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AHHOTAUMSA

Llenb nccnegoBaHus: OLEHKa pacnpoCTpaHeHHOCTM MukpococyaucTon obetpykumm (MCO) 1 remopparmyeckoe nponuTbiBa-
Hne muokapga (IMIM) n nx codetaHus, a Takke UX B3aMMOCBSA3M C KITMHUYECKUMWN 1 aHAMHECTUYECKMMUN XapaKTepUCTUKaMm
Yy NAUMEHTOB C NEPBUYHBIM MH(APKTOM MUoKapaa ¢ nogbemom cermenta ST (STEMI) anekTpokapamorpaMmmbl NOcne Kopo-
HapHoW penepdy3nn.

Martepunan 1 MeTtoabl. Hactosuee nccnegosaHne Obino 0OAHOLEHTPOBLIM HabnoaaTenbHbIM KOropTHbIM. B obLen crnioxHo-
CTV B uccnegosaHve Bownm 60 naumeHToB ¢ nepBuyHbIM STEMI 1 ycnelHom kopoHapHow penepdyysuen B nepsbie 12 4 ot
Hayana 3abonesaHus, Bce Gbinv 06cnegoBaHbl C UCMONb30BaHMEM MarHUTHOTO pe3oHaHca cepaua C KOHTPaCTHLIM YCUMEeHW-
eM Ha 2-n geHb nocne STEMI. [laHHoe nccnenoBaHme 6bino 3apeructpupoBaHo B ClinicalTrials.gov, Homep: NCT03677466.
PesynbraTtbkl. O6was yactora aeneHni MCO u MM coctaenseT 68,3%. Pa3nuyHblie deHOTUMbLI MMKPOCOCYANCTOrO NOBPEX-
OeHVa Muokapaa pacnpegeneHsl cnegyowmmMm obpasom: toneko MCO — 17%, Ttoneko MM — 15%, kombuHaumnsa MCO wn
MM — 36%, 6e3 MmkpococyancToro nospexaeHns mmokapaa — 32% obcnenoBaHHbIX. Y naumeHToB Tonbko ¢ MCO u kom-
OuHaumnern MCO u I'TIM Habnioganca 6onee anuTenbHbIN Nepuog «6onb — penepdysunsa» No cpaBHEHUIO C NaumeHTamun G6e3
aTux asneHun: 205 (140-227) n 193 (95-400) npotus 130 (91-160) muH (p = 0,049). HanpoTus, Bpemsa nwemmun muokapaa
y naumeHToB Tonbko ¢ [MIM (113 MUH) He oTNMYanock OT nokasatens y nauyneHToB 6e3 aTux sieneHun. Bece nauneHTbl Gbinm
pasgeneHbl Ha rpynny dpapmakovHBa3vBHOWM cTpaTernm KopoHapHomn penepdysmun (PUC) (n = 39) n rpynny nepBuUYHOro ype-
ckoxHoro BmeluatenscTea (MYTKA) (n = 21).

OCHOBHbIE KIMMHMYECKNE N aHAMHECTUYECKNE XapaKkTEPUCTMKM HA UCXOAHOM YPOBHE HE pasnuyanunck Mexay 3TMMum rpynna-
mu. Konnuectso cnyyaes tornbko MCO u Tonbko MM He pasnunyanock mexay rpynnamm ®UC n MYTKA: 17,9 npotus 14,2%
n 12,8 npotue 19,1% B rpynnax ®NC n NMYTKA cooTBeTcTBEHHO. Bbina obHapyxeHa TeHAEHLMSA K CHUXKEHUIO 4acTOoTbl BCTpe-
YaemocTu kombuHaumm MCO u MM B rpynne ®UC no cpasHeHuto ¢ rpynnown NYTKA: 30,8 npotus 47,6% (p = 0,09).
3akntoueHue. O6was yactora asneHmn MCO n ITIM y naumeHToB ¢ nepBuyHbiM STEMI nocne kopoHapHow penepdy3snm
pocturaet 68,3%. CoyeTaHne 3TUX SIBNEHUIN pa3BMBaETCH Yalle, YeM Kaxaoe U3 HUX B otaenbHocTu: 36 npotue 17% (Tonbko
MCO) n 15% (Ttoneko MIM). Passutue Tonsko MCO u kombuHaumnm MCO c I'TIM cBssaHo ¢ 6onbLuein NPoAoMKUTENBHOCTLIO
ULLIEMWUM MUOKapAa NO CPaBHEHWIO C rpynnon 6e3 aTux saBneHun. PasHuubl BO BpEMEHN MLIEMUM MUOKapAa Mexay rpynmnon
Tonbko ¢ MM n rpynnon 6e3 aTnx asnexHuin HeT. Tpombonnsnc He yBenuunBaeT YacToTy Bo3HUKHoBeHus [TIM B rpynne ®UAC
no cpasHeHwuto ¢ rpynnon NMYTKA. Habnogaetca TeHAeHUMS K CHUKEHUIO BCTpedaemocTy kombuHaumm MCO u I'TIM B rpynne
DUC no cpasHeHunto ¢ rpynnon MYTKA: 30,8 npotus 47,6% (p = 0,09).

