYTCTBUS MEXAHUYECKOMN TpaBMbl
N pacTtBopeHune TpomMmba gaxe B AUCTallbHOW
4acTW OKKJTIO3UW CHUXAIOT PUCK peTpomMbo3a
(17, 18).

Moka3aHunsa n NPoTUBOMNOKa3aHUS

K BbINOJIHEHUIO CEJIEKTUBHOIO

TpombOonuauca y naumeHtTos ¢ OUHK

LLiInpokoe wuCnNonb30BaHME JIOKaJIbHOIO
Tpombonuaunca Havyanochk B 90-x rogax XX Beka
(19). 3a aT0 BpEMS NO AaHHBIM PAaHAOMU3NPO-
BaHHbIX WCCNEeOBaHM Oka3anocCb, YTO Hau-
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bonee apPEKTUBEH CENEKTUBHbIVM TPOMOONU-
3uc npu neveHnmn nauymentoB ¢ OMHK I-llA cTa-
amm (no Rutherford) n mpogomKNTENbHOCTLIO
3aboneBaHns, He npeBbllaowen 14 pHen
(I, A knacc, ypoBeHb gokasatenbHocTu) (20).

Mo HekoTOpPbIM AaHHLIM, TPOMOONU3UC MO-
XeT ObITb apdekTrBHbIM Npmn ONHK IIB ctagnmn
(no Rutherford) n npn 6onee oNUTENbHLIX CPO-
Kax apTepuanbHoro Tpombo3a (bonee 14 gHei),
NO3TOMY HEOBXOAMM NHAVBUAYAJbHbIA MOAX0L,
K nedeHuio nauyeHToB (14). Tpombonuamnc He
nokasaH npwu lll ctragnn ONHK (no Rutherford),
4YTO ABNSETCS NOKa3aHUeM K NePBUYHON amny-
Tauun. Tpombonutuyeckasa Tepanumsa MOXeT
ObITb METOOOM BbiOGOpa Yy OOSbHBLIX C OCTPON
OKKJIO3UEN apTepuarbHbIX LUYHTOB M npoTe-
30B, a Takke y NaunMeHTOB C OCTPbIM aTepo-
TpOoMO0O30M Ha (OHE BbIPAXEHHOro aTepo-
CKJiepo3a U nopaxeHuem AUCTasibHOro pycna
BBMAOY BeCnepcrnekTMBHOCTN OTKPbLITOW onepa-
unnm (2).

MN3-3a BbLICOKOW 4acCTOTbl MPUCTEHOYHOrO
Tpomba nocrne TPOMOIKTOMUN C MUCMOSNb30Ba-
HMem OannoHHOro katetepa TPOMOONU3UC
cTan ycnewHo NPUMEHSTbCA B KOMIMIEKCHOM
JlIe4eHMn Taknx naumeHToB 6e3 yBesim4yeHuns Ko-
JINYECTBA OCJIOXKHEHMN (8).

Takum 06pa3omM, MOXHO chHOopPMYNMpoBaTb
crnenylowye rnokasaHms M npoTUBOMNOKa3aHUS
K CenekTMBHOMY TPOMOONM3NCY Y NauMeHTOB
¢ OMHK (21, 22).

MNokasaHwus:

1) ocTpas apTepuanbHas amMoonus;

2) oCTpbI apTepuasnbHbii TPOMOO0S;

3) ocTpasa 0OCTPYKLUS apTepuanbHOro LLyH-
Ta Uan NpoTesa;

4) ocTaTO4YHbI NPUCTEHOYHbLIN TPOMO nocrne
TPOMO3KTOMUMN.

ABCONOTHbIE NPOTMBONOKA3aHUS:

1) aKTUBHOE KJIMHUYECKN 3HA4YMMOE KPOBO-
TeyeHue;

2) BHyTpPUYEpPENHOE KPOBOUINUSHUNE;

3) Hannuynve mnu pasBuTUE KOMMAPTMEHT-
cnHopoma;

4) abCONOTHbIE NPOTUBOMOKA3aHUSA K aHTU-
KoarynsiHTam.

OTHOCUTENbHbIE MPOTMBOMNOKA3aHUS:

1) ocTpoe HapyllueHne MO3roBoro KpoBoo0o-
palleHMs B TEHEHME NOCAeOHNX 2 MEC;

2) NpoBEOEHHbIE HENMPOXMPYPrMYECKME BME-
watenbCcTBa WUAM 4YepenHo-MOo3roBasi TpaBma
B Te4YeHme nocnegHmnx 3 Mec;

3) BHYTpMYEpEnHOEe 3110Ka4eCTBEHHOE HO-
BOOOpa30BaHue;

4) XVUpypruyeckoe BMELIATENbCTBO WK
TpaBma B TedeHune nocnegHux 10 gHen;

5) HepaBHAA odTanbMonorn4yeckasa rnpoue-
aypa;

6) cepoeyHo-neroyHasa peaHumaums B Te-
yeHune 10 gHew;

7) pe3NCTEHTHAdA HEKOHTPOIMpyemMas apTe-
puanbHas runepTeH3ns (HegoCTuXeHne uene-
BbIX LMOP apTepuanbHOro gaBaeHus npuv npu-
MEHEHMN Tpex N bonee aHTUrMNePTEH3UBHbIX
npenapaTtoBs, BKOYas gUypeTuK);

8) cunbHO KanbUVHMPOBAHHAs, HeECXMMae-
Mas apTepus;

9) neyeHo4YHasi HEAOCTATOYHOCTb B COYeTa-
HUU C HAPYLUEHVNEM CBEPTBIBAEMOCTU KPOBWU;

10) 6akTepuanbHbli 3HOO0KAPOUT;

11) 6epeMeHHOCTb;

12) nuabeTtnyeckass remopparmieckas pe-
TUHOMaTus.

MpenapaTtbl, UCNOJIb3yeMble

ANS cesieKTUBHOro TpomoGonuauca

npu ONHK

Mcnonb3yemble B HACTOSILLLEE BPEMS TPOM-
6onmMTUYecKne NekapcTBEHHbIE CpeacTBa npe-
BpaLLaioT M1asMUHOreH B Maas3MunH, KOTOPbIN
pacwennsaeTt GrudpMHOBbIE MaTPULIbl, NPUBOAS
K OesopraHu3aumn n gerpagauum Tpomba.
MoeanbHbli TDOMOONUTUYECKUIA areHT A0JKEH
obnapaTtb U3bupartesnbHOM aKTUBHOCTbLIO B OT-
HOLLEHUN CBA3AHHOro ¢ GUOPMHOM MNIa3Mm-
HOoreHa B TpoMbe U1, TakMm 06pas3omM, orpaHm-
ymBaTb MNOTEHUWaNbHbIE remMopparnyeckme
OCNOXHeHUs. bbino paspaboTaHO HECKOSbKO
MOKoJIEHN PUOPUHONNUTUKOB, MPUYEM KaxXo0e
rnokosieHmne npnobpeTano Bce O0bLLUYIO CrieLn-
dunyHOoCTb (23). Cetvac TpoMOONUTUKN Npes-
CTaBJfieHbl MpenapartaMmu nepBoro (CTpenTo-
KrMHa3a, ypokuHasa), BTOPOro (anbrensasa,
MpOoypoKMHasa) 1N TPETbEro NOKONIEHNI (TEHEK-
Tennasa, petennasa). [Npeanochbinikon K passm-
TUIO TPOMOONUTUYECKON Tepanuu MNOCNYyXUno
oTkpbiTe William Smith Tillett (1892-1974 rr.) B
1933 I. cTpenTokMHa3bl — MeTannocoaepKaLle-
ro depmeHTa, BblaenssemMoro p-remonu-
TUYECKMM CTPENTOKOKKOM (24). OTOT GnbPUHO-
NTUK 06pasyeT KOMMIEKC C NAA3MUHOMEHOM,
4YTO COMPOBOXAAETCH ero KoHOOPMaLMOHHbBIM
M3MEHEHNEM N aKTUBauUmMeln (25). YunTtbiBad M-
MYHOIE€HHOCTb CTPENTOKMHAa3bl, Nepmog, ee no-
NyBbIBEAEHUS, HECNeundUYHOCTb akTUBaLUmM
nna3mMmHoreHa, BblIPaXeHHOCTb CUCTEMHOrO
nencTBnsa Ha remocTtas, 6onbLLIoe KONYECTBO
reMopparmieckmx OCNOXHEHWUI, NpUMeHeHune
CTPENnTOKNHAa3bl ObI10 OrPaHMYEHO, 1 OHa Npak-
Tn4eckm He ynotpebnsetcs (14).

Bce 9T dakTopbl 1 NOCAYXUAN MOBOAOM
K pa3paboTke HOBbIX CPEACTB, HE MMEIOLMX
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JaHHbIX HeJoCTaTKoB. B nocnenyoowem ctanm
NPUMEHATb YPOKMHA3y, 0gHaKo 13-3a Npobiem
C NPOM3BOACTBOM 3TOro npenapara v nossne-
HMEM HOBbIX 6onee GUOPUH-CNELNPUUHBIX
areHToB ypOKMHa3a nepecTtana UCrnonb30BaTb-
cs (26). B HacToswwee BpeMs Hanbonee 4acTo
[N5 CEeNIEKTMBHOIO TpoMbonmanca y naumMeHToB
¢ OVHK npumeHstoT anbtennasy — pekombu-
HaHTHbIM aKTUBATOP TKAHEBOIrO NaasMyHoreHa.
Ero nepuvop nonyBbiBEOAEHUS COCTaBASET
4-7 muH. Korga oH cBai3aH ¢ pUOPUHOM, ero
3P PEKTUBHOCTb 3HAYUTENBHO YBENMYMBAETCA
No CpaBHEHUIO CO CBOOOAHO LUMPKYMPYIOLLVM,
TakMMm obpa3om, BBEAEHNE PEKOMONHAHTHOIO
akTMmBaTopa TKaHEeBOro mMjasMmHOreHa Heno-
CpenCTBEHHO B OKKJTKO3MPOBAHHbIN y4aCTOK CO-
cyha no3BofsieT yBennydntb 9PEOEeKTUBHOCTD,
CHU3NTb A03Y N U36exaTb CUCTEMHbIX OCJTOX-
HeHWUN (27, 28).

Petennasa oTHocuTCcs K pubpUHOAUTUYE-
CKMM npenapaTtam TPeTbero NOKOJIEHUS U SAB-
NFeTCs YKOPOYEHHbIM BapuaHTOM TKaHEBOIO
akTuBatopa nnasmMuHoreHa. 3To yBesM4nBaeT
BPEMS MONYBbIBEOEHNS N OAET BO3MOXHOCTb
BbINONIHATL OOJIIOCHOE BBeOeHWe npernaparta,
YMEHbLLIAET MPOYHOCTb CBSA3U C (PpUOPUHOM,
NO3BONSET NiekapcTBy CBOOOAHEE MPOHUKATb
CKBO3b TPOMOOTUYECKME MACChl, & HE CBA3bl-
BaTbCH TOJSIbKO C MOBEPXHOCTbIO TpoMba (29).

TeHekTennasa ABMseTCs TaKkkKe npenapaTtom
TPETbEro MNOKOJIEHUS, B CTPYKTYype KOTOPOM
C MNOMOLLbIO FTEHHOW WHXEHEepUM npomaoLuna
3amMeHa TPexX aMUHOKMCNIOTHbIX OCTaTKOB B TPEX
ydyacTkax MCXOOHOMN MOJIEKYJIbl, YHTO YBENYNIIO
nepuoa nonayBbIBEAEHUS, NOBbLICUIO GUOPUH-
cneunduyHOCTb U PE3UCTEHTHOCTb K MHIMBU-
TOopam akTmBaTopam naasmumHoreHa (22, 30).

TexHuKa BbINOJIHEHUS CEeJIeKTUBHOIO

TpomOonuauca y naumeHtos ¢ OMHK

Mpw NnpoBegeHUN PEHTITEHIHOOBACKYAAPHO-
ro cenekTMBHOro Tpomodonnauca y naumeHToB
¢ OMHK gocTyn ocyLecTBASIOT Yepes KoHTpa-
naTtepanbHylo UaM uncunaTepanbHylo 00LLyIO
6eOpeHHYI0 apTeputo, B HEKOTOPbLIX ClyYaax
yepes MNeYEBYD UM NOAKOJIEHHYIO apTepun.
Y1o6bl 0Oecne4ynTb MakcumalibHOEe BO3AeW-
cTBMe GUOBPUHONUTMYECKOrO Mpenaparta Ha
TPOMOOTUYECKYID OKK/IIO3MIO B COCYAE C Hau-
MEHbLUEN 00301, UCMONb3YEeTCA CreuvasbHbI
KateTtep, KOTOPbIA MO3ULIMOHMPYETCS MakCu-
MaJibHO CeNekTuBHO. VMHEPY3MOHHbLIN KaTeTep
C 3aKpbITbIM KOHLUOM W HECKOJIbKMMU OTBEp-
ctmamu  (Hanpumep, Cragg-McNamara,
Unifuse) cnenyeTt pasmewiatb NO BCEN aiMHe
OKKJIIO31N. ECnm OKKO3UIO HENLb3A MPONTU

MPOBOAHNKOM, TO KaTeTep MOXHO YCTaHOBUTb
npokcumasbHee U HadaTb TPOMOBONU3UC, HO
B Takux crydasx cnepyet maberatb OOKOBbIX
BETOK MeX[y KOHUYMKOM KaTteTepa W OKKI3U-
en. Hepes HekOoTOpoe BpeMsd C U3MEHEHUEM
CTPYKTYpPbl MPOKCUMasIbHOM TPOMOOTUYECKOM
“nokpbIlWKN”  MOXHO CHOBa nonpoboBaTb
MPONTU OKKJIO3MIO MPOBOAHMKOM (21, 31).

CyLiecTByeT HECKOIbKO METOA0B UHDY3nmn
TPOMBONMNTUKOB: ANMUTENbHAS MNOCTOSIHHAsA
MHPY3una, bontoc-nHpy3unsa, dopcupoBaHHas
nepuoanyeckas nHepysusa (“pulse-spray”), no-
aTtanHas U MHPY3Us C NOCTENEHHO CHMXKAaeMon
noson (21). B HacTosLee BpemMsi caMbiM MPoO-
CTbIM 1 Hanbonee 4acTo BbIMOSIHIEMbIM METO-
OOM SBNSIETCH OMTenbHass NOCTOSHHAA UHPY-
3ua. TpombonuTuyecknii npenapaTt BBOAUTCS
MeOJIEHHO B OQHOW 1 TOM Xe O03UPOBKE Yepes
KateTep C HEeCKonbKumm oTBepcTusmn (32).
Mpn GonoCcHOM MHPY3NN BbICOKOKOHLEHTPU-
poBaHHasa [03a akTuBaTopa TKaHEBOro nnas-
MUWHOreHa [OO0CTaBAAETCS B 30HY OKKJIIO3UMU,
a 3aTeM HaudnHaeTcsl HenpepbiBHAast MHOY3US.
OTM gocTuraetca pparmMeHTaums Tpomba Ha
BCEM €ero rnpoTsXKeHUn 1 6onbliee HacblleHne
npenapaTtoMm, yaaeTcs B HECKOJIbKO pa3 cokpa-
TUTb Bpemsa npouenypbl (33). MNMpu dopcupo-
BaHHOM nepuogmyeckon uHopysnm (“pulse-
spray”) HebosblIMEe O03VUPOBKU TPOMOONINTU-
4eckoro areHtTa BBOOATCA MHOrMoOKpaTHO
6ontocHO ¢ uHTepeanamu 15-30 ¢ oo BoccTa-
HOBJIEHMS aHTErpagHoro kposoToka. o cpas-
HEHMIO C OJINTENbHOMN NOCTOAHHON WMHOY3MEN
3TOT METOA MO3BONSET BObICTPEE OOCTUYbL pe-
BacKynspmM3aumn, ogHaKo BbICOK PUCK AWNC-
TanbHoOM ambonun (34, 35).

Mpu NnoaTanHOM pexuMe BBeaeHme pnbpu-
HONMUTUKA COMPOBOXAAETCS MNOCTEMNEHHbIM
npoaBuXeHNeM kaTeTepa K ANCTasIbHOM YacTu
OKKJTIO3MPOBAHHOIO COCyaa Mo PEHTreHono-
rMYeCcKNM KOHTPOJSIEM N KOHTpacToMm. lNMpu nu-
31Cce NPOKCMMabHOM 4acTu TPOMOOTUYECKO-
ro oyara kareTep NOBTOPHO NepeMeLLatoT Brne-
pen oo NoJIHOWM pekaHanua3auum. OTOT MeTof,
MO3BONISIET CHU3UTb 403y N BPEMSA TpOMbBONU-
3uca, 0gHaKko OH TpebyeT MOCTOSHHOIO HaxoX-
OEHUs Bpaya B PEHTreHornepauyioHHon (29).
NMHDY3mMa ¢ NOCTEMEHHO CHUXAeMOW AO030M
TpOMOONUTUKA — 3TO PEXUM, MPU KOTOPOM
MpPoMcxoamnT Nepnoamn4eckoe CHuxXeHne Oo3bl
BBOAVMOrO npernapaTta C MakcuMasibHOMN [0
MUHUMasbHOW (22).

B HacTosdwee BpemMs 4acTO MNPUMEHSIOT
003y anbrennasbl Ansg AJNTENbHOM MOCTOSAH-
How nHPy3mm ot 0,5 no 1,0 Mr/kr/4 (Makcumym
40 wmr); ona 60n0c-UHPY3nUM — oT 2 0o 5 Mr
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(bonioc), 3aTeM HenpepbiBHAA UHOY3US; 01
dopcupoBaHHOM nepuoandeckon — 0,5 mr/mn
rno 0,2 mn kaxaple 30-60 ¢ (7).

MoTeHumanbHble NPEUMYLLECTBA WU Bpen,
OOHOBPEMEHHOW NHODY3UK renapurHa BO BpeMs
CeNneKkTUBHOro TpomMbosn3nca He ycTtaHoBe-
Hbl. Vicnonb3oBaHme renapmHa MoOXeT npenoT-
BpPatuUTb MepukaTteTepHbli TPoMO03, OAHako
anbTennasy M renapuH cnegyet BBOOUTb OT-
OENbHO, MOCKOJbKY MPU CMELUMBAHUN OHW Bbl-
napatoT B 0canok (36).

OCHOBHbIE UCCNef0BaHUS Pe3yJibTaTOB
NPUMEeHeHns KaTeTep-HanpaB/ieHHOro
TpombOonuauca

KaTteTepHbIi TPOMBONN3NC ABNSETCS pauyo-
HaNbHLIM METOAOM fleyeHuss BOJbHbIX C OCT-
PbIMU/NOJOO0CTPLIMU U Aaxe HEKOTOPbIMU XPO-
HUYECKUMU OKKJTIO3USMU apTEPUIN HMXKHUX KO-
HEYHOCTEN U LWYHTOB C WLWIEMMNYECKUMM
nposasneHunamu. o cpaBHEHUIO C XMpyprmyec-
KMM BMeELIaTENbCTBOM CENEKTUBLIA TPOMOO-
NIN3NC MMEET aHaJIOMMYHbIE NOKa3artenu cnace-
HUSA KOHEYHOCTEN 1 6onee HU3KKE nokasaTenu
cMepTHOCTU Yyeped 12 mec (37).

Mo maHHbIM PaHOOMU3UPOBAHHOIO KCCcne-
nosaHua K. Ouriel n coaBT., B KOTOPOE BOLLIIO
114 naumenTtoB ¢ OMHK, BHyTprapTepmnanbHas
TpoMbonuTuyeckasa tTepanua (ypokmHasa) npm
CpaBHEHUW C TFPyNnon XUpyprniyeckom pesa-
CKynsipusaumm conpoBoxaanacb CHUXEHUEM
4aCTOTbl rOCNUTAsIbHbLIX CEPOEYHO-NErOYHbIX
ocnoxHenun (16% npotme 49%, p = 0,001)
M COOTBETCTBYIOLLMM YBENMHYEHNEM BbIXMBae-
MOCTU OonbHbIX (84% npotnB 58% uepes
12 mec, p = 0,01). 3™ npeumyulecTea Obinn
OOCTUIHYTbl 6€3 3aMeTHOro yBesIM4YeHUs npo-
OO/MKNTENBHOCTU rocnutann3auyn. Puck no-
TEPU KOHEYHOCTM UM CMepTu cocTtaBnsan 25
n 48% cootBeTcTBEHHO (p = 0,02) (38).

B paHooMM3MpoBaHHOE uMCCNenoBaHUU
STILE Bowno 393 naumeHta ¢ ONHK, cpaBHu-
Ba/IMCb pe3ynbTaTbl TPOMOOANUTNYECKONW Tepa-
nAM N XUPYPru4eckom peBackynsapusaunmn.
B cnyyasx guarHOCTMPOBaHUA NLLIEMUN B TEYE-
HMe 14 gHen y nauMeHToB NPOBeAEHNE TPOM-
60nm3nca cConpoBOXAAN0Ch NyYLLIVMMN PE3YIlb-
TaTamm 4yepes 6 mMec ¢ ropa3no 6onee HU3KOM
yactoton amnytauunm (11% npotne 30%,
p < 0,05), MeHbLLUMM NMpebbiBaHMEM B CTaLMOHA-
pe u c TeHaeHuuen kK 6onee HN3KOM neTasnbHO-
CTM OT BCEX NPUYMH NO CPABHEHUIO C XUPYPru-
4yecKkon peBackynapusauuein. Hacrtorta remop-
parnyeckmx OCNOXHEHUN U PELMONBUPYIOLLEN
nwemMum 6blna Bbile Npm TpomMOBoIn3nce B OT-
naneHHble cpoku (39, 40).

B nccnegosaHun TOPAS, KoTopoe BKO4Ya-
N0 544 naumeHTa, pe3ysibTaTbl MICMNOJIb30BaHUA
pPEeKOMOWHAHTHOMN YPOKWMHAa3bl CpaBHUBAIN
C MEPBUYHBIM XUPYPrMYeckMM BMeLlaTesb-
CTBOM Y OOJbHbIX C ULLIEeMUeNn, NoSBUBLLENCS
MeHee 14 gHen Ha3apg, (OKKNO3US HATUBHOMN
aptepun nnu wyHTta). NokasaTenn BbIXMBae-
MocTM 6e3 amnyTtaumn yeped 6 mec (71,8%
npotne 74,8%, p = 0,43) n 4yepes 12 mec
(65,0% npotume 69,9%, p = 0,23) OblNn oanHa-
KOBbIMW. BONbLUMHCTBO NaLMEHTOB, NEepPEHEeC-
WKMX amMnyTaumio, OTHOCUIIUCL K XUpypruye-
ckon rpynne (94,2%). CpenHas npoao/IXu-
TeNbHOCTb npebbiBaHWUA B CcTauuoHape
coctaBuna 10 gHen B obeux rpynnax. Yepes
6 Mec B Xxvpypruyeckomn rpynne 6bina rnpoee-
JeHa 551 oTkpbiTas onepaums (Mckoyasd am-
nyTaumm) no cpasHeHuto ¢ 315 B rpynne Tpom-
6onmsnca. MaccuBHble KPOBOTEYEHUSA Obln
3HauYUTENbHO 60N1EeE YAaCTbIMK B FPYMME UCMOJb-
3oBaHua dunbpuHonmtuka (12,5% npoTtus
5,5%, p = 0,005). MauueHTbl Nocne Tpomobo-
nm3nca ¢ TpOMOMPOBaAHHBIMM MpoTE3aMM
nokasanu nydwuve pesyfbTaTbl B OTHOLUEHUN
peBackynapusaumn, a Takke MeHbluee KOJu-
4eCTBO KPYrMHbIX KPOBOTEYEHUI NO CPaBHEHUIO
C nauyeHTamm c aptepuanbHbiM TPOMOO30M.
Mpu BLINOIHEHUN KATETEPHOro TPpoMbonn3uca
CHMXKanacb NOTPEOHOCTb B OTKPLITLIX XUPYPrin-
yeckmx BMeLlaTesibCTBax 6e3 3HA4YUTENbHOro
YBEIMYEHUSA puUCKa amnytaumm uam cMepTu
(19).

Mpn KOMOWHMPOBAHHOM WCMNONIL30BAHMU
yNbTpasByka C KOHTPACTHbIM YCUJIEHMEM NpK
nedyenmn naumeHtToB ¢ ONHK addekTnBHOCTL
TPOMOONUTUYECKOI Tepanuu yBenundmBanach,
a BpeMs nNpoBedeHunst npouenypbl 3HaYUTENb-
HO cokpalianocbk. MoBepxHOCTb Tpomba ae-
ctabunmnavpoBanacb M CcTaHoBMNacb 6Gonee
YyBCTBUTEJIbHOW K PUOPUHONUTUKAM 3a cYeT
CXJ10MbIBAHUS MUKPOMY3blPbKOB KOHTPACTHOIrO
BelLleCcTBa NOA BO3OENCTBMEM YNbTpa3Byka
(41-43).

Mpn oueHke OTAANEHHbIX Pe3ynbTaToB J10-
KanbHOro TpomMmbonuamca okasanocCb, 4YTO U3
689 nauneHToB Npu cpegHem nepuoae Habnio-
neHnsa 59,4 mec y 16,4% BbinonHeHa amnyTta-
LIS HMXKHUX KOHeYHocTen, y 32,9% — noBTOpP-
Has XxuMpypruyeckasa peBackynapusaums.
O6uwas nepBMyHasa NPOXOAMMOCTb COCTaBuia
69,1% yepe3 rog u 55,9% vepes 5 net Habnto-
neHus. NaTnneTHas nepBrYHas NPOXoANMOCTb
coctaBmna 83,3% B rpynne nauMeHToB ¢ 3M0O0-
JINYECKOM OKKJIIO3NEN apTEPUN HUKHUX KOHEY-
HocTeln 1 43,3% B rpynne ¢ OKK/I0O3MPOBAHHbLIM
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Mommmo OUHK, kaTeTepHblii TpoMbBoAn3uc
MOXET BbIMOJIHATLCS NPU XPOHUYECKNX OKKJTIO-
3nax apTepuin. B HEKOTOopbIX cry4dasix 3TOT
MeToa, MOXET ObITb LLeNIecoobpasHbIM HE3aBM -
CMMO OT MPOJOIKUTENBHOCTU CUMNTOMOB UK
BPEMEHM YCTaHOBKM AuarHosa. Tpombonu-
Tnyeckasa Tepanus MOXeT Yy4ylnTb BO3MOX-
HOCTb BbINOJSIHEHUS AHTMOMIACTUKX MNopaxe-
HUN, KOTOPbIE CYMUTAIOTCSH CHOXHbLIMU, CMAr-
YUTb U YKOPOTUTb OKKJTO3UIO OJ151 MPOBEOEHWNS
NPOBOAHNKOB 1 6annoHoB. Tpombonusuc no-
CTaATO4YHO yCNeLleH B KPYMHbIX COCYAax, Takux
Kak 6proLIHasn aopTa 1 NoAB3A0LLHbIE apTeEpPUN.
OT0 TakkKe MOXET YNy4ylnTb OOJrOCPOYHYIO
NPOXOAVMOCTb 32 CHET OrpaHUYeHUs aHrmo-
NIacTUKN UM CTEHTUPOBAHUS BoJlee KOPOoTKO-
ro aTepoCKNepOTUYECKOro CermMeHTa BMEeCTO
OJIMHHOTrO yyacTka (45).

OcCnoXxHeHns NpoBeAeHUs JIOKaslbHOro
TpomOonuauca y naumeHtos ¢ OMHK
Hanbonee 4acTbiIMU OCNOXHEHUSAMU MPU
BbIMOJIHEHUM Tpombonmanca y naymMeHTOB
¢ OMHK gaBnailTca remopparmvdeckme, 4aule
OHU HEe3HauYUTENbHbI U MOTYT ObITb OCTaHOBJIE-
Hbl 6e3 npepbiBaHUS pPEeBaCKyNsapusaLun.
HebonbLuve KpoBOoTEYEHUS OOLIYHO BO3HMKAIOT
BOKPYr MeCT NyHKuuu apTtepuii. MaHyanbHas
KOMMpeccusa Uam 3amMeHa MHTPoAblocepa ya-
CTO 3(PEKTUBHO yCTpaHSeT npudnHy. B cny-
Yyae MacCCUBHbIX KPOBOTEYEHUN UHPY3UIO
TPOMBONUTUYECKOrO areHTa U renapuHa cre-
OYeT npekpaTuTb, MOXET NoTpeboBaTbCA BBE-
LeHne CBexXe3aMOpPOXXEHHOM Niia3dMbl 419 BOC-
CTaHOBJIEHUSA YPOBHSA GPUOPUHOreHa U Apyrunx
dakTopoB CBEPTbIBaHMUS KPOoBU. B Takmx cny-
Yyaax HeobxoaAuM UHOMBUAYASIbHbBIA KOMMNEKC-
HbI NOOX0A, K NIEYEHUIO, BOSMOXHO MPOBeae-
HVUe 3HO0BACKYNSAPHOM GannNoHHOW aHrnonna-
CTUKN, CTEHTUPOBAHUA WM  OTKPbITOrO
XUPYPruyeckoro emeLwuatensctea (46). OgHum
N3 CaMbIX OMaCHbLIX BUO0B KPOBOTEYEHUSA SABJISI-
€TCH BHYTPUYEPENHOE KPOBOUINNAHUE, MPOAB-
nawouweecs ¢ yactoton 0,4-2,5%, netanbHOCTb
nocturaet npum Hem 75% (4, 47). lNo paHHbIM
MeTaaHanusa, Bkso4daBwero 1283 naumeHTa
5 paHOOMU3NPOBAHHbLIX NCCIEA0BAHUN, HaCTO-
Ta BCeX KPOBOTEYEHUW MOCJE MNPOBEOEHHOIO
Tpombonuaunca y naumeHtos ¢ ONHK coctaBu-
na 8,8%, konnyectBo nHcynetoB — 1,2% (15).
MaumeHTbl A0MXHbI ObITh TLATENBHO 0O6Cce-
[OBaHbl B OTAENIEHUN MHTEHCUBHON Tepanuu
Ha Hanuyne HEBPOSIOrNYECKUX WN3MEHEHUN,
BbIIBJIEHME KOTOPbIX TpebyeT HeMeaSIeHHOM
OTMEHbI TPOMOOINTUKOB U MPOBEAEHNSA KOM-
NblOTEPHON TOMOrpadun roaoBbl 6e3 KoHTpa-

CcTa ONnd CKPUHUHIa BHYTPUYEPENHOro KPOBO-
n3nusHus. Brnepsble nosiBueLLIasica 60b B OOKY,
Taxukapaus, rMnoTEeH3US UM 3HAYUTENbHOE
CHMXXEHWE KOHLLeHTpauum remornodbuvHa (bonee
1 r/on) moryTt ykasbiBaTb Ha 3abploLLINHHOE
KpOBOTeYeHne, COHTaHHOE NI BTOPUYHOE MO
OTHOLUEHUIO K MaHUNysaunsaM C KateTepom
B a0pTONOAB3A0LHbIX cocyaax. Heobxoanmo
npoBeaeHne KOMMNbIDTEPHON ToOMorpadpun 3a-
OpIOLIMHHOIO NPOCTPaHCTBa 1 NOCNEenyoLLEro
BblOOpa TakTUKU fieveHuns (26).

Bo Bpemsa Tpombonuanca MoxeT rnpon3on-
T amctanbHas ambonus. OHa BcTpevaeTcs
B 12,4% cnyvaeB. Kak npaBuio, am6onbl pac-
cacbiBalOTCA MNpv NPOAOJIKEHUN UHDY3UN
TPOMOONMMTUYECKOrO areHTa; OAHako ecnu
paspeLlleHre He HacTynaeT, cnenyeT 3anogo-
3pUTb KaNbUMHO3 UM aTepoambonuyeckmne
ONAWKM M B JanbHENWEM pPacCMOTPETb BO-
npoc 06 3HAOBACKYAAPHON WU XUpypruye-
cKor ambonaktomun (15).

CyuiecTByeT Takxke psg, OCNOXHEHUN, CBSA-
3aHHbIX C penepdy3nOHHbIM CUHOPOMOM MNpu
onntenbHom wvwemun. Peackynapudaynda
NLWEMN3NPOBAHHOW CKENeTHOMN MbIlLbl MPpu-
BOOUT K BbIMbIBAHMIO BbICOKMX KOHLEHTPALWN
Kanusi, MmornodbunHa n akTMBHbIX GOPM KMUCNO-
poda B CUCTEMHbIN KPOBOTOK, YTO MPUBOAMUT
KaK K JIOKasibHbIM, TaK M K CUCTEMHbIMWN peak-
umsam (48). Nmnepkanmemma BegeT K apUTMUSIM.
Bbicokme KoHUgHTpauum mmornobuHa ocepna-
IOT B MOYEYHbIX KaHanbLax, Bbl3biBas 0OCTPyK-
LUMIO U pasBuUTME MOYEYHOM HeOoCTaTOYHOCTU
(49). MecTHasa BHYTPUKJIETOYHAs aHTUOKCU-
OaHTHasa cuctema “neperpyxaercs’”, ee pyHK-
UMS CTAHOBUTCA HEOOCTATO4YHOW, 4TO MPUBO-
ONT K PE3SKOMY YCUITEHUIO OKUCTTIUTENBHbIX MPO-
LLECCOB, COMPOBOXAALNXCA TrMOenblo KNeTok
1 BbICBOOOXAEHNEM BOCMNANINTENbHbIX LIMTOKU-
HOB, YCWUJIMBAETCH OTEK TKAHEN, HapylLuaeTcs
MUKPOUMPKYAALMS, BOSHUKAET KOMMAAPTMEHT-
cuHgpom. MeTabonuyeckme HapylieHus,
Takme Kak aumaos, ocTpasa noyeyHasa HegocTta-
TOYHOCTb, PECNUPATOPHLIA ONCTPECC-CUHA-
pPOM, OMCCEMUHUNPOBAHHOE BHYTPUCOCYANCTOE
CBEPTbIBAHNE U TsXKenasi rmrnoTeH3uns, OTHO-
CSATCSH K YNCIY CUCTEMHbIX OCJIOXXHEHUN, a BO3-
HUKHOBEHME MOJSIMOPraHHOW HEQOCTATOYHOCTU
4acTO NMPUBOAUT K NleTasibHOMY mncxoay. Jleve-
HMe penep@y3noHHbIX MNOCNeACTBUN OOJIKHO
BKJIIOYATb MHMY3MOHHYIO TEPanuio C HOpManu-
3aumen anekTpoanTHOro 6anaHca, BO3MOXEH
omanuna, a Takke paccMoTpeHue npodunakTmn-
yeckon pacumMoToOMmN, ECNIM BHOBb BO3HUKLLNE
6onn 1 napecrte3mm MO3BOAKAIOT MOCTaBUTb
OnarHos komnapTMeHT-cuHgpoma (50).
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3aknovyeHme

CenekTuBHbIA TpoMbONN3nC aBnseTca ad-
dEKTMBHBIM pauyoHaibHbIM METOO0M JIe4YeHUst
MHOrmx nauymentoB ¢ OMHK. HemepneHHas
peBacKkynapmsauuss MoxeT OblTb OOCTUTHyTa
y 60/1bLLMHCTBA NAUMEHTOB, OCOOEHHO Y Nauu-
EHTOB C TeyeHmemMm 3aboneBaHUd MeHee
14 pHen. B HacTosduwee Bpems CyLECTBYIOT
pasfnunyHble NCCNEeLOBaHUA, OOHAKO HET YETKUX
pekoMeHgaunii o Bblibope mMeToda MHPY3UU,

Introduction

The annual incidence of acute lower-ex-
tremity ischemia (ALIl) ranges from 1.4 to 2.6
cases per 10,000 patients, and the amputation
rate during hospitalization is about 10-15%,
despite urgent revascularization (1-3).
According to some reports, mortality rate rang-
es from 10 to 40% (4, 5).

The main causes of ALl are thrombosis
and embolism, aortic dissection, thrombosis
of a prosthesis or arterial aneurysm, traumas,
as well as hypercoagulability and iatrogenic
complications associated with vascular surger-
ies (6, 7). Symptoms depend on the causes,
known history of chronic arterial occlusive le-
sions, general clinical condition of the patient,
his/her age and underlying diseases. Ischemia
severity directly depends on the grade of occlu-
sion and the development of collateral circula-
tion. When the disease is caused by embolism,
there is an acute development of severe is-
chemic changes, including gangrene of the
limb. In case of thrombosis, patient’s condi-
tion may change gradually, with symptoms of
minimum severity, and may be stable, pro-
gressive or regressive (8). In Russian
Federation, the ALI classification proposed by
I.1. Zatevakhin (2002) is often used (8); while in
the international literature the Rutherford clas-
sification is preferred (1986, 1997) (9).
Patients hospitalized due to ischemic symp-
toms within two weeks of the acute disease
onset are categorized as having ALI (10, 11).

Treatment of the ALl patients remains chal-
lenging. Open surgical thrombectomy or by-
pass may fail to restore blood flow, especially
in the shin arteries. Local catheter-directed
thrombolysis combined with perioperative aspi-
ration and mechanical thrombectomy has now
become the treatment of choice for these pa-
tients. Its use has significantly reduced the
number of amputations (4, 8, 12-14).

[031POBKax TPOMOONMTMYECKOro npenapara,
cTpaTermy NpUMeHeHNs COBMECTHO C ApYyrMin
MeToaaMu fiedeHusa naumeHToB. Beibop TakTu-
KN OOJIKEH Y4YUTbIBaTb MHOMBUAYASIbHbIE OCO-
6eHHOCTN BONbHbIX, XapakTep rnopaxeHus co-
CYOMCTOro pycna v nporHO3Mpyemble PUCKU.
Heobxoammo npoaosikeHmne nsydeHna pesyrb-
TaToB NeveHns naumentoB ¢ OMHK v panbHen-
Liee pa3BuUTUE OAHHOIrO MeToaa peBacKynsapu-
3aumu.

It is noteworthy that analysis of the out-
comes ALl patients showed that thrombolysis
through a catheter positioned directly into the
thrombosed part of a vessel was more effective
and safer than systemic thrombolysis. The local
action of thrombolytics reduced the risk of
complications and allowed for a reduction in its
doses (15). The minimal invasiveness of the
procedure, no need for general anesthesia,
and positive treatment outcomes demonstrate
a significant advantage of this method of revas-
cularization compared to open surgery (16).
In addition, the prevention of endothelial dam-
age due to no mechanical trauma as well as
a clot lysis even in the distal part of the occlu-
sion reduce the risk of re-thrombosis (17, 18).

Indications and contraindications

for selective thrombolysis in patients

with ALI

The use of local thrombolysis began to
spread in the 1990s (19). According to rand-
omized studies, during that period, selective
thrombolysis appeared to be the most effective
treatment of patients with ALI of grade I-1l1A (by
Rutherford), if the disease duration did not ex-
ceed 14 days (I, A class, evidence level) (20).

Some data suggest that thrombolysis can be
effective in 1IB stage of ALI (by Rutherford) even
with longer periods of arterial thrombosis (more
than 14 days), so an individual approach to the
treatment of patients is necessary (14).
Thrombolysisis notindicated for ALI of grade llI
(by Rutherford), which is an indication for pri-
mary amputation. Thrombolytic therapy may
be the method of choice for patients with
acute occlusion of arterial shunts and prosthe-
ses, as well as for patients with acute athero-
thrombosis associated with severe atheroscle-
rosis and distal vessels involvement because
an open surgery would be pointless in such
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Due to the high incidence of mural thrombus
after thrombectomy using a balloon catheter,
thrombolysis has been successfully used in the
complex treatment of such patients without in-
creasing the number of complications (8).

Thus, the following indications and contrain-
dications for selective thrombolysis in ALl pa-
tients may be stated (21, 22).

Indications:

1) Acute arterial embolism

2) Acute arterial thrombosis

3) Acute obstruction of an arterial shunt or
prosthesis

4) Residual mural thrombus after thromb-
ectomy

Absolute contraindications:

1) Active clinically significant bleeding

2) Intracranial hemorrhage

3) Existing or developing compartment synd-
rome

4) Absolute contraindications to anticoagu-
lants.

Relative contraindications:

1) Acute cerebrovascular accident within the
last two months

2) Neurosurgical interventions or craniocer-
ebral injury within the last three months

3) Intracranial malignant neoplasm

4) Surgery or injury within the last ten days

5) Recent ophthalmic procedure

6) Cardiopulmonary resuscitation within the
last ten days

7) Resistant uncontrolled arterial hyperten-
sion (failure to achieve target blood pressure
values with three or more antihypertensive
drugs, including a diuretic)

8) Highly calcified, non-compressible artery

9) Liver failure associated with coagulopathy

10) Bacterial endocarditis
11) Pregnancy
12) Diabetic hemorrhagic retinopathy.

Drugs used for selective thrombolysis

in ALI

Currently used thrombolytic drugs convert
plasminogen to plasmin, which then breaks
down fibrin, leading to thrombus disorganiza-
tion and degradation. An ideal thrombolytic
agent should have selective activity against
fibrin-bound plasminogen in the thrombus and
thus limit potential hemorrhagic complications.
Several generations of fibrinolytics have been
developed, each of which has become more
and more specific (23). Now thrombolytics are
represented by drugs of the first (streptoki-

nase, urokinase), second (alteplase, prouroki-
nase) and third (tenecteplase, reteplase)
generations. On the background to the throm-
bolytic therapy development was the discovery
of streptokinase, a metal-containing enzyme
secreted by B-hemolytic streptococcus, by
William Smith Tillett (1892-1974) in 1933 (24).
This fibrinolytic agent forms a complex with
plasminogen, resulting in its conformational
change and activation (25). Given the streptoki-
nase immunogenicity, half-life, non-specificity
of plasminogen activation, severity of the sys-
temic effect on hemostasis, and the large num-
ber of hemorrhagic complications, the use of
streptokinase was limited, and it almost went
out of practice (14).

All these factors encouraged the develop-
ment of new drugs that do not have these dis-
advantages. Subsequently, urokinase came
into use, but due to manufacturing problems
and the emergence of new, more fibrin-specific
agents, use of urokinase ceased (26). Currently,
alteplase, a recombinant tissue plasminogen
activator, is most often used for selective throm-
bolysis in ALI patients. Its half-life is 4-7 min-
utes. When it is bound to fibrin, its effectiveness
is significantly increased compared to free
circulating agent. Thus, administration of this
recombinant tissue plasminogen activator di-
rectly into the occluded part of a vessel can
increase the effectiveness, reduce the dose
and avoid systemic complications (27, 28).

Reteplase is a third generation fibrinolytic
drug and represents a shortened variant of the
tissue plasminogen activator. This increases
its half-life, makes bolus administration possi-
ble, weakens binding with fibrin, and allows the
drug to penetrate thrombotic masses more
easily, binding not only with the thrombus sur-
face (29).

Tenecteplase is a third-generation drug too;
in the structure of which, in three regions of the
original molecule three amino acid residues
were replaced by genetic engineering, which
increased its half-life, fibrin-specificity and re-
sistance to plasminogen activator inhibitors
(22, 30).

Technique of selective thrombolysis

in ALI patients

For X-ray endovascular selective thromboly-
sis in ALl patients, an access through the con-
tralateral or ipsilateral common femoral artery,
in some cases through the brachial or popliteal
artery is used. To achieve the maximum effect
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of a fibrinolytic drug on thrombotic vessel oc-
clusion at the lowest dose, a special catheter
with the highest possible selective positioning
is used. A closed-tip, multi-orifice infusion
catheter (eg. Cragg-McNamara, Unifuse)
should be placed along the entire length of an
occlusion. If the guidewire cannot be passed
through the occlusion, the catheter can be
placed more proximally and thrombolysis initi-
ated, but in such cases itis necessary to ensure
that there are no lateral branches between the
catheter tip and the occlusion. After a while, when
the structure of the proximal thrombotic “cover” is
changed, a surgeon can try again to pass the
guidewire through the occlusion (21, 31).

There are several methods of thrombolytic
infusion: long-term continuous infusion, bolus
infusion, forced intermittent infusion (“pulse-
spray”), stepwise, and graded infusion (21).
Currently, long-term continuous infusion is the
simplest and most commonly used method.
Thrombolytic drug is administered slowly at the
same dose through the multi-orifice catheter
(32). Bolus infusion means that a highly con-
centrated dose of tissue plasminogen activator
is delivered to the occluded area, and then
a continuous infusion is started. As a result,
fragmentation of the thrombus along its entire
length and greater saturation with the drug are
achieved, and the procedure duration can be
reduced by several times (33). With forced in-
termittent infusion (“pulse-spray”), small doses
of a thrombolytic agent are administered as
multiple bolus doses, with 15-30 second inter-
vals, until restoration of the antegrade blood
flow. Compared with long-term continuous infu-
sion, this method allows for faster revasculari-
zation, but there is a high risk of distal embolism
(34, 35).

In a stepwise regimen, the fibrinolytic drug
administration is accompanied by gradual ad-
vancement of the catheter to the distal part of
the occluded vessel under X-ray control with
contrast enhancement. After the lysis of the
proximal part of the thrombotic lesion, the cath-
eter is moved forward again until complete
recanalization. This method allows reduction
of the dose and duration of thrombolysis, but it
requires a constant presence of a doctor in the
X-ray operating room (29). Graded thrombolyt-
ic infusion is a regimen, where administered
dose of the drug is gradually reduced from
maximum to minimum (22).

Currently, the frequently used dose of al-
teplase for long-term continuous infusion is

0.5to 1.0 mg/kg/h (maximum 40 mg); for bolus
infusion followed by continuous infusion is 2 to
5 mg (bolus); for forced intermittent infusion is
0.5 mg/mL, 0.2 mL every 30-60 seconds (2).

The potential benefits or harms of concom-
itant heparin infusion during selective throm-
bolysis have not been established. Heparin
may prevent pericatheter thrombosis, but al-
teplase and heparin should be administered
separately because they precipitate when
mixed (36).

Key studies of outcomes

of catheter-directed thrombolysis

Catheter-directed thrombolysis is a rational
treatment method for patients with acute/suba-
cute and even some chronic occlusions of low-
er limb arteries and shunts with ischemic mani-
festations. Compared with surgery, selective
thrombolysis has similar limb salvage rates and
lower mortality rates at 12 months (37).

According to the randomized study by Ouriel
K, which included 114 ALI patients, intra-arte-
rial thrombolytic therapy (urokinase) compar-
ing to surgical revascularization group was as-
sociated with a decrease in the incidence of
in-hospital cardiopulmonary complications
(16% versus 49%, p = 0.001) and correspond-
ing increase in patient survival (84% vs. 58%
at 12 months, p=0.01). These advantages were
achieved without a noticeable extension of the
hospital stay. The risk of limb loss or death was
25% and 48%, respectively (p = 0.02) (38).

The randomized STILE trial included 393 ALI
patients and compared the outcomes of throm-
bolytic therapy and surgical revascularization.
When patients were diagnosed with ischemia
within 14 days, thrombolysis was associated
with better outcomes at 6 months, with a sig-
nificantly lower amputation rate (11% vs. 30%,
p < 0.05), shorter hospital stay, and a down-
ward trend in all-cause mortality compared to
surgical revascularization. The long-term inci-
dence of hemorrhagic complications and re-
current ischemia was higher in the thrombolysis
group (39, 40).

The TOPAS trial, which involved 544 pa-
tients, compared the outcomes of treatment
with recombinant urokinase administration with
outcomes of primary surgical intervention in
patients with ischemia manifested less
than14 days ago (native artery or bypass graft
occlusion). Amputation-free survival rates at
6 months (71.8% vs. 74.8%, p = 0.43) and
12 months (65.0% vs. 69.9%, p = 0.23) were
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similar. The majority of patients who underwent
amputation were in the surgery group (94.2%).
The mean duration of hospital stay was 10 days
in both groups. At 6 months, there were
551 open surgeries (excluding amputations)
in the surgery group compared to 315 in the
thrombolysis group. Major bleeding was sig-
nificantly more common in the fibrinolytic group
(12.5% vs 5.5%; p = 0.005). Patients with
thrombosed prostheses showed better revas-
cularization outcomes and had fewer major
bleeding events after thrombolysis compared
to patients with arterial thrombosis. Catheter-
directed thrombolysis reduced the need for
open surgery without significantly increased
risk of amputation or death (19).

With the use of ultrasound combined with
contrast enhancement in the treatment of ALI
patients, effectiveness of thrombolytic therapy
is increased and the procedure duration is sig-
nificantly shortened. The thrombus surface was
destabilized and became more susceptible to
fibrinolytics due to the ultrasound-induced col-
lapse of contrast agent microbubbles (41-43).

An assessment of the long-term outcomes
of local thrombolysis demonstrated that out
of 689 patients with the mean follow-up period
of 59.4 months, 16.4% underwent amputation
of the lower limbs and 32.9% underwent re-
peated surgical revascularization. The overall
primary patency was 69.1% at 1 year and
55.9% at 5 years of follow-up. The five-year
primary patency was 83.3% in the group of pa-
tients with embolic occlusion of their lower limb
arteries and 43.3% in the group with occluded
shunts or stents (44).

In addition to ALI, catheter-directed throm-
bolysis can be performed for chronic arterial
occlusions. In some cases, this method may be
appropriate regardless of the duration of symp-
toms or the time of diagnosis. Thrombolytic
therapy can facilitate angioplasty on lesions
considered difficult; soften and shorten an oc-
clusion to pass guidewires and balloons.
Thrombolysis is quite effective in large vessels
such as abdominal aorta and iliac arteries.
It may also improve long-term patency by limit-
ing angioplasty or by stenting a shorter athero-
sclerotic segment instead of a long one (45).

Complications of local thrombolysis

in ALI patients

The most common complications of throm-
bolysis in ALl patients are hemorrhagic events;
more often they are minor and can be stopped

without revascularization interruption. Minor
bleedings usually occur around arterial punc-
ture sites. Manual compression or introducer
replacement is often effective in eliminating the
cause. If major bleeding occurs, the thrombo-
lytic agent and heparin infusion should be dis-
continued and fresh frozen plasma may be re-
quired to restore levels of fibrinogen and other
coagulation factors. In such cases, a personal-
ized comprehensive approach to treatment is
needed; endovascular balloon angioplasty,
stenting, or open surgery may be used (46).
Intracranial hemorrhage is one of the most dan-
gerous types of bleeding occurring with fre-
quency of 0.4-2.5% and leading to mortality up
to 75% (6, 47). According to the meta-analysis
included data of 1,283 patients from five rand-
omized studies, the overall bleeding incidence
in ALl patients after thrombolysis was 8.8%
and the stroke incidence was 1.2% (15).

Patients should be thoroughly examined in
the intensive care unit for neurological chang-
es; as such changes require immediate discon-
tinuation of thrombolytics and non-contrast
head CT to check for intracranial hemorrhage.
New-onset flank pain, tachycardia, hypoten-
sion, or a significant decrease in hemoglobin
concentration (more than1 g/dL) may indicate
retroperitoneal bleeding, spontaneous or sec-
ondary to the manipulations with the aortoiliac
catheter. It is necessary to conduct a computed
tomography scanning of the retroperitoneum
and, after that, to determine a treatment strat-
egy (26).

During thrombolysis a distal embolism may
develop. It occurs in 12.4% of cases. Typically,
with continued infusion of thrombolytic agent
emboli dissolution is occurred; however, if there
is no dissolution, calcification or atheroembolic
plaque should be suspected and endovascular
or surgical embolectomy should be further
considered (15).

There are also a number of complications
associated with reperfusion syndrome during
prolonged ischemia. Revascularization of an
ischemic skeletal muscle results in the washout
of large amounts of potassium, myoglobin, and
reactive oxygen intermediates into the systemic
circulation, leading to both local and systemic
reactions (48). Hyperkalemia leads to arrhyth-
mias. High concentrations of myoglobin are
deposited in the renal tubules, causing ob-
struction and renal failure (49). Local intracel-
lular antioxidant system becomes overloaded
and its functions are failed, leading to the sharp
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spike in oxidative processes associated with
cell death and the release of inflammatory cyto-
kines; edema of tissues is increased, microcir-
culation dysfunction and compartment syn-
drome are developed. Metabolic disorders
such as acidosis, acute renal failure, respiratory
distress syndrome, disseminated intravascular
coagulation, and severe hypotension are relat-
ed to systemic complications, while the multi-
ple organ failure is often fatal. Treatment of
reperfusion sequelae should include fluid main-
tenance to normalize electrolyte balance and,
possibly, dialysis. If newly-appeared pain and
paresthesia are suggestive of compartment
syndrome, prophylactic fasciotomy may be
considered (50).
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Llenb nccnepmoBaHus: MpeactTaBUTb KJIMHUYECKOE HabJIoAEeHNEe YCreLIHOro SHAO0BACKYJ/IPHOro MertoAa
JIe4YEeHs nauneHTa ¢ rnoBPEeXAEeHNEM MOYEYHON apTepyn B Pe3ysibTaTte OCKOJI0YHOIro PaHeH s, nog4yepKkmBasl
BaXHOCTb CBOEBPEMEHHOW ANArHOCTUKU U MPaBu/IbHOro BEAEHUS NaLNeHTOB B roA0OHbIX C/ly4asix, a Takxe
3HaYMMOCTb CreLmnaaIn3npPoBaHHbIX BMELLATE/IbCTB Y MaLneHTOB C MOBPEXAEHUSIMU MOYEYHbIX apTEePU.
BBegeHune. PaHeHys1 Mo4e4YHor apTepmun 0COOEHHO KPUTUYHbI U3-38 BO3MOXHOCTU AJINTE/ILHOIO KPOBOTEYE-
HUST 1 MOCIEAYIOLLIEN MacCUBHOM KpoBornoTepu. Co4YeTaHHasi TpaBmMa rpuv 3TOM ycyrybsieT o0LLee COCTOSIHUE
naumeHTa n 3Ha4nTesIbHO MOBbILLIAET PUCK Pa3BUTUSI OCJIOKHEHWIA W N1IeTaslbHOro mcxoaa, 4to elle 60/bLie
OCJIOXKHSIET Pe3yJibTatbl OTKPbITOM XUPYPru4eCcKov ornepaLwmnu.

lNMpe3eHTayus KJIMHUYECKoro cay4as. [lpeacTaBieHo KMHnYeckoe HabaeHne naymeHTa ¢ 0CKOJ104HO-
VHAYLNPOBAaHHOM 1CeBA0aHEBPU3MOV MOYEYHOU apTePUm C appOoO3vBHbBIM MPONUTLIBAHUEM B Halle4YHO-J10Xa-
HOYHOM cucTeme. BbirnosHeHO ABYX3aTarHOe 1e4eHne nauneHTa: nepBbivi aTarn — UMIaaHTaumns CTeHT-rpapra
B [1OBPEXAEHHbIV COCY/] MOYKM, BTOPOU 3Tar — 3HAOCKOMUYECKOE yaasleHne 0CKosika B 061acTvi BOPOT JIEBO
MOYKU.

O6cyxaeHune. Ob6cyxaaeTcs NCNob30BaHNE Takux METOAO0B BU3Yyann3aumm, Kak KOMIboTEPHasi TOMorpa-
pus u aHrnorpagus, A ANarHOCTUKU U MPUHSITUSI PELLEHUST O JiedeHun. [logyepkmBaeTcs ap@deKTUBHOCTb
BHAOBACKY/ISIPHbIX BMELLATE/IbCTB, HECMOTPS HA OMNPEAESIEHHbIE OrPaHUYEHUS, NPV JI€HEHUN MOBPEXAEHWNN
MOYE€YHbIX apTEPUI, NMOCKOJIbKY OHU 0OecrneYynBardT MUHUMAaIbHO UHBA3UBHBIM 1 ObICTPO BOCCTaHaB/IMBAKO-
LUMVICS METOA, MPUBOASILLNI K JIyHLLIMM PE3ysibTaTtaM JIeHEHUS.

BbiBogbl. CenekTBHasi aHrnorpagusi rnpuy TpaBMaTtn4eCkOM MOBPEXAEHUN MOYEYHOU apTepun rno3BoJSeT
C BbICOKOV TOYHOCTbHIO BbISIB/ISITb COCYANCTbIE MOBPEXAECHUNSI U HEMEAIEHHO /1e4nTb UX. [puMmeHeHne 3HAoBa-
CKYJISIPHBIX METOL0B JIEYEHUSI M03BOJIIET M306aBUTb MNaLnNeHTa OT TSXKE/I0ro KPDOBOTEHEHMS 6€3 BbINOJIHEHUS
OPpraHoyHOCSILLEro ornepaTMBHOro BMeLLaTes/ibCTBa.

KnroueBblie cnoBa: noBpexzaeHve rno4e4Hor apTepumn, PaHeH s NoYkuy, 3HA0BACKYISIPHOE JIeHEHNE MOYEYHbIX
apTepuii, CTEHT-rpa@T, MyJIbTUANCLMITIIMHAPHBIV MOAX0A, reMOoTaMIoHaaa, NCeBA0aHEeBPU3MA, KDOBOTEYEHNE
ro4Yku

Ansg untupoBaHua: A.B. eBaHoB, P.M. LLIa6aes, B.A. NBaHoB, H.B. CutHukos, B.H. HecTtepeHko, W.C. bazaHos.
OHO0BACKYNSIPHOE NIeYEHNE MOBPEXAEHNSA NOYEYHOW apTepum NpU OCKOJIOYHOM paHeHun. MexxayHapoaHbIv
XYpHan WHTEPBEHUNOHHON kapawvoaHrnonoruy. 2024; 76 (1): 34-44. https://doi.org/10.24835/1727-
818X-76-34

KoHdnukT nHTtepecos. ABTOPLI 3aBAAIOT 06 OTCYTCTBUN KOHMVKTA MHTEPECOB.

UcTouyHuku puHaHcupoBaHus. PaboTa BbiNosiHeHA 6€3 CNOHCOPCKOM NOAAEPXKKN.
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Endovascular treatment of renal artery injury
in shrapnel wounds
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Aim: to present a clinical case of successful endovascular treatment of a patient with renal artery injury due to
shrapnel wound, highlighting the importance of timely diagnosis and proper management in such cases,
as well as the significance of specialised interventions in patients with renal artery injuries.

Introduction. Renal artery injuries are particularly critical because of the potential for prolonged haemorrhage
and subsequent massive blood loss. The combined injury in this case, aggravates the patient's general
condition and significantly increases the risk of complications and mortality, further complicating the outcome
of open surgery.

Presentation of a clinical case. A clinical observation of a patient with a shrapnel-induced renal artery
pseudoaneurysm with arrosive infiltration in the CSF is presented. Two-stage treatment of the patient was
performed, the first stage was stent-graft implantation into the damaged renal vessel, the second stage was
endoscopic removal of the fragment in the area of the left kidney gate.

Discussion. The use of imaging modalities such as computed tomography and angiography for diagnosis and
treatment decision making is discussed. The study emphasises the efficacy of endovascular interventions,
despite certain limitations, in the treatment of renal artery injuries, as they provide a minimally invasive and fast
recovery method leading to better treatment outcomes.

Conclusions. Selective angiography in traumatic renal artery injury allows vascular lesions to be detected with
high accuracy and treated immediately. Application of endovascular methods of treatment allows to relieve the
patient from severe bleeding without organ-Killing surgical intervention.

Keywords: renal artery injury, renal injuries, endovascular treatment of renal arteries, stent-graft,
multidisciplinary approach, haemotamponade, pseudoaneurysm, renal haemorrhage

For citation: A.V. lvanov, R.M. Shabaeyv, V.A. Ivanov, N.V. Sitnikov, V.N. Nesterenko, |.S. Bazanov. Endovascular
treatment of renal artery injury in shrapnel wounds. International Journal of Interventional Cardioangiology.
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KpaTtkui Teauc

MpencraBneHo KIMHMYECKOe HabnwgeHune
naumeHTa C OCKOJIOYHO-UHOYLMPOBAHHOMN
rnceBO0aHEBPU3MOM MOYEYHON apTepun ¢ ap-
PO3VBHbLIM KPOBOTEYEHMEM B YalleyHO-Jloxa-
HO4YHOW cucTeme. NogvyepkMBaEeTCs BaXXHOCTb
ObICTPOV N TOYHOM ANArHOCTUKM NPU OCKOJI04-
HbIX pPaHEeHUsaxX novYedHblx apTtepuin. O6cCyX-
OAaeTca MCMoNb30BaHME TakMx METOA0B
BU3yanm3aumm, Kak KOMMbIoTEpHas TOMorpa-
bduna n aHrnorpadus, onsa guarHoOCTUKU 1 Mpu-
HATUS peLleHns o nedveHun. B mnccneposaHum

nogyepknBaeTcss 3pPeKTUBHOCTb SHO0BACKY-
JNISIPHBIX BMELLATENLbCTB NPU JIEYEHUN MOBPEX-
OEHWNI MNOYEYHbIX apTEPUIN, MOCKONbKY OHM 0bOe-
CrneyrBalT MUHUMAJIBHO MHBA3MBHLIA OOCTYN
1 cokpallalT 06beM NOBPEXAEHUIA NPpU AOCTY-
ne K MOBPEXOEHHON apTepuun, YTO MPUBOOUT
K Ny4WwWnM peaynbraTtaM JIEYEHUSA MO CpaBHe-
HUIO C TPAAULMOHHBLIMU OTKPbITbIMX BMeELLa-
Tenocrteamu. lNpegnaratoTca ganbHeWwne nc-
cnepgoBaHusa afs onTMMmM3aumn otTbopa naum-
€HTOB N OLEHKN OTAANIEHHbIX PEe3Yy/bTaToB.

OHpaoBackynspHoe 1e4eHne NoBPeEXAEHUS MNOYEYHOU apTepun rnpu 0CKOJI0YHOM PaHEHUN
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BeepeHue

MpoHukatowme 6oeBble 1 HeEOOEBbLIE paHe-
HMSA NPEACTaBMAAT 3HAYMTENBbHYIO OMACHOCTb
0N XXM3HEHHO BaXHbIX OPraHoB, B TOM YMCNE U
OJ151 N0YEeYHOW apTepun. TaXeCTb 3TUX NOBPEX-
OEHNM MOXET NPUBECTM K OOLUMPHBIM NOBPEX-
LEHUNAM, HEKPO3Y U TakKUM OCJIOXHEHUSIM, Kak
TpoMOO03 nnm obpaszoBaHMe NCeBOOAHEBPU3M.
Mpn nonagaHnn paHaWero cHapsaa rnpPoOucXo-
ONT MTHOBEHHasi MexaHun4deckaa gedopmaums n
nepenadya KNHETUYECKOW 3SHEPTNUM BHYTPEHHUM
opraHam ¥ TKaHsiM, 4TO 3a4acTylo NPUBOAUT K
rnyboKoMy paspyLUeHNIO U TpaBMaTu3aumm Ko-
CTEN, HEPBOB W KPOBEHOCHbIX COCYAOB.
MpumeyaTenbHO, YTO Kak MEPBUYHO paHsLIve
CHapsabl, TaKk U BTOPUYHbIE NEPEIOMbI KOCTEN
WM CycTaBOB MOIMyT CrocoOCTBOBATb BO3HUK-
HOBEHMIO THAXEsIbIX MPOHUKAIOWNX PaAHEHUN,
OCOOEHHO C MOpaxeHMeM COCYOUCTOW CTEHKU
(1). NoBpexaeHnsa KpOBEHOCHbLIX COCYL0B MNpu
paHeHusix BcTpedaloTcsa B 4,6-9% cnyyaes
B BOeHHoe Bpems u B 19,6-53,6% cny4yaes
B MMpHoe BpeMs (2, 3). CMepTHOCTb Npu no-
BPEXOEHMAX MarncTpasnbHbIX COCYO0B, MO AaH-
HbIM 3apyOeXHbIX MCcnegoBaHU, MOXET O0-
cturatb 50%. OTeyecTBEHHbIE aBTOPLI NPUBO-
OaT ewe 6osiee HeyTelUUTESNIbHbIE CBEOEHUS.
Tak, B.6. MocCsrvH 1 coasT. yKa3blBaloT, YTO Jie-
TanbHOCTb NPX 3TOM BMAE TPaBMbl AOCTUrAET
85% (3). CBoeBpeMeHHasi 1 NOJIHOLLEHHAaA BU-
3yanmaaumsa NoBpPeXOEHUN COCYOUCTbIX CTBO-
JIOB U OpYrux OpraHoB U CTPYKTYP CrOCOOCTBY-
€T COKpaLLEeHMIO ANarHoCTUYeCKoro nepmoaa u
CNY>KUT OCHOBOM Ansl BblOOpa paumoHasbHOM
ne4yebHO-anarHoCTUYEeCKOM TakTuKn (4).

Ona adpdekTUBHOro nevyeHms 60eBon TpaBs-
Mbl MOYKM Heobxoamma TOo4dHas AuarHocTuka
CTEMEHMN N TAXKECTM MNOBPEXAEHNS MOYEYHbIX
apTepuin. nga aToro Heo6xoamMmM KOMMIEKCHbIN
noaxof, C UCNoJib30BaHNEM KOMOMHAUUM METO-
[OB BU3yanusaumm, BKOYas KOMMbIOTEPHYIO
Tomorpaduio (KT) € KOHTpacTUpOBaHMEM,
aHruorpaduio 1 ynsTpasByKOBYIO ONArHOCTUKY.
MarHmnTHO-pe3oHaHcHaa TomMmorpadus aBngeT-
Cs NPOTUBOMOKa3aHNEM U3-3a HaIM4YUS NOTEH-
umanbHbIX GEPPOMArHUTHBIX MHOPOAHLIX Tes,
a peHTreHorpadunyeckoe nccnegoBaHme No3Bo-
NFIEeT BbISBUTb MOBPEXAEHUS APYrMX CTPYKTYP, B
rnepByio o4yepenb kKocten. B TpaguumoHHON
PEHTIEHONIOTUX OTCYTCTBYIOT MpPsIMble WHAON-
KaTopbl noBpexaeHus cocynoB. OB6HapyxeHue
MeTaNIMYEeCKNX MIOTHOCTEN B MPOEKLMN COCY-
[OB C/TY>XMT OCHOBaHMEM AN15 AaNibHENLLEro 13-
y4eHUS COCTOSAHMA COCYAMCTOro pycna.

PaHeHns no4yeyHon aptepum 0OCOOEHHO
KPUTUYHbI KU3-32 BO3MOXHOCTU OJINTESIbHOIro

KPOBOTEYEHUA N MNOCNEOYIOLWEN MaCCUBHOMN
kpoBonoTepun. CodyeTaHHasa TpaBmMma npm 3TOM
ycyrybnseT obLiee cocTosH/E NaumeHTa 1 3Ha-
YNTESIbHO MOBBILLAET PUCK PA3BUTUSA OCIIOXHE-
HUA 1 NeTanbHOro Mcxoda, Y4To euwe Oosblue
OCJIOXHSAET pe3dysbTaTbl OTKPbLITON XMpypruye-
CKOoWn onepauuun. Passutrne MegnuuHCKON Hay-
KN U TEXHUKU NO3BOSINIO CO34aTb U BHEAPUTb
crneunasnbHbIi 3HO0BACKYNAPHbIA UHCTPYMEH-
Tapuin, KOTOPbLIA gan Ha4yano HOBOMY MeTony
NeYeHnss — PEHTIeH3HAO0BACKYISAPHON XUPYpP-
ru.

MpeocTtaBnsemM KnnHW4eckoe HabnwogeHue
naumeHTa Cc OCKONOYHO-UHAYLIMPOBAHHOW NCEB-
[OaHEBPM3MON MOYEYHON apTepun C appo3nB-
HbIM MPOMNUTbIBAHMEM B 4alLEYHO-/IOXaHOYHOMN
cucteme (YJ1C). OnucbiBas AaHHoOE KAMHWU4e-
CcKOoe HabnaeHVEe, Mbl CTPEMUMCSH PacLUMPUTb
MOHMMaHMe OAaHHOW NaTtonorum v CTUMYAnpPO-
BaTb JaJIbHENMLLINE NCCNENOBAHMNA N Pa3BUTUE B
obnacTu neyeHnsa CocyamcTon TpaBMbl.

KnuHnyeckoe HaGnogeHue

MauyeHT 1969 ropa poxaeHust HaxoOwsncs Ha
cTaumoHapHom nedveHnn B Prey “HMUL, BMT nme-
HU A.A. BwuwHeBckoro” MuHOBGOPOHLI Poccun.
Co cnoB nocTpagaBLLIEro n corfiacHoO MeanLUVHCKON
OOKYMEHTaUMM MNOJNIYHEHO OCKOJIOYHOE paHeHune
XMBOTa, NPOBEAEHa NepBUYHas Xmpyprmuyeckas 0o-
paboTka paH, N3BJIeYEHblI MOBEPXHOCTHbIE OCKOJIKM.
Bo BpemMs HaxoXaeHus B CTaLMOHape y PpaHEHHOrO
pas3BWSICS MPUCTYM JIEBOCTOPOHHEN NOYEYHOWN KOMN-
kn. Mpn Y3U opraHoB GpPIOLIHOM MOMOCTU U NOYEK
amnarHocTmpoBanu kameHb YJIC neBow Mouku.
PaHeHoro neynnn koHcepBaTnBHO. HYepes3 HECKOJIb-
KO OHEeN y Hero BbiIBUNACb Makporemartypus.
BonbHOM NpooneprpoBaH, HaNoOXeHa aNnMUMCcTomMa.
MpoBepeHbl gmarHocTudeckmne unccnepoBanma: KT
opraHoB OpPOLIHOM MOSIOCTU WU Masioro Tasa, npu
KOTOPOW BU3yann3nvpoBasiM OCKOJIOK MeTamye-
CKOWM MAOTHOCTU Hag, JIOXaHOYHO-MOYETOYHUKOBbBIM
CcerMeHToM cnesa (puc. 1), NnMenokannkoypeTepoak-
Tasua cnesa. [Npun BHYTPUBEHHOW yporpadun Ha-
61100aN10Cb HECBOEBPEMEHHOE BbIAENIEHNE KOH-
TPACTHOro BeLLECTBa (C 3a4ep>KKOM 4ac) NeBow Noy-
KOW, CBSASAHHOE CO CAABNIEHNEM MNENOYPETPASIbHOIO
CerMeHTa MOYETOYHKMKA OCKOJIKOM (puc. 2).

Ha ¢oHe nonHoro 6naronofiydnsi y G0SIbHOro
MOBTOPHO BO3HMK/IA MakporemaTtypus, remotamno-
Haga MO4YeBOro ny3bipsd. TamnoHany paspeLunnm —
MOYEBOW My3blPb OTMbIT A0 YMCTbIX BOA,. OTMe4vanoch
CHUXeEHWE YpoBHS remornobuHa ao 60 r/n. YpoBeHb
MOYEBUHbI COCTaBua 4,3 MMOSb/N, KpeaTuHUHa —
66,9 mkmonb/n. MNMpoBeneHa remoTpaHchy3us OBy-
M$S [0,03aMUN 3PUTPOLMTAPHOW B3BECU W ABYMS [O-
3aMM CBEXE3aMOPOXEHHOM nna3mbl. YPOBEHbL re-

Ne 76, 2024



INTERVENTIONAL ANGIOLOGY

Puc. 1. KT ¢ koHTpacTupoBaHvem. CTpenkon ykasaH
OCKOJIOK.

MornobuHa Ha cnenyrLwmin AeHb coctasun 79 r/n. B
9KCTPEHHOM nopsake BbinonHeHa KT opraHoB 3a-
OPIOLLNHHOIO NPOCTPaHCTBa: OOHAPY>XXEHO MHOPOA-
HOEe TeNo MEeTaIMYEeCKON NNOTHOCTU Haf, IOXaHOY-
HO-MOYETOYHUKOBbIM CETMEHTOM CJieBa, OCKOJIOK Me-
TaINYECKOM NNOTHOCTU pa3dMepamm 16 X 17 x 12 mm.
B YJIC cnea 4aCcTUYHO NM3MpPOBaHHast KPOBb, FrEMO-
MUennT, YacTuUyHbIA BGN0K MOYKW, BblOeNUTenbHas
DYHKUMS MOUYKM CHUXKEHA.

[Ona yTO4YHEHUS NCTOYHMKA KPOBOTEYEHUS Mpu-
HATO peLleHNe O BbINOJHEHUN ANATHOCTUYECKON
aHrnorpadwum novyevHom aptepun. lNpun cenekTneHoOM
aHrnorpadum B NpoOEKLMM N1EBON NOYEYHOWN apTepun
BbISIBNSIETCH METa/I/IN4€CKOM NIOTHOCTU MHOPOOHOE
Teno go 1,6 cm B anameTpe, He CBSI3aHHOE C apTepu-
en. B npoekuum npokCMMasibHbIX OTAENOB JIEBOM
noye4yHon aptepun, Npu BbinonHeHun 3D-aHrmo-
rpacduv onpenensaeTcs BHEMPOCBETHOE pPacrnoioxe-
HUe ockoJika. HabnopgaeTca 3anepxka KOHTPACTHO-
ro BELLLECTBA B 30HE BEPXHEro Nooca N1eBOn NOYKN,
npeanonoxmtensHo B 3oHe YJIC (puc. 3), B BETBMK,
KpOBOCHabXaloLLen cpeaHuii oTaen Tena noyku, Bu-
3yanm3npyeTcsa aHeBpu3MaTuyeckoe paclLuMpeHune
ONaMeTPOM OKOJlIo 4-5 MM C LUMPOKOW LUENKOWN.
Mpu4ynHOM KPOBOTEYEHUS, NO HALLEMY MHEHUIO, SIB-
NgeTcs NoBpexXaeHMe MNapeHXMMaTO3HbIX COCYOO0B
B 30HE MOBPEXOEHHOMN CErMeHTapHOM MOo4YeyHOon
apTepun 1 appo3neHoe KpoBoTedeHue B YJIC.

KoHcunnmymom npuHATO peweHne 06 OOHOMO-
MEHTHOM BbIMOJIHEHUN PEHTrEHAHA0BACKYISPHOIO
BMeLllaTenbCTBa B 00beMe CTEHTUPOBAHUS U BbIKJTHO-
YEHUN AHEBPU3MbI MOYEYHON apTEPUN C MOMOLLbIO
YCT@HOBKM CTEHT-rpadTa — Kak NepBbl 3Tan onepa-
TUBHOIMO BMELLATENbCTBA, C LENbI0 UCKIYEHUS
MOBTOPHOIO KpoBoTeyYeHuda. CTEHTUPOBaHNE NIEBOM
Mno4Ye4yHOM apTepumn BbIMOJIHANIOCH MO CTaHOAPTHOWN
mMeToamke, OOCTYNOM 4epes3 JIy4eBYIO apTepulio,
B OWNCTalbHbIA OTOEN UENeBOW apTepun 3aBeneH

Puc. 2. BblgenutenbHas
CTpenkoii ykasaH 0CKOOK.

ypopeHTreHorpamma.

npoBoaHuk D-0,014". B 30HY NIOXHOW aHEBPU3Mbl
MMMIAHTUPOBAH CTEHT-rpadT (D — 3,0 MM, L — 20 Mm).
Mpn KOHTPONBLHOM aHrnorpadun: NPOCBET apTepPUmn
BOCCTAHOBJIEH, KPOBOTOK B JIOXXHOM aHEBPU3ME He
BU3yann3npyeTcs, KPOBOCHabXeHMe AncTasibHbIX
OTAEN0B apTePMN yOOBIETBOPUTENIBHOE, MPU3HAKOB
anccekumn n nepdopaumn aptepumn HeT (puc. 4).
BTopon atan onepatneBHOro BMeLlaTensCcTaa 3a-
KJloHancsa B 3HOOCKOMMYECKOM yaaneHuUn OCKOoJKa
C nomoLLbio MarHmTa (puc. 5). Onpeaenena nokaums

Puc. 3. AHrvorpamma neBOV MOYEYHOUW apTepuu.
CTpenkor ykasaHa nocTrpaBMatmyeckasi aHeBpuama.

OHpaoBackynspHoe 1e4eHne NoBPeEXAEHUS MNOYEYHOU apTepun rnpu 0CKOJI0YHOM PaHEHUN
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Puc. 4. AHrnorpamma f1eBOW NOYEYHOM apTepum nocne
YCTaHOBKM CTeHT-rpadTa, aHeBpu3Ma BbIK/IlO4EeHa U3
KpOBOTOKA.

Puc. 5. Vicnonb3oBaHne marHmta npm noncke MetTanam-
4ecKoro OCKoJika BO BPeEMSi 3HAOCKOMNUYECKOro uccne-
L0BaHUS.

Puc. 6. Ockonok pa3amepamm 1,5 x 1,0 cm.

0OCKOJIKa, KOTOPbI B MOCNEQYIOLLEM 3aXBA4YEH 3aXMN-
MOM W ypaneH (puc. 6). lNynbcauma Ha cocynax
OTHETNVBAS.