KnioueBble cnoBa: MHDAPKT MUOKapAa, MUKPOCOCYAUCTasi O6CTPYKUMS, reMopparMyeckoe nponuTbiBaHne Muo-
Kapga, nepBrMYHOE YPECKOXKHOE BMELLATeNbCTBO, TpoMbGonuanc, kapano-MPT.
KoHdpnuKT MHTepecoB: aBTOPbI 3as1BMSOT 06 OTCYTCTBUM KOH(PIIMKTa MHTEPECOB.

Mpo3payHocTb huHaHCOBOM HWKTO M3 aBTOPOB He MMeeT (hMHAHCOBOWN 3aMHTEPECOBAHHOCTN B NMPEACTaBMNEHHbIX MaTepua-

AeATenbHOCTH: nax unv metogax.

CooTBeTCcTBME NPUHLMNAM nccnegoBaHne COOTBETCTBYET 3TUYECKMM CTaHgapTam, paspaboTaHHbIM B COOTBETCTBUM C

3TUKMU: XenbCHKCKOW Aeknapauuent BcemupHon MeamumMHCKon accoumaumm «QTUYeckne npyHUmnbI
MEAMUMHCKMX UCCreaoBaHWin ¢ yyacTnem nogen» ¢ nonpaskamu 2000 r. u «[pasunamum knu-
HU4Yeckon npakTukn B Poccuiickon depepaummny, yTeepxaeHHsIMu Mpukasom MuHuctepctea
3gpaBooxpaHeHmnst Poccuickon ®epepaumm Ne 266 ot 19.06.2003 r.



Beiwnos E.B., Anekceesa A.B., Ycos B.1O., Mouyna O.B., Ps6os B.B.
CuMHAPOM MMKPOCOCYAMCTOrO NOBPEXAEHUS MMOKapaa Y NaLMeHTOB C NepBUYHBLIM MHpAPKTOM MUOKapaa ¢ nogbeMom cermeHTa ST

Onsa uMTMpoBaHus: Boiwnos E.B., Anekceesa A.B., Ycos B.1O., Mouyna O.B., Ps6os B.B. CuHapom Mukpococy-
OVCTOro MOBPEXAEHUs! MYOKapAa Y NauMeHTOB C MEPBUYHBIM MH(APKTOM MUoKapaa ¢ Noabe-
MoOM cermeHTa ST: pacnpoCTpaHEeHHOCTb M CBA3b C KIIMHUYECKUMU XapakTepucTtukamu. Cubup-
CKUU XypHas KIUuHU4YeckoU U aKcriepumeHmarnbHol meduyuHsl. 2022;37(1):36—46. https://doi.
0rg/10.29001/2073-8552-2022-37-1-36-46.

Phenomena of microvascular myocardial injury

in patients with primary ST-segment elevation
myocardial infarction: Prevalence and association
with clinical characteristics

Evgeny V. Vyshlov, Yana A. Alexeeva, Wiadimir Yu. Ussov, Olga V. Mochulaq,
Vyacheslav V. Ryabov

Cardiology Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences,
111a, Kievskaya str., Tomsk, 634012, Russian Federation

Abstract

Aim. The aim of this study was to evaluate the prevalence of microvascular obstruction (MVO) and intramyocardial hemorrhage
(IMH), their combination, and relationship to the clinical and anamnestic characteristics in patients with primary STEMI after
coronary reperfusion.