Yepes Hepento Obinv BbIMOSIHEHLI KOHTPOJSbHbLIE
nabopaTopHble MCCneafoBaHus, BKJOYas Mapkepbl
MoYeyHOM PYHKLMN N YPOBEHb remMorfiobnHa, KoTo-
pble cocTaBuan: remornobuH 104 r/n, moyeBmHa —
4,8 MMONb/N, KpeaTUHWH — 78 MKMOJIb/11. BbINONHEHBDI
MHCTPYMEHTasIbHblE WUCCNEA0BAHMSA, MO AaHHbIM
LynAeKCHOro CKaHMpPOBaHWA NEBOW NOYKU apTepPUO-
BEHO3HbIM KPOBOTOK COXPaHEH BO BCEX OTAenax
noukun. NocneonepaunoHHoe HabNOAEHWS 3a naum-
E€HTOM HE BbIABUJIO MPU3HAKOB MOBTOPHOIO KPOBO-
TEYEHMUS NN OCNIOXHEHUI, CBA3AHHbIX C 9HA0BACKY-
NISPHLIM  BMELLIATENIbCTBOM, HapylleHuss paboThl
rnoyeKk W Opyrnux opraHoB Takxke He Obiio. ObLiee
COCTOSIHME MaumneHTa yay4qLlmnioChb, a MOYEBbIE CUM-
NTOMbI U remaTypusi OTCYTCTBOBaIN.

OO6OcyxaeHue

MpencrtaBneHHoe HabnoaeHrue noayvepku-
BaeT BaXXHOCTb PAHHEW U TOYHOW ONArHOCTUKN
npU NOBPEXAEHMN MOYEYHON apTepun B pe-
3ysbTate OCKOJIOYHOr0 paHeHus. bbicTpoe
pacrno3HaBaHVE MPU3HAKOB 1 CUMATOMOB KPO-
BOTEYEHUS N3 MOYEYHOW apTepun, a Takxke npo-
BeAEeHMEe COOTBETCTBYIOLMX BuU3yanmsa-
LIMOHHBbIX nccnepoBaHnmn, Taknx kak KT, aHrmno-
rpacdus, MOryT Aatb BXXHEWLLYIO MHDOPMaLMIO
ONSA MPUHATUSA PeELLeHns 0 nevyeHnn. HekoTopele
aBTOPbI CHMTAIOT, YTO AJ19 COKPALLEHMNSA BpeMe-
HW ONarHOCTUYECKOro UCCNenoBaHus Leneco-
obpasHee BbINOSHATb CENEKTUBHYIO aHrnmorpa-
dunio noyek, Hexenn KT-anruorpaduio, Tak Kak
OHa MMeeT HaMbOoNbLUYIO0 AUarHOCTUYECKYIO
LLEHHOCTb U UMeEeT npeunmyulecTtsa nepepn KT-
aHrvorpaduen, NoCckoJibky MO3BOJIIET BbIAB-
NATb COCYANCTbIE NOBPEXAEHNS U HEMEOJIEHHO
NIe4YnTb UX, Kak TOJIbKO OHM OOHapyXeHbl (5-7).

B Halwem KIMHMYeCcKoM HabnoaeHUn noka-
3aHVEM K NMPOBELEHUIO PEHTIEH3IHO0BACKYNAP-
HOr0 CTEHTUPOBAHUSA MOYEYHOW apTepunmn ABJIS-
nlacb NOCTTPaBMaTnyeckas JIoXXHas aHeBpu3ama
C Hanm4umem kposu B HJ1C neBoi Novku, Makpo-
remMatypus ¢ reMoTamMmnoHagon MOYEBOro ny-
3bIps. HeCMOTpPS Ha TO 4YTO OTKPbITas onepauus
M KOHCEPBATUBHOE NIEYEHNE ABNSIOTCS anbTep-
HaTVBHbIMX BapuaHTamMu, NOTEHUMASIbHbLIE OC-
JNIOXKHEHUS 1 UHBA3VBHBIV XapakTep xmpypruye-
CKOro JIe4YeHUs B cOYeTaHUU ¢ HecTabusibHbIM
KJIMHNYECKNUM COCTOSIHMEM MauVEHTa U Hanu-
YMEM COYETAHHbIX PAHEHUN caenanu sHgoBac-
KYNSipHOE Jie4YeHne npennoyTuTesibHbIM Bapu-
aHTOM Ne4yeHunsi, No3BONALWMM N36aBUTbL Na-
uMmeHTa OT TSXeNloro KpoBoTeydeHuss 6e3
BbINOSIHEHMA HedpakToMUK. Mpun 0630pe nnTe-
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paTypbl HEKOTOPbLIMM aBTOPaMu Takxke oTMeya-
€TCsl, 4TO MCMNOJIb30BAHNE PEHTIEH3HA0BACKY-
JNIPHbIX METOA0B NIeYEHUS, TaKUX KaK YCTaHOB-
Ka 9HA0MPOTE30B, Y 60JIbHbIX C COYEeTaHHbIMU U
KOMOMHUPOBAHHLIMU PaHEHUSAMU  yry4yllaeT
NPOrHO3 4SS XM3HM BONbHbIX, TaK Kak aTK Me-
TOoAbl ManoTpaBMaTUYHbl, OECKPOBHbI, paau-
KasibHbl, UMEIOT ONTUMasbHbIWM O0CTYM, onepa-
uMsa NpoBoauTCs 6e3 NOBPEXAEHNS OKpyXXato-
LLMX TKAHEW 1 opraHoB B 061acTy NOBPEXOEHUS
(8). PelueHne o npoBeaeHNn 3HO0BACKYISIPHO-
ro Ie4eHns BMECTO OTKPbITOMN onepaumu Obisio
NPUHATO B pe3y/ibTaTe BCECTOPOHHEr0 06CYXK-
LEHNS1 COCYOMUCTLIMUN N PEHTIEH3HO0BACKYNAP-
HbIMW XMPypPramu, yponoramu, yunmTbiBas Tsxxe-
Jl0e COCTOSIHME NauVEeHTa U PUCKU, CBA3AHHbIE
C MHBA3VBHbIMUN XNPYPrM4eCKUMN BMELLIATENb-
cTBamMu. B cywecTBytoLen nutepartype B 60J1b-
LWWMHCTBE CllydaeB OJ19 OCTaHOBKM MOYE4YHOro
KPOBOTEYEHWS BbIMONHAIOT aMbonusaunio ap-
TepUU, B PEOKMX Clyyasx — UMMAaHTaumio
cTteHT-rpadTa. MNpu BbIBOPE 3HOOBACKYNAPHO-
ro MeToaa B HaleM KJIMHMYECKOM HabtoaeHnn
peLeHne NPUHUMaN Ha OCHOBAHUN TOrO, Yero
XOTEN0Cb OOCTUMHYTb. YUnTbIBasi HE3HAUYNTESb-
HbIN gedeKT COCYyAUCTOMN CTEHKN 1 JOCTATOYHO
KPYMHbIN AMaMEeTp apTepun, KOTopas nmTaeTt
NnoyKy, aMO0M3aLmsa MOXET NPUBECTU K HEXe-
natenbHOMY MoCcTaMOboNM3aLMOHHOMY addek-
Ty, KOTOpbIN Habnopaetcs y 9,8% naumeHToB
(9). MosTomMy HaWKMM METOAOM SHAOBACKYNSAP-
HOro JiedeHUsa cTana WUMMJaHTauusa CTEeHT-
rpadTa. OgHako Bcerga cnenyeT y4yuTbiBaTb
MOTEHUMAlNbHbIE OrpPaHUYEeHUs MMMNJAHTaLUmn
3HOoMpoTEe3a, nMocneaywLlmin NnpuemM adHTuar-
peraHToB. OQHOOBACKY/sPHblIE BMELLATENbCTBA
MOIyT OKa3aTbCsl HEMNPUIOOHbIMU B TEX Cllyya-
FX, KOrga aHatoMusi MOBPEeXAEHHOro cocyna
U obbeM MNoBpPEXOEeHUS HEe MO3BONAIOT 3d-
HEKTUBHO UMMIAHTUPOBATb CTEHT-rpadT mnn
BbIMOJIHUTbL 3MOONN3AUMIO NMOYEYHO apTepun.
Kpome TOro, Hanumuuve KBainduuUUPOBAHHBIX
WHTEPBEHLMOHHbIX PAaAVONOroB 1 AOCTYN K CO-
OTBETCTBYIOLLMM 3HOOBACKYNAPHBIM METOAU-
KamM 1 060pyaoBaHMIO MOMYT NOBAUATbL Ha Bbl-
60p MeToaa JlIeYeHUs B ONpeaesieHHbIX Meau-
LIMHCKUX Y4PEXOEHNSIX.

3akouyeHue

Taknm obpa3om, HECMOTPS Ha BO3MOXHblE
orpaHmnyeHumd, B TOM 4ncne HGOGXO)J,I/IMOCTb nC-
Nnosb30BaHUSA CrneuyanbHOro obopynoBaHUs U
Hann4yme onbiTa, 3HOO0OBACKYyNdApHble BMella-
TenbCTBa ABJIAIOTCA NMepCnekKTMBHbIM METO40M
nedyeHm4d HOBpG)K}J,eHVIVI MNo4Ye4HbIX apTepMVl.

Mo cpaBHEHMIO C OTKPbITBIM XUPYPrUYECKNM
BMELWIATENbCTBOM 3HOOBACKYNAPHbLIA METOZ,
NleyeHnss UMEET Takme NPENMYLLIECTBA, Kak MU-
HMMasbHas MHBA3MBHOCTb, CHUXXEHWE YacCTOThI
OCJTIOXKHEHWI N COKpaLleHne CPokoB NpebbiBa-
HUSA B CTauMoHape, 4To B KOHEYHOM UTOre yiy4-
waet pesynbrtatbl JIeYEeHUS NaLUEHTOB.
OtcyTcTBME BONbLLUMX XMPYPrUYECKUX paspe-
30B TaKXe CHUXaeT PUCK pa3BUTUS paHEeBOW
MHMEKUMN, 4TO 0COBEHHO akTyaslbHO Mpu CO-
YeTaHHbIX PaHEHUSIX.

OHO0BACKYNSAPHbIA METOA, IeYEHUS MOBPEX-
OEHHONM apTepumn gaeT BO3SMOXHOCTb TOYHO J10-
Kannu3oBaTb M YCTPaHUTb OedEKT MOBPEXOEH-
HOW CTeHKW cocyda U Takum obpa3om ycTpa-
HUTbKPOBOTEYEHNE. PEHTTeHIHO0BACKYIAPHbIN
MEeTOA4 NeYeHnss NMO3BONUSI MUHUMU3NPOBATb
BEPOSATHOCTb COMYTCTBYIOLLMX MOBPEXOEHUN
Mpv OTKPLITOW TPaAULUMOHHOW onepauumn, npe-
LOTBPaTUTb yOaneHne MOBPEXAEHHOW MO4YKM
n obecrneuntb 6onee ObICTPOE BOCCTaAHOBIE-
HMe naumeHTa. DHA0BACKYNApPHOE BMeLLaTE b-
CTBO SIBUJIOCb MEHEE MHBA3MBHbIM BMELLATESb-
CTBOM, 4TO OblJIO KpaHE BaXXHO MPU TAXKESIOM
cocTosiHMK naumeHTa. Mpoueanypa Obina Bbl-
MoOJSIHEHA B ABa 3Tana: CTEHTUPOBAHME MOYey-
HOW apTepun 1 3HOOCKOMMYECKOE yaaneHune
ocKofika, 4YTO B AasibHenwem no3BOANAO
yCMNELWHO BOCCTAHOBUTb Mepdy3nio NoYeyHOom
apTepun 1 yCTpaHUTb UCTOYHMK npearonarae-
MO XPOHMNYECKOW NHMEKLNN.

CnepyeT Takxkxe nOAYEPKHYTb BaXHOCTb
CBOEBPEMEHHOI0  MYJbTUONCLUMIIMHAPHOIO
noaxona Ofns yCrnewHoro jie4eHns noBpexae-
HUIM MOYEYHbIX apTEPUIA, BbISBBAHHbIX OCKOJ1I0Y-
HbIMW PaHEHUAMU, N 3P PEKTUBHOCTb 3HOOBA-
CKYNSAPHbIX METOAOB B TaKUX CAOXHbIX KIIMHU-
yeckux cnyydasx. lNpmsHaBas MoTEHUMAsIbHbIE
MPenMyLLECTBA U OFPaHNYEHNS 3HO0BACKYNAp-
HOro Jle4eHns B AAHHOM KOHTeKCTe, Oyayuime
nceneaoBaHns OOMKHbI ObiTb HarnpaefeHbl Ha
COBEpPLUEHCTBOBaHME OAHHON cTpaTermm Bme-
waTenbCcTBa, ONTUMM3aumno KpUTePUEB oToopa
naumMeHTOB U OLEHKY OTAANIEHHbIX PE3Y/IbTAaTOB.

BbiBOAbI

1. CenexktnBHas aHruorpadus npu TpaBma-
TUYECKOM MOBPEXAEHUN MOYEYHON apTepumn
MO3BOJIIET C BbICOKOM TOYHOCTBIO BbISIBAATb
COCYOMNCTblE MOBPEXAEHNS N HEMELOJIEHHO Ne-
YNTb UX.

2. NpyMeHeHne 3HO0BaCKYNSPHbIX METOO0B
JledeHns No3BoNaeT n3baBnTb NauyeHTa oT Ta-
XEeoro KpoBoTeYeHus 6e3 BbIMNOSIHEHUS opra-
HOYHOCSILLLEro ornepaTuBHOro BMeLLaTebCTaa.
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Short Abstract

This text presents a clinical case of a patient
with a shrapnel-induced renal artery pseudoa-
neurysm with arterial bleeding in the CSF. The
article emphasises the importance of rapid and
accurate diagnosis in shrapnel-induced renal
artery injuries. The use of imaging modalities
such as computed tomography and angiogra-
phy for diagnosis and treatment decision mak-
ing is discussed. The study emphasises the ef-
ficacy of endovascular interventions in the
treatment of renal artery injuries as they provide
minimally invasive access and reduce the
amount of damage to the injured artery, leading
to better treatment outcomes than traditional
open interventions. Further studies are sug-
gested to optimise patient selection and evalu-
ate long-term outcomes.

Introduction

Penetrating combat and non-combat inju-
ries pose a significant risk to vital organs, in-
cluding the renal artery. The severity of these
injuries can result in extensive damage, necro-
sis, and complications such as thrombosis or
pseudoaneurysm formation. The impact of a
wounding projectile results in instantaneous
mechanical deformation and transfer of kinetic
energy to internal organs and tissues, often re-
sulting in profound destruction and traumatisa-
tion of bones, nerves and blood vessels.
Notably, both primary wounding projectiles and
secondary fractures of bones or joints can con-
tribute to severe penetrating wounds, espe-
cially those involving the vascular wall (1).
Damage to blood vessels in wounds occurs in
4.6-9% of cases in wartime and in 19.6-53.6%
of cases in peacetime (2, 3). According to for-
eign studies, the mortality rate in injuries of the
main vessels can reach 50%. Domestic authors
give even more disappointing data. Thus,
V.B. Mosiagin et al. indicate that lethality in this
type of injury reaches 85% (3). Timely and
complete visualisation of injuries of vascular
trunks and other organs and structures contrib-
utes to the reduction of the diagnostic period
and serves as a basis for the choice of rational
therapeutic and diagnostic tactics (4).

Effective management of combat kidney in-
jury requires accurate diagnosis of the extent
and severity of renal artery injury. This requires
a comprehensive approach using a combina-
tion of imaging modalities, including computed
tomography with contrast, angiography and
ultrasound. Magnetic resonance imaging is
a contraindication due to the presence of po-

tential ferromagnetic foreign bodies, while ra-
diographic examination can detect damage to
other structures, primarily bone. Conventional
radiology lacks direct indicators of vascular
damage. Detection of metallic densities in the
projection of vessels serves as a basis for fur-
ther study of the state of the vascular channel.

Injuries of the renal artery are especially
critical due to the possibility of prolonged
haemorrhage and subsequent massive blood
loss. Combined trauma in this case, aggravates
the general condition of the patient and signifi-
cantly increases the risk of complications and
lethal outcome, which further complicates the
results of open surgery. The development of
medical science and technology made it pos-
sible to create and introduce special endovas-
cular instrumentation, which gave rise to a new
method of treatment — X-ray endovascular sur-
gery.

This article presents a clinical observation of
a patient with a shrapnel-induced renal artery
pseudoaneurysm with arrosive infiltration in the
CSF. By describing this clinical case, we aim to
expand the understanding of this pathology
and stimulate further research and develop-
ment in the management of vascular injury.

Clinical observation

The patient, born in 1969, was undergoing inpa-
tient treatment at the FGBU “A.A. Vishnevsky NMIC
VMT” of the Ministry of Defence of Russia. According
to the words of the victim and according to the
medical documentation, a shrapnel wound to the
abdomen was received, primary surgical treatment
of wounds was performed, and superficial frag-
ments were removed. During his stay in hospital, the
wounded man had an attack of left-sided renal colic.
During the ultrasound examination of the abdominal
cavity and kidney organs, a stone of the calyx-loch-
anous system (CLS) of the left kidney was diag-
nosed. The wounded man was treated conserva-
tively. A few days later macrohaematuria was de-
tected in the wounded patient. The patient was
operated, an epicystoma was applied. Diagnostic
studies were performed: computed tomography
(CT) of the abdominal cavity and small pelvis, which
visualised a metal density fragment above the pel-
vic-ureteric segment on the left (Fig. 1), pyelocali-
coureteroectasia on the left. On intravenous urogra-
phy, untimely excretion of contrast agent (hour de-
lay) by the left kidney, associated with compression
of the pyelo-urethral segment of the ureter by the
fragment (Fig. 2).

Against the background of complete well-being,
the patient repeatedly developed macrohaematuria

Ne 76, 2024



INTERVENTIONAL ANGIOLOGY

Fig. 1. Highlighted uro-radiograph. The arrow indicates
the fragment.

and bladder haemotamponade. The tamponade was
resolved — the bladder was washed to clear waters.
There was a decrease in haemoglobin level to 60 g/I.
Urea - 4.3 mmol/l, creatinine - 66.9 umol/I.
Haemotransfusion with 2 doses of erythrocyte
suspension and 2 doses of fresh frozen plasma
was performed. The haemoglobin on the next day
was 79 g/I. A CT scan of retroperitoneal organs was
performed as an emergency: a metal-density for-
eign body above the pelvic-ureteric segment on the
left, a metal-density fragment with dimensions
16 x 17 x 12 mm. Partially lysed blood, haemopyeli-
tis, partial kidney block, kidney excretory function
decreased.

To clarify the source of bleeding, a decision was
made to perform diagnostic angiography of the renal
artery. Selective angiography revealed: in the pro-
jection of the left renal artery of metallic density
a foreign body up to 1.6 cm in diameter, not con-
nected with the artery. In the projection of the proxi-
mal parts of the left renal artery, when performing
3D-angiography, an extraluminal location of the
fragment is determined. Contrast agent retention in
the zone of the upper pole of the left kidney presum-
ably in the zone of the PSC (Fig. 3), the contours
of the left renal artery are smooth, aneurysmal dila-
tation of about 4-5 mm in diameter with a wide neck
is visualised in the branch supplying the middle part
of the kidney body. The cause of bleeding, in our
opinion, is damage of parenchymatous vessels in
the area of the damaged segmental renal artery and
arrosive bleeding in the CSF.

The consilium decided to perform a one-stage
X-ray endovascular intervention in the volume of
stenting and disconnection of renal artery aneurysm
by stent graft placement as the first stage of surgical
intervention in order to exclude recurrent bleeding.
Stenting of the left renal artery was performed ac-

Fig. 2. CT scan with contrast The arrow indicates the
fragment.

cording to the standard technique with access
through the radial artery, a D-0.014" guide was
inserted into the distal part of the target artery.
A stent-graft (D-3.0 mm, L-20 mm) was implanted in
the area of false aneurysm. At the control angiogra-
phy: the arterial lumen was restored, blood flow in
the false aneurysm was not visualised, blood supply
of the distal artery was satisfactory, there were no
signs of arterial dissection and perforation (Fig. 4).

Fig. 3. Angiogram of the left renal artery. The arrow

indicates a posttraumatic aneurysm.
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Fig. 4. Angiogram of the left renal artery after stent graft
placement, the aneurysm is switched off from the blood
flow.

Fig. 5. Use of a magnet when searching for a metal
fragment during endoscopic examination.

Fig. 6. Fragment, size 1.5x 1.0 cm.

The second stage of surgical intervention con-
sisted in endoscopic removal of the fragment using
a magnet (Fig. 5-6). The location of the fragment
was determined, which was subsequently grasped
with a clamp and removed. Pulsation on the vessels
is distinct.

One week later, control laboratory tests were per-
formed, including markers of renal function and hae-
moglobin level, which were: haemoglobin 104 g/I,
urea - 4.8 mmol/l, creatinine - 78 umol/I.
Instrumental investigations were performed; ac-
cording to duplex scanning of the left kidney, arterio-
venous blood flow was preserved in all parts of the
kidney. Postoperative follow-up of the patient re-
vealed no signs of recurrent bleeding or complica-
tions related to endovascular intervention, there
were no disorders of kidneys and other organs. The
patient’'s general condition improved, and urinary
symptoms and haematuria were absent.

Discussion

This case highlights the importance of early
and accurate diagnosis in renal artery injury
due to shrapnel injury. Prompt recognition of
signs and symptoms of renal artery haemor-
rhage and appropriate imaging studies such as
computed tomography, angiography can pro-
vide crucial information for treatment decision
making. Some authors believe that it is more
appropriate to perform selective renal angiog-
raphy rather than CT angiography to reduce
diagnostic time, as it has the greatest diagnos-
tic value and has advantages over CT angio-
grams in that it allows vascular lesions to be
identified and treated immediately as soon as
they are detected (5-7).

In our clinical case, the indication for X-ray
endovascular stenting of the renal artery was
a posttraumatic false aneurysm, presence of
blood in the left renal hilum, macrohaematuria
with bladder haemotamponade. Despite the
fact that open surgery and conservative treat-
ment are alternative options, the potential com-
plications and invasive nature of surgical treat-
ment combined with the patient's unstable
clinical condition and the presence of concom-
itant wounds made endovascular treatment the
preferred treatment option to relieve the patient
of severe bleeding without performing nephrec-
tomy. During the literature review, some authors
also noted that the use of X-ray endovascular
treatment methods, such as endoprosthesis
placement in patients with combined and com-
bined wounds, improves the prognosis for the
life of patients, as these methods are minimally
traumatic, bloodless, radical, have optimal ac-
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cess, and the operation is performed without
damage to the surrounding tissues and organs
in the area of injury (8). The decision to perform
endovascular treatment instead of open sur-
gery was made after extensive discussion by
vascular and X-ray endovascular surgeons,
taking into account the patient's severe condi-
tion and the risks associated with invasive sur-
gery. In the existing literature, arterial embolisa-
tion is performed in most cases to stop renal
bleeding, and stent-graft implantation is per-
formed in rare cases. When choosing an endo-
vascular technique in our clinical treatment
case, we decided on the basis of what we
wanted to achieve. Given the minor defect in
the vascular wall and the rather large diameter
of the artery that feeds the kidney, embolisation
may lead to undesirable post-embolisation ef-
fects, which are seen in 9.8% of patients (9).
Therefore, our method of endovascular treat-
ment was stent-graft implantation. However,
potential limitations of endoprosthesis implan-
tation, subsequent administration of antiag-
gregants should always be considered.
Endovascular interventions may not be suitable
when the anatomy of the injured vessel or the
extent of the lesion does not allow effective
stent-graft implantation or renal artery emboli-
sation. In addition, the availability of qualified
interventional radiologists and access to appro-
priate endovascular techniques and equipment
may influence the choice of treatment in certain
medical centres.

Summary

Despite possible limitations, including the
need for specialised equipment and expertise,
endovascular interventions are a promising
method for the treatment of renal artery inju-
ries. Compared to open surgery, endovascular
treatment has advantages such as minimal in-
vasiveness, reduced complication rates and
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shorter hospital stays, which ultimately im-
proves patient outcomes. The absence of large
surgical incisions also reduces the risk of wound
infection, which is especially important in case
of combined wounds. Endovascular treatment
of the injured artery allowed precise localisation
and repair of the defect in the damaged vessel
wall, thus eliminating bleeding. X-ray endovas-
cular treatment minimised the likelihood of col-
lateral damage during open conventional sur-
gery and prevented removal of the damaged
kidney, and allowed for a faster recovery of the
patient. The endovascular intervention provid-
ed a less invasive intervention, which was es-
sential in the patient's severe condition. The
procedure was performed in two stages: renal
artery stenting and endoscopic removal of the
debris, which subsequently allowed successful
restoration of renal artery perfusion and elimi-
nation of the source of presumed chronic in-
fection.

In conclusion, this work emphasises the im-
portance of a timely multidisciplinary approach
for the successful management of renal artery
injuries caused by shrapnel wounds and dem-
onstrates the efficacy of endovascular tech-
nigues in such complex clinical cases.
Recognising the potential benefits and limita-
tions of endovascular treatment in this context,
future studies should aim to improve this inter-
vention strategy, optimise patient selection cri-
teria and evaluate long-term outcomes.

Conclusion

1. Selective angiography in traumatic renal
artery injury allows vascular injury to be de-
tected with high accuracy and treated immedi-
ately.

2. Application of endovascular methods of
treatment allows to relieve the patient from se-
vere bleeding without organ-killing surgical in-
tervention.

BectHuk CaHkT-1eTepbyprckoit MeavUmnHCKo akaaemmm
nocneauniaomHoro obpasosarus. 2011, 3 (2), 85-90.
Shanobov A.A., Simbirtsev S.A., Trunin E.M. Surgical treat-
ment wounds main vessels of a neck. Bulletin of St.
Petersburg Medical Academy of Post-Graduate Education.
2011, 3(2), 85-90. (In Russian)

3. MocsarvnH B.B., YepHbiw A.B., PbinbkoB B.®D. 1 gp. OnbiT
XUPYPrU4ecKoro nNeYeHns paHeHun wew. BectHuk Poccuii-
CKOW BOEHHO-MeanumHckou akagemmm. 2012, 3 (39), 86-90.
Mosiagin V.B., Chernysh A.V., Rylkov V.F. et al. Experience
with surgical treatment of the neck wounds. Bulletin of the
Russian Military Medical Academy. 2012, 3 (39), 86-90.

OHpaoBackynspHoe 1e4eHne NoBPeEXAEHUS MNOYEYHOU apTepun rnpu 0CKOJI0YHOM PaHEHUN

(In Russian)



WHTEPBEHLUNOHHAS AHITMOJI0Mns

4. abaes P.M., MBaHoB A.B., VBaHoB B.A., Jlnwyk A.H.
Mcnonb3oBaHve peHTreHaHL0BacKyNapHOM aHrmorpadum
0N OMArHOCTVMKM MOBPEXAEHHbIX COCYAOB NpY Mano-
nHdopmatmeHon Budyanusaumm Ha KT-aHrnorpadpum.
BecTHuk MeanumHCKOro WHCTUTYTA HEMNPepbIBHOIO
obpasoBaHus. 2023, 3 (1), 56-62.

Shabaev R.M., Ilvanov A.V., lvanov V.A., Lischuk A.N. The
use of X-ray endovacular angiography for the diagnosis of
damaged vessels with low-informative visualization on CT
angiography. Bulletin of the Medical Institute of Continuing
Education. 2023, 3 (1), 56-62. (In Russian)

Breza J. Jr, Javorka V. Jr., Mizickova M. et al. Arterio-
venous fistula with pseudoaneurysm of renal artery. Bratis/
Lek. Listy. 2012, 113 (5), 289-292.

https://doi.org/ 10.4149/bll_2012_067

. Alabat Roca A., Torrecilla C., Colom Freixa S.C. et al.
Endovascular management of hemorrhagic complications
after percutaneous nephrolithotomy: 10 years experience.
Eur. Urol. Open Sci. 2020, 19 (Suppl. 2): e1042.

Salimi J., Rasekhi Siahkalmahalleh M., Miratashi Yazdi S.A.
Endovascular management of post PCNL vascular injuries.
Clin. Case Rep. 2023, 11 (6): e7551.

https://doi.org/ 10.1002/ccr3.7551

LLlabaes PM., MBaHoB A.B., JInwyk A.H. JleueHune aptepuno-
BEHO3HON PUCTYNbl PEHTIEHIHA0BACKYNSPHBEIM METOAOM
naumMeHty ¢ nonautpaeBmoit. OnucaHue KIMHUYECKOro
cnyyas. BectHuk MeanLmHCKOro HCTUTYTa HeNpPepPbIBHOrO
ob6pasoBaHus. 2022, 4, 41-45.

https://doi.org/ 10.46393/27821714_2022_4 41

Shabaev R.M., Ilvanov A.V,, Lischuk A.N. Treatment of arte-
riovenous fistula by endovascular method to a patient with
polytrauma. Description of the clinical case. Bulletin of the
Medical Institute of Continuing Education. 2022, 4, 41-45.
https://doi.org/10.46393/27821714_2022_4_41
(In Russian)

Pretorius R., Vlok S., Van der Merwe A. et al. Renal artery
embolisation: indications and utilisation at Tygerberg Hospital.
S. Afr. J. Surg. 2019, 57 (4), 33-39. PMID: 31773930

CeBepneHus 06 aBTopax [Authors info]

MUBaHoB AnekcaHap BnagumupoBsuu - 3asenytowwmii otaenednem PXMIJ OreY “HMUL, BMT umenmn A.A. BuwwHesckoro” MMHOGOPOHGI
Poccun, KpacHoropck, MockoBckas 0611; npenofaBatesib Kapeapbl PEeHTreHIHA0BACKYISPHBIX METOI0B AMArHOCTUKM 1 neveHns Pra0y
BO “Poccuiicknii yHuBepcuTeT ApyxObl HapoZoB umeHu MaTtpuca Jlymym6bl”; 3aBefyowmin kadeapon PEeHTreHaHL0BACKYIAPHBIX
MeTo[0B AuarHocTvku 1 nedenus GrEQY BO “Poccuiickunii GrotexHonornyeckuin yHusepcuteT (POCEMOTEX)”, Mocksa. https://orcid.
org/0000-0002-3214-2375

LLla6aes Padasanb MapaTtoBuu - KkaHd. mMef. Hayk, Bpay otaenexues PXMAJT ®reY “HMUL, BMT wumenn A.A. BuwiHesckoro”
MwuHo60poHbl Poccuu, KpacHoropck, MockoBckast 0611. https://orcid.org/0000000395953028

MeaHoB Bnagumup AnekcaHgpoBuy — JOKTOP Mefl. HayK, npodeccop, 3acnyxeHHbli Bpad PO, nonkoBHUK MeaMUMHCKOW CryxObl
B otctaBke, ¢unman GrEBOY BO “BoeHHO-MeauumHckas akagemusi umenn C.M. Kuposa” MuHucTepcTBa 060poHbI Poccuiickoit
®epepaumnn B . Mockee, Mockaa. https://orcid.org/0000000333193294

CutHukoB Hukonaii BacunbeBuy — [OKTOP Mef,. Hayk, [OLEHT, 3aCyxeHHbli Bpay PO, Bpay yponoruyeckoro otaenenns Grey “HMULL
BMT umenn A.A. BuwHesckoro” MuHobopoHbl Poccum, KpacHoropck, MockoBckasi 0611,

HectepeHko Bnaagucnae Hukonaesuu - Bpay yposoruyeckoro otaenerns OreY “HMULL BMT nmenun A.A. BuHesckoro” MUHOGOPOHGI
Poccuu, KpacHoropck, Mockosckast 0611

BasaHoe UBaH CepreeBuuy - kaHa. Mea. Hayk, Bpad otaeneHus PXMIJ1 ©reY “HMULL BMT nmenn A.A. BuwHesckoro” MinHo60poHbI
Poccun, KpacHoropck, Mockosckas 06n. https://orcid.org/0000-0003-1758-8704

* Agpec ans nepenucku: VIBaHos Anekcanap Bnagnmmposuy — angioiva@mail.ru

Alexander V. Ivanov - Head of the endovascular methods of diagnosis and treatment department department, A.A. Vishnevsky Central
Military Clinical Hospital of the Ministry of Defense of the Russian Federation, Krasnogorsk, Moscow region; Teacher of the Department
of endovascular methods of diagnosis and treatment, People’s Friendship University of Russia named after Patrice Lumumba; Head of the
Department of endovascular methods of diagnosis and treatment, Russian Biotechnological University (BIOTECH University), Moscow.
https://orcid.org/0000-0002-3214-2375

Rafael M. Shabaev - Cand. of Sci. (Med.), Physician of the RCHMDL department, A.A. Vishnevsky Central Military Clinical Hospital of the
Ministry of Defense of the Russian Federation, Krasnogorsk, Moscow region. https://orcid.org/0000000395953028

Vladimir A. lvanov - Doct. of Sci. (Med.), Professor, Honored Physician of the Russian Federation, retired Medical Colonel, Branch of the
Kirov Military Medical Academy of the Ministry of Defense of the Russian Federation in Moscow, Moscow. https://orcid.org/00000003-
33193294

Nikolay V. Sitnikov - Doct. of Sci. (Med.), Associate Professor, Honoured Doctor of the Russian Federation, Physician of urological
department, A.A. Vishnevsky Central Military Clinical Hospital of the Ministry of Defense of the Russian Federation, Krasnogorsk, Moscow
region.

Vladislav N.Nesterenko - Physician of urological department, A.A. Vishnevsky Central Military Clinical Hospital of the Ministry of Defense
of the Russian Federation, Krasnogorsk, Moscow region.

Ivan S. Bazanov - Cand. of Sci. (Med.), Physician of the RCHMDL department, A.A. Vishnevsky Central Military Clinical Hospital of the
Ministry of Defense of the Russian Federation, Krasnogorsk, Moscow region. https://orcid.org/0000-0003-1758-8704

* Address for correspondence: Alexander V. lvanov — angioiva@mail.ru

CraTtbg nony4yeHa 5 okts6ps 2023 .
Manuscript received on October 5, 2023.

MpuHaTta B nevyatb 5 mapta 2024 .
Accepted for publication on March 5, 2024.

Ne 76, 2024




INTERVENTIONAL ANGIOLOGY

ISSN 1727-818X (Print); ISSN 2587-6198 (Online)
https://doi.org/10.24835/1727-818X-76-45

PeBacKkynsapusauusa UiM KOHCepBaTUBHasA Tepanus
Nnpu NnepemMeaiolencsa XpoMoTe — CUCTEMATHUECKHUH
00630p U MeTaaHa/Iu3 KJIMHUYECKHUX UCCNiefJOBaHUH

C nepuofoM HabnogeHus 5 ner u 6onee

A.B. EpoweHko’ ?, J1.0. MurywwkuHa®, N.A. Epowuknn* 5, E.A. 3yboBa® ¢

" PrAOY BO Poccuvicknii HaumMoHasibHbIA NCCAen0BaTeIbCKui MEANLIMHCKNIA YHUBEPCUTET
um. H.U. NMuporosa MuH3apasa Poccumn, Mocksa, Poccusi

2 AO “KnuHunka K+31”, Mocksa, Poccusi

3 @rey ArNO “LleHTpanbHas rocyaapcTBeHHas MeavumnHcekas akagemus” YrnpasiaeHvs genamm
lMpeaunneHta Poccurickor denepaummn, Mockea, Poccus

4 Pre0y BO “MockoBCkuii rocyaapCTBEHHbIV MEAMKO-CTOMAaTO10rM4€CKNI YHUBEPCUTET
umeHun A.U. EBnokmnmoBa” MuH3apasa Poccuu, MockBa, Poccusi

5T'BY3 ropoga Mocksbl “Hay4yHO-nccaenoBarenbCkui MHCTUTYT CKOPOM MOMOLLN
nmeHn H.B. Cknngocosckoro 3 ropoga Mocksbl”, MockBa, Poccus

6 Y3 ropoaa Mocksbl “ITKB Ne29 [13 ropoga Mocksbi”, MockBa, Poccus

Llenb nccnepgoBaHusi: rnpoBECTY MeTaaHa M3 KIIMHNYECKUX UCCIeA0BaHMI Mo OLEHKe pucka Hebaronpu-
SITHBIX CXOLO0B rPyrrbl NauMeHToOB C nepemexarolyerics xpomoTori (1X), koTopbiM bblia NnpoBeaeHa PaHHsIs
peBackynspuaaums (OTKPbITas iy 3HA0BACKYJISPHasI), U rpyrirbl KOHCePBAaTUBHOIO JIEHEHUS] B TeHEHNE [4J1-
Te/IbHOIro nepvoaa HabawnaeHus (5 net n 6osnee).

Martepuan n metoabl. B aHann3 BKIIIOYEHO 6 KIIMHUYECKUX NCCIIeA0BaHWI MO CPaBHEHUIO KOHCepBaTUBHOM
v orneparvBHou cTpateruii neqyerus NX. OLueHVBannCh CAeayoLme KOHEYHbIE TOYKM: YacToTa NMpoLeayp Hela-
r1aHnpPoOBaHHOM PEeBaCKy/IssPU3aLmnm, nMpPorPeccupoBaHNe A0 KPUTUHECKOW WLLIEMUU HUXHUX KOHEYHOCTEl
(KUHK), Bbicokasi ammyTaLimsi KOHEYHOCTH, 06LLasi CMEPTHOCTb. Pe3yibTaTbl AUXOTOMUYECKUX MCXOAO0B Mpes-
CcTaBJIEHbI B BUAE rnokasaresner pasHulbl puckos (PP) n noBeputenbHoro nHtepsana (AN). [Ans pacuetra PP
UCI0Ib30BaIN MOAEb (PUKCUPOBAHHbIX 3P@OEKTOB M MOAEJb CryqariHbiX Be/ndYuH. Takxke ornpeanesnssicsi
KO3 PuLMEHT reteporeHHocTu (12).

Pe3ynbratel uccnepgoBaHus. Yepes 5 net HabiogeHVs B rpyrine pPeBacKyaspu3aLnmmy rno CPaBHEHUIO C rpyri-
104 KOHCEPBAaTVBHOIO JIe4EHMSI OKa3asiack JOCTOBEPHO BbILLE HACTOTa He3araaHNpoBaHHOV peBacKyispu3a-
umm (PP 0,131; 95% [iN 0,0701-0,191, p < 0,001).Takxe B rpyrine paHHer peBacKyispu3aLmm okasanach
BbILLIE YacTOTa amryTaumm KOHEYHOCTU v rporpeccupoBaHus Ao KUHK, oaHako gaHHbIe nccienoBaHuii rete-
poreHHsbl (12 — 83,87%, 12 — 87,67%), a npu ncrosib30BaHUM paHZOMHOM MOAEIN OTINYMS MEXAY rpyrnnamMmm
oKka3sasincb HeAO0CTOBEPHbLI. CMEPTHOCTb Oblsia HECKOJILKO BbILLE B rPyrirne KOHCepBaTUBHOIO J1€4EeHWs], OAHaKO
pasnnyms Mexay rpynrnamuv He4OCTOBEePHbI C Y4ETOM BbICOKOV reTeporeHHOCT AaHHbIX (12 — 79,91%).
BaknovyeHne. MetaaHann3 AaHHbIX KIIMHUYECKUX UCCEA0BaHUI 0 CPaBHEHWIO KOHCEPBaTUBHOM 1 ornepa-
TUBHOW cTparernii nedeHus X ¢ nepynogom HabogeHns 5 net v 6osee rnokasbliBaeT MpeyMyLLecTBO KOHCep-
BaTUBHOW TaKTUKW B OTHOLLIEHUY PUCKa He3ar/laHupOoBaHHOV peBackyspuaaumnn. UIMeeTcs TpeHa K yBenye-
HUIO YaCTOThl aMryTaLmii 1 rnporpeccupoBaHust 4o KUHK B rpyrnne paHHe peBacKyispu3anmmy rno cpaBHeHuo
C rpyrrovi KOHCepPBaTUBHOIO JIeHEHUS B KIIMHNYECKMX NCCIIeA0BaHUSIX C AJINTESbHBIM NePUoA0oM HaboaeHMs,
0AHAaKo 3TOT TPEeHA TPebyeT AOMNOJIHNTE IbHbIX 0Ka3aTes/IbCTB C Y4E€TOM BbICOKOM reTeporeHHOCTH AaHHbIX.

KnroueBbie cnoBa: repemexaiollascsi XpoMmoTa, PeBacKy/ispusalms, KOHCepBaTuBHOE JIeYeHue, MeTa-
aHann3, oThaaeHHbIN nepuos HabmoneHus
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and meta-analysis of clinical trials

with a follow-up period of 5 years or more

A.V. Eroshenko' 2, L.O. Minushkina?, |.A. Eroshkin**, E.A..Zubova? ¢

" Pirogov Russian National Research Medical University of the Ministry of Healthcare of the Russian
Federation, Moscow, Russia

2 “K+31 Clinic”, Moscow, Russia

3 Central State Medical Academy of the Presidential Administration of the Russian Federation,
Moscow, Russia

4 A.l. Evdokimov Moscow State University of Medicine and Dentistry of the Ministry of Healthcare
of the Russian Federation, Moscow, Russia

5 Sklifosovsky Research Institute for Emergency Medicine of Moscow Healthcare Department,
Moscow, Russia

6 City Clinical Hospital No29 of Moscow Healthcare Department, Moscow, Russia

Objective. To perform meta-analysis of clinical studies assessing the risk of adverse outcomes in groups
of patients with intermittent claudication (IC) who underwent early revascularization (open or endovascular)
and in a conservative treatment group with a long period of follow-up (5 years or more).

Material and methods. Analysis included 6 clinical studies comparing conservative and surgical treatment
strategies for IC. The following endpoints were assessed: incidence of urgent revascularization procedures,
progression to critical limb ischemia (CLI), high amputation of the limb, and total mortality. Results for
dichotomous outcomes are presented as risk difference (RD) and confidence interval (Cl). To calculate RD,
a fixed effects model and a random effects model were used. Heterogeneity index (12) was also determined.
Study results. After 5 years of follow-up, incidence rate of urgent revascularization appeared significantly
higher in revascularization group comparing to conservative treatment group (RD 0.131; 95% CI: 0.0701-
0.191, p < 0.001). In the early revascularization group there was also a higher rate of limb amputation
and progression to CLI, however, the study data are heterogeneous (12 — 83.87%, 12 87.67%), and if using
a random model, the differences between the groups were insignificant. Mortality is slightly higher in
conservative treatment group, but the differences between the groups are not significant given the high
heterogeneity of the data (12-79.91%).

Conclusion. A meta-analysis of clinical trial data comparing conservative and surgical treatment strategies
for IC with a follow-up period of 5 years or more shows the advantage of conservative treatment with respect
to the risk of urgent revascularization. There is a trend toward increased rates of amputation and progression
to CLIin the early revascularization group comparing to conservative treatment group in clinical trials with long-
term follow-up, but this trend need to be further confirmed given the high heterogeneity of the data.

Keywords: intermittent claudication, revascularization, conservative treatment, meta-analysis, long-term
follow-up
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BeepeHue

Bo Bcem mMupe 3aboneBaHus nepudepude-
ckux aptepun (3M1A) a9BnAOTCS WMPOKO pac-
npocTpaHeHHbIM 3abonieBaHMEM, CBSI3aHHbIM
C aTepocknepo3omMm, ycTynass nepBoe MecTOo
b nwemmndeckon 6onesHn cepaua (MBC).
Kpome TOro, B HacTosliee BpeMs B CBA3U
C YBENIMYEHMEM MNPOAOIIKUTENBHOCTU XU3HU
4yncno 60NbHbIX NepudeprnyeckuM aTepockre-
po3oM elle Oonee 3HAYMMO YBEINYMBAETCS
(1). MposieneHna 3INA BapbupytoT OT abCoNoT-
HO 6ECCUMMNTOMHOIO TeYEHUS A0 KPUTUHECKOMN
nwemMmum HmxHmx koHeyHocten (KUHK), npwm
TOM, 4YTO Hambonee 4acTblIM CUMIMTOMOM SABNS-
eTca nepemexawwasica xpomota (IMX).
PacnpocTpaHeHHoCcTb [1X cocTtaBngeT 0KOJio
7% y nauyeHToB cTaplie 60 net (2).

XopoLwo W3BECTHO, 4TO nauueHTtbl ¢ [IX
VIMEIOT MOBbILLIEHHbIN PUCK HEBNAronpUSTHbIX
COObITUIA, CBA3AHHbLIX C aTEPOCKIEPO30M,
a WVMEHHO KapaMoBaCKyNsipHbIX COObITUNA
N CMEpPTU, B TO BPEMS KaK yacToTa Hebnaro-
NMPUATHBLIX COObLITUA CO CTOPOHbI KOHEYHOCTWU
(NporpeccupoBaHne 0o KPUTUYECKOW ULLEMUN
1 amnyTauus) OoCTaTodyHo peaku. B nccneno-
BaHuM S.C. Muluk n coaBT. cymmapHas yactota
BbICOKMX W MasblX amniyTaunin y nauneHToB
c NX B TeyeHmne 10 net coctaBmna meHee 10%,
B TO BPEMS KaK NeTasIbHOCTb B TEYEHME roga —
12% (3). o cux nop He cyLiecTByeT eauHOro
nogxoga K sedeHuto nauveHtoB c [1X. XoTts
OENCTBYIOLME pPEKOMEHAauMu npegycmaTpu-
BalOT OOJbLLIOA KOMMIEKC MEPOMNPUATUIA KOH-
CEpPBATMBHOW Tepanuu — 0TKa3 OT KypeHus,
KOHTPOJIMPYEMbIE TPEHUPOBKN U MeaAnKaMeH-
TO3HYIO Tepanuio B Ka4eCcTBE JIEYEHUSA NepPBOM
nHum npwu MNMX (4) — koNMYecTBO NpoLenyp pe-
BaCKy/iapm3aumm HeykKJIoHHO pacTeT (5). B uc-
cnegosaHuu B. Li n coaBT. npoaHanm3npoBaHbl
[aHHble NauneHToB, nNponedeHHbix ¢ 2010 no
2019 r. B CLLIA n Kanape. 247 770 naumeHToOB
n3 CLUA n 3467 naumeHToB n3 KaHaabl 6biin
BKJIIOYEHbI B UCCNeaoBaHne, A0S PeBACKY/IS-
pusaunin no nosogy MNX B CLUA coctaBuna
42,3%, B KaHape — 35,7% (6).

Mooxon, onpenensowmnn BO3MOXHOCTb
npoBeneHns pesackynapmsaumn npu MX, obo-
CHOBbIBAIOT KJIMHUYECKMMW UCCNEO0BaHUSMN,
B KOTOPbIX coobuianocb 06 ynyylleHnn kaye-
CTBa XW3HM NauMeHTOB, MOJIYYMBLUUX ornepa-
TUBHOE JleyeHue, Mo CPaBHEHMIO C KOHCepBa-
TUBHbIMU MeTodamn. OoHako B OOJIbLUMHCTBE
3TUX MCCNeaoBaHUI NnaumeHTbl Habnaannch
BCero B TedeHue 1-2 net, n pasmepsbl BbIOOPKU,
Kak npaBuo, 6blan HeGoNbLINMK (7).

JaHHble cuctemaTtmnyeckoro o63opa 1 meta-
aHanuaa, onybnmkosaHHoro B 2015 . R.D. Mal-
gor n coaBT., BKOYMBLLErO 12 KINMHUYECKUX
nccnegoBaHuii n 1548 nauyeHToB, Noka3biBa-
IOT, 4TO Y NaymeHToB C [MX OTKPbITbIE XMPYPIrn-
yeckne BMeLLATENbCTBA, 9HO0BACKYNSAPHbIE
npoueaypbl 1 nevedbHas GuaKynbTypa NpeBocC-
X0OAaT MeAVKAMEHTO3HOE JIEYEHME C TOYKM
3PEHUS YNYULLEHUS ANCTaHUMN XOObObIl, Kyrn-
poBaHusa 6onm 1 ocnabneHus cumntTomoB [MX.
MapameTpbl KPOBOTOKA MNPV 3TOM Yy4LlatTCcA
ObICTpee 1 KadyecTBeHHee npu obenx popmax
peBackynapu3aumm No CPaBHEHUIO C HEXNPYP-
rMYyecknm neyeHmem ¢ NoMoLLbio GU3N4eCKmx
yrpaxHEeHUN NN MeanKaMeHTO3HOro JleyeHus
(8). B maHHOM MmeTaaHanmae nuilb B OAHOM UC-
cnepoBaHun (9) cpok HabNoaeHUs COCTaBU
70-74 mec, B oCTanbHbIX Nepnoa HabnioaeHus
Obl1 3HAYNTENBHO KOPOYEe, CPEedHUn CPOK Ha-
o6niopeHns coctasun 23,6 Mec.

OpHako [ONrocpoYHble pe3ynbTaTbl Hec-
KONbKUX PaHOOMU3NPOBaHHbIX KOHTpPOMpye-
MbIX UCCNe00OBaHU CBUAETENbCTBYIOT O TOM,
4YTO paHHME MpeuMyLlecTBa cTpaTerum pesa-
CKYNsipu3aLumm rno cpaBHEHUIO C KOHCEPBATMB-
HOM TaKTUKOMN JIeYEeHUSI CO BPEMEHEM MOryT
OblTb yTpayeHbl, a nauumeHTbl, NnepeHecLume
BMELUATENLCTBO HAa PaHHEW cTagun, NoaBep-
ratoTcs 3HA4YUTENbHO OOMbLIEMY KOMMYECTBY
MOBTOPHbLIX MNpoueayp B TeYEeHMe nocnenyto-
wero HabnoaeHmsa (10).

B T0 e Bpems pe3ynbTaTthl peBackynapmaa-
umm npu MNMX 1 gonrocpo4yHom HabawaeHnn 3a
nauyieHTamMm B CPaBHUTESNbHbIX MCCNEA0BaHU-
S1IX COBCEM HE ONTUMWUCTUYHbI — B UCCenoBa-
Hum S.E. Altin n coaBT., npoBeaeHHoro B CLLA
M OLEHUBLLUEro [OO0/IrOBPEMEHHbIE MCXOAbl
y NauyeHTOB, NepeHecLUnX BMeLlaTeIbCTBa Ha
apTepusax 6enpeHHO-MNOAKONIEHHOr0 CermMeH-
Ta, YyacToTa aMmnyTtaumm KOHEYHOCTU COCTaBU-
na 4,3% 3a 4 roga, npu aTom y 3,2% nauuneH-
TOB BbINOJIHEHbI BbiCOKMe amnyTtaumm (11).
B nccnegosaHue T. Gunnarson n coaBT. Oblsi0
BKJIIOYEHO 775 naumeHToB ¢ X, BcemM nauneH-
TaM NpoBedeHa npouenypa peBackynspmsa-
unn, nepuon HadbnogeHusa coctaBun 8 ner.
261 naumeHTy 6b1s10 BbINOJIHEHO 486 NOBTOP-
HbIX BMELLATENBLCTB, N3 HMX 239 BMellaTenbCTB
no noesoay KMHK, obuwaa cmepTHOCTL 3a 8 neT
coctasuna 40,1%, Bbicokne amnytaumm Obinuv
BbIMOJIHEHBbI 21 (2,7%), 30 (3,9%) n 52 (6,7%)
naumeHTam 3a 3, 5 n 8 netT cooTBETCTBEHHO
(12).

Ha npumepax AaHHbIX NCCNeaoBaHWin C om-
TeNlbHbIM MEPUOAOM HAbNIOOEHNS MOXHO OT-
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METUTb, YTO Y NALUVEHTOB, MEPEHECLUNX PEBA-
ckynsapusaumio no nosoay MNX, otrmevaeTcs Bbl-
cokas yactoTa MOBTOPHbIX BMELLATENLCTB Ha
KOHEYHOCTU, BbiCOKAsi YacTtoTa MpPOrpeccmpo-
BaHua 0o KNMHK, a yactota amnytaumnin pacTteT
MPOrpeccuBHO C rogamMmuy nocne npoBeneHus
nepBon npouenypbl pesackyndpusaumu. B npo-
TUBOMOJIOXXHOCTb 3TOMY UCCNEeLOBaHUSA, Oe-
MOHCTPUPYIOLLME MPENMYLLLECTBA PEBACKYIS-
pusaumu, oLeHMBaloT pe3ysbTaThbl Yepes 6 Mec
M rog nocne BKAKYEHUSA NAUMEHTOB, a JaHHbIE
00 oTpaneHHbIX pe3ynstaTtax (5 n 6onee ner
HabnoOeHNs1) CYLECTBEHHO OrpaHuyeHbl, Y4TO
1 NOCNY>XWA0 NOBOAOM AJ1S1 HAMMCAHUA OAaHHO-
ro MeTaaHanmaa.

Lenb unccnepoBaHMsA: OLEHKA pesysbra-
TOB NMPUMEHEHMS NpoLueaypbl peBackynsapusa-
LM (OTKPbITOW U 9HO0BACKYNAPHOM) Yy NauUneH-
TOB C [N1X NO cpaBHEHMIO C rPynnon KoHcepBa-
TUBHOIO JIe4EHUS B TEYEHUE [JINTENIbHOIO
nepuopa HabnwoaeHuns (bonee 5 ner).

Matepuan n metoabl

Monck nnpopmaumm ons HanMcaHusa cucTe-
MaTunyeckoro o6sopa U MeTaaHanusa NpoBO-
OWNNCS COornacHo OOHOBIEHHOMY PYKOBOACTBY
no npenocTaBfieHNIo pe3ynbLTaToB cUcTemMaTu-
yeckmx 0630poB (The PRIZMA 2020) (13) un
AMSTAR (14). Nowuck nutepaTtypbl NPOBOANIICA
B 6a3zax Pubmed n Google Scholar, Takke no
LOMONIHUTENbHLIM UCTOYHMKaM nHdopmaumn —
6ubnmorpadumnyeckmm ccblikamM M3 yXe BKIIO-
YeHHbIX UCCNeaoBaHNn, y4ebHOW nnTepaTypbl,
ornaBfeHnsM XypHano. KntoyeBbiMuy crioBamu
osa nowvcka Obuim “revascularization versus
conservative management for intermittent
claudication”, “revascularization versus medical
treatment for intermittent claudication”,
“intermittent claudication revascularization and
medical treatment” gna aHrMoA3bIYHbLIX UCTOY-
HMKOB U “peBackynsgpu3aums N KoHcCepBaTuB-
HOe NleyeHve Npu nepemexarLencs xpomorte”
N “XMpPyprnyeckoe n KOHCePBATUBHOE JIEHYEHME
y NauMeHTOB C NepemMexaroLencs XpoMmoTon”
0N PYCCKONA3bIYHbIX MUCTOYHMKOB. lomnck npo-
BOOMNCS OBYMS HE3aBUCUMbIMU aBTOpaMW,
BCe pa3Hornacusi Obiin paspeLleHbl nyTemMm o6-
CYXOEHUS.

Ona oueHKM MeToaosiorMyeckoro kayecrsa
pPaHOOMU3NPOBAHHbIX NCCNea0BaHUIA NCMNOSb-
30BaJica aganTUMPOBaHHbIA 1 BanMOAN3NPOBaH-
HbIlA BONPOCHMK A1 OLEHKM pucka cmctematu-
4YeCKMX OLNOOK B paHAOMU3UPOBAHHbIX KITUHN-
Yyecknx wucnbiTaHuax (13). Ona oueHku
MEeTOL0I0MMYECKOr0 KayecTBa HepaHOOMU3U-
POBaHHbIX WCCNEAOBaHUM UCMONb30Banach

pycckosi3blyHasA Bepcua Lwkanbl Hblokacn—
OTTtaea (16).

JaHHble 06 oLeHKke MeToa010rM4eckoro Ka-
yecTBa PaHOOMU3UNPOBAHHbBIX KIMHUYECKMX
nccnenoBaHU npuBeaeHbl B Tabn. 1, HepaH-
OOMM3NPOBAHHBIX KIIMHUYECKUX UCCnenoBa-
HUA — B Tabn. 2.

Kputepun BKJIIOYEHUNA/UCKNIOYEHUS.
B maHHbIV aHanmM3 BKKOYaIMCb TOJIbKO UCCe-
0OBaHMS, COOTBETCTBYOWME CleayloLmm
KpUTEPUAM:

— conocTtaBfneHne aPpPeKTUBHOCTN AOBYX
MEeToOMK — TMPUMEHEHUST KOHCEPBATUBHOIO
nledyeHuns (TpeHnpoBoYHaa xoapba B codeTaHum
C onNTUMasibHOW MeanKaMeHTO3HOM Tepanuen)
M npoueanypbl peBackynspusauvn y naumeHToB
c MNx;

— Hannyne NHpopmMaLnm O KIIMHNYECKMX UC-
X04ax NnaumMeHToB B OTAAIEHHOM MEPUOAE;

— nepuvog HabnoaeHnsa 6onee 5 ner;

— BKJItoYanm 6onee 150 naymMeHTOB BO BCEX
rpynnax;

— onybnukoBaHbl B nepunog, ¢ 2013 no 2023 r.

Cxema 6ubnmnorpadpumnyeckoro novicka npu-
BeOeHa Ha puc. 1.

C y4eToM KpUTEPUEB BKJTIOYEHUS/UCKITIOYE-
HUA K cTpaTerum noucka OblNO BbISIBIEHO
33 nccnepnoBaHus, NOTEHUMANBHO YOOBETBO-
PSOLWMX UCKOMbIM KpuTepusam. NMocne aHanu-
3a ObINO BbIAENIEHO 6 nccnegoBaHuin, B KOTO-
pbIX CpaBHMBANUCb MUCxoapl naumeHToB c X,
KOTOpPbIM MNpOBOAWSIAChL peBacKynapuaaums
N KOTOpblE NIeYNINCb KOHCEPBATUBHO, 4Yepe3
6onee 4yem 5 net HabnoOEHNA.

OugeHunBanncb cnepytowme ncxogbl: obwas
CMEPTHOCTb, aMnyTauym KOHEYHOCTU, KOnn4e-
CTBO Nnpouenyp peBackynapusaumm, Nporpec-
CUpPOBaHME 00 KPUTUYECKOW uvwemMuun. Takxe
OLUEHVBaNNCb OaHHble O MaKCUMasibHO Auc-
TaHumn xoabbbl (MOX) n anctaHumm 6esbone-
BO xoab0bl (OB6X).

CTtaTu4yeckuii aHanm3 u oopaboTka faH-
HbIX. [1519 cTatnctnieckom o6paboTkm AaHHbIX
Oblna mncnonb3oBaHa nporpamma Excel, onsa
nocTpoeHns metarpad v BblHMCNEHUS CTATU-
cTuyeckux nokasarenew —nporpamma Medcalc
19.0. PesynbTaTbl AUXOTOMUYECKMX UCXOO0B
npeacTaBieHbl B BUAE NMokasaTenen pasHuLb
puckoB waHcoB (PP) v noBepuTenbHOro UH-
Tepana (AWN). Ona pacyeTta PP ncnonb3osanm
MoLenb GUKCUPOBAHHbLIX 3P PEKTOB U MOLENb
cly4yarHbIx BennymH. MetaaHanms nponopunin
npoBoamcsa ¢ cobnoaeHnem npaeun, chop-
MYJIMPOBAHHbLIX B KOHCEHCYCOM [AOKYMEHTE
rpynnbl Meta-analysis Of Observational Studies
in Epidemiology (17) ¢ ncnonb3oBaHnem npe-
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’ Crtatbu, naeHTMdnumpoBaHHble B 6a3ax gaHHbix (n = 8098) ‘

v

’ Crtatbu, nocne ucknodeHns ayénukatos (n = 3533) ‘

v

CtaTtbu, npolieme CKPUHMHIN

(n = 3533) —> ’ MckntoveHbl 3500 ‘
CTtaTtbn, OLEHEHHbIE MO KPUTEPUSM COOTBETCTBUS —> ’ NcknodeHsl 27 ‘
(n=233)
CrtaTtbu, BKJIIOYEHHbIE B aHaNN3
(n=6)

Puc. 1. Cxema 6mubnmnorpacpunyeckoro nomcka.

obpasoBaHus PpumaHa-Tykn Onsa BblHUCTE-
HUS1 B3BELLEHHOM CyMMapHOM 40NM Mo MOAENN
OUKCUPOBAHHBIX W CllydanHbIX 3¢)HEKTOB.
[eTeporeHHOCTb MOLENN OLLeHMBaNach No Kpu-
Tepuam Q u 2. Mpu BbIpaXXEHHON reTeporexH-
HOCcTK 12 > 75% paccunTbiBanm He TONbKO PUK-
CMpPOBaHHbIE, HO U criyvariHble addekThl. dnsa
Kputepmsa Q NPU3HAKOM reTepoOreHHOCTU CYUU-
Tannm p < 0,1. Cuctematnyeckoe cMmelleHue
oTbopa nybnnkaumii oLeHMBanm rno KpUTepusim
Orrepa v barra.

B kayecTBe MOpPOroBOro ypoBHS CTaTUCTU-
YECKOW 3HAYMMOCTU NMPU NUCMNOJIb30BAHUN JlO-
ObIX CTaTUCTUYECKMX METOLOB MNPUHATO 3HAYe-
Hue p < 0,05.

Pe3ynbTraTtbl

KpariHe orpaHn4eHHOe 4Mcno uccrenoBsa-
HUW, CBA3AHHbIX C Ne4YeHmnem naumeHToB ¢ [1X,
nMeeT CpokK HabnoaeHmsa 5 net v bonee. B naH-
Hblli MeTaaHaIM3 BKJ/IOYEHbl WUCCedoBaHUs,
oueHMBawLWre HebnaronpuaTHble UCXOoAbl

(cmepTb, amnyTauus, HesanjaaHMpPOoBaHHOE
BMeLLaTeNbCTBO Ha KOHEYHOCTU, NPOrpecc A0
KUHK).

B 3 n3 6 nccnegoBaHuii aBTopam yaanocb
OLIEHUTb OCHOBHbIE PYHKLMOHAasbHbIE NOKa3a-
Tenn — ABBX n MAX y naumenTos ¢ NMX, Habnto-
oaBLumxca 6onee 5 net, — 3TN JaHHble OKa3a-
NINCb HEOOCTYMHbI ANA MeTaaHanmaa.

Takxe B MeTaaHanna OblN0 BKJIKOYEHO NPOC-
MEKTUBHOE KOropTHOoEe nccnegosaHue H. Kuma-
kura n coaBT. B Hero BktoyeHo 1107 naymeH-
TOB C BrepBble YCTAHOBJIEHHbIM AWArHO30M
X, Ha HayanbHOM 3Tane BCEeM MnauneHTam
OblNI0 HAYaTO KOHCepBaTUBHOE NeyeHne (onTu-
MasibHOE MEeAMKAMEHTO3HOE JleyeHne, TPeHU-
poBo4YHas xoabba), 3atem 408 nauneHToB Npo-
LOJIKMAN KOHCEPBATMBHOE NeyeHne, a 699 na-
LUMeHTaM, 4YbW CUMMTOMblI HEe YAYYLIUIUCD,
Oblfla NpoBeaeHa npouenypa peBackynsapuaa-

umun. JaHHoe nccnegosaHme No onpeaeneHuto
HEe SIBASIETCS PaHAOMU3UPOBAHHLIM, OOHAKO
COLEPXUT UHPOPMALLMIO O HaCTOTE CMepTEeSb-
HbIX MICXOL0B MO nogrpynnam. Xapakrepuctmka
UCCNenoBaHNM, BKIIIOYEHHbIX B MeTaaHanus,
npueegeHa B Tabn. 3.

B paHpomudupoBaHHOE wuccnenoBaHue
IRONIC trial (H. Djerf et al.) 6bin0 BKIOYEHO
158 nmaumeHToB. 10 KIMHUYECKM XapaKTepu-
CTMKaM rpynrbl HE pasnMyanncb Mexay cobon,
cpenHuin Bo3pacT OosibHbIX coCcTaBui 68 neT.
Bce nauueHTbl 6b1M BKJIKOYEHbI B NpOrpamMmy
oTKasa OT KypeHusi, noay4anu Tepanuio OaHNM
aHTUTPOMOOUMTAPHLIM MpenapaTtoM U Tepa-
nMIO ctatmuHaMmu (HOPMasibHO WMHTEHCUBHYIO),
BCE MavuMeHTbl NoJlyyanu LMiocTasos, a Takxe
ONTUMAJIbHYIO MEAVKAMEHTO3HYIO Tepanuio
caxapHoro amnabeta (C) v runepToOHNYEeCcKOn
60ne3Hu.

B uccneposaHme BKOYaNMCb MauWeEHThI
B Bo3pacTte o 80 net ¢ noaTBepXAOeHHbIMU
cMMnTOMamMm OgHOCTOPOHHEN NN OBYCTOPOH-
Hen X, a Takke NoATBEPXAEHHbBIM MO AaHHbIM
YyNIbTPa3BYKOBOr0 NCCAEA0BaHMNS NOPaKEHNEM
aopTonoasnowWwHoro unu 6eapeHHO-NoAKo-
JleHHoro cermeHTa. Micknioyanncb N3 uccneno-
BaHMS NMaUVEHTblI C OYEHb TAXENbIMU CUMMTO-
MamMmu [1X, orpaHnymBalOLLVIMN eXEeLHEBHYIO
aKTUBHOCTb, C OY4EHb JIEFKUMW, HE BAUSIOWMMU
Ha Ka4yeCTBO XM3HM CUMMOTOMaMu, UMeEloLLne
6onee 2 HeyaayHbIX MOMbITOK peBackynapmaa-
LN Ha CTOPOHE NMOPaxXeHus , a Takke nauneH-
Tbl, KOTOpPbl€ HE MOMM MPONTU OMNPOCHUK
HRQoL. MNMauymeHTbl ¢ AnCTanbHbIM MOPaXXeHU-
eM OblIN UCKJTI0YEHbI U3 CCNea0oBaHUS.

B paHHOM mnccnegoBaHMM NEPBUYHOE CTEH-
TUPOBAHME WCMNONb30OBaANN MPU BMELLATENb-
CTBax Ha aopTONOAB340LLHOM CErmMeHTe, B TO
BpeMS1 Kak CTeHTUpoBaHMe B GeapeHHO-Noa-
KOJIEHHOM CEerMeHTe NPOBOANIOCH TOJIBKO NPKU
cybonTuMasbHbIX pesynbTaratax adrmonna-
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CTUKM (OCTaTO4YHbIA CTEHO3 WA ANCCEKLVS,
orpaHu4yMBaroLLas KpoBoToK). B cnyyae oTkpbl-
TbIX BMELLUATENIbCTB MPU MOPaXEHUAX BbllIE
MaxoBOM CBA3KW — CUHTETMYECKME MpOoTe3bl,
MPU MOPaXEHUSIX HUXE MNaxOBOW CBA3KU UC-
nosnb3oBasnachk 60sblUas NoaKoXxHas BeHa (18).

B mynbtmnueHTpoBoe nccnegosaHe ERASE
Obino BkAtoYeHo 212 nauueHToB ¢ IMX. Maum-
eHtam 1- rpynnbl (n = 106) npoBoaunacob
npoueaypa pesackynapusaumm, a 3aTeM KOH-
TPONMpYEMbIE TPEHUPOBKK, 2-i rpynnbl 6e3
peBackynapudaunm — TOJNIbKO KOHTpOampye-
Mble TPEHMPOBKW, MeamaHa HabnoaeHns co-
ctaBuna 5,4 ropa. KnnHmnyeckme xapakrepu-
CTUKM MAaUMEHTOB 3HAYMMO HE pPasnnyanmcsb,
CpeaHui BO3pacT MauMeHTOB B rpynne KOH-
TPONMPYEMbIX TDEHUPOBOK (Aanee — KOHCepBa-
TUBHOIO Ne4yeHuns) coctasua 66 neT, B rpynne
peBackynspusaumm ¢ janbHENLLINMN TPEHNPOB-
KamMu (panee — rpynna pesackynapusaumm) —
64 roga. Y Bcex naumeHToB OLLeHMBaNCcs Kapamno-
BACKYJSIPHbIMA PUCK, MM Ha3Ha4anacb Tepanus
B COOTBETCTBMM C pekomeHgaumsamu. Llnno-
CTa30/ He MCMNonb30BasiCA B UCCNegoBaHUn
(6bIn 3anpelleH K Mcnosib3oBaHuto B Huaep-
naHpax). B nccnegoBaHme BKJKOYaANMCb nauu-
€HThbl, umMewLwme ctabusbHble CUMMTOMbI [1X
(6bonee 3 mMec), noabIXXeYHO-Ne4YeBon NHOEKC
(JIMN) B nokoe <0,90 umnmn cHwxeHne JIMAN
<0,15 nocne TpegmMun-TecTa, C NoOpaxeHnem
apTepuin aopTonoaB340LLIHOro nnn 6egpeHHo-
noakoNeHHoro cermeHTa. MX coctasnsana oo
100 oo 500 m (19).

B nccneposanmne J. Golledge v coaBT. 6b110
BKJ1tOYEHO 456 naumeHToB ¢ X, UMeBLUUX CUM-
NMTOMbl Ha NPOTsaXeHun 6onee 1 ropa. N3 HUxX
178 Obina BbINOJSIHEHA PAHHAS peBackynapusa-
ums, a 278 nony4anu KOHCepBaTMBHOE nedye-
HMe, MeanaHa HabnoaeHus coctaBuna 5 ner.
Bkniovanucb naumeHTsl ¢ cumntomamu MNX He
MeHee 1 roga. B gaHHOM nccnenoBaHnum megm-
KaMeHTO3HOE JlIe4eHMe BKI0Yano Ha3HavyeHue
CTaTVMHOB MU aHTUTPoOMOOUUTaApPHbIX Mpena-
paTtoB B COOTBETCTBMM C pPeEKOMeHOauUaMMm
npu yCroBUU OTCYTCTBUS MPOTUBOMNOKa3aHUN
N MX NNOXON nepeHocMmMocTu. MNaumeHTsbl Ha-
NpaBndAnCb K cneumanuctam Ans otkasa oT
KypeHus. Jleqawmm BpadoM-xXMpyprom naum-
€HTaM faBasiacb PEKOMEHAAUVA XOOUTb NeLu-
KOM He meHee 4eM no 30 MuH, He meHee 3 pa3
B Hegen. OHO0BACKYNSPHOE BMELLATENLCTBO
OblNI0 MEeToAoM Bbibopa NMpu OKKIO3UK MOA-
B3AOLIHON MM TMOBEPXHOCTHON OenpeHHoMn
aptepun. BbinonHeHo aopTtobudemopanbHoe
LYHTUPOBAHME MPUN NPOTAXKEHHbIX OKKITIO3USAX
HapPY>XHOW NN BHYTPEHHEN NOAB300LWHON ap-

Tepum, a Takxke OKKJI3UM MHDpPapEHabHOro
oToena aopTbl. beapeHHo-NoaAKONeHHoe LUYH-
TUpOBaHME paccMaTpuBanoCcb MPU MNPOTHA-
>KEHHOW OKKI03U1M NOBEPXHOCTHOW 6eapeHHon
apTepuu, korga Oblna O0CTyNHa ajekBaTHas
MOAKOXHas BeHa (7).

B wnccneposanHme CETAC, npoBegeHHoe
B HupepnaHpax, BkIOYaAnUCb NauMeEHTbI, UMe-
lOLLME BCe cneaylowme KpUTepmm BKIIOHEHUS:
cumnTomsbl MX 6onee 3 mec, 1-3 cTtagum no
Pytepdopay, ¢ makcmmanbHonm JBBX meHee
350 m, JTMN meHee 0,9 B NOKOE NN CHUXEHME
NN 6onee 0,15 nocne Harpysku, oAUH WUN
6onee cteHo3 Gonee 4em 50% no guameTpy
apTepun noaB3ao0LIHOro unn 6eapeHHOo-Noa-
KoNeHHoro cermeHta npu KT-aHrmnorpadun.
Mckniovyanucb M3 mnccnegoBaHUs naumeHThbl
C aHEBPU3MOW a0pPTbl, CEPbE3HLIMU KApPANOO0-
rmyeckmmm 3aboneBaHUS MU, MHOMOypPOBHE-
BbIM MOpPaXeHWeM, U30JIMPOBAHHbLIM MOpaxe-
HMemMm 6onblLUeOepLIOBOV apTepun, C rnopaxe-
HUAMW, NPU KOTOPbIX pPeBaCKynsapmnsayms
npr3HaHa HEBO3MOXHOM, 1N NPEALLIECTBYIOLLNM
Jle4eHMeM nopakeHusl.

B pmaHHOM uccnegoBaHUM Bce NpoLuenypbl
peBackynsapusaumm Obiiv 3HA0BACKYNSAPHBIMU.
Ona peBackynapusaumm Ha MoaB3a0LLHOM
CerMeHTe UCMoJib3oBanachb OanoOHHas aHrmo-
naacTuka, Npu ee TEXHUYECKOM HEYCrnexe npu-
MEHSAN CaMOopPacCLLUNPSAIOLLNNCS HUTUHOMOBBIN
CTEHT. TPEHMPOBKM B OAHHOM UCCEe0BaHUN
OblIN  KOHTPONMPYEMbBIMU, MPOAOJIKANNCH
6onee 24 Hep (no 30 MmH 2 pasa B HeOeno)
(21, 23).

MNceneposaHue V. Madabhusi n coaBT. HO-
CUJI0 PETPOCMEKTUBHBLIN Xxapaktep. M3 anek-
TPOHHbIX 623 UCcTopun BonNesHn No Kogam 3a-
6oneBaHnsa GblN BbloefneHbl nauyeHTol ¢ MX.
MauneHTbl, KOTOPbIM Oblfla BbINOJIHEHA peBac-
Kynapusauus, 6binn naeHTUMduMUMpoBaHbl Mo
KOZam OTKPLITOW MM 3HA0BACKYISPHON NPO-
Lenypbl pesackynspusaunm (22).

KnuHunyeckasa xapakTepuctuka naumeHTOoB,
BKJTIOYEHHbIX B PAHAOMU3NPOBAHHOE KIIMHUYE-
CKOe uccnegoBaHue, npeacraBsieHa B 1abn. 4.
BonbHble B rpynne peBackynapmsaumn Obinm
HECKOJIbKO MOJIoXe B nccnegosaHusax S. Klap-
heke n coagrT., V. Madabhusi n coaBT. B cBa3un
C pasHblM onpefenieHneM cratyca KypeHus
(Hanpumep, B uccneposaHum V. Madabhusi
M COaBT. KYPALIVMWN CHUTANUCH MNaUUEHThbI, yNo-
Tpebnaswme Tabak B TedeHue 90 gHen 0o
BKJIIOYEHMS), noka3aTtenm no uUccregoBaHUsM
pasHATCcA. B OCHOBHOM B aHanmM3npyembix
nccnegoBaHMaX NaumMeHTbl He pasnmyanuncb no
CONYTCTBYIOLWLEN NATONOMMn, ANLLb B UCCNeno-
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@ JletanbHOCTb JleTanbHOCTb
H. Djerf et al., 2020 - —
S.Klapheke etal., 2022 b ——@—— |
H. Kumakuraetal, 2017 | —l—
J. Golledge et al., 2018 +
F. Fakhry etal., 2013 —
Bcero ((p1KcMpoBaHHbIil apdekT) - D
Bcero (paHaoMHbIii adpdekT) [ .’
1 1 1 ; 1 1 1
03 -02 -01 00 01 02 03
Risk difference
NHpekc reteporeHHocTn 12 79,91%
PeBackynspu- | KoHcepsatueHoe
PP HI BN P 3auus ne4yeHune
H. Djerf et al., 2020 0,0919 -0,168 -0,201 13/72 7/79
S. Klapheke et al.,2022 -0,132 -0,229 0,0349 10/106 24/106
H. Kumakura et al., 2017 -0,161 -0,221 -0,101 261/699 218/408
J. Golledge et al., 2018 —-0,0403 -0,119 0,0380 37/178 69/278
F. Fakhry et al., 2013 -0,0267 -0,158 0,104 15/75 17/75
Bcero (pukcupoBaHHbiii aphekT) -0,102 -0,142 0,0624 <0,001 336/1130 335/946
Bcero (paHaoMHbI adpdekT) -0,0594 -0,149 0,0307 0,196 336/1130 335/946
@ AmnyTauun AmnyTaLim
H. Djerf et al., 2020 —i—
S. Klapheke et al.,2022 - —
J. Golledge et al., 2018 —a—
F. Fakhry et al., 2013 - "—'_
V. Madabhusi et al., 2021 |- ——
Bcero (puKcrpoBaHHbIi adhdekT) o
Bcero (paHaoMHbI addekT) —l—
1 1 { 1 1
-0,1 0,0 0,1
Risk difference
NHaekc reteporeHHocTm 12 83,87%
PeBackynsapu- | KoncepBatusHoe
PP HR en P 3auums neyeHue
H. Djerf et al., 2020 -0,0127 -0,0373 0,0120 0/72 1/79
S. Klapheke et al.,2022 0,00943 -0,0223 0,0412 2/106 1/106
J. Golledge et al., 2018 0,0398 0,00537 0,0742 9/178 3/278
F. Fakhry et al., 2013 0,0400 —0,00435 0,0843 3/75 0/75
V. Madabhusi et al., 2021 0,0610 0,0309 0,0911 25/328 11/723
Bcero (pukcrnpoBaHHbIin addekT) 0,0422 0,0248 0,0600 <0,001 39/759 16/1261
Bcero (paHaoMHbIi addekT) 0,0267 —0,00906 0,0624 0,143 39/759 16/1261

Puc. 2. MeTtaaHanu3 nokasaTtefieil netanbHoOCTU (@), amnytaumii (6), He3annaHMPOBaHHOW peBacKynspusauunin (B),
nporpecca A0 KPUTUHECKOW MLWeMuK () Npy CPaBHEHUU PEBACKYNApM3aLmMn N KOHCEPBATMBHOIO feYEHUS Y NaLUEHTOB
¢ MX ¢ nepruopom HabnopeHusa 5 net n 6onee.