Material and Methods. A single-center observational cohort study comprised a total of 60 patients with primary STEMI and
successful coronary reperfusion within 12 hours of the onset of symptoms. All patients were studied using a contrast-enhanced
cardiac magnetic resonance imaging (CE-MRI) at day 2 after STEMI. The study protocol was registered on ClinicalTrials.gov
(Identifier: NCT03677466).

Results. The total occurrence rate of MVO and IMH phenomena was 68.3% including MVO only in 17% of patients, IMH only in
15% of cases, combination of MVO and IMH in 36% cases, and without a microvascular myocardial injury in 32% of cases. The
patients with MVO only and combination of MVO and IMH experienced a longer time of ischemia versus patients without these
conditions: 205 (140-227) and 193 (95-400) versus 130 (91-160) min (p = 0.049). On the contrary, the time of myocardial
ischemia did not differ between patients with IMH only (113 min) and patients without it. Then, patients were assigned to the
group of pharmaco-invasive strategy of coronary reperfusion (PIS) (n = 39) and the group of primary percutaneous intervention
(PPCI) (n=21). The incidence of MVO only and IMH only was equal in PIS and PPCI groups: 17.9% versus 14.2% and 12.8%
versus 19.1% in PIS and PPCI groups, respectively. The tendency to a decrease in the incidence of combined MVO and IMH
was observed in PIS group compared to PPCI group: 30.8% versus 47.6% (p = 0.09).

Conclusion. The combination of MVO and IMH phenomena in patients with primary STEMI after coronary reperfusion
developed more often than each of these phenomena separately. The development of MVO only and combination of MVO
and IMH was associated with a longer duration of myocardial ischemia. A total frequency of combination of MVO and IMH
phenomena in patients with primary STEMI after coronary reperfusion was as high as 68.3%. Combination of these phenomena
developed more frequently than each of them separately: 36% versus 17% (MVO only) and 15% (IMH only). No difference was
observed in the duration of myocardial ischemia between the groups with MVO only and without it. The thrombolysis did not
increase the occurrence of IMH in PIS group compared with PPCI group. There was a tendency to a decrease in the incidence
of combination of MVO and IMH in PIS group compared to PPCI group: 30.8 versus 47.6% (p = 0.09).

Keywords: myocardial infarction, microvascular obstruction, intramyocardial hemorrhage, primary PCI,
thrombolysis, cardiac magnetic resonance.
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BeepneHue

OKCTpeHHas penepdysns KOPOHAPHOW apTepuK, CBA3aH-
Has C MHapKTOM MUoKapaa, sBndetcs Hanbonee addek-
TMBHbIM CMOCO60OM COXpaHEHMS XXN3HECNTOCOBHOro MMokapaa
N CHWKEHUSA CMEPTHOCTM Y NaLMEHTOB C OCTPbIM NH(DAPKTOM
MuoKkapda ¢ nogbemom cermeHta ST (TpaguumoHHO 06o-
3Hayaemoro natuHckon abbpesuatypon STEMI). OpHako
nonb3a OT 3TON penepdy3nn yMeHbLUaeTCca u3-3a ABneHun
MUWKPOCOCYAMCTOro MOBPEXAEHNS MUOKapAA: MUKPOCOCYan-
cton obeTpykumm (MCO) n remopparm4eckoro nponutbisa-
Hus munokapaa (MMM) [1-3].

[onroe Bpems nsy4eHune aTnx aeneHnii buino saTpygHeHo
13-3a HEBO3MOXHOCTWN TOYHOW AMAarHoCcTukn. Hanuume Tspxe-
noro cpeHomeHa MBO B chopme cdeHomeHa «no-reflow» oue-
HMBanu C NOMOLLIbIO MHBa3MBHON KOPOHAPHOW aHrnorpagmm
(KATI) n axokapaunorpadum ¢ KoHTpactTuposaHnem. PeHomeH
MM mor 6bITb 06HapyXeH TONbKO BO BPEMS ayTOMCUKU UNn
B akcnepumeHTe [3, 4]. MarHuTHbIN pe3oHaHc cepgua (kap-
Ano-MPT) ¢ kOHTpacTHbIM ycunexHuem y nauueHTtos ¢ STEMI
no3BonsieT Ham Bu3dyanuaunposaTtb kak MCO, Tak u [TIM He-
WHBA3MBHO in vivo [5].