PeBackynspu3aLms niv KOHcepBaTuBHas Tepanus rnpv nepemMexaroLLencs XpomMoTe —
cucTeMaTn4eckunii 0630p 1 MeTaaHa N3 KIIMHUYECKUX NCCIIeA0BaHWA. ..



WHTEPBEHLUNOHHAS AHITMOJI0Mns

PeBackynspmsaunm PeBackynsipusauun (HesaniaH1MpoBaHHbIe)

(He3annaHMpoOBaHHbLIE) :
H. Dierf et al., 2020 | —
S. Klapheke et al.,2022 - —a—
J. Golledge et al., 2018 - —B—
F. Fakhryetal., 2013 f ———8&———
Bcero (dukcrpoBaHHbIi addekT) - —i—
Bcero (paHaoMHbii addekT) —'—I—
-0,4 -0,2 0,0 0,2 0,4

Risk difference
NHpoekc reteporeHHocTn 12 87,69%

PeBackynspu- | KoHcepsatueHoe

PP HI BN P 3auus nevyeHue
H. Djerf et al., 2020 0,180 0,0225 0,337 43/72 33/79
S. Klapheke et al.,2022 0,255 0,131 0,379 51/106 24/106
J. Golledge et al., 2018 0,167 0,0768 0,258 81/178 80/278
F. Fakhry et al., 2013 -0,200 0,347 0,533 17/75 32/75
Bcero (dukcrnpoBaHHbIn addekT) 0,131 0,0701 0,191 <0,001 192/431 169/538
Bcero (paHOoMHbIN addekT) 0,104 -0,0763 0,283 0,008 192/431 169/538

@ Mporpecc po KMHK Mporpecc no KNHK
H. Djerf et al., 2020 - —-—
S. Klapheke etal.,2022 | =
V. Madabhusi et al., 2021 |- ——
Bcero (pukcnpoBaHHbIn addekT) ——
Bcero (paHaoMHbI apdekT) L
1 i 1 1
-0,1 0,0 0,1 0,2
Risk difference
NHpekc reteporeHHocTn 12 87,67%
PeBackynsapu- | KoHcepBaTtuBHOe

. Hil sil P EETINE neyeHue
H. Djerf et al., 2020 0,00369 0,0588 0,0662 3/72 3/79
S. Klapheke et al., 2022 0,0377 -0,0191 0,0946 7/106 3/106
V. Madambushi et al., 2021 0,134 0,0862 0,182 68/328 53/723
Bcero (pukcnpoBaHHbIi 3 PekT) 0,102 0,0662 0,139 <0,001 78/506 59/908
Bcero (paHaooMHbI addekT) 0,0599 0,0313 0,151 0,198 78/506 59/908

Puc. 2 (okoH4yaHue).
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BaHuM V. Madabhusi n coaBT. B rpynne pesa-
ckynsapusauun 6bi1o0 6onblie 60NbHbIX ¢ CA,
a TakXe NauneHTOB C XPOHUYeckowr 0BCTpyK-
TUBHOW 60Ne3HbIO Nerkux. JaHHble o Hebnaro-
NPUATHBIX UCXO4ax B TedeHne 5 net npencras-
NeHbl B Tabn. 5.

PesynbraTtbl MeTaaHannaa nokasarenen ne-
TanbHOCTU, aMnyTaumii, BCEX He3ansaHupo-
BaHHbIX peBackynspusauunin, nporpecca o
KPUTUYECKON nwemMun y nauneHToB ¢ X npu
CpaBHEHUM Tpynn PeBaCKynsapu3auym N KOH-
CEPBATMBHOIO JlIe4EHUS MNpeacTaBfieHbl Ha
puc. 2. MNpu aHanm3e AaHHbIX NEeTaNbHOCTU
PUCK CMepTU HUXe Mpu peBackynapusaumu,
4Yyem Npu KOHCEpPBATUBHOM BeAeHUU, HO rete-
POreHHOCTb AaHHbIX A0BOJILHO BbicOKa (Oonee
70%, 12 79,91%). lNMpn 1UCNONbL3OBaHUN pPaH-
OOMHOW MOLENU pasnuymsa B puCKax okasa-
Jncb HepocToBepHbIMU. CucTeEMaTUYECKON
owmnbkm oTbOOopa AaHHbIX HET (TecTbl 3Arrepa
n barca). o amnyTtaumam KapTuHa okasanacb
MPOTUBOMNOAOXHOMN CMEPTSM, 4YacToTa amnyTa-
LM KOHEYHOCTW oOkasasiacb Bbille B rpynne
peBackynapusaumn, ogHako WHOEKC retepo-
reHHOCTU oKa3ascsl BblICOkUM 12 83,87%, npu
MCMOSIb30BAHMN PaHOOMHON MOOENUN pPasnn-
4Ms OKa3anCb HEAOCTOBEPHbLIMMU.

Mpwn aHanmn3e 4acToTbl HE3aNNaHNPOBAHHOMN
peBacKkynapusauum, HEeCMOTPS Ha BbICOKYIO
reTeporeHHocTb 12 (87,69%) npu ncnonb3osa-
HUM Kak (PUKCUMPOBAHHON, TakK U PaHOOMHON
MOLENN, KONTMYECTBO NpoLeanyp He3aniaaHmpo-
BaHHOW peBackynsipu3aumm oka3anocb 3Ha4u-
TENbHO MEHbBLUNM B Fpynne KOHCEPBATMBHOIO
JNleyeHuns.

HaHHblie o nporpecce no KMHK cogepxxartcs
TOJIbKO B TPEX UCCIEN0BAHUSAX, TaKXe BbigBIe-
Ha 3HauyMTesnbHasi reTepPoreHHOCTb AaHHbIX |2
(87,67%), uyactoTa nNpPOrpeccmpoBaHusa Oo
KNHK okazanacb HMXe npu KOHCepBaTUBHOM
nogxone npun aHanmse OUKCUMPOBAHHbIX 3¢-
dekToB (p < 0,001), ogHako Npu Mcnosb3oBa-
HUX PaHOOMHOM MOOENN Pasnuynua B puUcKax
oKazanmcb HeJOCTOBEPHbBIMU.

OGcyxaeHue

Npu NnpoBegeHnn meTaaHannsa nccnenoBa-
HUIM OUEHNBANNCh NETAJIbHOCTb, HacTOTa He3a-
MnIaHUMPOBAHHOM peBackynapusauun, npo-
rpeccupoBaHmne 0o KMHK, a Takxe yactoTta
amMnyTaumm npm KOHCEPBATUBHOM M OnepaTuB-
HOM noaxoae K nedeHuto MNMX.

OueHka neTtanbHOCTU Oblna KpanHe 3aTpya-
HeHa B OaHHbIX MCCnenoBaHUAX 1M3-3a OTCYT-
CTBUA OAHHbLIX O NPUYMHAX CMEPTU, NCXOLOHbIX
KapOunoBaCKyNsPHbIX 3aboneBaHusx un ux

OMarHocTmke, Kotopast MOXeT OblTb pa3HOW C
y4eToM 0COOEHHOCTEN B pa3HbIX NeYEeOHbIX Y4-
pexaeHunsx n B pasdHbix cTpaHax. CyLecTBeHHO
60nblLas 1eTaNbHOCTb B rpynne KOHCepBaTUB-
HOrO fie4eHns oTMevanachb mub B OOHOM UC-
cneposaHun ERASE, HO CKOppeKkTMpOBaHHbIN
C y4eTomM Mmyxckoro nona, CO v MBC anHann3
NeTanbHOCTU rMoka3ajsl CXO4Hble [aHHble
B rpyrnne KOHCEepPBaTMBHOIO JIEYEHUS U rpynne
peBackynapusaumun (OLU 2,59, 99% AW 0,97-
6,95, p = 0,013 (19). Takum 0Opa3oMm, HeT oc-
HOBaHUN YTBEPXOATb, YTO NOOX0A, K JIEHEHUIO
X BnugeT Ha neTasbHOCTb NALMEHTOB.

Mo amnyTaymam KkapTruHa okasanacb NpoTu-
BOMOJIOXHOW CMEpPTHAM, 4HacToTa amnyTtauum
KOHEYHOCTM Oka3anachb Bbille B rpyrnne pesa-
CcKyngpusauun, ogHako VMHAOEKC reTeporeHHo-
CTW OKa3aJsiCs BbICOKMM, a Npu NCMNOJIb30BaHUN
paHOOMHOM MOOENU pasfinymsa okasalncb He-
JOCTOBEPHLIMU, CXOOHbIVM pe3ynbTaT NosyyeH
M npu aHanma3e nporpeccupoBaHmnsa 0o KNHK.
Bcero pna aHanm3a no 4actote amnytauum
ObISI0 AOCTYNHO 759 BGONbHLIX B rpynrne peBa-
ckynsapusaunm n 1261 60nbHON B rpyrne KoH-
CEpPBATUBHOIO JIeYEHUS, B Fpyrne peBackyns-
pusaumn ObINO BbINOAHEHO 39 amnyTtauuni
(5,13%), a B rpynne kKOHCepBaTMBHOW Tepa-
nm — 16 (1,26%). 3T gaHHble coBnagaloT
C MNPOBEAEHHbLIMU pPaHee WnccieaoBaHUAMMN
C AuTeNlbHbIM NepuoaoM HabnwopeHus (11,
12). B rpynne peBackyngapudaumm n3 506 60sb-
HbIX, OOCTYMNHbIX ONA aHanu3a, y 78 (15,4%)
passunacbk KMHK, a B rpynne KoHcepBaTUBHO-
ro nedeHus nub y 6,5%.

[Mpu aHann3e 4acToTbl HE3AMITAHNPOBAHHOMN
peBackynapuaaumm, HECMOTPS Ha BbICOKYIO re-
TeporeHHocTb 12 (87,69%) npu ucnonb3oBa-
HUN KaK PUKCUPOBAHHOW, Tak U PaHOOMHON
MOENN, KONMMYECTBO NPOoLLeayp He3anaaHmpo-
BaHHOW peBackKynsipu3aumm okasanocb 3Ha4u-
MO MEHbLUMM B rpynrne KOHCEPBATUBHOIO Jie-
YyeHus.

Bbicokasg reTteporeHHoCTb, MnoJsly4eHHas
B pesynbrate aHanmia, 00bACHAETCS pasnmy-
HbIMM MogxoaamMm K nedeHunio X B pasHbix
CTpaHax, a TakkKe W3MEHEHMUsIM B noaxopax
K JIEYEHUIO B TEHEHME NMOCNEOHUX NIET, Pa3BUTU-
€M XUPYPru4eCKOmM TEXHUKWN, 3HAO0BACKYNSAp-
HbIX M TMOPUOHbBIX TEXHOOMMIA.

Odannble o MOX, OBBX, a Takke OaHHble
onpocHmnkoB HRQOL okasanncb HenpurogHbl
ON9 MeTaaHanm3a BBUAY KparHe orpaHuyeH-
HOro KoJM4yecTBa NauUUEHTOB U Pa3HOPOOHO-
CTU OaHHbiX. B Tabn. 6 npuBedeHbl OaHHble
06 ucxogHor MIX, OBBX 1 nx nameHeHusx
B KOHUE nepuoga HabnwogeHus no OaHHbIM
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Ta6bnuua 6. [JaHHble 0 MakcumasnbHoOl aucTaHuuy xoabbbl (MAX) u amctaHuumn 6e3bonesoit xoabbbl (ABBX) (unm
N3MEHEHMsX B AMCTAHLUMKU) UCXOOHO M B KOHLE nepuoja HabnoaeHus B rpynne KOHCEepPBaTMBHOMO NEYeHus 1 rpynne
peBackynapu3aumm

Mpynna lpynna
KOHCEpPBaTUBHOIO Jie4YeHNs peBacKynsipusauum
(BCcero nauueHToB/ (Bcero nauueHToB/ p
nauMeHToB, NpPoLIeALWnX nauMeHToB, NPoLUeALnX
TpeaMun-TecT) TpepMun-TecT)
H. Djerf n coasrt., 2020

79/49 79/42
NexopHaa MAX, m 189+ 106 194 £ 103 0,58
MIX yepes 5 net, UISMeHeHUs, M +14 -12 HeT paHHbIX
NcxopHaa ABBX 78 £ 59 87 £60
JOBBX vepes 5 net, nsmeHeHus, M +55 -51 HeT aaHHbIX

S. Klaphake 1 coagr., 2022

106/60 106/60
MIOX, M 285 (228-300) 246 (244-326)
MIX, yepes 5 net 981 (764-1199) 1034 (825-1244) 0,620
NcxopHaa ABBX, m 135 (113-157) 117 (96-138)
IOBBX yepes 5 net, M 865 (657-1074) 976 (773-1178) 0,281

F. Fakhry n coasr., 2013

75/29 75/36
NcexopHasa MIOX, m 186 (164-208) 174 (157-191)
MIX, yepes 7 net 975 (772-1117) 1074 (881-1276) 0,481
NcxopHaa ABBX, m 104 (89-119) 82 (71-93)
OBBX yepes 7 net, m + 700 (461-941) +940 (710-1171) 0,156

Tpex uUccnenoBaHu, B KOTOPbIX 3TW OaHHbIE
okasanmcb OOCTYMHbl. Kak BUWAHO 13 T1abn. 6,
npu OaMTenbHOM nepuoge HabnawgeHus ao-
CToBepPHbIX padnuynii B8 MOX, 56X BoigsBneHo
He 6bIs10. Takke He Obl10 YCTAHOBIEHO U CyLLE-
CTBEHHbIX Pasfinynii B OMPOCHMKax KadecTea
>KN3HW B UCCIEA0BAHUAX MO OTHOLLEHMIO K UC-
XOOHbIM OaHHbIM, AOCTYNHbIM OJ19 aHanam3a no
3TuM gaHHbiM (18, 19, 21).

CxogHble ¢ MeTaaHaNM30M pe3ynbTaTbl Mo-
nyyeHsl B nccnegosanun R.A McCready n co-
aBT., BbIBOOOM aBTOPOB WCCAeOOBaHUS SIBU-
JNIOCb TO, YTO, HECMOTPSA Ha paHHee ynydlleHue
cumntomoB [1X nocne pesackynsapumsayumm,
OoThaNIeHHbIE pPe3ysibTaTbl HAaCTO HE Nyylle Tex,
KOTOpble OOCTUraloTCs Mpu KOHCEPBATUBHOMN
Tepanuun. Beicokas 4acTtoTa NOBTOPHbIX BME-
LwaTenbCTB NPUBOAUT K BbICOKOW YaCTOTE Kak
OCTPON, Tak N XPOHNYECKON ULLEMUN KOHEY-
HOCTEN NO CPaBHEHUIO C NauueHTamMu, Mosy-
YalLWMMM KOHCEPBATUBHOE fiedyeHne. Kpome
TOro, yactota amnytauun gocturaet 11% npu
anvutenbHom HabnwogeHun (5 net n 6onee)
y NaUVEHTOB, NEPEHECLUMX PAHHIO PEBACKY-
napuzaumio (24), No CpPaBHEHUIO C MaKCU-
MaJIbHO 4aCcTOTOMN aMnyTaumii B rpyrnne KOH-
cepBatuBHoOM Tepanun o 1,7% B TeyeHue

5 neT HabnoaoeHUa B UCCNeaoBaHUAX, BKIIO-
YEeHHbIX B MeTaaHanuna.

Mo paHHbIM MeTaaHanm3a T. Shirasu n co-
aBT., Bkoumewemy 9 KM n 1477 naumeHToB
(765 — nHBa3MBHOE NevyeHne, 712 — HenHBa-
3MBHOE), 3HAYMMOW Pa3HULbI B 4acTOTe Mpo-
rpeccupoBaHusa 0o KMHK (5 (2-8) na 1000 na-
LMEeHTOB B rog npuv MHBA3MBHOM Jie4eHUn
m 6 (3-10) Ha 1000 naumeHTOB B TroOA;:
(ow 0,77; 95% On 0,35-1,69; p = 0,51,
12 =0%), amnyTtaunn (OLU 1,69; 95% AU 0,54-
5,26; p = 0,36, 12 = 0%) 1 obLlen cMepTHOCTH
(ol 1,26; 95% OM 0,91-1,74; p = 0,16,
12 = 0%) nony4yeHo He ObINO. HacTtoTa NOBTOP-
HO peBackynsapusaumm Obla 3HA4YUTESIbHO
BblLLIE B rpynne nHea3mnBHOro nevexHma (OLL 4,15;
95% ON 2,80-6,16; p < 0,00001, 12 = 83%),
XOTS1 B rpynne MHBaA3MBHOIO Jie4eHnst B 3TOM
MeTaaHanM3e TakXke OTMeuanacb BbiCOKas
reTeporeHHOCTb AaHHbIX (25). Paznunuuna B pe-
3yfbTaTax AaHHOro MeTaaHanm3a, BepOosiTHO,
CBsi3aHbl C MEHbLLEN ANNMTEeNbHOCTbIO Neproaa
HabnoaoeHusa, coctasnaowero 3,6 roga.

B meTaaHanma He OblN10 BKIIOYEHO Uccneno-
BaHue T. Gunnarsson 1 coaBT., KOTopoe obna-
0ano CXOOHOW CTPYKTYpOW, HO He COOTBET-
CTBOBAJIO KPUTEPUSAM BKIIIOHEHUSI MO pa3mepy
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BblIBOpKK (BCero paHgommanposaHo 100 naum-
eHToB). JlaHHOe wuccnepoBaHMe nokasasno
CXOOHble C MeTaaHannM3oM peaysbTaTbl — Yac-
TOTa peuHTepBeHUMli Oblfa Bbille B rpynne
©0NbHbIX, KOTOPbLIM MPOBOAWIACL PAHHASA pe-
BACKysipn3aumsi, Ho He ObISIo pasnnynii Mexay
rpynnamMmy B 4acToTe MPOrpeccmpoBaHnda no
KPUTUYECKOW ULEeMUU, KONM4YeCcTBe amnyTta-
LM n obLen cMepTHOCTU (26).

Takum obpa3om, pe3ynbTartbl MeTaaHannsa
MO3BOALAIOT NPEANONIOXKNTb, YTO Y MALMEHTOB
¢ X, KOTOPbIM BbINOAHAETCS PAHHAS PEBACKY-
napusayms, Bbile YacToTa He3anjaHMpPOBaH-
HbIX BMELLUATENbCTB, a TaKkKe MMEETCs TPEHA,
K YBEMYEHUIO KOJIMYECTBA aMMyTaumii KOHEY-
HOCTU 1 nporpeccuposannga 0o KMHK, ogHako
[oKasaTb ero He yganocCb C y4€TOM Manoro
KONmM4yecTBa UCCNEeLOBaHUNA C MEepUOLOM Ha-
oniogeHns 5 net, manbiM KOMYECTBOM BOJb-
HbIX, BKJIIOYEHHbIX B 3TV NCCNea0BaHus.

CTtounT 3amMeTuTb, 4TO NnedveHme MNX B pamkax
KOHCEpPBATMBHOM CTpaTernmm — 3To gOCTaTO4YHO
TPYOOEMKU NPOLLECC Kak CO CTOPOHbI Bpaya,
TaKk U CO CTOPOHbI NaumeHTa. 3a4yacTylo camu
Bpa4yy He 3HaloT, YTO UMEHHO PEKOMEHOO0BATbL
naunMeHTamM M Kakme METOAUKN TPEHUPOBKMU
OencTeuTenbHo adpdekTmBHbl. [ns onpenene-
HUSA TOYKM 3PEHUS BPayYeN N NOHUMAHUS UMW
MEeTOANKN TPEHNPOBOYHOM Xx0ab0bl B FepmMaHumn
OblI0 MPOBEAEHO UccneaoBaHMe Mo OugHKe
pes3ynbTaToB onpocacpeann YyneHos Hemewnkoro
obuiecTBa COCYyOUCTbIX XUPYPrOB M aHrMosno-
ro.. Tonbko 743 (19%) n3 3910 gokTopoB nanu
BEPHbIN OTBET OTHOCUTENIbHO METOAMKU Tpe-
HMPOBOYHOW X0abObLI (27). B HacTosILLEee BpeMs
AMEpUMKaHCKME peKOMeHOaUMn U peKkoMeHda-
umn Eponeiickoro obuiectBa Kapaunooros
PEKOMEHAYIOT CNeayloLnn pPexmmMm TPEHNPOB-
Kn: KBannduumpoBaHHble MEeOMUMHCKME pa-
OOTHMKM O0JKHbI KOHTPOIMPOBATb TPEHUPOB-
KU B cTauMoHape 1 Ha amOynaTopHOM 3aTare,
xoapba ABNseTcsa pekomMeHaoyeMbiM MeToAoM
neyeHus, xoapba B pexmMme UHTepBasibHOMN
TPEHVPOBKU (xoapba—oTabix—xoapba) A0 Oo-
CTUXEHUST MakCcuMasnbHOW 60nm B HOre, npo-
OOIKUTENBHOCTb YNpaXXHeHU He meHee 30—
45 MuH, He MeHee 3 pa3 B HeJesnio B TedeHue
He MeHee 12 Hepn, obaA3aTenbHa pas3MUHKa
MU 3aBeplleHne ynpaxHeHun (28, 29). Lenbio
JNleyeHua Takxke SBAAI0TCS KOPPEKUUSA Kapano-
BACKYNAPHbLIX PUCKOB N CHWXEHME CMEPTHO-
ctn. lopgxon AOMKEH COCTOSATb U3 arpeccumB-
HOM W WMHONBNAOYANIM3UPOBAHHON KOPPEeKLMmn
$aKToOpOB pUCKa, BKIOYAS OTKa3 OT KypeHWs,
AHTUTPOMOOUMTAPHYIO TEPANUMIO N Ha3HaYeHne
cTtatuHoB 1 MAMN®P, BO3MOXHO OobaBneHue um-

nocrasona k Tepanun (30). NMogpobHblie peko-
MeHdaumMn no mogudukaumm obpasa >KM3HU
M MeguKaMeHTO3HOW Tepanuu NauneHToB
N3M0XeHbl B AMepuKaHCKuX, EBpoOnenckmx
n Poccuinckmnx pekomeHpaumsax (28, 31, 32).
OpHako MHOMMM NaumeHTam gaxe He npenna-
raeTcs MeOuKaMeHTO3HOE JieyeHue, a €ecnu
M npegnaraeTcsd, T0 60AbLWWHCTBO HE MPOXO-
OAT KypC neveHns o KoHua (24), XoTa no gaH-
HbIM uccnegoBaHun nuiib y 20% naumneHToB
cuMnToMebl [1X He perpeccunpytoT Ha pOoHe Tpe-
HMPOBOYHOW X0abObI B TeyeHue 2 net (33).

OrpaHuYeHuns wuccneposaHua. MeTa-
aHann3 orpaHnyeH OTHOCUTENBHO MasibiM KO-
4ecTBOM MCCNeaoBaHWIA ¢ NepruoaomMm Habnio-
neHus 5 net u 6onee, NnpoBeaeHUe OOMNONHU-
TeNbHbIX PaHOOMW30BAHHbIX WCCNea0BaHUN
C YETKMM COBNI0AEHMEM NOKA3aHWUI K pEBACKY-
napusaumy NO3BOJSINT OMNPenenTb UCTUHHBbIE
JaHHble O YacToTe amnyTauuin, NpPorpeccupo-
BaHun 0o KNHK n yactote He3annaHMpOBaH-
HbIX peBackynspu3aunin B rpynnax KoHcepsa-
TUBHOIO 1 ONEPaTUBHOIO JIEYEHUS.

Kpome Toro, H1 B OAHOM U3 UCCNEO0BAHUN
HE OMMCAaHO YEeTKMX MoKa3aHu K He3anjaaHu-
POBaAHHOW peBacKynspmsaumn B rpyrnne KOH-
CEPBATUBHOIO JlIe4YEHUS, KOTOpas BbIMOJHS-
nacb ganeko He TONbKO MO MPUYMHE Nporpec-
cupoBaHusa po KWHK wn pona koTopon
pocturana 42% BO BKJIIOYEHHbIX B MeTaaHa-
13 nccnepoBaHmax. Takmm obpa3om, roBops
O pesyfibTaTtax MeTaaHanmsa, Mbl CPaBHMBAEM
HE KOHCEPBATMBHYIO U ONEepaTMBHYIO cTpaTe-
rMm neyvenusa nauveHToB c MX, a B 60nbLIEN
CTeneHun CTpaTernto paHHeEN peBackyspuiaa-
unn y nauyeHTtoB ¢ X co cTtparterven oTno-
XEHHOWN peBackynapusaumm, ob603HAYEHHYIO
B OOMbLIMHCTBE HaALMOHANbHbLIX peKoMeHda-
unn. B cBA3M C 3TM HE UCKOYEHO, YTO NO-
HOCTbIO KOHCEpBaATMBHAsA CTpaTerusa neyeHms
naumeHToB c X npn COBPEMEHHOM YPOBHE
pasBUTUS MEOULMNHCKUX TEXHONOMUN MOXET
MMETb 3HaA4YMMbIE NPENMYLLECTBA Nepes one-
paTuBHOW CTpaTermen.

CyLLECTBEHHbLIM OrpaHNYEeHMEM MeTaaHan-
3a 9ABNSETCS Takke OTCYTCTBME B MCCNE0BAHU-
X OTAENIbHOrO aHanuaa noarpynn naumMeHToB
C YY4ETOM MOpPaxXeHHbIX CErMEHTOB apTEpPUN.
YOoBNeTBOPUTESNbHbIE PE3yJbTaTbl MEPBUYHON
MPOXOAMMOCTW MOC/IE BMELLUATENLCTB Ha ap-
Tepuax aopTonoa3aowWHOro cerMeHta no
OaHHbIM HEKOTOpbIX mnccnegoBaHun (34, 35)
MoO3BONAIOT nMpegnonaraTtb, YTO pPeBacKyndapu-
3aumsa Npuv aTUX MNOPaxXeHUax MOTEeHLMaNbHO
MOXEeT 61aronpusaTHO BAUATbL HA MPOrHO3 CO-
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3akJiioyeHume

B xone cuctematnyeckoro o63opa uccrne-
LOBaHWUI C OINTENbHLIM NEPUOAOM Habnoae-
HMA NauneHToB c [1X, KOTOpPbIM NpUMeEHsanach
KOHCepBaTVBHAaA M onepaTtvBHasa cTparerms
Jle4yeHund, nokasaHo NpPerMyLLEeCTBO KOHCEpPBa-
TUBHOW TakTUKM B OTHOLLEHUW pUCKa He3anna-
HUPOBAHHOW peBackynapmsaummn. Takxke nme-
€TCH TPEHL K YBEIMYEHUNIO YAaCTOTbl aMmnyTaumn
n nporpeccupoBanmsa 0o KMHK B rpynne paH-
HEeN peBackynsapmaaumm no CPaBHEHUIO C rpyr-

Introduction

Worldwide, peripheral artery disease (PAD)
is a widespread atherosclerosis-associated
disease with a second highest incidence follow-
ing coronary heart disease. In addition, due to
longer life expectancy nowadays the number
of patients with peripheral atherosclerosis is
increasing even more significantly (1). Mani-
festations of PAD range from completely
asymptomatic disease to critical limb ischemia
(CLI), with the most common symptom being
intermittent claudication. The prevalence of
IC in patients over 60 years of age is about 7%
(2).

It is well known that patients with IC have an
increased risk of adverse events associated
with atherosclerosis, namely cardiovascular
events and death, while the incidence of ad-
verse limb events (progression to critical is-
chemia and amputation) is quite low. In the
study by S.C. Muluk et al., the total incidence
of high and low amputations in patients with IC
over 10 years was less than 10%, while the
mortality rate was 12% within one year (3).
There is still no unified approach to the treat-
ment of patients with IC. Although current rec-
ommendations provide a wide range of con-
servative treatment measures (smoking cessa-
tion, supervised exercises and drug therapy) as
the first-line treatment for IC (4), the number
of revascularization procedures is steadily in-
creasing (9). In a study by B. Li et al., data ob-
tained from patients treated in a period 2010-
2019 in the USA and Canada were analyzed.
The study included 247 770 patients from the
USA and 3467 patients from Canada; propor-
tion of revascularizations for IC in USA and
Canada was 42.3% and 35.7% respectively (6).

The approach to determine possibility of
revascularization in IC is based on clinical
studies that reported an improvement in qual-
ity of life in patients undergone surgical treat-

Mo KOHCEPBATUBHOIO SIEYEHUS B KIIMHNYECKNX
nccnegoBaHUax C OJIUTENbHbIM  MEepuoaoM
HabmoaeHns. OgHako npy NpoBeneHUn MeTa-
aHanu3sa JaHHbIX OTMevyeHa 6oJibliag retTepo-
reHHOCTb Pe3ynbTaTOB WCCNenoBaHuin, o0yc-
JNIOBNIeHHas 0COBEHHOCTAMM 34PaBOOXPaAHEHNS
CTpaH, pasBUTMEM XUPYPrMYECKNX U 3HOO0Ba-
CKYNIAPHbIX TEXHUK, a TakXe U3MEHSIoLWXMNCA
noaxogamu K Jie4eHuto, B CBA3M C 9TUM MNokKa-
3aHHble TPeHObl TPEOYIOT AOMNONTHUTENbHbIX [0-
KasaTenbCTB.

ment compared to conservative methods.
However, in most of these studies follow-up
period was only 1-2 years, and sample sizes
tended to be small (7).

Systematic review and meta-analysis pub-
lished in 2015 by R.D. Malgor and included
12 clinical trials and 1548 patients demonstrate
that in IC patients outcomes of open surgery,
endovascular procedures, and exercise thera-
py are superior to drug therapy in terms of im-
proving walking distance, pain management,
and reducing the symptoms of intermittent
claudication. At that, blood flow parameters are
improving faster and better with both methods
of revascularization compared to non-surgical
treatment including exercises or medications
(8). In this meta-analysis only one study (9) had
a follow-up period of 70-74 months; in other
studies follow-up periods were significantly
shorter, and the average follow-up period was
23.6 months.

However, long-term results of several rand-
omized controlled trials suggest that early ad-
vantages of revascularization comparing to
conservative treatment may be lost over time,
and patients who had intervention at the early
stage, subsequently undergo significantly more
repeated procedures during follow-up (10).

At the same time, outcomes of revasculari-
zation for IC and long-term follow-up in com-
parative studies are not at all optimistic: in
a study by S.E. Altin et al., conducted in USA
and assessed long-term outcomes in patients
who underwent interventions on the femoral-
popliteal segment arteries, the rate of limb am-
putation was 4.3% over 4 years, with 3.2%
of patients underwent high amputations (11).
In the study by T. Gunnarson et al. included
775 patients with IC, all patients underwent re-
vascularization, and the follow-up period was
8 years. 261 patients underwent 486 repeat in-
terventions, of which 239 were interventions for
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CLI; the overall mortality rate over 8 years was
40.1%, high amputations were performed in 21
(2.7%), 30 (3.9%), and 52 (6.7%) in 3, 5 and
8 years, respectively (12).

Based on data from studies with a long-term
follow-up, it can be noted that patients who un-
derwent revascularization for IC have a high
rate of repeat interventions on extremities,
a high rate of progression to CLI, and the rate of
amputation increases progressively over the
years after the first revascularization proce-
dure. In contrast, studies demonstrating the
benefits of revascularization evaluate outcomes
at 6 months and 1 year after patients’ enroll-
ment, while data on long-term outcomes
(5 or more years of follow-up) are significantly
limited, which prompted to perform this meta-
analysis.

Objectives of analysis. The purpose of our
systematic review and meta-analysis was to
evaluate the outcomes of revascularization pro-
cedures (open and endovascular) in patients
with IC comparing to conservative treatment
over along follow-up period (more than 5 years).

Materials and methods

The search for information for the system-
atic review and meta-analysis was conducted
according to updated guidelines for reporting
systematic reviews (The PRIZMA 2020) (13)
and AMSTAR (14). The literature search was
carried out in the Pubmed and Google Scholar
databases, and additional sources of informa-
tion as well (bibliographic links from already in-
cluded studies, educational literature, and jour-
nals' tables of contents). The search key words
included “revascularization versus conservative
management for intermittent claudication”,
“revascularization versus medical treatment for
intermittent claudication”, “intermittent claudi-
cation revascularization and medical treatment”
for English-language sources and “peackynsi-
pusauus 1 KOHCepBaTMBHOE JiedeHne npu
nepemexatouienca xpomorte” and “xupypru-
4Yeckoe U KOHCEepPBATMBHOE fledeHme y nayu-
EHTOB C nepemexatouiencsa xpomoton” for
Russian-language sources. The search was
conducted by two independent authors, and all
disagreements were resolved by discussion.

An adapted and validated questionnaire for
assessing the risk of bias in randomized clinical
trials was used to assess the methodological
quality of randomized trials (15). Russian ver-
sion of the Newcastle-Ottawa scale was used to
assess the methodological quality of non-rand-
omized studies (16).

Data on assessment of the methodological
quality for randomized clinical trials are shown
in Table 1, for non-randomized clinical trials —
in Table 2.

Inclusion and exclusion criteria Only studies
that met the following criteria were included in
this analysis:

— compared the effectiveness of 2 methods
in patients with IC — conservative treatment
(training walk in combination with optimal drug
therapy) and revascularization procedure;

— comprised information on clinical out-
comes of patients in the long-term period;

— follow-up period was longer than 5 years;

— included more than 150 patients in all
groups;

— published during the period from 2013 to
2023.

The scheme of bibliographic search is shown
in Fig. 1.

Taking into account inclusion/exclusion cri-
teria and search strategy, 33 studies that po-
tentially met the search criteria were identified.
After the analysis, 6 studies were selected
which compared outcomes in patients with IC
who underwent revascularization and have
been received conservative treatment, in more
than 5 years of follow-up.

The following outcomes were assessed:
overall mortality, limb amputations, number of
revascularization procedures, and progression
to critical ischemia. Data on maximum walking
distance (MWD) and pain-free walking distance
(PFWD) were also assessed.

Statistical analysis and data processing.
Excel software was used for the statistical data
processing; Medcalc 19.0. software was used
for plotting graphs and calculating statistical
indicators . Results for dichotomous outcomes
are presented as risk difference (RD) and con-
fidence interval (Cl). To calculate RD, a fixed
effects model and a random effects model were
used. Meta-analysis of proportions was con-
ducted following the rules outlined in the “Meta-
analysis Of Observational Studies in Epide-
miology” (17) consensus document using the
Freeman-Tookey transformation to calculate
the weighted summary proportion based on
fixed andrandom-effects model. The heteroge-
neity of the model was assessed using the Q
and 12 criteria. In case of high heterogeneity
12 > 75%, not only fixed but also random effects
were calculated. For the Q criterion, p < 0.1 was
considered a sign of heterogeneity. Publication
bias was tested with Egger and Begg criteria.
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’ Articles identified in databases (n = 8098) ‘

v

’ Articles after excluding duplicates (n = 3533) ‘

v

Screened articles
(n=3533)

——>|  Excluded3500 |

v

(n=33)

Articles assessed according to eligibility criteria

—| Excluded 27 |

v

Articles included in analysis
(n=6)

Fig. 1. Bibliographic search scheme.

The threshold level of statistical significance
for all statistical methods is set as p < 0.05.

Number of studies relating to the treatment
of patients with IC and having a follow-up peri-
od of 5 years or more is extremely low. This
meta-analysis included studies assessing ad-
verse outcomes (death, amputation, urgent
limb surgery, progression to CLI).

In 3 of 6 studies authors were able to evalu-
ate the main functional parameters (pain-free
walking distance (PFWD) and maximum walk-
ing distance (MWD) in patients with IC followed-
up more than 5 years; these data appeared to
be not available for meta-analysis.

Meta-analysis also included prospective co-
hort study by H. Kumakura et al. It included
1,107 patients with a newly diagnosed IC; at the
initial stage all patients started conservative
treatment (optimal drug treatment, walking
training), then 408 patients continued conserv-
ative treatment, and 699 patients without symp-
toms improvement underwent a revasculariza-
tion procedure. This study is not randomized
by definition, but does contain information on
the incidence of lethal outcomes by subgroups.
Characteristics of studies included to the meta-
analysis are shown in Table 3.

Randomized study IRONIC (Henrik Djerf et
al.) included 158 patients. The groups did not
differ by clinical characteristics; the average age
of the patients was 68 years. All patients were
included in a smoking cessation program, re-
ceived single antiplatelet drug and statin therapy
(of normalintensity), all patients received cilosta-
zol, and also an optimal drug therapy for diabe-
tes mellitus (DM) and hypertension (HT).

The study included patients under the age
of 80 with confirmed symptoms of unilateral
or bilateral IC, as well as lesions of the aortoiliac

or femoropopliteal segment confirmed by ultra-
sound. Patients with very severe symptoms
of IC that limited daily activity, with very mild
symptoms that did not affect quality of life,
with more than 2 unsuccessful attempts at
revascularization on the affected side, as well
as patients who could not complete the HRQoL
questionnaire were excluded from the study.
Patients with distal lesions were excluded from
the study.

In this study, primary stenting was used for
interventions on the aortoiliac segment, while
stenting in femoropopliteal segment was per-
formed only if patient had suboptimal results
of angioplasty (residual stenosis or blood flow
limiting dissection). In case of open interven-
tions, synthetic prostheses were used for le-
sions above the inguinal ligament; for lesions
below the inguinal ligament, the great saphen-
ous vein was used (18).

The multicenter ERASE study included 212
patients with IC. Group 1 included 106 patients
who underwent a revascularization procedure
followed by supervised training. Group 2 with-
out revascularization received only supervised
training, and median follow-up was 5.4 years.
The clinical characteristics of the patients did
not differ significantly; the mean age of patients
in the group of supervised training (hereinafter
referred to as conservative treatment) was
66 years, in revascularization group with further
training (hereinafter referred to as revasculari-
zation group) — 64 years. All patients were as-
sessed for cardiovascular risk and prescribed
with therapy according to recommendations.
Cilostazol was not used in the study (its use is
prohibited in Netherlands). The study included
patients with stable symptoms of IC (for more
than 3 months), ABI at rest <0.90, or a de-
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crease in ABI <0.15 after a treadmill test, with
involvement of the arteries of aortoiliac or fem-
oropopliteal segment. Maximum walking dis-
tance was 100 to 500 meters (19).

In a study by J. Golledge et al., 456 patients
with IC who had symptoms for more than 1 year
were included. Of these, 178 patients under-
went early revascularization and 278 — received
conservative treatment, with a median follow-
up of 5 years. Patients with symptoms of IC
lasting for at least 1 year were included. In this
study drug treatment included statins or anti-
platelets as recommended, if there were no
contraindications or poor tolerance. Patients
were referred to specialists to quit smoking.
The attending surgeon recommended that pa-
tients walk for at least 30 minutes at least
3 times a week. Endovascular intervention was
the treatment of choice for iliac or superficial
femoral artery occlusion. Aorto-bifemoral by-
pass was performed for extended occlusions of
the external or internal iliac artery, as well as for
occlusionoftheinfrarenalaorta. Femoropopliteal
bypass was considered for extended occlusion
of superficial femoral artery when an adequate
saphenous vein was available (7).

The CETAC study conducted in the
Netherlands included patients with all of the fol-
lowing inclusion criteria: symptoms of IC lasting
longer than 3 months, Rutherford stages 1-3
with a maximum pain-free walking distance less
than 350 meters, an ABI less than 0.9 at rest, or
a decrease in ABI more than 0.15 after exer-
cise, one or more stenosis of more than 50% of
artery diameter in the iliac or femoropopliteal
segment revealed by CT angiography. Patients
with aortic aneurysm, serious cardiac diseases,
multilevel lesions, isolated tibial artery disease,
lesions for which revascularization was consid-
ered impossible, and those received previous
treatment of the lesion were excluded from the
study.

In this study all revascularization procedures
were endovascular. For revascularization in iliac
segment the balloon angioplasty was used;
in case of technical failure of the procedure,
a self-expanding nitinol stent was used. The
training in this study performed under control
and lasted more than 24 weeks (30 minutes,
2 times a week) (21, 23).

A study by V. Madabhusi et al. had a retro-
spective design. Patients with IC were identified

in electronic medical record databases using
disease codes. Patients who underwent revas-
cularization were identified by codes of open or
endovascular revascularization procedure (22).

Clinical characteristics of patients included
in the RCT are presented in Table 4. Patients
in revascularization group were slightly younger
in studies performed by S. Klapheke,
J. Golledge, V. Madabhusi. Due to different
definitions of smoking status (for example,
in study by V. Madabhusi patients were consid-
ered to be smokers if they smoked tobacco
within 90 days before inclusion), parameters
vary across the studies. Basically, in analyzed
studies there were no differences between pa-
tients in relation to concomitant diseases; only
in the study by V. Madabhusi revascularization
group included more patients with diabetes
mellitus, as well as patients with COPD.

The data on adverse outcomes over a 5-year
follow-up are presentet in Table 5.

The results of a meta-analysis of mortality
rates, amputations, all urgent revasculariza-
tions and progression to critical ischemia in
patients with IC when comparing revasculariza-
tion and conservative treatment are presented
in Fig. 2. Analysis of mortality data shows, that
the risk of death is lower with revascularization
than with conservative treatment, but data
heterogeneity is still quite high (more than 70%
12 (79.91%). With a random model, the risk
differences were not significant. There is no
bias in data selection (Egger and Bags tests).
As to amputations, the pattern appeared to be
the opposite to deaths: the rate of limb ampu-
tation was higher in revascularization group,
however the heterogeneity index was high
(12 83.87%), and when using a random model,
the differences were not significant.

Analysis of urgent revascularization rate, de-
spite the high heterogeneity (12 = 87.69%) both
with a fixed and random models, demonstrated
significantly fewer number of urgent revascu-
larizations in conservative treatment group.

Data on progression to CLI are available in
three studies only; significant data heteroge-
neity was also revealed (12 87.67%), the rate
of progression to CLI was lower with a conserv-
ative treatment when analyzing fixed effects
(p < 0.001); however, when using a random
model, risk differences turned out to be insig-
nificant.
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@ Mortality Mortality
H. Djerf et al., 2020 - —
S.Klapheke etal., 2022 |~ ——@—— |
H. Kumakuraetal, 2017 | —l—
J. Golledge et al., 2018 —I—l—
F. Fakhry etal., 2013 —
Total (fixed effect) <@ |
Total (random effect) - .’
1 1 1 i 1 1 1
-0.83 -0.2 -0.1 0.0 0.1 0,2 0.3
Risk difference
Heterogeneity index 12 79,91%
Revascula- Conservative
RD LL uL P rization treatment
H. Djerf et al., 2020 0.0919 -0.168 -0.201 13/72 7/79
S. Klapheke et al.,2022 -0.132 -0.229 0.0349 10/106 24/106
H. Kumakura et al., 2017 -0.161 -0.221 -0.101 261/699 218/408
J. Golledge et al., 2018 —-0.0403 -0.119 0.0380 37/178 69/278
F. Fakhry et al., 2013 -0.0267 -0.158 0.104 15/75 17/75
Total (fixed effect) -0.102 -0.142 0.0624 <0.001 336/1130 335/946
Total (random effect) -0.0594 -0.149 0.0307 0.196 336/1130 335/946
@ Amputations Amputations
H. Djerf et al., 2020 —i—
S. Klapheke et al.,2022 - —
J. Golledge et al., 2018 —a—
F Fakhryetal., 2013 - -'—-—
V. Madabhusi et al., 2021 |- ——
Total (fixed effect) o
Total (random effect) - —l—
| | { | |
-0.1 0.0 0.1
Risk difference
Heterogeneity index 12 83,87%
Revascula- Conservative
RD LL uL P rization treatment
H. Djerf et al., 2020 -0.0127 -0.0373 0.0120 0/72 1/79
S. Klapheke et al.,2022 0.00943 -0.0223 0.0412 2/106 1/106
J. Golledge et al., 2018 0.0398 0.00537 0.0742 9/178 3/278
F. Fakhry et al., 2013 0.0400 —-0.00435 0.0843 3/75 0/75
V. Madabhusi et al., 2021 0.0610 0.0309 0.0911 25/328 11/723
Total (fixed effect) 0.0422 0.0248 0.0600 <0.001 39/759 16/1261
Total (random effect) 0.0267 —0.00906 0.0624 0.143 39/759 16/1261

Fig. 2. Meta-analysis of mortality (a), amputations (b), urgent revascularizations (c), progression to critical ischemia (d)
when comparing revascularization and conservative treatment in patients with IC with a follow-up period of 5 years or more.
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Revascularizations
(urgent)
Henrik Djerf, 2020

Sanne Klapheke, 2022
Golledge, 2018, AscTpanus

F. Fakhry, 2013

Total (fixed effects)

Total (random effects)

Heterogeneity index 12 87,69%

Revascularizations (urgent)

}

&

\

-0.4 -0.2 0.0 0.2 0.4

Risk difference

Revascula- Conservative
RD LL uL P rization treatment
H. Djerf et al., 2020 0.180 0.0225 0.337 43/72 33/79
S. Klapheke et al.,2022 0.255 0.131 0.379 51/106 24/106
J. Golledge et al., 2018 0.167 0.0768 0.258 81/178 80/278
F. Fakhry et al., 2013 -0.200 0.347 0.533 17/75 32/75
Total (fixed effect) 0.131 0.0701 0.191 <0.001 192/431 169/538
Total (random effect) 0.104 -0.0763 0.283 0.008 192/431 169/538
@ Progress to CLI Progress to CLI
Henrik Djerf, 2020 |- —-—
Sanne Klapheke, 2022 |- =
Madambushi V., 2021 |- — .
Total (fixed effect) | ——
Total (random effect) |- L
1 i 1 1
-0.1 0.0 0.1 0.2
Risk difference
Heterogeneity index 12 87,67%
Revascula- Conservative
RD LL uL P rization treatment
H. Djerf et al., 2020 0.00369 0.0588 0.0662 3/72 3/79
S. Klapheke et al., 2022 0.0377 -0.0191 0.0946 7/106 3/106
V. Madambushi et al., 2021 0.134 0.0862 0.182 68/328 53/723
Total (fixed effect) 0.102 0.0662 0.139 <0.001 78/506 59/908
Total (random effect) 0.0599 0.0313 0.151 0.198 78/506 59/908

Fig. 2 (end).
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Discussion of the results

Meta-analysis of studies data assessed
mortality, incidence of urgent revascularization,
progression to CLI and amputations incidence
with conservative and surgical approaches to
IC treatment.

The mortality data assessment was extreme-
ly complicated in these studies due to absent
information on the causes of deaths, underly-
ing cardiovascular diseases, and their diagnos-
tics, which may vary in different medical institu-
tions and in different countries. Significantly
higher mortality rate in conservative treatment
group was only observed in one study (ERASE
trial by Sanne Klapheke et al.), but mortality
analysis adjusted for male gender, DM, and
CHD showed similar data in conservative treat-
ment group and revascularization group (OR:
2.59, 99% CI 0.97-6.95, p = 0.013 (19). Thus,
there is no reason to assert that a treatment ap-
proach to IC affects the mortality of patients.

As to amputations, the pattern appeared to
be the opposite to deaths: the rate of limb am-
putations was higher in revascularization group,
however the heterogeneity index was high, and
when a random model was used, the differ-
ences were not significant; a similar result was
obtained when progression to CLI was ana-
lyzed. A total of 759 patients in revasculariza-
tion group and 1,261 patients in conservative

treatment group were available for amputation
rate analysis; there were 39 amputations (5.13%)
in revascularization group and 16 (1.26%) in
conservative treatment group. These data are
consistent with results of previous studies with
long-term follow-up (11, 12). In the revascu-
larization group, of 506 patients available for
analysis, 78 (15.4%) developed CLI, while in the
conservative treatment group this condition
developed only in 6.5% of patients.

Analysis of urgent revascularization rate, de-
spite the high heterogeneity (12 = 87.69%) both
with a fixed and random models, demonstrated
significantly fewer number of urgent revascu-
larizations in the conservative treatment group.

The high heterogeneity observed in the anal-
ysis is explained by different approaches to IC
treatment in different countries, changes in
treatment options over recent years, and pro-
gress in surgical techniques, endovascular
and hybrid technologies.

Data on MWD, PFWD, and data from HRQoL
questionnaires were unsuitable for the meta-
analysis because of extremely small numbers
of patients and data heterogeneity. Table 6
summarizes available data on baseline MWD
and PFWD as well as on changes in these para-
meters at the end of the follow-up period in
three studies. As can be seen from Table 6,
no significant differences in MWD or PFWD

Table 6. Data on maximum walking distance (MWD) and pain-free walking distance (PFWD) (or changes in distance) at base-
line and at the end of follow-up in the conservative treatment group and the revascularization group

Conservative treatment group Revascularization group
(total patients/patients (total patients/patients p
who passed the treadmill test) | who passed the treadmill test)
H. Djerf et al., 2020

79/49 79/42
Baseline MWD, m 189+ 106 194 + 103 0.58
MWD at 5 years, changes, m +14 -12 No data
Baseline PFWD 78 £59 87 +£60
PFWD at 5 years, changes, m +55 -51 No data

S. Klaphake et al., 2022

106/60 106/60
MWD, m 285 (228-300) 246 (244-326)
MWD at 5 years 981 (764-1199) 1034 (825-1244) 0.620
Baseline PFWD, m 135 (113-157) 117 (96-138)
PFWD at 5 years, m 865 (657-1074) 976 (773-1178) 0.281

F. Fakhry et al., 2013

75/29 75/36
Baseline MWD, m 186 (164-208) 174 (157-191)
MWD at 7 years 975 (772-1117) 1074 (881-1276) 0.481
Baseline PFWD, m 104 (89-119) 82 (71-93)
PFWD at 7 years, m +700 (461-941) +940 (710-1171) 0.156

Ne 76, 2024



INTERVENTIONAL ANGIOLOGY

were detected during long-term follow-up.
Also, there were no significant differences in
assessments by the quality of life question-
naires in relation to the original data available
for analysis (18, 19, 21).

Results obtained in the study by R.A. McCre-
ady et al. were similar to those of the meta-
analysis. The authors concluded that, despite
early improvement in IC symptoms after revas-
cularization, long-term outcomes were often
no better than those achieved with conserva-
tive therapy. High rate of repeat interventions
leads to the high incidences of both acute and
chronic limb ischemia compared to patients
receiving conservative treatment. In addition,
in studies included in the meta-analysis, pa-
tients who underwent early revascularization
had an amputation rate of up to 11% at long-
term follow-up (5 years or more) (24), com-
pared with a maximum amputation rate of 1.7%
in the conservative treatment group during
5 years of follow-up.

According to the meta-analysis by T. Shirasu
et al., which included 9 CTs and 1,477 patients
(765 - invasive treatment, 712 — non-invasive
treatment), there were no significant differenc-
es in the rates of progression to CLI (5 [2-8] per
1,000 patients per year with invasive treatment
vs. 6 [3—10] per 1,000 patients per year with
non-invasive treatment; OR: 0.77; 95% CI,
0.35-1.69; p = 0.51, 12 = 0%), amputations
(OR: 1.69; 95% CI, 0.54-5.26; p = 0.36,
12 =0%) and overall mortality (OR: 1.26; 95%
Cl, 0.91-1.74; p =0.16, 12 = 0%). The repeat
revascularization incidence was significantly
higher in the invasive treatment group (OR: 4.15;
95% CI, 2.80-6.16; p < 0.00001, 12 = 83%),
although there was also high heterogeneity of
data in the invasive treatment group in this me-
ta-analysis (25). The differences in the results
of this meta-analysis are likely due to the short-
er follow-up period of 3.6 years.

The meta-analysis did not include a study by
T. Gunnarsson et al., which had a similar design,
but did not meet the inclusion criteria in terms of
sample size (a total of 100 patients were rand-
omized). In this study, results were similar to
those of the meta-analysis: the reinterventions
rate was higher in the group of patients who un-
derwent early revascularization, but there were
no differences between groups in terms of inci-
dence of progression to critical ischemia, num-
ber of amputations, and overall mortality (26).

Thus, the results of the meta-analysis sug-
gest that IC patients who undergo early revas-
cularization have a higher incidence of urgent

interventions, and there is also a trend towards
an increase in the number of limb amputations
and progression to CLI, but this could not be
proven given the small number of studies with
5-year follow-up and small number of patients
included in these studies.

It is worth noting that the conservative strat-
egy of IC treatment is a rather demanding pro-
cess on both the part of a physician and a pa-
tient. Oftentimes physicians even do not know
what exactly to recommend to patients and
what training methods are really effective.
To determine physicians’ opinions and their
understanding of training walking techniques,
a study was conducted in Germany to evaluate
the results of a survey among members of the
German Society of Vascular Surgery and
Angiology. Only 743 (19%) of 3,910 physicians
gave the correct answer regarding the walking
training technique (27). Currently, American
recommendations and European Society of
Cardiology guidelines recommend the follow-
ing training regimen: training should be super-
vised by qualified healthcare professionals
in hospital and outpatient settings, walking is
the recommended therapy method, walking
in an interval mode (walk-rest-walk) until maxi-
mum pain in the leg, exercise duration is at least
30-45 minutes, at least 3 times a week for
at least 12 weeks, warm-up and completion
of exercises are mandatory (28, 29). The goal
of treatment is also to correct cardiovascular
risks and reduce mortality. The approach
should consist of aggressive and personalized
corrections of risk factors, including smoking
cessation, antiplatelet therapy, and prescrip-
tion of statins and ACE inhibitors, and, possi-
bly, cilostazol (30). Detailed recommendations
for lifestyle modification and medication thera-
py for patients are presented in American,
European and Russian guidelines (28, 31, 32).
However, medication therapy is not even of-
fered to many patients, and, if offered, the ma-
jority of them do not complete their treatment
course (24), although, according to studies,
only in 20% of patients with IC symptoms are
not improving with walking training within
2 years (33).

Study limitations This meta-analysis is lim-
ited by relatively few studies with a follow-up
period of >5 years. Additional randomized stud-
ies that strictly follow indications for revascu-
larization will allow obtaining true data on the
incidence of amputations, progression to CLI,
and urgent revascularization in conservative

PeBackynspu3aLms niv KOHcepBaTuBHas Tepanus rnpv nepemMexaroLLencs XpomMoTe —
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Moreover, none of the studies identified
clear indications for urgent revascularization in
the conservative treatment group, where revas-
cularizations were performed not only because
of progression to CLI and the revascularization
proportion reached 42% in the studies included
in the meta-analysis. Thus, discussing the me-
ta-analysis results, we compare rather the early
revascularization strategy in IC patients with
delayed one, described in the most national
guidelines, than the conservative and surgical
treatment strategies for IC patients. In this con-
text, it is possible that a completely conserva-
tive treatment strategy for IC patients may have
significant advantages over the surgical strate-
gy at the current level of development of medi-
cal technologies.

A significant limitation of the meta-analysis
is also the lack of separate analysis of patient
subgroups in the studies, taking into account
the affected arterial segments. Satisfactory re-
sults in terms of primary patency after interven-
tions on aortoiliac arteries in some studies
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NMpuMeHeHHe UPECKOXKHON TPOMOIKCTPAKLIUH

y NaLMeHTa C OCTPbIM ULIEMUUYECKHUM UHCY/IbTOM
nocne NpPoTe3MpoBaHUs aOPTaJbHOro KaanaHa
U XMPYPruyecKoW peBacKynsipusaluuu MMoKapaa
(knMHUUecKoe HabnoaeHue)

E.b. lWaxoB', [1.B. Netpor?, [.B. Bonkos?, A.C. HoBukoB?, E.B. >XKapukoBa', 3.M. EpLioBa®

1 PreQy BO “TpuBomkcknii nccaenoBaTebCkui MeanuMHCKui yHusepcutet” MuHagpasa Poccun,
HwxHuii Hosropod, Poccusi

2bY3 HO “Toponackas knuHn4eckas 6osbHuLa Ne 5”, HuxHuii Hosroposa, Poccus

3 'BbY3 HO “Hay4Ho-mnccnenoBatesibCkuii MUHCTUTYT — Crieumnann3npoBaHHas Kapamoxmpyprndyeckasi
KnHn4eckasi 6osibHULIA MMeHu akagemmuka b.A. Koponesa”, HuxHuvi HosBroposa, Poccusi

Llenb uccnegoBaHmsi: rnpoaeMOHCTPUPOBATb KIMHUYECKUY MPUMEDP NMPUMEHEHUSI 3HA0BACKYISPHOM TPOMO-
BKCTPaKLUMU y NaLumeHTa ¢ OCTPbIM HapyLLIEHUEM MO3roBOro KpOBOOOPaLLEHNS, BOZHUKLLErO B PaHHUE CPOKU
roce KapanoX1upypru4eckoro BMeLLIaTeibCTBa, BK/I0YaBLLEro rnpoTe3npoBaHne aopTaibHOro kaanaHa Mexa-
HUYECKMM POTE30M.

O60ocHoBaHue. OCTPOE ULLIEMUYECKOE MMOBPEXAEHNE roJI0BHOr0 MO3ra Yy 60/ibHbIX, MepeHEeCLLVX MPOTe3npo-
BaHWe aopTasibHOro KiarnaHa, B/IsIeTCs PeAKNM OC/IOXKHEHNEM, BO3HUKAIOLLMM Ha (POHE HapyLLIeHUs Pexmnma
aHTyKoarynasHTHoM Tepanun. ogobHoe 0CIoXHEHUE TPebyeT CBOEBPEMEHHOIr0 3HA0BACKY/ISIPHOIro BMeLLa-
Te/IbCTBA Ha apTepusiX rOJIOBHOrO MO3ra, a Takxe aHaam3a rnpuyYvH, npUBEALLINX K BO3HUKHOBEHWUIO COCYau-
cTovi ambosnn.

MeToabl. Y naumeHTa ¢ OCTPbIM HapyLLIEHNEM MO3rOBOro KpOBOOOPALLEHMS M0C/1e NePEeHECEeHHOro Kapamo-
XUPYPryu4eckoro BMeLLIaTesibCTBa Mpomn3BoAnIack npeaornepanyoHHas oLeHKa HEBPOJIOrMYECcKoro craryca,
a TaKkxe aHa/n3npoBaINCb 0COBEHHOCTY MOPAXEHUS] apTepPuii rOJI0BHOrO MO3ra o AaHHbIM KOMIIbIOTEPHO
TOMOrpaguy. SHA0BacKy/IspHas TDOMOIKCTPAaKLMS BbINOJIHS/1ack B 30HE M2-cermeHTa npaBoi cpeaHemMos-
roBoOVi apTepum 40 BOCCTAHOB/IEHUS] aHTErpaaHoro KPoOBOToka B 06/1acTy BMeLlaTesibcTBa Ha ypoBHe TICI 3.
bosibHOMY B paHHWE 0C/AeonepaLoHHbIE CPOKU MPOU3BOAMNIACL OLleHKa HEeBPOJIOrM4eckoro crartyca.
o pe3ynibTatam KOHTPOJIbHOr0 TOMOrpPagu4eckoro UCCAen0BaHWs OLE€HMUBAIOCh HAINYUE WLLIEMUYECKOro
r10BPEeXaeHs roJIOBHOr0 MO3ra v BO3HWKHOBEHUE reMopparn4eckoli TpaHcghopmMaumy nocse rnpoBeaeHHo
WHTEPBEHLINN.

Pe3ynbratsl. oy npoBeaeHn KOHTPOJIbHOV KOMIbIOTEPHOM ToMorpagum y obcaeayemoro 60/1bHOro 6l
BbISIB/IEHbI PU3HAKW BOCCTAHOBJIEHUSI KPOBOTOKa o 0GacceriHy npaBovi CpPpenHemMo3roBoVi apTepumu.
femopparnyeckasi TpaHcghopmMaLms He BbisiBISIack. Ha 7-e cyTku nocie 3HOBaCKyISIPHOU TPOMOIKCTPAaKLMM
B HEBPOJIOrMYECKOM CTaTyce OTMEYeHa 3HaqyuMMasi roJIOXUTEsIbHas ANHAMUKA: CO3HAHUE — SICHOE; peYb —
r10/IHO€ BOCCTaHOBJ/IEHNE PEYY; MEHMHIE€aJIbHbIX CUMIMTOMOB HET. MbilLie4YHasi cuia ¢ BePXHUX U HUXHUX KOHeY-
HOCTel — oAgMHakoBasl crijpasa v c/eBa.

3akmovyenne. CBoeBpeMeHHasi dHA0BACKY/ISPHAas TDOMOIKCTPAKLINS N3 apTepuii roOJI0BHOrO MO3ra SIB/ISeTCs
BbICOKO3(GHEKTUBHBIM METOLAOM HOPMAan3aLmy aaekBaTHoM nepgyaun roloBHOro Mo3ra n 6biICTPOro BoC-
CTaHOBJIEHMSI HEBPOJIOrMYECKOro cTatyca Hab/iiogaeMblX naLmueHTos.

Knio4eBble csioBa: ocTpoe HapyllieHne MO3roBOro KpoBOOOPaLLEHNs, ULLIEMUYECKNIA UHCYIIbT, SHAOBACKY-
JIIpHas TPOMOIKCTPaKLMS, MPOTEe3UPOBaHNe aopTasbHOMO KiaraHa, OC/IOXHEeHUEe KapAauoXvpypruyeckoro
BMeLLaTesIbCTBa, HapyLLUEHUEe pexuma aHTUKoaryasaumm

Ana uutnpoBanus: E.b. LWaxos, [.B. MNMeTpos, [1.B. Bonkos, A.C. HoBukos, E.B. )Xapukoa, 3.M. EpLuosa.
MpumeHeHe YPEeCKOXHOM TPOMOIKCTPAKLMK Y MaLMEHTA C OCTPbIM NULLEMUYECKUM MHCYILTOM MOC/e Npo-
TE31POBaHNS a0PTasIbHOrO KarnaHa 1 XMpypruiyeckon pesackynsapmsaumm Mmmokapaa (KnMmHmyeckoe Habno-
neHve). MexayHapoaHbIi XXypHas MHTePBEHLUMNOHHOM kapanoaHruoaorim. 2024; 76 (1): 75-89.
https://doi.org/10.24835/1727-818X-76-75

KoHdnukT nHTtepecos. ABTOPLI 3aBASAIOT 06 OTCYTCTBUN KOHIVKTA MHTEPECOB.
UcTouyHuku puHaHcupoBaHus. PaboTa BbiNosiHeHa 6€3 CMOHCOPCKOM NOAAEPXKKN.
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Percutaneous thrombectomy in a patient
with acute ischemic stroke after aortic valve
replacement and surgical myocardial
revascularization (clinical case)

E.B. Shakhov'*, D.V. Petrov 2, D.V. Volkov 2, A.S. NovikoVv?, E.V. Zharikova', E.M. Ershova?®

" Privolzhsky Research Medical University of the Ministry of Health of the Russian Federation,
Nizhny Novgorod, Russia

2 City Clinical Hospital No. 5, Nizhny Novgorod, Russia

8 Research Institute — Specialized Cardiac Surgery Clinical Hospital named after Academician
B.A. Korolev, Nizhny Novgorod, Russia

Objectives. To demonstrate a clinical case of endovascular thrombectomy in a patient with acute
cerebrovascular accident that developed early after cardiac surgery, which included replacement of the aortic
valve with a mechanical prosthesis.

Background. Acute ischemic brain injury, which occurs in patients who have undergone aortic valve
replacement, is a rare complication that develops when anticoagulant therapy regimens are not adhered to.
This complication requires timely endovascular intervention on cerebral arteries and analysis of the causes that
led to vascular embolism.

Methods. In a patient with acute cerebrovascular accident after cardiac surgery, the neurological status was
preoperatively assessed and the features of damage to the cerebral arteries were analyzed using computed
tomography data. Endovascular thrombectomy was performed in M2 segment of the right middle cerebral
artery until antegrade blood flow in the intervention area was restored to TICI 3. The patient's neurological
status was assessed in the early postoperative period. Based on results of follow-up tomography, presence of
the post-intervention ischemic brain damage and hemorrhagic transformation was assessed.

Results. The follow-up computed tomography showed signs of blood flow restoration in the patient’s right
middle cerebral artery. No hemorrhagic transformation was detected. On day 7 after endovascular
thrombectomy significant positive dynamics in the neurological status was observed: clear consciousness,
completely restored speech, and no meningeal symptoms. Muscle strength in the upper and lower extremities
was identical on both sides.

Conclusions. Timely endovascular thrombectomy in cerebral arteries is a highly effective method for
normalizing adequate cerebral perfusion and rapid restoration of patients' neurological status.

Keywords: acute cerebrovascular accident, ischemic stroke, endovascular thrombectomy, aortic valve
replacement, complication of cardiac surgery, noncompliance with anticoagulation regimens
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KpaTtkuinr Teaunc

Nwemnyeckoe noppexageHme roJioBHoro
MO3ra y NauyeHToB C COMYTCTBYIOLLEN NaTONO-
rmen cepaeyHo-cocyamcTon CUCTEMbI MOCHe
NPOBEAEHHOI0 KapaUOXUPYPrn4eckoro onepa-
TUBHOIO BMELLATENBbCTBA, BKJIOYAKOLWEro Npo-
Te3MpoBaHME aopPTaJIbHOrO KfanaHa MexaHu-
YeCKMM MPOTE30M, BCTPEYAETCS MEHEE YeM
B 1% cnyyaeB. lNpuBeneH KIVHUYECKUA Npu-
Mep YCNELLUHOro MPUMEHEHNS PEHTIEHOXMPYP-
rMYyeckoro Noaxona B fevYeHmnn 60AbHOro ¢ UH-

CY/ITOM 9MOOINYECKOro reHe3a nocne paHee
nepeHeceHHOro aoPTOKOPOHAPHOI O LWYHTUPO-
BaHNA N XUNPYPrm4eckoro nporte3npoBaHnsa
adAOpPTaJIbHONro KnarnaHa mMmexaHn4eCkmnmMm nporTte-
30M Ha ¢pOHEe CaMOBOJIbHOM OTMEHbI rnpuema
aHTaroHncToB ButamumHa K B paHHeM nocne-
onepaumnmoHHoM nepuode. [MauueHTy Obina
MpoBeAEHA ycCrewHasa CBOEBPEMEHHAas 4pe-
CKOXHasi TPOMOIKCTpakumsa n3 M2-cermeHTta
npasoncpenHemosrosomaprtepun.lpouenypa
okasana HernocpeacTBeHHOE MONOXUTESIbHOE
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BAINSIHME Ha BOCCTaHOBJsieHMe nepdysnm ro-
JIOBHOrO MO3ra 1 Ha CHUXEHWE HEBPOJsiornye-
ckoro geduumta HabnogaeMoro Hamu naum-
eHTa.

Cnucok cokpaleHuin

OHMK - ocTpoe HapylieHue MO3roBOro
KpoBOOOpalLleHus

CMA - cpegHemo3roBasi aptepus

TNIT — TpOoMBONNTMYHECKAS Tepanns

MMP — nHpgekc mobunbHoCcT PuBepmunga

LLUPM — wkana peabunmtaunmoOHHOW MapLu-
pyTmnsauum

MCKT — mynstncnuvpasnbHas KOMMbloTeEpPHas
TOMOrpadpua

OKI — anekTpokapgmorpamma

MHO - mexayHapogHoe HopMann30BaHHOE
OTHOLUEeHne

AK — aopTasibHbIv KnanaH

JIXK — neBbin xenygo4dek

BeepeHue

B HacTodwee BpemMsa CoOBpeEMEHHas gokasa-
TenbHas 6a3a AeMOHCTPUPYET NMPEBOCXOACTBO
MWHMMaNbHO MHBA3MBHOIO NOAX04a B IeYEHNN
OCTPOro uvwemmyeckoro mHcyneta (1). Ypec-
KOXHasi TpaHC/IloMUHanbHas TPOMOaKCTpak-
una n3 uepedbpanbHbiX apTepuii No npaey AB-
nsetcsa “30/A0TbiIM CTaHOapTOM” MepBOOYe-
penoHOro crauMoHapHOro Jie4eHuss OCTPOoro
HapyweHuss MO3roBOro KpoBoOOOpalLeHus
(OHMK) wnwemnyeckoro reHesza ¢ 2015 .
B aTOT nepurof BpeMEHN Hay4HOe COOBLW,ECTBO
Craporo n Hoeoro ceeta crtasio pacnonaratb
pesynbratamMm NSty OCHOBOMONArakLwmx Kin-
HUYECKUX UCCNenOBaHUN, OOKA3aBLUMX 3HAYN-
TesNbHOE yny4lleHne pes3ynbLTaToOB HEBPOJIOrn-
yeckoln peabunutaumm nagymeHtoB ¢ OHMK
B aHaMHe3e Mnocne npoBeOEeHUs 3HAO0BACKY-
nFpHOro BmellaTenbcTBa (2). WccneposaHus
NMOCNeoHUX TPexX JieT 4eTKO yKa3blBalT Ha TOo,
4YTO YPECKOXHasi 9KCTPaKUMSA TPOMOOTNYECKUX
Macc 13 apTepuin roJIOBHOrO0 MO3ra 4ate ocy-
wecTenseTcsa npu SmMO0ANYECKOM BapuaHTe
OCTPOro noBpexaeH1s roJI0OBHOMO MO3ra 1 Mo-
>KET yCneLwHo AOMOJHATbL Ha4YaTylo paHee TPOM-
donutuyeckyto Tepanuio (3). OgHoln n3 Beny-
wmx npuunH OHMK ambonnyeckon npupoabl
ABNSETCA HeonTUMasibHas aHTMKoarynsaums
npu XpoHuyecknx dopmax eubpunnaunn
npencepanin nnm OTCYTCTBME MNPUBEPXKEHHO-
CTU K TepaneBTUYECKOMY JIe4eHUNI0 Yy NaumeH-
TOB C¢ punbpunnauven npeacepanii (4). bonee
penknuin BapuaHT MHCYNbTa — ULLEMUYECKOoe
noBpexaeHne rosioBHOro Mo3ra y rnaumMeHToB
C CONyTCTBYIOLLEN NaTosiorven cepaeyHo-co-

CYyANCTON CUCTEMBI MOCTIE MPOBEAEHHOIO Kap-
ONOXUPYPru4eckoro onepatmBHONO BMeELUa-
TenbCTBa, BCTPeYawLlieeca MeHee 4em B 1%
cnyyaes (3, 4). CornacHo nuTepaTtypHbIM OaH-
HbIM, OTCYTCTBME KOMMIAEHTHOCTUN OOJIbHbIX B
OTHOLUEHUUN MeONKaMEHTO3HOW Tepanuu no-
cle npoTe3mpoBaHUS aopTasibHOro KranaHa
(AK) 1 xnpyprmndeckom pesackynsapusaumm Mu-
okapga cosgaeT npennocblikn st BOSHUKHO-
BEHUS1 3MOOINYECKOro UHCYNbLTa, rae UCTOY-
HMKOM TPOMOOTUYECKUX MaACC SBASIETCA Mexa-
Hudeckun npoted AK (3-5). CBoeBpemeHHOEe
NMPUMEHEeHNE TEXHONOTUN SHO0BACKYSPHOWN
TPOMO3KCTPAKLUMM Y NALMEHTOB C MOAOOHbIM
KapaANOXMPYPrn4ecknmMm aHamMmHe3OoM penko
OMMCbLIBAETCS B MNEPUOOUNYECKUX WN3OAHUSX.
B cBA3K ¢ 3TUM B HacTosilen paboTe Mbl XO-
TUM MNPUBECTU KIIMHUYECKUIA NpMMEpP ycneLl-
HOFO MPWUMEHEHUS PEHTFEHOXUPYPrMYECKOro
noaxoga B nevyeHum 6onbHoro ¢ OHMK ambo-
JINYECKOro reHesa nocrie paHee nepeHeceHHo-
roO aOpPTOKOPOHAPHOro LUYHTUPOBAHUSA U XU-
pypruyeckoro nporte3mpoBanms AK mexaHmnye-
CKMM MpoTe3oM Ha ¢GoHe CaMOBOJIbHOMN
OTMeHbl NpremMa aHTaroHUcToB BuUTamMuHa K
B paHHEM NocfeonepaumMoHHOM Nepuoae.

KnuHuuyeckoe HaGnwogeHne

MaunenTt C., 61 roa, NoCTynu B OTOENEHNE UH-
TEHCUBHOI Tepanum 1 peaHnMmauun aasi 60bHbIX C
OHMK ropoackoro cocyamcToro LugHTpa ¢ guarHo-
3om: OHMK no vwemunyeckomy Tuny B BGaccenHe
npaso cpegHemMo3roBoi aptepun (CMA) — nogTun
Kapamoam0bonnyeckuii, c remmnape3om, remmrurne-
CTe3unewn cnesa.

B aHamHe3e: runepToHnyeckas 605e3Hb, caxap-
HbIi AnabeT 2 Tuna, nwemuyeckast 6onesHb cepa-
La, NepeHeceHHbl MHPapKT Mruokapaa, XpoHuYe-
ckasi cepaeyHaa HegocTaTo4yHoCTb. CocTosiHMe no-
cne paHee TMNepeHEeCcCEeHHOro KOPOHapHOro
LIYHTMPOBaHMSA U NpoTe3mpoBaHns AK.

3a 14 gHel 0o HacTosALWeNn rocnuTanu3auum na-
LMEHT Haxoauncs Ha nedveHum B Flopoackom cneum-
anM3npoBaHHOM KapAMOXMPYPrn4eckoM LEHTpPE,
roe y 601bHOro Obll BbISIB/IEH TSXXESbI a0pTaslbHbIN
CTEHO03, Habnaanncb aHrmorpaduyeckme npmnsHa-
KM aTepoCK/IeEpOTUYECKOrO MnopaxeHuss baccelHa
neson (puc. 1a) n npaBon KOPOHApPHbIX apTepun
(puc. 16).

lMocne BbINONHEHUSA OMArHOCTUYECKON Cenek-
TUBHON KOpOHaporpadum B YCNOBUAX Kapawno-
XMPYpPrnuyeckoro crauuoHapa ObiI10 NMpoBeaeHo
MaMMapOKOPOHapHOEe LWYHTUPOBaHNE MnepegHen
HUCXOOALEN apTepun, aOPTOKOPOHAPHOE LUYHTU-
poBaHMe BETBM TYMNOro Kpas, MHTepMeOnapHOWn
apTepum  ”n  3agHEN HUCXOoOdWen apTepuu.

TpOM63KCTpaKLU/IFI rpuv NnieMn4eCcKoM MHCYJIbTe Mocsie Kapanoxmpyprmnieckoro sMeLluaresibCcTea
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Puc. 1. lcxogHoe nopaxeHne KOPOHApPHOro pycna u KanbLUMHO3 aopTanbHOro knanaHa y naupenta C., 61 roga (oo
XUPYPryeckomn KOPPEeKLUM): YEPHOKM CTPENKOM 0603HAaYeH KasbLMHO3 B MPOEKLMM aopPTaibHOMO KiarnaHa (a); 6enbi-
MU CTpesikamun — CTeHO3bl BETBEI JIeBOI (@) 1 NpaBoii (6) KOPOHAPHbLIX apTEPUIA.

OcyuiectBneHa OOHOMOMEHTHAsA KOppekuus aop-
TanbHOro cTeHo3a — npoTe3npoBaHme AK BbiMosHe-
HO MexaHuyeckum npotesom “MeanHx-2”. locne
MPOBEAEHNS KapAMOXMPYPrMyeckoro artana nedye-
HUS NauneHT Obln BbINUCaH B YA0BIETBOPUTENIbHOM
COCTOSAHUMN.

Yepes 12 gHel nocne BbINOIHEHHOIO NPOTE3N-
poBaHus AK 1 KOPOHAPHOIO LUYHTUPOBaHUS Yy 60b-
HOro nosiBunacb crnaboCcTb B JIEBOM PYKe U HOre.
Bbina BbiI3BaHa Opuraga CKOpPoOM MeOUUUHCKOWN
nomowin, 6onbHOM OblN gocTaBneH B [opoackoin
COCYANCTbIN LEHTP CnycTd 4 4 OT MOMEHTA BO3HUK-
HOBEHUS HEBPOJIOMMYECKOW cumnTomMaTuku. [pwn
MOCTYMJIEHNXN B COCYOMCTbIA LIEHTP: MNoKasaTesib
MEeXAYHAapOAHOro HOPMa/IM30BAHHOIO OTHOLLEHUS
(MHOQO) 6bin paBHbIM 1,42. Mpu cbope aHamHe3e —
CaMOCTOATENbHAsA OTMEHa MpUemMa aHTaroHMUCTOB
BUTaMunHa K (BapdapuHa) HeM3BeCTHOW JAaBHOCTMW.

Tpombonutmyeckasa Tepanus (TJIT) Ha gorocnu-
TaNbHOM U rOCAUTaNIbHOM 3Tanax NeyeHns He Npo-
BOAMNACH B CBA3U C NMPOTUBONOKasaHusamm K TJIT —
paHHUMM CpOKaMu MOCNE BbINOJIHEHUS KapOMOXU-
PYpPruyeckoro onepaTtrmBHOro BMeLlaTENbCTRA.