B nocnegHue rogbl Obin NpoBeaeH psa UCCNegoBaHUn ¢
ucnone3osBaHnem kapamo-MPT-Bu3yanusauunn. beino noka-
3aHo, 4To MCO wn/unu MM ces3aHbl ¢ 6onbWNM MHDaPKTOM
MUOKapAa v yBenuyeHnem 4actoTbl CepbesHbIX Hebnaronpum-
ATHBLIX cepaeyHbix cobbitnii (MACE) [6-8]. Ha aton ocHoBe
ObINo NpeanoXxeHo NCrnonb3oBaTb 3TM (PeHOMEeHbl Ans npo-
rHo3npoBaHus 3abonesaHus [9] 1 B kayecTBe HOBOW MULLE-
H1 B Byaoyuwiem gononHutensHom nedeHun STEMI [10]. Ho
pacnpoCTPaHEHHOCTb 3TUX SABMNEHUIN OCTaeTCs He COBCEM
SICHOW: pacnpocTpaHeHHocTb MBO, no AaHHbIM pasHbIX aB-
TopoB, konebnetca ot 9,5 [11] no 66% [5], a pacnpocTtpa-
HeHHoCTb [TIM — ot 10 [12] go 50% [5]. CyLiecTByeT O4eHb
Mano AaHHbIX O pacnpocTpaHeHHOCTN kombuHaumm MCO u
MM: Tonbko B pabote D. Carrick n coasr. [13] ata pacnpo-
CTpaHeHHOCTb NokasaHa kak 41%, a B pabore M. Ma v coasT.
YCTaHOBMEHO, YTO 3Ta pacnpoCTPaHEHHOCTb y NaUUEHTOB C
STEMI n MNMYTKA coctaenset 44% [1]. HesicHO, kakoe 3Haue-
Hue nmeet kombuHauusa MCO m 'TIM no cpaBHEHUIO C TOMb-
ko MCO wu Tonbko TIM. Kpome Toro, HeT onybrnmkoBaHHbIX
AaHHBIX O BAWSHWW ABYX PasfnuyHbIX METOAOB KOPOHAPHOW
penepdysnmn, Takmx Kak papmakovHBasvBHasa crpaTterus
penepdysum (PUAC) n nepBnYHOE YPECKOXKHOE KOPOHaApHOEe
BmeluatenscTo (MYTKA), Ha puck pasBuTUS 3TUX SBMEHUN.

Llenb nccnepoBaHus: oueHka nNo AaHHbIM kapguo-MPT
pacnpoctpaHeHHocTu MBO n I'MIM n nx kombrnHauum, a Tak-
Xe UX B3aMMOCBSA3M C KITMHUYECKUMW U aHAMHECTUYECKUMMN
XapakTepucTrkamn y naumeHToB ¢ nepsmyHbiM STEMI nocne
KOpoHapHon penepdysun.

MaTepuan n metoabl

370 6bINO OAHOLIEHTPOBOE HabnoaaTenbHOE KOropTHoe
uccnegoBaHue, npoBedeHHoe B HayuyHo-uccnegoBaTenb-
CKOM WHCTUTYTE Kapguonorum TOMCKOro HauMOHarnbHOro
nccrneqoBaTenbCKOro MeguuuHCKoro ueHtpa Poccuiickon
akagemun Hayk. Komutet no GuomeguumnHckom atuke MIHcTu-

Introduction

The emergency reperfusion of the infarct-related coro-
nary artery is the most effective way to preserve a viable
myocardium and reduce mortality in patients with acute
ST-segment elevation myocardial infarction (STEMI). How-
ever, the benefit of this reperfusion is diminished by the
phenomena of microvascular myocardial injury: microvas-
cular obstruction (MVO) and intramyocardial hemorrhage
(IMH) [1-3].

The study of these phenomena has been challenging
for a long time due to the impossibility of establishing accu-
rate diagnostics. The presence of severe MVO in the no-re-
flow phenomenon was evaluated using an invasive coro-
nary angiography (CAG) and contrast echocardiography.
However, IMH phenomenon was identified during an au-
topsy or in an experiment [3, 4]. Contrast-enhanced cardiac
magnetic resonance imaging (CMR) allows for noninvasive
visualization of both MVO and IMH in STEMI patients in
vivo [5].