B HeBpoJsiOrMyeckomM craTyce: CO3HaHue — sc-
HOe; peyb — AU3apTPUs; MEHUHIreasbHbIX CUMMTO-
MOB HeT. [MoTaHmne coxpaHeHo. [Napes3 B3opa BEBO.
J1eBOCTOPOHHASA reMmuaHoncuda. fremunapes cnesa.
YyBCTBUTENBHOCTbL CHMXEHa MO remMmTuny crnesa.
femMunrHopmpoBaHme B [OBYX MOZAASbHOCTSX.
MbileyHas cuna ¢ BEPXHMX KOHEYHOCTEN: crnpasa —
5 6annos., cnesa — 3 6anna. MbiweyHas cuia ¢ HAX-
HUX KOHEe4YyHoCTel: cnpaBa — 5 6annos, cneesa —
3 6anna. CyxoxunbHble pedniekCbl C PyK M HOr:
60see BblpaXXeHbl CNpaBa 1 MEeHEE BblpaXKeHbl Cle-
Ba (Tabn. 1).

OueHka naumeHTa no wkane PaHKWH Npu NOCTyn-
nenun: 4 6anna. lhgekc mobunbHocTn PuBepmuaa
(MUMP): 4 6anna. OueHka naumeHTa no Likasnae WH-
cynbTa HaumoHanbHOro nHcTUTyTa 3A0p0Bbs CLLUA
NIHSS npu noctynnennn: 14 6annos. OugHka Mo
wkane peabunmMTauMoHHON  MapLipyTu3aummn
(LLPM): 4 6anna; peabuanTauMoHHbIA NPOrHo3 Ha
MOMEHT MNOCTYMIEHNSA — COMHUTESbHbBIN (Tabn. 2).

Mo paHHbIM NPOBEAEHHOW MYLTUCAUPABHOMN
KoMnbioTepHo Tomorpadpum (MCKT) BbiiBNEHbI
NMPU3HaKM OCTPOro TPOMOOTUHECKOrO CYOOKKII03U-

Ta6nuua 1. HeBponornyeckuii cratyc naupenta C. (61 ros) npu nocTynieHnm B cTaumoHap

HeBponoruyeckuit npuaHak CnpaBa CneBa
MbilLieyHas cuna (BepxHuMe KOHEYHOCTH) 5 6annos 3 6anna
MbiLLieyHas cuna (HUXKHUE KOHEYHOCTN) 5 6annos 3 6anna

CyxoxunbHble pednekchl (pyku)

CyxoxunbHble pednekchl (Horum)

Bonee BbipaxeHbl
Bonee BbIpaxeHsl

MeHee BblpaXeHbl

MeHee BbipaxeHbl
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Ta6nuua 2. Ouerka GYHKLMOHABLHOrO COCTOSAHNSA, MOBUILHOCTY, TSKECTU UHCYbTA U PeabuMTaLMOHHOMO NoTeHupmana

naumenTa C. (61 rog) npy NOCTYNNEHWM B CTaLMOHAP

OueHOYHbIe LWKasbl U UHO,EKCbI Bannbi
LLikana PaHkuHa 4
NHaekc mobunsHocTM PrBepMunaa 4
LLikana nHcynbta HaumoHanbHoro nHctutyta 3aoposbs CLLUA NIHSS 14
LLikana peabunnTaLMOHHON MapLIpyTU3aLmm 4

OHHOro nopaxeHuss M2-cermeHTa npasoi CMA
C 4YaCTUYHbIM COXPaHEeHMEM aHTerpagHoro KpoBO-
Toka no npasoii CMA puctanbHee 30HbI Tpomba
Ha yposHe TICI 2A (puc. 2).

YnbTpa3BykoBOE NCCNeA0BaHME COCYA0B LWen He
BbISIBUIO 3HAUYMMbIX CTEHO30B B BaccenHax npaBow
M neBon oOLei U BHYTPEHHE COHHbIX apTepuit,
a anekTpokapauorpadpuyeckas (9Kl kapTrHa cBu-
LeTenbCTBOBajsla O HalIMyMM CUMHYCOBOro puTMa
C 4aCTOTOW CEepAEYHbIX COKpalLeHun 71 B MUHYTY
(puc. 3).

Puc. 2. Cybokkno3noHHoe nopaxeHne M2-cermeHta
npaBon CMA (0603Ha4YeHO YEpPHOW CTPEsIKOW) No AaH-
HbiM MCKT.
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Puc. 3. OKI-kaptmnHa nauyuenTa C. (61 roa) — cuHyco-
Bbli PUTM C 4acCcTOTOW CepaeyHbIX COKpalLeHuin
71 B MUHYTY; Q-pyOLIOBbIE M3MEHEHUS B MUOKapae Ha
HVKHEN CTEHKE NIEBOr0 Xenyaoyka.

Ha MOMEHT nocTynneHuss B CTaumoHap: TOHbI
cepaua SCHblE M PUTMUWYHbIE, apTepuanbHOE OaB-
nenve 120/80 mm pT.cT. HactoTa gbixaHua 18 B Mu-
HyTy. [lbixaHe BE3UKYNAPHOE, XPUMNOB HET.

Bo Bpemsi BbIMONHEHUS CKPWUHWHIOBOrO Mnpea-
orepauroHHOro TpaHCTOpakasnbHOro axokapamo-
rpadunyeckoro nccnenoBaHuns BbIIBIEHO: YNIOTHE-
HMEe CTEHOK aopTbl 6€3 MPU3HAKOB pPaCLUNPEHUS
BOCX0AsLEero otaena aoptobl. B npoekunn AK nouu-
pyeTca TeHb npoTe3a AK: MOTOK Ha NpoTe3e — C Mak-
cumanbHol ckopocTbio 1,89 m/c; cpenoHuii rpagm-
€HT gaBneHusa — 7 MM PT.CT.; dyHKkumn npoTtesa AK
He HapyLueHa (puc. 4).

CTpyKTypbl MUTPasbHOro, TPUKYCNUOANbHOIO
KJflanaHoB YMJIOTHEHbI. Peryprutauya Ha Mutpanb-
HOM UM TPUKYCNMAAnbHOM kranaHax | crteneHwu.
BoisiBneHa guactonnyeckass OUCOYHKUUS NEeBOro
xenypodka (J1K) ¢ HapylweHnem penakcaumm — ro-
kazatenb E/A = 0,87. MobanbHas cokpaTUMOCTb
mMnokapaa JIK yoosnetsoputensHaa (dpakuvs Bbl-
6poca 57%). JlokanbHas cokpaTUMOCTb He HapyLle-
Ha (MHOEKC HapyLUeHUs N0KallbHOW COKPaTUMOCTKU
1,00). MonocTtb Nepukapaa v naeBpasibHble Noso-
CTU OT XXNAKOCTM CBOBOOHbI.

KonnermanbHo O6bI10 NPUHATO peLleHne O Npo-
BEeAEHMN 3HO0BACKYNSAPHOW TPOMOIKCTpakumm u3
6acceliHa npasont CMA.

Mop, mecTHOM aHecTe3mer pacTBOPOM NUAO-
kanHa 2,0%—-2,0 M BbINOJIHEHA MYHKUMSA N KaTeTe-
pu3auns npasomn y4eBOn apTepumn, B NPOCBETE KO-
TOPO yCTaHOBNEH WHTpoabiocep 6 F  Lduar-
HocTu4ecknm katetepom SIM Il kaTteTepmnsnpoBaHa
npasas obLas CoOHHasa apTepus, BbINOJHEHA cepus
aHrmorpamm, nNoaTBepXAatoLmx Hanm4yme Tpomoo-
TUYECKOro cybToTaNbHOro nopaxeHns B M2-
cermeHTe npasont CMA (puc. 5a).

Hanpaenstowuin katetep Neuron Max 6F Ha ru-
APOdUILHOM MPOBOAHMKE NMPOBEAEH N YCTAHOBNEH
B ANCTasIbHOM OTAesie NpaBow 0bLLEel COHHOM apTe-
pun. Mo kopoHapHomy npoBoaHuKy SION blue npu
noaaepxke MmukpokaTtetTpa 3 Max k 3oHe Tpombo3a
M2-cermenTa npasoin CMA npoBeaeH acnmpaumoH-
Hbln kKaTeTep ACE 68. 3TanHo BbINOAHEHO 2 MOMbIT-
KN Tpombacnupauum — MoJsy4eH aHTerpagHbin
KpOBOTOK Mo npasoi CMA Ha yposHe TICI 3.
MHTpaapTepmanbHO BBEAEH PaCTBOP HUTPOMMULE-
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Puc. 4. Oxokapauorpaduyeckas OLeHKa NnoToka KPoBU Ha NpoTe3e aopTasibHOro KianaHa (CTPesnkon ykasaHa TeHb

npoTesa aopTasnbHOro Knanaxa).

Puc. 5. SHpoBackynspHoe BMelaTenbcTBo B 6acceiiHe npasoit CMA. a — TpoMboTnyeckoe cybToTanbHOe rnopaxe-
Hue ¢ M2-cermeHTe npasoii CMA (0o60o3Ha4yeHO cTpenkamu); 6 — BoccTaHoBNEeHWe npoceeTa npasoii CMA nocne
TPOMOIKCTPAKLUMN (Ha HANMYME ONTUMAIbHOrO BHYTPEHHero npoceeTa npaeoii CMA ¢ aHTerpagHbiM KpoBoTokoMm TICI

3 ykasblBaeT CTpeska).

pvHa onsg npodunakTuku cna3ma npaBoi obLuiei
COHHOW apTtepun n npaBonn CMA. 3kcnosuums
10 MUH — aHTerpagHbli KPOBOTOK Mo npasori CMA
Ha yposHe TICI3 (puc. 56).

MHCTpymMeHT ypaneH. HanoxeHa acentuyeckasi
reMmocTaTMyeckas NnoBsi3ka Ha 061aCTb MYHKLNN.

Ha cnepyowme CyTkn nocne MHTEPBEHLUM MpuU
npoeeaeHnn KoHTposibHo MCKT 6blan BbisiIBAEHbI
NpPM3Haky BOCCTAHOBIEHNS KPOBOTOKA MO BaccenHy
npasonn CMA. Temopparnyeckasa TpaHchopmaums
He BbigBnanacb. Habniwopanace MCKT-kapTuHa
HapPYXHOW 3aMeCTUTENbHON rnapouedanmm — Co-
cTosiHMe nocne nepeHeceHHoro OHMK B 6acceiiHe
npasori CMA (puc. 6).

Ha 7-e cyTku nocne 3HAOBACKYSIPHON TPOMO-
3KCTpakuuu (nepen BbiNMCKOW U3 cTauuoHapa v ne-
peBoooM OONbLHOrO Ha peabunuTauMoHHOEe neye-
HME) B HEBPOJIOMMYECKOM CTaTyCe OTMEY€EHa 3Ha4u-
mMasi MONOXUTENbHAA ANHAMKMKA: CO3HAHNE — SICHOE;

Puc. 6. MCKT-kapTuHa HapyXHON 3aMeCTUTESIbHOMN
rmgpouedanmn (CTpenkamm ykasaHO paclumMpeHue
OOKOBbIX XENYA04KOB MO3ra).
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Ta6nuua 3. Hesponoruyeckuii ctatyc nauperTa C. (61 roa) nepen BLINMCKONM U3 cTaLMoHapa

HeBponornyeckuit npusHak Cnpasa CneBa
MblweyHas cuna (BEPXHUE KOHEYHOCTM) 5 6annos 5 6annos
MblweyHas cuna (HUXHME KOHEYHOCTM) 5 6annos 5 6annos

CyxoxunbHble pednekchl (pyku)
CyxoxunbHble pednekchl (Horm)

OpaunHakoBo BblpaXeHbl CripaBa 1 cnesa
OpaunHakoBo BblpaXeHbl CripaBa 1 cnesa

Ta6nuua 4. OugHka GYHKLMOHANBHOMO COCTOSHNUS, MOOUIBHOCTYU, TXECTV UHCYNLTA U peabunnTaLyMoHHOro NoTeHLmana

naumnenTa C. (61 ros) nepes, BbINUCKOM U3 CTaumoHapa

OueHOYHbIE LKaJbl U UHAEKCHI

Bannbi

LLIkana PaHknHa
NHoekc mobunsHocTy PruBepmuaa

Lllkana nHcynbta HaumoHanbHoOro nHctutyta 3goposbs CLUA NIHSS

LLIkana peabunmtaumoHHON MapLIpyTU3aumum

1
12

peyb — MNOJSIHOE BOCCTAHOBJIEHWNE PEYU; MEHUHre-
aNbHbIX CUMMTOMOB HET. [fl0oTaHWe COXpaHeHo.
CoxpaHeHue ABNeHnn NnMpamMmnaHON HeJ0CTaTOYHO-
CcTn cneBa. MbilweyHas cuna C BEPXHUX KOHEYHO-
cTten: cnpaBa — 5 6Gannos, cnesa — 5 Gannos.
MblweyHas cuna ¢ HUXKHUX KOHEYHOCTEN: crnpasa —
5 6annos, cneea — 5 6annoB. CyxoxunbHble ped-
JIEKCbl C PYK W HOM: OAMHAKOBO BblpaXxKeHbl cripasa
u cnea (Tabn. 3).

OueHka naumeHTa no wkane PaHKuH nepeg, Bbl-
nnuckom na ctaumoHapa: 1 6ann. UMP — 12 6annos.
OueHka nauuvieHTa no wkajne wuHcynbta Haumo-
HanbHOro nHctTuTyTa 3gopoBbs CLLA NIHSS Ha 7-e
cyTKkn nocne TpombakcTpakuun: 0 6annos. OueHka
no LLIPM - 1 6ann; peabunmtauyoHHbI NnoTeHuman
BbICOKUI, peabunnTaumoHHbIN NPOrHo3 6Grnaronpu-
ATHbIN (TAbn. 4).

Mepepn nepeBogoM NauMeHTa Ha peabunmtaum-
OHHOE JleveHre B Tepanmy BO30OHOBJIEH NOCTOSAH-
HbI Npuem BapdapunHa B o3e 2,5 Mr no 2 Tabnetkm
B CyTKM nopn cTporum koHTponem MHO (ueneson
nnanasoH 2,0-3,0) ¢ nobasneHnem auetTuncanuum-
nosoi kucnotbl (B go3e 100 mr B cytkm) (6, 7).
MpopomkeH npruem atopeacTaTmHa B go3e 40 Mr no
1 TabneTke B CyTKM C 00s3aTesibHbIM KOHTPOJEM
LLeSIeBOro 3Ha4YeHUs IMNOMNPOTEVNHOB HU3KOW M0T-
HocTu (< 1,4 mmonb/n).

OGcyxneHue

B Hawem knnHu4yeckomMm HabnogeHumM npo-
OEMOHCTPUPOBAH 00CTAaTOYHO peakuii crydan
BO3HMKHOBeHUs OHMK, anarHoCTMpoOBaHHOIo
B paHHME CPOKU MOocnie NpoBeaeHUd niaHoBO-
ro Kapamoxupyprmuiyeckoro BmellaTesnbCTBa,
BKJItOHatloLwwero B cebs co4yeTaHHOe nposene-
HME KOPOHAPHOro WYHTUPOBAHUA U NMPOTE3N-
poBaHus AK. B metaaHannse M. Gaudino n co-

aBT. (2019) coobliaeTca 0 BEPOATHOCTU BO3-
HUKHoBeHns OHMK 'y 2% nauueHTOB,
NnepeHecLInx KapauoxXmpypruiyeckoe Bmella-
TenbcTBO (8). B moCTynHOW nutepatype yno-
MUWHAEeTCs1 HECKOJIbKO MPUYNH BO3HMKHOBEHUS
noao6HOro COCTOSIHUS.

Tak, B.R. Griffin n coast. (2020) B cBOMX Ha-
6n100eHUSX NPOAEMOHCTPUPOBAN, YTO HaNuU-
4yne TPOMOOUMTONEHNN YMEPEHHOM N TAXENOM
CTENEHN B aHaMHe3e NauMeHTOoB, NepeHecLLInX
KapanoXupyprmiyeckoe BMeLlaTebCTBO, SBJIS-
eTCs He3aBMCUMbIM HakTOpPOM pucka pasBu-
TS paHHero nocseonepaumMoHHOro MHCyNbTa
(9). B pabote R.L. Sacco n coaBT. (2019) coob-
waeTtca o rpynne 60sbHbIX, NEPEHECLLNX ACUM-
NTOMHYIO MLUEMUIO FOJIOBHOIO MO3ra nocrne
onepaumun npotesmpoBanuda AK (10). Mo mHe-
HUIO y4YeHblX, NoA0OHOEe COCTOsIHME BO3HUKAET
Ha WHTpaornepauMoHHOM 3Tane 3a cyeT yva-
CTUYHOWN ambonnsaunm aptTepuanbHOro pycna
rOJIOBHOr0 MoO3ra @parMeHTUPOBAHHbLIMU
KanbUMEBbIMX MaccamMm B NMPOLECCE XMPYPru-
yeckoro 3amelleHuns cobcteeHHoro AK mexa-
Hn4yeckmum npoTesom (10).

AHanunaunpys paHHble B.R. Griffin n coaBT.
(2020) n R.L. Sacco n coasrt. (2019), cuntaem,
4YTO y Hawero naumeHTa noaoOHble MPUYUHLI
BO3HMKHOBeHUsT OHMK mManoBeposaTHbI, Tak
Kak B aHamHe3e ob6cnenyemoro He 6bisio Bbl-
aBneHo TpomboumtoneHnn (9, 10). Nwemns
rosI0OBHOrO Mo3ra y HabntogaemMoro Hamu 60s1b-
HOIro HOCUsa XxapakTep OCTPON U CUMMTOMHOW,
BO3HUKLIEN cnycTa 12 gHen nocne BbIMoJHe-
HUSA KapOOXMPYPrM4eckoro BMeLllaTenbCTBa,
4YTO WCKJIIOHAET CUEHapUin pasBUTUS HapyLue-
HMSA MO3roBOro KPOBOOOPALLEHUS, ONMUCAHHbIN

TpOM63KCTpaKLU/IFI rpuv NnieMn4eCcKoM MHCYJIbTe Mocsie Kapanoxmpyprmnieckoro sMeLluaresibCcTea
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Mo gaHHbiM Marchesan L.Q. u coaBT. (2023),
HaM4YMe NWEMMYECKOrO MHCYbTa NOCNe aop-
TOKOPOHAPHOIro LWYHTUPOBAHUS UKW MPOTE3N-
pOBaHUA KJlanaHHOro annapara cepaua Ha ro-
cnuTanbHOM 3Tane MU B HEnocpeacTBEHHOM
nocneonepauyvioHHOM repuoae MOXeT OblTb
CBA3aHO C Hanuumem ¢pubpunnaunm npea-
cepauii. MNMpu aToM ambonYeckoe nopaxeHune
rO/I0BHOrO MO3ra BO3HMKAET B pe3yfbrate Mu-
rpauum TpoOMOOTUYECKNX MACC N3 YLLIKA NIEBOIO
npencepans Ha GoOHE HEeoNTUMASIbHOW aHTU-
KoarynsaHTHow Tepanum (11).

B Hawem KIMHMYEeCKOM MPUMEpPE Ha BCEX
aTanax HabnaeHns y naumeHTa oTCyTCTBOBA-
na noKyMeHTMpoBaHHasa punbpunnauns npea-
cepanin. BaxHo OTMETUTb, YTO B Nepuog, npe-
OblBaHMSA B KapAMOXMPYPruieckoM cTaumoHa-
pe 60/1bHOW NoyyYan aHTaroHUCTbI BUTammHa K
(BapdapuiH) 1 66NN AOCTUTHYTHI LLESIEBbIE 3HA-
yeHns MHO, ogHako nocne BbIMUCKU aHTMKOa-
rynsatHasa Tepanms Oblna npekpalieHa naymeH-
TOM camocTtoaTenbHo. OTMeHa npuema Bap-
dapuHa, 6eccnopHo, sgBUiacb TPUITEPOM
BO3HMKHOBEHNS TPOMBOOTUYECKUX OCIIOXHEHUIA
B pPaHHEM MoOCNeonepaunoHHOM Mepunoae.
Mo mHenmio A.A. Hosocenosown u C.C. AxywimHa
(2020), HapyLueHre pexnma npmemMa aHTaroHu-
cToB BuTammHa K — ogHa n3 Hanbonee 4acTbixX
NPUYNH BO3HUKHOBEHUS TPOMOOOOpa3oBaHUSA
Ha MexaHumdeckoMm npotesde AK, BbisBIsiemMas
y 6% naumeHTOB Mocfie KapauoxXUpyprn4yeckomn
knanaHHom koppekuumn [12]. S.S. Virani n coasT.
(2020) cumTaloT, 4TO Ha Ha4YanbHOM 3Tane pop-
MUPOBaHUSA TPOMOOTUYECKMX MaACC MOryT OT-
CyTCTBOBaTb OOCTOBEPHbIE 3xokapamorpadpu-
Yyeckne NpuU3Hakm aUCAOYHKUUN MEXAHNYECKOIrO
npotesa AK, 0aHaKo 3TO HE UCKJ/IIOHaEeT apTepu-
anbHy0 aM60MI0 rosIoBHOro moara (13).

Cornawasch ¢ gaHHbIMM S.S. Virani n coasT.
(2020), cuntaem, 4TO B HaALUEM KJIMHUYECKOM
criydae ocTpasi MemMus rosioBHOro Mo3ra BO3-
HuKana BcneacTemMe aMboann apTepuanbHOro
pycna roaoBHOro Mo3ra TPOMOOTMYECKUMU
Maccammn, o6pal3oBaBLUMMUCS HA MexaHunye-
ckom npotede AK (13). MpuunHo aToro cobbl-

TUA 9BUIaCb CaMOBOJIbHAs OTMEHA NauMeEHTOM
aHTUKOArynsaTHOW Tepanun, B pe3ynbraTe 4ero
Ha aTane MoCTYyMNeHUsa B COCYAUCTLIA LEHTP
Habnoganm cHmxeHne nokasatens MHO o
1,42 — 3HAQYMMO HMXE HOPMbI AJ1 NAUMEHTOB
C MexaHumyeckmm npote3om AK, npuHumaro-
wmx BapdapuH. YuutbiBas HENPOOOIKUTESb-
HbI CPOK MEXAY KapanoxXupyprniyeckum BMe-
LwaTenbCTBOM M CaMOCTOATENBbHON OTMEHON
npmema aHTaroHMcToB BUTammHa K, y naumneH-
Ta He OblI0 BbISIBIEHO AOCTOBEPHbIX 9X0Kap-
anorpadumnyecknx MNpu3HaAKOB HapylleHud
dyHKumMoHupoBaHua npotesa AK. lNpunymnHom
3TOro MOXeT ABNATbCA NMbO MNosHoe OTCyT-
cTBMe Tpomba B 30He ckaHWpoBaHus, MO0 OT-
CyTCTBUE OOMIKHOro o6bemMa TPOMOOTUYECKMNX
Macc, 4OCTaTOYHOr0 AJ1s permcTpaumm ynstpa-
3BYKOBOW KapTWHbI OUCHYHKLMN CTBOPOK Me-
XaHWUYeCckoro nporesa. TemMm He MeHee C BbICO-
KOW O0oNnen BePOATHOCTU MOXHO rOBOPUTb 00
akTMBaumym TpomOoo6pa3oBaHUA HA MEXaHU-
yeckom npotede AK, 4TO 1 NpuBENO K BO3HUK-
HOBEHMIO 3MO0IMK COCYO0B rOJIOBHONO MO3ra
HebonbwMKM dparmeHTamu Tpomba.

3aknio4yeHue

OcTpoe HapyLleHne MoO3roBoro KpoBoobpa-
LLEeHUNS, BO3HMKLLIEE B paHHME CPOKM NOoce Kap-
OMNOXMPYPrmyeckoro BMeLLaTenbCTBa, ABNgeTcd
[OCTaTO4HO PeaKMM BUAOM OCNOXHEHUS. [pun-
YMHOW OCTPOro TPOMOO3IMOOANYECKOro nopa-
XXEHUS1 COCYyOOoB IOJSIOBHOIMO MO3ra y naumeH-
TOB, NMEPEHECLUMX NPOTE3NPOBaAHME aopTalsib-
HOro KjnanaHa MEeXaHU4YeCKMM MNpPOTE30M,
B GONbLUMHCTBE Clly4yaeB siBAgeTcs Hecobsio-
OEHMe OMTUMAsbHOM aHTUKOArynaHTHOW Tepa-
nun. CBoeBpEeMEHHasi 9HO0BacKyisipHasi TPOMO-
3KCTpakuMsa 13 apTepuin roNoBHOMO MO3ra,
BbINOSIHEHHAA Yy 60sbHLIX ¢ OHMK nocne kap-
ONOXMPYPruyeckoro onepaTtuBHOrO BMeLla-
TENbCTBA, SBMASETCS BbICOKOI(MEdEKTUBHBLIM
MeToOOM HOoOpManusaumu ageksaTHoON nepdy-
31N FONIOBHOIrO Mo3ra 1 BbICTPOro BOCCTaHOB-
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INTERVENTIONAL NEURORADIOLOGY

Ischemic brain damage in patients with con-
comitant cardiovascular disorder after the car-
diac surgery involving aortic valve replacement
with mechanical prosthesis is occurred in less
than 1% of cases. We are presenting a clinical
case of successful use of the X-ray surgery ap-
proach for the treatment of a patient with em-
bolic stroke developing after previous coronary
artery bypass grafting and surgical replace-
ment of the aortic valve with a mechanical pros-
thesis on the background of non-compliance
with prescribed vitamin K antagonists in the
early postoperative period. The patient under-
went successful and well-timed percutaneous
thrombectomy from M2-segment of the right
middle cerebral artery. The procedure had an
immediate beneficial effect on the restoration
of brain perfusion and reducing neurological
deficiency in our patient.

Introduction

The current evidence base demonstrates
the superiority of minimally invasive approach-
es to the treatment of acute ischemic stroke
(1). Since 2015, percutaneous transluminal
thrombectomy from cerebral arteries rightfully
is the “gold standard” of first-line hospital treat-
ment for ischemic acute cerebrovascular acci-
dent (ACVA). From that time, the scientific com-
munity of the Old and New Worlds was provided
with results of five fundamental clinical studies
that proved a significant improvement in out-
comes of neurological rehabilitation of patients
with history of ACVA after endovascular inter-
vention (2). Studies over the last three years
clearly indicate that percutaneous extraction of
thrombotic masses from cerebral arteries is
performed more often for embolic type of the
acute brain injury and can successfully comple-
ment previously initiated thrombolytic therapy
(3). Suboptimal anticoagulation in patients with
chronic atrial fibrillation or non-adherence to
therapy regimens in patients with atrial fibrilla-
tion is one of the leading causes of embolic
ACVA (4). The more rare type of stroke, which
amounts for less than 1% of cases, is an is-
chemic brain damage, occurring in patients
with concomitant cardiovascular disorders after
cardiac surgery (3, 4). According to published
data, patient’'s non-compliance with medica-
tion therapy regimen after aortic valve replace-
ment and surgical myocardial revascularization
is provoking the embolic stroke development,
where the source of thrombotic masses is

a mechanical prosthesis of the aortic valve (3—
5). Timely endovascular thrombectomy in pa-
tients with such history of a cardiac surgery is
rarely mentioned in periodicals. In this regard,
in this paper we would like to present a clinical
case of successful use of the X-ray surgery ap-
proach for the treatment of a patient with em-
bolic stroke developing after previous coronary
artery bypass grafting and surgical replace-
ment of the aortic valve with a mechanical pros-
thesis on the background of non-compliance
with prescribed vitamin K antagonists in the
early postoperative period.

Clinical case

Patient S. aged 61 years was admitted to the
intensive care unit for patients with acute cerebro-
vascular accident at the city vascular center with
a diagnosis: ischemic ACVA in the territory of the
right middle cerebral artery (MCA), cardioembolic
subtype, with hemiparesis and left hemihypesthe-
sia.

His history included hypertension, type 2 diabe-
tes mellitus, coronary heart disease, previous myo-
cardial infarction, chronic heart failure. Condition
after previous coronary bypass grafting and aortic
valve replacement.

Two weeks prior the current hospitalization, the
patient was treated in the city specialized center
of cardiac surgery, where he was diagnosed with
severe aortic stenosis; angiographic signs of athero-
sclerotic lesions in the left (Fig. 1a) and right coro-
nary arteries (Fig. 1b) were detected.

After diagnostic selective coronary angiography,
mammary-coronary bypass grafting of the anterior
descending artery and coronary artery bypass graft-
ing of the obtuse margin branch, the intermediary
artery, and the posterior descending artery were
performed in the cardiac surgery hospital. A one-
stage correction of the aortic stenosis was per-
formed, that is an aortic valve replacement with a
mechanical prosthesis Meding-2. After the cardiac
surgical stage of treatment, the patient was dis-
charged home in fair condition.

In 12 days after aortic valve replacement and
coronary bypass grafting, the patient developed
weakness in the left arm and leg. An ambulance was
called, and the patient was brought to the city vascu-
lar center 4 hours after the onset of neurological
symptoms. Upon admission to the vascular center,
the international normalized ratio (INR) was 1.42.
Upon interviewing the patient, it was discovered that
he had stopped treatment with vitamin K antagonist
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Fig. 1. Initial lesion of the coronary bed and calcification of the aortic valve in Patient S. aged 61 years (before surgical
correction): the black arrow indicates calcification in the projection of the aortic valve (a); white arrows indicate
stenoses of the branches of the left (a) and right (b) coronary arteries.

Thrombolytic therapy (TLT) was not used at the
pre-hospital or hospital stages of treatment as it was
contraindicated due to recent cardiac surgery.

Neurological status: consciousness - clear,
speech - dysarthria, no meningeal symptoms.
Swallowing is preserved Left gaze palsy. Left hemi-
anopsia. Left hemiparesis. Reduced hemitype sensi-
tivity on the left. Hemispatial neglecting in two mo-
dalities. Muscle strength in the upper extremities: on
the right — 5 points, on the left — 3 points. Muscle
strength in the lower extremities: on the right —
5 points, on the left — 3 points. Tendon reflexes in the
arms and legs: more pronounced on the right and
less pronounced on the left (Table 1).

The Rankin score upon admission: 4 points.
Rivermead mobility index (RMI): 4 points. National
Institutes of Health Stroke Scale (NIHSS) upon ad-
mission: 14 points. The score on the Rehabilitation
Routing Scale (RRS): 4 points. The rehabilitation
prognosis upon admission is guarded (Table 2).

Multispiral computed tomography (MSCT) scan
revealed signs of acute thrombotic subocclusive le-
sion in the M2 segment of the right middle cerebral
artery with partial preservation of antegrade blood
flow (TICI 2A) in the right MCA distal to the thrombus
area (Fig. 2).

Ultrasound of the neck vessels revealed no sig-
nificant stenoses in the right and left common and

Table 1. Neurological status of Patient S. (61 years old) upon admission to hospital

Neurological sign Right Left
Muscle strength (upper extremities) 5 points 3 points
Muscle strength (lower extremities) 5 points 3 points

Tendon reflexes (arms)
Tendon reflexes (legs)

Tendon reflexes (legs)
More pronounced

Less pronounced
Less pronounced

Table 2. Assessments of the functional status, mobility, severity of stroke, and rehabilitation potential of Patient S. (61 years

old) upon admission to hospital

Scales and scores Points
Rankin score 4
Rivermead mobility index (RMI) 4
National Institutes of Health Stroke Scale (NIHSS) 14
Rehabilitation Routing Scale (RRS) 4
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Fig. 2. Subocclusive lesion in the M2 segment of the
right MCA (indicated by the black arrow) according to
MSCT data.

internal carotid arteries. Electrocardiography (ECG)
showed a sinus rhythm with a heart rate of 71 beats
per minute (Fig. 3).

Upon admission to hospital: heart sounds were
clear and rhythmic, blood pressure was 120/80 mm
Hg. Respiratory rate — 18 per minute. Vesicular
breath sounds, no rales.

Screening preoperative transthoracic echocardi-
ography revealed thickening of the aortic walls with-
out signs of dilatation of the ascending aorta. In the
projection of the aortic valve (AV), the shadow of the
aortic valve prosthesis was located; maximum flow
rate through the prosthesis was 1.89 m/s; mean
pressure gradient — 7 mm Hg; AV prosthesis function
was not impaired (Fig. 4).

Structures of the mitral and tricuspid valves were
indurated. Grade 1 regurgitation on the mitral and
tricuspid valves was detected. Diastolic dysfunction
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Fig. 3. ECG of Patient S. (61 years old): sinus rhythm
with a heart rate of 71 beats per minute; pathological Q
wave (myocardial scarring of the inferior wall of the left
ventricle).

of the left ventricle (LV) with impaired relaxation was
detected: E/A ratio = 0.87. Global contractility of the
LV myocardium was satisfactory (ejection fraction =
57%). Local contractility was not impaired (wall mo-
tion score index = 1.00). No free fluid in the cavity
and pleural cavities.

A collective decision was made to perform endo-
vascular thrombectomy from the right MCA.

Under local anesthesia with 2.0 mL of 2.0%
Lidocaine, the right radial artery was punctured and
catheterized and a 6 F introducer was installed in the
arterial lumen. The right common carotid artery was
catheterized using a SIM |l diagnostic catheter and a
series of angiograms were made which confirmed
the presence of a thrombotic subtotal lesion in the
M2 segment of the right MCA (Fig. 5a).

A Neuron Max 6F guide catheter on a hydrophilic
guidewire was inserted and installed in the distal part
of the right common carotid artery. An ACE 68 aspi-
ration catheter was passed to the thrombosis area of
the M2 segment of the right MCA along a SION blue
coronary guidewire under the support of a 3 Max
microcatheter. Two attempts of thromboaspiration
were performed step by step, and TICI 3 antegrade
blood flow in the right MCA was achieved. An intra-
arterial administration of nitroglycerin solution was

Fig. 4. Echocardiography of the blood flow through the aortic valve prosthesis (the arrow indicates the shadow of the

AV prosthesis).
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Fig. 5. Endovascular intervention in the right MCA territory: a — thrombotic subtotal lesion in the M2 segment of the
right MCA (indicated by the arrows); b — restoration of the lumen of the right MCA after thrombectomy (an optimal
internal lumen of the right MCA with TICI 3 antegrade blood flow is indicated by the arrow).

made to prevent spasms of the right common ca-
rotid artery and right MCA. 10-minute exposure —
TICI3 antegrade blood flow in the right MCA (Fig. 5b).

The tool was removed. Aseptic hemostatic band-
age was applied on the puncture area.

The next day after the intervention, a follow-up
multispiral computed tomography scan revealed
signs of blood flow restoration in the right MCA. No
hemorrhagic transformation was detected. An MSCT
pattern of external hydrocephalus ex vacuo — a con-
dition after the previous acute cerebrovascular ac-
cident in the right MCA — was observed (Fig. 6).

On day 7 after endovascular thrombectomy (be-
fore patient's discharge from hospital and transfer to
rehabilitation therapy), significant positive changes
of the neurological status were observed: con-
sciousness — clear; speech — complete restoration
of speech; no meningeal symptoms. Swallowing is
preserved Pyramidal insufficiency events persisted
on the left side. Muscle strength in the upper ex-
tremities: on the right — 5 points, on the left — 5
points. Muscle strength in the lower extremities: on
the right — 5 points, on the left — 5 points. Tendon
reflexes in the arms and legs: are the same on the
right and left sides (Table 3).

The Rankin score before discharge from hospital:
1 point. RMI — 12 points. National Institutes of Health
Stroke Scale (NIHSS) on day 7 after thrombectomy:
0 points. The score on the Rehabilitation Routing
Scale (RRS) - 1 point; the rehabilitation potential is
high; the rehabilitation prognosis is favorable
(Table 4).

Fig. 6. MSCT pattern of external hydrocephalus ex
vacuo (the arrows indicate expansion of the brain lateral
ventricles).

Before transferring the patient to rehabilitation
therapy, continuous warfarin treatment was resumed
at a dose of 2.5 mg, 2 tablets per day, under strict
INR control (target range 2.0 — 3.0), and addition of
acetylsalicylic acid (100 mg per day) (6, 7).
Atorvastatin was continued at a dose of 40 mg,
1 tablet per day, with mandatory monitoring of low-
density lipoproteins target values (<1.4 mmol/L).
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Table 3. Neurological status of Patient S. (61 years old) before discharge from hospital

Neurological sign Right Left
Muscle strength (upper extremities) 5 points 5 points
Muscle strength (lower extremities) 5 points 5 points

Tendon reflexes (arms)
Tendon reflexes (legs)

The same on the right and left sides
The same on the right and left sides

Table 4. Assessments of the functional status, mobility, stroke severity, and rehabilitation potential of Patient S. (61 years old)

before discharge from hospital

Scales and scores

Points

Rankin score
Rivermead mobility index (RMI)

USA National Institutes of Health Stroke Scale (NIHSS)

Rehabilitation Routing Scale (RRS)

1
12

Discussion

Our clinical case demonstrated a rather rare
case of an acute cerebrovascular accident di-
agnosed early after a planned cardiac surgery,
included a combined coronary artery bypass
grafting and aortic valve replacement. In their
meta-analysis, Gaudino et al. (2019) reported
a probability of ACVA in 2% of patients who
underwent cardiac surgery (8). Available pub-
lications mention several causes of this condi-
tion.

Thus, Griffin B.R. et al. (2020) observed that
previous moderate or severe thrombocytopenia
in patients who underwent cardiac surgery was
an independent risk factor for the development
of early postoperative stroke (9). Sacco R.L. et
al. (2019) reported about a group of patients
who suffered asymptomatic cerebral ischemia
after aortic valve replacement (10). According
to scientists, at the intraoperative stage such
condition is developed due to partial emboliza-
tion of the brain arteries with fragmented calci-
um masses during the surgical replacement of
the native aortic valve with a mechanical pros-
thesis (10).

Having analyzed the data of Griffin B.R. et al.
(2020) and Sacco R.L. et al. (2019), we believe
that such causes of ACVA were unlikely for our
patient, since he had not any history of throm-
bocytopenia (9, 10). Our patient had acute and
symptomatic cerebral ischemia, developed on
day 12 after cardiac surgery, which rules out
scenario of the development of cerebrovascu-
lar accident described by Sacco R.L. et al. in
2019 (10).

According to Marchesan L.Q. et al (2023),
ischemic stroke after coronary artery bypass

grafting or cardiac valve replacement during in-
hospital stage or during the immediate postop-
erative period may be associated with atrial fi-
brillation. At that, embolic damage to the brain
occurs as a result of migration of thrombotic
masses from the left atrial appendage on the
background of suboptimal anticoagulant thera-
py (11).

In our clinical case, the patient had no docu-
mented atrial fibrillation at all stages of obser-
vation. It is important to note that during his
stay in the cardiac surgery hospital the patient
received vitamin K antagonists (warfarin) and
the target INR values were achieved; however,
after discharge the patient discontinued antico-
agulant therapy voluntarily. Discontinuation of
warfarin undoubtedly triggered development of
thrombotic complications in the early postop-
erative period. Novosyolova A.A. and Yaku-
shina S.S. believed that non-compliance with
regimens of vitamin K antagonist therapy is one
of the most common causes of thrombus for-
mation on mechanical aortic valve prostheses,
which is detected in 6% of patients after cardiac
surgical valve procedures (12). Virani S.S. et al.
(2020) believes that at the initial stage of the
formation of thrombotic masses there may be
no reliable echocardiographic signs of dysfunc-
tion of the mechanical prosthetic aortic valve,
but it is not rule out cerebral arterial embolism
(13).