During recent years, a number of studies were per-
formed using CMR. The studies showed that MVO and/or
IMH are associated with a larger myocardial infarction and
increased occurrences of major adverse cardiac events
(MACE) [6, 7, 8 et al.]. Based on these observations, it
was proposed to use these phenomena for the prognosis
of disease [9] and as a novel target in the future adjunctive
STEMI treatment [10]. However, the prevalence of these
phenomena remains not entirely clear: according to dif-
ferent authors, the prevalence of MVO varies from 9.5%
[11] to 66% [5], and the prevalence of IMH ranges from
10% [12] to 50% [5]. There is lack of data regarding the
prevalence of combination of MVO and IMH. Carrick et al.
[13] and Ma et al. [1] were the only ones who showed the
prevalence of 41% and 44% for this condition in patients
with STEMI and PPCI, respectively. It remains unclear
what significance the combination of MVO and IMH has in
comparison with MVO only and IMH only. Also, there is no
published data on the impact of two different methods of
coronary reperfusion such as the pharmaco-invasive strat-
egy reperfusion (PIS) and the primary percutaneous cor-
onary intervention (PPCI) to the risk of developing these
phenomena.

The aim of this study was to evaluate the prevalence
of MVO and IMH and their combination, as well as their
relationship to the clinical and anamnestic characteristics
in patients with primary STEMI after coronary reperfusion.

Material and Methods

A single-center observational cohort study was con-
ducted in the Cardiology Research Institute, Tomsk Na-
tional Research Medical Center of the Russian Academy
of Sciences. The Biomedical Ethics Committee of the Insti-
tute approved the study protocol and the patient informed
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TyTa yTBEpAWI NPOTOKON uccnefoBaHns n opmy HMOpMm-
poBaHHOro cornacus naumeHTa. Bee npoueaypesl, BbINONHsSe-
Mbl€ B UCCNEAOBaHNAX C y4acTuem fogen, CoOoTBETCTBOBamNM
XernbcuHkckon geknapauun 1964 r. n 6onee nos3gHUM no-
npaekam K Hel. MIHdopmupoBaHHOe cornacue 6bino nomny-
YEHO OT Kaxdoro y4acTHMKa, BKIIOYEHHOrO B CCreaoBaHue.
3710 ncnelTaHne 6bino 3apeructpuposaHo B ClinicalTrials.gov
#NCT03677466.

Kputepun BkntoveHuns: nepsuyHbii STEMI v ycnewHas
KOpOHapHas penepdy3usi B nepeble 12 4 oT Havana 3abo-
nesaHus.

KpuTepun ucknioveHus: otkas naumeHTa, peBacKynspu-
3auMs KOPOHapPHOW apTepun B aHamHese, OCTpas Cepaed-
Has HepocTtaTodHocTb -1V knaccos no Killip, octpble ncu-
XU4ecKkne pacCcTponcTBa, XpoHMyeckas OonesHb nouvek 4-n
crtaguu (ckopocTb knyboukoBor dunsrpauun < 30 mn/mMuH/
1,73 M?) 1 npoTnBONOKa3aHus k kapavo-MPT.

3anucb nsobpaxeHun kapgno-MPT

Bce nauueHTbl Obinn 06cnegoBaHbl ¢ MCMONb30BaHNEM
kapanmo-MPT ¢ KOHTpacCTHbIM yCuUrieHneM Ha 2-i AeHb nocne
STEMI. Kapano-MPT 6bina BbIMNONHEHA C MOMOLLbIO CKa-
Hepa Toshiba Vantage Titan 1,5T gns kaxgoro nauueHTa.
KoHTpacTHoe ycuneHve npoBOAMIIOCH C MCMOMb30BaHWEM
00bIYHbIX 403 NapamMarHeTuka, B YacTHocTM agoBucTa unm
OmHuckaHa, B gose 0,1 mn Ha kr maccbl Tena. Kpome Toro,
ObIn Ucnonb3oBaH 6a30BbIN KAPAMONOrMYECKUIA NakeT, Takown
kak QK[ n permctpaums gbixaHus.