Agreeing with data of Virani S.S. et al. (2020),
we believe that in our clinical case, acute cere-
bral ischemia occurred due to embolism of the
brain arteries by thrombotic masses formed on
the mechanical prosthesis of the aortic valve
(13). This event was caused by the patient’s
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self-willed discontinuation of anticoagulant
therapy, as a result of which, upon the patient
admission to the vascular center, we found an
INR decrease to 1.42 (which is significantly
lower than normal for patients with mechanical
AV prostheses onwarfarintherapy). Considering
the short period between cardiac surgery and
self-discontinuation of vitamin K antagonists,
the patient did not have reliable echocardio-
graphic signs of impaired functioning of the AV
prosthesis. This may be explained by either the
complete absence of a thrombus in the scan-
ning area or the lack of an adequate volume of
thrombotic masses sufficient to record the ul-
trasound image of dysfunction of the mechani-
cal prosthesis leaflets. However, with a high
degree of probability, we can suspect the acti-
vation of thrombus formation on the mechani-
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NMamaru Bnagumupa lNaBnoBruua MasaeBa
A tribute to Vladimir P. Mazaev

26 anpensa 2024 r. B Bo3pacTte 82 neT ywen
N3 XNU3HW AOKTOP MEOMLIMHCKNX HayK, Mpodec-
COpP, aKTUBHbLIA 4YfeH POCCUMNCKOro Hay4Horo
obuiecTBa MHTEPBEHUMOHHbBIX KapAuoaHIrmo-
noros Bnagumup lMasnoBuy MazaeB. OH Mo
npasy cyMTancs 0gHUM N3 OCHOBOMOJIOXXHUKOB
peHTreHaHgoBackynspHon xupyprum B CCCP
n Poccun.

B.MN. MazsaeB poaunca B 1941 r. B JIeHUH-
rpane. B 1964 r. okoHumn 1-n MOJITMW nme-
H1 .M. CeueHoBa. lNocne OKOHYaHUs opanHa-
Typbl M aCNUPAaHTYPbI, 3aLLUTUB KAHANOATCKYHO
aunccepTaumio no paspaboTke MeToaoB KOPO-
HapHOW aHrnmorpadumn, NPOAOCIXKMN paboTy
B Kapanonornmyeckom HayyHom ueHTpe AMH
CCCP, a satem B LieHTpe npodunaktnyeckon
MeauuuHbl. B 1982 r. oH 3alWmTn OKTOPCKYHO
auccepTtaumio No crneuyanbHOCTIM “Kapamono-
rmsa” n “peHTreHonorus”, 3aTtemM noayynn yye-
HOe 3BaHme npodeccopa No CneunanbHOCTU
“kapguonorua”. Hapsay ¢ Hay4HbIMU UCCeao-
BaHUSIMWM OH PYKOBOAWS KIIMHUYECKUM Kapano-
JIOrM4YecKkuM, a 3aTeM XMPYPrm4ecknm oTaene-
HUSIMW, TOE WCNONb30BaNn AMArHOCTUYECKMNE
1N nedyebHble MeTodbl MHTEPBEHLIMOHHOW Kap-
ONOA0MVN B HAYYHbIX N MPaKTUYECKMX LLENSIX.

HayuyHasa pestenbHocTb B.[1. Ma3saeBa Ha-
yanacb CO CTyOeH4YeCcKOW CckaMbu, a nepsasi
nyéamkauus no KopoHapoaHrnorpadum B aKC-
nepumeHTe oTHocuTcsa kK 1963 . B 1969 r. pe-

3ynbTaTbl 3KCMEPUMEHTOB OblIM BHEApPEHbI
B KJIMHNYECKYIO NPaKTUKY — BMEPBbIE B CTPaHe
Oblna BbINOJIHEHA CENIEKTUBHAsS KOPOHAPOaH-
rmorpadus wectn 60fbHbIM C  PasMYHbIMU
KIMHMYeckMMu popmMmamMm KopoHapHoi 6ones-
HU cepaua.

B Havane 70-x rogoB XX Beka B HCTUTyTE
kapaunonorun um. A.J1. MacHukosa Oblnn Ha-
yaTbl UCCNEeAOBaHUSA NO U3YYEeHU0 MeTabonmna-
Ma Murokapga. CneunanncTbl U3ydann pasnmy-
Hble OVOXMMMYecKne napamMeTpbl B KPOBMU,
npuTeKaloLlen K Mmokapay U ottekatroulenm ot
Hero. lNMocnepgHee cTtano BO3MOXHbIM Gnaro-
Japsa katetepusauny KOPOHapHOro cuHyca,
KOTOpPY!O BriepBble BbinonHuA B.M. Ma3saes

B 1975 r. npodeccop MasaeB BnepBbie
B Poccum 3apernctpupoBan v npoBen aHanm3
nydka [Mca npu kateTepmsauyn.

B.l1. MazaeB oOHUM M3 NepBbIX BHeOPW
B KJIMHMYECKYIO MPAKTUKY METOM PEHTreHOaH-
rmorpadpuyeckom gmarHoCTUKN ULLIEMMNYECKON
©onesHn cepaua Ha OCHOBE MPUMEHEHUN ce-
NIEKTUBHOWM KOpOHapoaHruorpapuun, 4To ctano
dyHOaAMEHTOM 0N pas3BUTUS XUPYPrnum Ko-
POHapPHbIX apTEPUIN: KOPOHAPHOIO LWYHTUPO-
BaHMS U B JajibHEWLWEM pa3BUTUA MeTona
YPECKOXHOr0 KOPOHAPHOIro BMeLlaTeIbCTBa.
OH nepBbIM NMpUMeHuUn meton 6ansioHHON KO-
POHAPHOW aHrMOMIacTUKM B I€YEHUN CTEHO-
3MPYIOLLLErO MOPaXXeHNsI KOPOHAPHbIX apTeEPU.
B 1982 r. B WHcTUTyTEe npodunakTtnyeckon
MeanuUMHbl BCeco3HOoro kapamoaorn4eckoro
Hay4yHOro ueHTpa Oblia BnepBble Npon3BeneHa
npouenypa 4YpPecKOoXXHOW TPaHCAIOMUHANIbLHON
GannoHHon anrmonnactuku (B.I1. Masaes,
B.B. Kyxapuyk, H.A. 'pauyaHckunin). B.IN. Mazaes
OOHVM U3 NEPBLIX B CTPaHE CTa BbIMONHATb
CTEHTMPOBaHME KOPOHAPHbIX apTepuin. Ycnewu-
HOE MPUMEHEHME 3TOr0 BapuvaHTa aHrvonna-
CTUKN CO CTEHTUPOBAHMEM OTKPbIIO 3py Npu-
MEHeHNa HoBOW TexHonorun. [llpodeccop
Ma3aeB nNpoBeNn CpaBHUTENILHOE WU3y4YeEHUE
CTEHTOB C JIEKapCTBEHHbLIM aHTUNponndepa-
TUBHbIM MOKPbITEM 1 Be3 Hero, BHeAPW Me-
TOAbl MHTEPBEHLMOHHOIO JIEYEHUNS MPU MHOTMO-
COCYOMCTOM MOpaxXeHUn KOPOHApHOM apTe-
pun 1 cTBONIA NIEBON KOPOHAPHOM apTepun.

Bnagnmunp [MaBnoBuy y4actBoBasn B He-
CKOJIbKMX MeXOyHapOOHbIX UCCNen0BaHUsX,
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MOCBSILLLEHHbIX U3YHYEHUIO POSIN aHTUOKCUOAH-
TOB B pa3Butumn nHdapkra mmokapaa, npume-
HEHUIO MHIMOUTOPOB PELEenTOpPOB aHrMOTEH-
3UHNpeBpaLwlaowero depmMmeHTa ang nevyeHuns
cepaeyHon HepoCTaTo4HOCTWU, MPUMEHEHMIO
HOBbIX AHTMKOArynsHTOB MNpW MepuaTesibHON
apuTMun.

MaTboecaTt neT CBOEW XWU3HW OH OThan Be-
JINKOMY AeNy — JIEYEHUNIO N CNACEHMIO BONbHbIX.
Ero pykm no npaBy HasbiBanm “300TbiMU”.

On April 26, 2024, Viadimir P. Mazaev, Doctor
of Medical Sciences, professor, active member
of the Russian Society of Interventional Cardio-
angiology, passed away at the age of 82. He was
widely recognized as one of the pioneers of
endovascular surgery in the USSR and Russia.

V.P. Mazaev was born in Leningrad in 1941.
In 1964, he graduated from I.M. Sechenov First
Moscow State Medical University. After com-
pleting residency and postgraduate studies,
and having defended his PhD thesis on coro-
nary angiography technique development, he
worked for the Research Center of Cardiology
of the USSR Academy of Medical Sciences,
and later for the Center for Preventive Medicine.
In 1982, he defended his Doctoral thesis in
Cardiology and Radiology, and got his aca-
demic title of Professor of Cardiology. Beside
scientific research, he headed clinical, cardio-
logical, and surgical departments, where
he used diagnostic and therapeutic methods
of interventional cardiology for scientific and
practical purposes.

Mazaev started his academic career back in
his student days, and his first publication on
experimental coronary angiography dates back
to 1963. In 1969 the results of his experiments
were introduced into clinical practice: six pa-
tients with various clinical forms of coronary
heart disease underwent selective coronary
angiography for the first time in the country.

In the early 1970s, A.L. Myasnikov Institute
of Cardiology initiated myocardial metabolism
research. Experts studied biochemistry of blood
flowing to and from the myocardium. The latter
became possible by virtue of the coronary sinus
catheterization first performed by V.P. Mazaev.

In 1975, Professor Mazaev was the first in
Russia to register and conduct His-bundle
analysis during catheterization.

Bnagnmup NaBnoBmy Ha BbiCOYanLLEM YPOBHE
BNafen HeCKOJbKUMU fied4ebHbIMU N aMarHo-
CTUYECKMMU cneymanbHOCTAMU. B oCcHOBY ero
paboTbl OblN1 NONIOXEH CUHTE3 BCeX NpakTuye-
CKUX N TEOPETUYECKNX 3HAHUIM AN GOPMMPO-
BaHUS MHOMBUAOYANIbHOrO noaxona npu okasa-
HUU MOMOLLM KOHKPETHOMY MaLNEHTY.

Lobpasa namatb o Bnagnmupe lNaenosuye
MasaeBe HaBcerga coOXpaHuUTCA B ceppuax
KOJIIer U CNacCeHHbIX MM MaLNEHTOB.

V.P. Mazaev was among the first to introduce
selective coronary angiography-based diagno-
sis of coronary heart disease into clinical prac-
tice, which laid foundation for the development
of coronary artery surgery (coronary artery by-
pass grafting) and percutaneous coronary in-
terventions later on. He was the first to use
balloon coronary angioplasty for the treatment
of coronary artery stenosis. In 1982, the first
percutaneous transluminal balloon angioplasty
procedure was performed in the Institute of
Preventive Medicine of the All-Soviet Cardiology
Research Center (by V.P. Mazaev, V.V. Kukhar-
chuk, and N.A. Gratsiansky). V.P. Mazaev was
among the first in our country to perform coro-
nary artery stenting. And successful use of this
type of angioplasty with stenting ushered in an
era of new technology. Professor Mazaev con-
ducted a comparative study of stents with and
without antiproliferative drug coating, and intro-
duced interventional treatment methods for
multi-vessel coronary lesions and the lesions
of the left main coronary artery.

Vladimir Pavlovich took part in several inter-
national studies of antioxidant impact on myo-
cardial infarction development, of the use of
angiotensin-converting enzyme inhibitors in
heart failure treatment, and of the use of new
anticoagulants for atrial fibrillation.

He devoted fifty years of his life to treatment
and salvation of his patients. He surely had skill-
ful fingers. Vladimir Pavlovich mastered several
medical and diagnostic specialties at the high-
est level. He based his work on the synthesis
of all his practical and theoretical knowledge
to provide personalized approach to every pa-
tient.

Vladimir P. Mazaev will forever remain in the
hearts of his colleagues and of the patients he
saved.
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VIl cve3pn Poccuitckoro HayuHoro obuiecrtsa
WHTEPBEHLUUOHHbIX KAPAUOAHIUONOrOB

VIl Congress of the Russian Scientific Association
of Interventional Cardioangiologists (RNOIK)

24-26 aHBapsa 2024 1. B MOCKOBCKOM LleHTpe
MeXxayHapoaHon Toproenu npowen VIl cbesf,
Poccuiickoro Hay4yHoro obuiectBa MHTEPBEH-
LLMOHHBIX KapanoaHrnonoros. NpegcraBuTternb-
HbI popyM cobpan 658 yyacTHUKOB U3 177 ro-
ponoB Poccun, B 6ykBaslbHOM CMbICie — OT
KannHnHrpapa oo Bnagmesoctoka wun 20 3apy-
OexHblx cTpaH — CLUA, Wtanun, WNHaun,
Y3bekunctaHa, benapycu n ap. B paboTte cbes-
[a npuHyuManm ydactme Kak Begylive cneuma-
JINCTBI, TaKk 1 MOSOAbIE BPayn N3 MHOIMMX perm-
oHOB Poccuun. Psap 3apybGeXHbiX y4aCTHUKOB
yyacTtBoBa/M B Cbe3ge B pexmme OHNawH.
Cpenm HUX ObisT 1 BCEMUPHO U3BECTHBbIV cneum-
anncT, OOMH N3 NUOHEPOB PEHTIEHIHO0BACKY-
JNIIPHON  XMpPyprum npodeccop AHTOHMO
Konomb6o, npouynTaBwunini GpyHOAMEHTANBHYIO
nekumio “ViHTepBEHLMOHHAsA KapANOAOrns: BYE-
pa, ceronHsi, 3asTpa”. Npodeccop Konombo —
BblOAOLWMNCA KapAMOoor, CbIFPaBLUMA OYEHb
BUOHYIO POJiIb B CTAHOBJIEHUN PEHTrEH3HAO0BA-
ckynsipHon xmpyprun. OH paspaboTan psg, VH-
HOBALMOHHbIX METOAMK, B YaCTHOCTU, MHOIO "
NIoOA0TBOPHO 3aHMMasIca NpobieMamm CTEHTU-
pOBaHMA KOPOHAPHLIX apTepuii. Ero nma xopo-
LLO U3BECTHO CreymanucTam Halem CTpaHbl, OH
HEOOHOKPATHO NMpuesXan C Hay4YHbIMU JIEKLNSI-
MM 1 goknagamu B Poccuio. MNprHumas BO BHU-
MaHVe Bblgalowmecsa 3acnyru npodgeccopa
AHTOHMO Konom60 B pasBUTUM MHTEPBEHLMOH-
HOW kKapauonorum, npasneHne Poccuinckoro
Hay4YHOro obLecTsa MHTEPBEHLMOHHbIX Kapau-
0aHIMOJIOrOB NPVHAIO PELLEHNE HArPaauTb ero
HEOABHO Y4YpeXAeHHON Medasnbio MMEHU Mpo-
deccopa Opua Camyumnosuya [leTpocsHa
(1924-1994). Npodeccop Konombo ctan nep-
BbIM NlaypeaTtom 3TOW Harpaapl.

Mporpamma cbesna BKoYana 282 gokna-
[a, KkoTopble B xoAe 61 CEKUMOHHOro U OBYX
nneHapHblx 3acegaHuin npountann 210 po-
knagunkoB. CoCcTosN0Ch ABa ANCKYCCUOHHbIX
CTON1a, NOCBSALLEHHbIX NPo6/EMaM NoMcKa KOH-
ceHcyca no npobnemMe peHTreHaHao0BacKynsap-
HOW peBackynapmsauumn rnpu XpPOHUYECKON
VULLEMUN HMXKHUX KOHEYHOCTEN, a Takxke pas-
paboTke U BHEAPEHUIO B PYTUHHYIO MPaKTUKY
KpUTEPMEB OLEHKM KayecTBa paboTbl PEHTIEeH-
onepaumoHHOM.

BHuMaHUIO generatoB ObiM NpeacTaBneHbl
5 TpaHCcnaumMn n3 onepaumoHHbIX rocnmTans
Konymbyc (MwunaH, Utanua), HKL, Ne2 PHLX
(Mockea), Y3 MO MOHUKN wnmeHn
M.®. Bnagnmupckoro (Mockea), LieHTpa aH-
noxmpyprunnnutotpuncum (Mocksa), Hay4Ho-
MPakTMYEeCKOro LEeHTpa WHTEPBEHUMNOHHOMN
KapavoaHnrmonoruv (Mockea).

B xopne Cwe3pga cocTosiniocb 06CyXaeHue
LUMPOKOIro crnekTpa NnpobnemM: OCTpble HapyLle-
HMSA KOPOHAPHOro KPOBOOOpPALLEHUS; PEeHTre-
HOHO0BACKY/ISIPHbIE BMELLATENbCTBA NPU XPOo-
HNYECKON neMun, yrpoxkarouiein noTepen Ko-
HEYHOCTU; PEHTIrEHOHO0BACKYISPHbLIE METOAbI
ONArHOCTUKUN N NNIEYEHUSA B OHKOJIOTUW; PEHT-
reHaHO0BaCKyNapHbIE BMeluaTeNbCcTBa Npu
MOpaxeHnsax 9KCTpakpaHuasbHbIX apTepui
Oyrn aopTbl; 3HOOBACKYNSpHOe N rmbpugHoe
Nle4eHne OCTPbIX HAPYLUEHU apTepuanbHOro

Mpodeccop AHTOHMO Konombo
¢ meganbio um. t0.C. NeTpocsHa
The photo shows Professor Antonio Colombo
with the Yury Petrosyan medal.
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KPOBOOOPALLEHNS B HUXHUX KOHEYHOCTSX;
PEHTreHaHO0BACKY i pHas aMbonnsaums; Xpo-
HMYEeCKMEe OKKJIIO3UM KOPOHAPHbIX apTepuid;
BHYTPUCOCYOAUCTbIE METOAbl BU3yanusayum
U PU3MNONIOrMM B PEHTIEH3HO0BACKYSPHOMN
XVPYPIrmn; PEHTreHIHO0BACKYSAPHAA XUPYpP-
g NpU OCTPbIX U HEOTNOXHbBIX COCTOAHUSX
n MHorme pgpyrue. lNpu nopoepxke upMm-
nponsBoanTenen n gucTpmbbiOTOPOB 0O0pPY-
OOBaHUSA, pacxodHbiX MaTepuanoB U Meauvka-
MEHTOB, MPUMEHSIEMbIX B PEHTIEHOHO0BACKY-
NFAPHON XUpyprum, 6110 NPOBEAEHO HECKOJTbKO
caTeNITHbIX CUMMO3UYMOB.

On January 24-26, 2024, the 7t Congress of
the Russian Society of Interventional Cardio-
angiology (RNOIC) was held at Moscow World
Trade Center. This representative forum brought
together 658 participants from 177 cities of
Russia from Kaliningrad to Vladivostok and
from 20 foreign countries: the USA, ltaly, India,
Uzbekistan, Belarus, etc. The Congress was at-
tended by leading specialists as well as young
medical professionals from numerous regions
of Russia. A number of foreign participants took
part in the Congress online. Among them was a
worldwide renowned specialist, one of the pio-
neers of endovascular surgery, Italian professor
Antonio Colombo. He gave a fundamental lec-
ture on Interventional cardiology: its yesterday,
today, and tomorrow. Professor Colombo is an
outstanding cardiologist who played a very im-
portant role in endovascular surgery develop-
ment. He has developed a number of innovative
techniques, and is known for his extensive and
prolific work in the field of coronary artery
stenting. His name is resonant among our
country’s specialists, as he used to come to
Russia with scientific lectures and reports.
Taking into account the outstanding contribu-
tion of professor Antonio Colombo into inter-
ventional cardiology development, the Board
of the Russian Society of Interventional Cardio-
angiology decided to award him with a newly
established medal named after professor Yuri
Petrosyan (1924-1994). Professor Colombo is
the first recipient of this award.

The Congress agenda included 282 reports,
which were read by 210 speakers during 61
breakout and two plenary sessions. Two dis-
cussions dealt with the issue of finding a con-
sensus regarding the problem of endovascular
revascularization in chronic ischemia of the
lower extremities, and on development and im-

B 3aknouutenbHbii oeHb paboTbl Chbe3ga
COCTOSIJIOCb OTHETHO-BbIOOPHOE cobpaHue.
LeneraTtbl BbICOKO OLLEeHUM paboTy Nnpeacena-
Tena PHOWK poktopa men. Hayk ABTaHauna
Mwuxannosuya BabyHawBuau, npoaenaBLUEro
KonoccasibHyto paboTy MO CrI0YEHUIO COO06-
LLLECTBA UHTEPBEHLMOHHbIX KApOMOAHIMO0roB
Hawen cTpaHbl. B cootBeTcTBUM C YCTaBOM
PHOWK 6bin n3bpaH HOBLIA COCTaB NpaBfieHns
O6uwiecTBa, Ha 3acegaHUM KOTOPOro MpoLUan
BblIOOpLI NpeacenaTens Ha cnepywowye 5 ner.
Mm ctan akagemnk PAH, npodeccop, [okTop
mepn,. Hayk JleoHnn Cepreesuny Kokos.

plementation of the CathLabs performance as-
sessment criteria into practice.

The delegates were presented with 5 live vid-
eos from the operating rooms of the Columbus
Hospital (Milan, Italy), Clinical Research Center
No. 2 of the Russian National Center for Surgery
(Moscow), and M.F. Vladimirsky Research and
Clinical Institute of the Moscow region (Moscow),
the Centre of Endosurgery and Lithotripsy
(Moscow), the Research and Practical Centre
of Interventional Cardioangiology (Moscow).

A wide range of problems were discussed at
the Congress: Acute impairment of coronary
blood flow; endovascular interventions in
chronic limb-threatening ischemia; endovascu-
lar diagnostic and treatment methods in oncol-
ogy; endovascular interventions for the lesions
of extracranial arteries of the aortic arch; endo-
vascular and hybrid treatment of acute arterial
occlusion in the lower extremities; endovascu-
lar embolization; chronic coronary artery occlu-
sion; intravascular methods of visualization and
physiology in endovascular surgery; endovas-
cular surgery for acute and emergency condi-
tions, etc. Several satellite symposia were held
with the support of manufacturers and distribu-
tors of equipment, consumables and medica-
tions used in endovascular surgery.

The final meeting was held on the final day of
the Congress to listen to the reports and elect
new officials. The delegates highly appreciated
the efforts of the President of RNOIC Avtandil
Babunashvili, M.D., who has done tremendous
work to unite the community of interventional
cardioangiologists in our country. A new
Association Board was elected in accordance
with RNOIC Charter, which elected Leonid
Kokov, Academician of the Russian Academy
of Sciences, professor, M.D., as its President
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9-a exxerogHasn LLikona Mmonopabix cneynanucTos
NO PeHTreH3HA0BAaCKY/IAPHOW AUArHOCTHUKE

U IEYEHUIO

9th Annual School of Young Specialists
in endovascular diagnosis and treatment

20-23 mapta 2024 r. B Cy3gane npouwna
ovepegHada 9-a exerogHas LLkona monogbix
cneumanncToB MO PEHTreH3HO0BACKYIAPHON
ONarHoCcTuke u nedeHnto. B atom roay wkona,
cobpaslias okono 150 cnywarenein n3 pasHbix
PErnoHOB Hallel cTpaHbl, Oblna noceslleHa
npobneme COBPEMEHHbIX MPUHLUMNOB BU3yan-
3auMn B ONArHOCTUKE U JIeHEeHUN cepaevHo-
cocyaucTbix 3aboneBaHui. B Hawe Bpewms,
Korga BbICOKOTEXHOJIOMTMYHbIE METOAbl BCE
wmMpe BHeOPSAIOTCS B MEONLUVHY, HEBO3MOXHO
npeactaBuTb cebe BbIMONIHEHME OMArHOCTU-
yecknx n nevebHbix npoueayp 6e3 Mcnonb3o-
BaHUS HOBENLUUX TEXHOJIOMMI BU3yannsaumm —
BHYTPUCOCYOUCTLIX YbTPa3BYKOBbLIX WCCle-
0OBaHWM, KOMMbIOTEPHON TOMOrpadpun,
MarHMTHO-PE30HAaHCHbIX nccnenoBaHUm.
MIMeHHO 06 9TOM, O BCe BO3pacTaloLLen ponuv
HOBbIX TEXHOJIOTMA FOBOPWUST B CBOEM BbICTY-
MJEHUN HA LEPEMOHUN OTKPLITUA LLIKOMbI HK-
umaTop npoBeaeHus n 6eCCMEeHHbIN Hay4YHbIN
pykoBoauTENb NOOOOHbLIX MEeponpuaTuin aka-
nemunk PAH, noyeTHbin aupektop HayyHOo-
MPakTUYEeCKOro LUeHTpa WHTEPBEHUMNOHHON
Kap4voaHrmonorvuv n 3asenyoumin kapenpomn
NHTEPBEHLMOHHOW KapanoaHrnonorum MHcTu-
TyTa npodeccmnoHanbHOro obpasoBaHus
Mepeoro MIMY umenn .M. CeueHoBa [asug,
leoprmnesuy Mocenvanun. BeiCcTynuBLMiA nocne
Hero npepacepatens Poccuiickoro obuiecTsa
WHTEPBEHLMOHHbIX KapOMOaHrmMosaoros, OAWH
n3 coaumpektopoB LUkonel akagemuk PAH
Neonnp Cepreesuy KokoB noxenasn yyacTHU-
kam LLkonbl ycnexoB B Aenie OCBOEHUSI HOBbIX
METOOO0B W TEXHONOrnin, a 3ateM 0b6bABUN
O pEeLEeHnn, NPUHATOM HEe3a[o0nro 4o npoee-
oeHuda meponpuatusa, npaenenHmem PHOUK.
CornacHo 3TOMy pELUEeHUIO, 3a Bblaalolmnecs
3acnyrn B Hay4yHo-npakTuyeckomn padote B 00-
NacTn UHTEPBEHUMOHHOW KapAMOaHrnoaornu,
3a HOBATOPCKYIO U n3obpeTtaTenbckyo padoTy,
3a ycnexu B Ie4ebHO-opraHmM3auuoHHon pabo-
Te, 3a Hay4yHO-MNPOCBETUTESNILCKYIO AedaTelb-
HOCTb, 3a OoNbLUOW BkNaa B oOyyeHue n cta-

HOBJIEHME CMELManNCTOB, 3a NONynsapu3aumio
1 npoasmxeHune cneuvansHocTn A.I. Nocenun-
aHu Obln HarpaxaeH mMepanbto MMeHu KOpus
Camyunosuya lMeTtpocaHa. OH cTan BTOPbIM
naypeaTtom 3Tow NnpodeccruoHanbHOM Harpaabl
rnocJsie BblOAKOLWErocs MUTaNbsHCKOro cneuma-
NMcTa Nno PEHTrEH3HLOBACKYNSAPHOM XUPYpPrnm
npodgpeccopa AHTOHNO Konom6bo.

O HOBbIX TEXHONOMNSAX U METOOAX, MOMOraro-
LWMX BpayaM BbIIBNATb CJIOXHelLwne 3abone-
BaHWs, B MEPBYIO o4Yepeb, cepaua 1 CoCyaos,
M NPOBOAMUTb MPOLEAYPbl, HarMpaBfiIEHHbIE Ha
X YCTPaHEHMEe, MONoAbIM MegukamM paccka-
3blBaIM BeAyLME CMEUMaANNCTbl CTPaHbI: OOK-
TOPp MEOAMUMHCKUX HayK, PpyKoBOAUTENb OTAe-
JIEHNS1  PEHTreHOXMPYPrnyeckux MeToO0B
amarHocTukn u nedeHmns O6nacTHON 60NbHULBI
OpeHbypra Buktop BnagumupoBud demuH,
yneH-koppecnoHaeHT PAH, npodeccop, rmas-
Hbl Hay4YHbI COTPYOHUK MeauuMHCKOro Ha-
y4HO-00pasoBatenbHoro ueHtpa MIY CumoH
TenmypasoBud Maukennuwsuam, OOKTOP
MEeOMLMHCKNX HayK, Npodeccop, rMaBHbIn Kap-
ovnonor “PXAO-megnumHa” 3ayp XacaHoBUY
WyrywesB, kaHgunpat MeguuUUHCKUX Hayk,
COTPYAHUK Hay4yHO-NMpakTU4eckoro ueHTpa
MHTEPBEHLUMOHHON KapanoaHrmonornm Ceue-
HOBCKOro yHusepcurteTta xxamunb ApndoBumy
AcapnosB, kKaHAUOAT MeANLVMHCKMX HayK, Bpad rno
PEeHTreH3HO0BaCKY/SPHBIM ANArHOCTUKE U Ne-
yeHuio PIBY3 J10 “Bceonoxckasa KMB” Oner
EBreHbeBuny 3aypanoB v Apyrne cneymnanunucTbl.
C nHTepecHon nekuuen o GU3NYECKUX OCHO-
Bax M 9BOJIIOLMMN METOLOB BHYTPUCOCYANCTOMN
BU3yanusaumn BbicTynun gupektop HIL, mH-
TEPBEHLMOHHOM KapauoaHrnonornm CevyeHoB-
cKkoro YHuBepcuTeTa, OOKTOP MeOUUMHCKUX
Hayk Cepren lNetpoBumd Cemuntko. OgHO 13 3a-
cepaHuii LLkonbl ObUIO LENVKOM MOCBALLEHO
0630py COBPEMEHHbLIX METOL0B JIEHEHUS CEP-
Oe4YHO-CoCcyaucCThIX 3abonesaHunin. Ceoe Buae-
HMe 9TUX METOLOB MNPencTaBuIv TPU SAPKUX
npencraBuUTeNs TPEX PassiMYHbIX HarnpasaeHUin
MEOMLMHBIL: Kapanoaor, OOKTOP MeaVUUMHCKUX

Ne 76, 2024



INFORMATION

Hayk, npodeccop kadheapbl KAapaANOIornm, PyHK-
LUMOHaNbLHOM U YNbTPa3BYKOBOW [AMArHOCTUKMU
®raoy BO Mepsbiik MITMY nmenn N.M. Ce-
yeHoBa MwuHspgpaBa Poccumn, 3aBepyrowimin ka-
deagpon  kapauonormm  MOHUKW  unmeHn
M.®. BnagmMmpckoro, rnaBHbli BHELUTATHbIN
kapguonor MunHagpasa MockoBCKoW 0bnacTtum
Mapusa leHpuxoBHa [ne3ep; akagemMuk PAH,
npogeccop, PEHTFEHOXUPYPT, PYKOBOOMUTEINb
oTaena HeOTNIOXKHOW Kapamonorum n cepned-
Ho-cocyaoucTton xupyprun HUN CI nmeHn
H.B. CknudgocoBckoro, 3aB. kadpeapoin peHT-
reH3HO0BACKYJIIPHOM U COCYAUCTOW XMPYpPrm
MIMCY wnmenn A.W. EBookumoBa JleoHup,
CepreeBud KokoB, cepaeyHO-COCYyOuCTbIN
xmpypr, akagemuk PAH, npodeccop, AnpekTop
MHCTUTYyTa KapamnmoaopTasibHON Xxmpyprun focy-
[0apCTBEHHOro HayyHoro ueHtpa Pd PrbHY
“PHLUX wum. akapemuka Bb.B. lNetposckoro”
Opuii Bnagummnposuny benos.

B nocnepoHuin geHb paboTsbl LLkonbl mono-
Oble Bpayn MOMYyYUAN YHUKaAJIbHYIO BO3MOX-
HOCTb HE MPOCTO y3HaTb O COBPEMEHHbIX Me-
Togax Bu3yanm3auum, a cgenatb 9TO B Opu-
rmHanbHom ¢gopme — B Buae “Ceoen urpbl” no
npobnemam OMarHOCTUKK N NIe4YEeHUs cepaeyd-
HO-cOoCcyauCTbIXx 3aboneBaHuii, KOTOPY Mpo-
Ben npodgeccop CumoH TernmypasoBud
Maukennuwsunu. CnoxHblie, a MHOrAa U HeOo-
XXNOAHHO KaBep3Hble BOMPOCHI MOPOM CTaBun
B TYMNMWK HE TOJIbKO KOHbIX MeAnKOB; OXXNBJEH-
Hbl€ OMUCKYCCUW MO MOBOAY NPaBUIbHOIO OTBE-
Ta pasropajvcb 1 cpeay NpuUcyTCTBOBABLUMX
B 3asie MacTuTbix NnpodpeccopoB. PasymeeTcs,

On March 20-23, 2024, the 9th Annual
School of Young Specialists in endovascular
diagnosis and treatment was held in Suzdal.
This year, the School brought together about
150 students from various regions of our coun-
try, and was dedicated to the problem of mod-
ern imaging principles in cardiovascular dis-
ease diagnosis and treatment. Nowadays,
when more and more high-tech methods are
being introduced into medicine, it is impossible
to imagine diagnostic and therapeutic proce-
dures without the latest imaging technologies
— intravascular ultrasound, computed tomogra-
phy, and magnetic resonance imaging. The or-
ganizer and irreplaceable academic adviser of
such events, David losseliani, Academician of
the Russian Academy of Sciences, Honorary
Director of the Research and Practical Centre

BpyueHune mepanu um. 10.C. MeTpocsaHa
akapgemuky PAH O.T. NocennaHu.
The photo shows Academician of the Russian Academy
of Sciences David G. losseliani,
awarded with Yuri Petrosyan medal.

OTBETblI MPUHUMANNUCL TONIbKO OT “LUKONbHU-
KoB”. B 3aknio4deHne npodeccop Mauke-
NAVLWIBUNX NpoyYuTan HeOOoNblUy, HO OYEHb
SAPKYI0 ekumio Ha Temy: “Kak npaBuiibHO Nu-
caTb Hay4yHble CTaTbU, YTOObI UX MPUHUMANU
K nyonukauum Bepywime xypHanbl”. Jlekums
Bbi3Basia OOMbLUOM MHTEPEC W Uenblii LKBan
BOMNPOCOB. NMpuUATHO CO3HaBaTb, YTO MONOAbIE
Bpaum cTtpemMatca nocewatb Cy3nanbCkyto
LIKOJTY — MHOIME NMpuesxatoT Tyaa He rno O4HO-
MY pasy U C HETEPMNEHNEM XAYT HOBbIX BCTPEY
CO CBEPCTHMKAMWM M CTapliuMM KOJIJieramm,
MacTUTbiIMM nNpodeccmnmoHanamm, KoTopbie
C pagoCcTblo OENATCS C MOJIOOEXbIO CBOUMU
3HAHUAMU M OMbITOM.

of Interventional Cardioangiology and Head of
the Interventional Cardioangiology Department
at I.M. Sechenov First Moscow State Medical
University, spoke about this ever-increasing
role of new technologies at the opening cere-
mony of the School. Leonid Kokov, Chairman of
the Russian Society of Interventional
Cardioangiology (RNOIC), one of the co-direc-
tors of the School, Academician of the Russian
Academy of Sciences, took the floor after him.
He wished the School participants success in
mastering new methods and technologies, and
announced the decision of the RNOIC Board,
made shortly before the event. Academician
David losseliani was awarded the Yuri Petrosyan
Medal for outstanding achievements in aca-
demic and research work in the field of inter-
ventional cardioangiology, for innovations and
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inventions, for successful clinical and adminis-
trative work, for popularization of science, for
his great contribution to training and mentoring
specialists, for popularization and promotion of
this field of medicine. He became the second
receiver of this professional award after the
outstanding Italian specialist in endovascular
surgery, Professor Antonio Colombo.

The country's leading specialists spoke to
young doctors about new technologies and
methods that help identify complex diseases,
primarily those of the cardiovascular system,
and carry out procedures to eliminate them.
Among them were: Viktor Demin, Doctor of
Medical Sciences, Head of the Department of
endovascular methods of diagnosis and treat-
ment of the Orenburg Regional Hospital; Simon
Matskeplishvili, associate member of the
Russian Academy of Sciences, professor, chief
researcher of the Medical Research and
Educational Center of Moscow State University;
Zaur Shugushev, Doctor of Medical Sciences,
professor, chief cardiologist at Russian Railways
Medicine; Jamil Asadov, Candidate of Medical
Sciences, employee of Sechenov University
Research and Practical Centre of Interventional
Cardioangiology; Oleg Zauralov, Candidate of
Medical Sciences, doctor for X-ray endovascu-
lar diagnosis and treatment at Vsevolozhsk
Clinical Interdistrict Hospital, and other special-
ists. Sergei Semitko, Doctor of Medical
Sciences, the director of Sechenov University
Research and Practical Centre of Interventional
Cardioangiology gave an interesting lecture on
fundamentals and evolution of intravascular
imaging methods. One of the School’s ses-
sions focused on a review of modern cardiovas-
cular disease treatment methods. Three promi-
nent representatives of the three different med-
icine fields presented their visions: Maria Glezer,
cardiologist, loctor of Medical Sciences, pro-

fessor of the Department of Cardiology,
Functional and Ultrasound Diagnostics at
I.M. Sechenov First Moscow State Medical
University, Head of Cardiology Department
at M.F. Vladimirsky Research Clinical Institute
of the Moscow region, chief acting cardiologist
of the Ministry of Health of the Moscow Region;
L. Kokov, endovascular surgeon, academician
of the Russian Academy of Sciences, profes-
sor, Head of the Department of Emergency
Cardiology and Cardiovascular Surgery at
Sklifosovsky Institute for Emergency

Medicine, Head of the Department of endo-
vascularandvascular surgeryatA.l. Evdokimov
Moscow State University of Medicine and
Dentistry; Yuri Belov, cardiovascular surgeon,
academician of the Russian Academy of
Sciences, professor, director of the Institute
of Cardio-Aortic Surgery of Petrovsky Russian
National Research Centre of Surgery.

On the last day, young doctors had a unique
opportunity to study modern imaging methods
through Jeopardy! game on the issues of diag-
nosis and treatment of cardiovascular diseas-
es, hosted by professor S. Matskeplishvili.
Complex and sometimes unexpectedly tricky
questions perplexed not only young doctors,
but also caused lively discussions among
eminent professors in the audience. Of course,
responses were accepted only from trainees.
In conclusion Professor Matskeplishvili gave
a short but brilliant lecture on How to write sci-
entific articles to be published by leading jour-
nals. The lecture aroused great interest and
a barrage of questions. It is good to know that
young doctors strive to attend the Suzdal
School, and many come to participate more
than once and look forward to new meetings
with peers and senior colleagues, seasoned
experts, who are happy to share their knowl-
edge and experience with young people.
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