AHanus nsobpaxeHumn

[MpoTtokonbl kapgno-MPT coctosanu w3 cTtaHAapTHbIX
UMNYNbCHBLIX nocnegosatensHocTen: TSE T2-B3BelueHHas
nocnenoBaTenbHOCTb TEMHOW KpoBM M T1-B3BeLLeHHas no-
cnepoBatenbHOCcTb SE ¢ nogaBneHnem xupa — no KOpoTKon
ocu cepua B OByXKamepHOW MPOEKUMM U OUHAMUYECKUX
nocneposartencHocteh — GRE-SSFP «cBetnasi KpoBb».
MornowieHne MuOKapAOM KOHTpacTa pasnuYyHoOW cTene-
HW TPaHCMYpanbHOCTM B TOrLLE CTEHKWU NEBOrO Xenyaodka
(JTK) ObIno oueHeHO 1 3aperncTpupoBaHO Kak MpU3HaK WH-
dapkTa MuokapAa, ecnv OHO MPUCYTCTBYET MPWU CKaHWPO-
BaHWM kapano-MPT ¢ OTCPOYEHHBIM KOHTPacTUPOBAHMEM.
CkaHupoBaHue kapano-MPT npoBogunocb B pexmnme WH-
BEpPCUM — BOCCTAHOBIIEHUS C HAaCTPOWKOW BPEMEHMU MHBEpP-
CWKN ONS NonyyYeHns HOPMarbHOIO YEPHOrO LIBETa MUoKapaa
(T. . HyNeBOW UNMN MUHUMaNbHOW MHTEHCUBHOCTK). Pasmep
WHdapKTa onpeaensnu Ha M3obpaXeHUsix C OTCPOYEHHBIM

a b

Fig. 1. Microvascular obstruction MRI (obstruction zone shown with arrows)

consent form. All procedures, performed in studies involv-
ing human participants, were in accordance with the 1964
Helsinki Declaration and its later amendments. An informed
consent was obtained from each participant enrolled in the
study. This trial was registered on ClinicalTrials.gov (ldenti-
fier: NCT03677466).

Inclusion criterion was primary STEMI and successful
reperfusion of the event within 12 hours of the onset of
symptoms.

Exclusion criteria were patient refusal, previous cor-
onary artery revascularization, acute heart failure Killip
classes IlI-1V, acute mental disorders, chronic kidney dis-
ease stage 4 (glomerular filtration rate < 30 mL/min/1.73
m?), and contraindications to CMR.

Image Acquisition

All patients were studied using contrast-enhanced CMR
on the second day of STEMI. The CMR scans were per-
formed on Toshiba Vantage Titan 1.5T scanner for each par-
ticipant. A contrast enhancement was carried out employ-
ing common dosages of paramagnetic contrast agents, in
particular, Gadovist or Omniscan as 0.1 mM per kg of body
weight. Also, a basic cardiology package such as Cardiac
ECG and breath-gated acquisitions were employed.

Image Data Analysis

The CMR protocols were comprised of standard pulse
sequences (TSE T2-weighted dark blood sequence and
T1-weighted SE sequence with fat suppression) on a short
axis in a two-chamber projection and dynamic sequences
(IE GRE-SSFP “light blood”). A myocardial contrast uptake
of various degrees of transmurality through the wall of the
left ventricle (LV) was analyzed and reported as a sign of
myocardial infarction if present on delayed contrast-en-
hanced CMR scans. The CMR scans were performed in the
inversion recovery mode with the inversion time adjusted to
obtain the normal myocardium black (i.e. of zero or minimal
intensity). The size of infarction was identified on images
with a delayed contrast using semi-automatic tracing of hy-
perintense areas (including the central hypointense if any)
and expressed as a percentage of LV mass. MVO was de-
fined as hypointense areas on delayed contrast-enhanced
MRI scans in the IR-mode with normal myocardium black

(Fig. 1).

Puc. 1. MPT-kapTuHa MUKpOCOCYANCTON OBCTPYKUMK (30Ha 0BCTPYKLMM OTMEYeHa CTpenkamm)
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KOHTpacTMpoBaHWeM C WCMOMb30BaHNEM MofyaBToMaTnye-
CKOTO BblAENEeHNs TMNepUHTEHCUBHBIX obnacten (Bkrovas
LEHTParnbHyl0 TMNOMHTEHCUBHYIO, €Cnn TaKkoBas VMMeeTcs)
1 Bblpaxanu B npoueHTax ot maccel JDK. MCO onpegens-
N Kak rMnonHTeHcrBHbIEe obrnacTn Ha MPT ¢ OTCpOYeHHbIM
KOHTpacTuposaHvnem B VK-pexrme ¢ HopMarnbHbIM YepHbIM
mMuokapaom (puc. 1). MM oToBpaxancs Kak rMnouHTEHCUB-
Has obnacTtb Ha hoHEe MMOoKapaa C NOBbILLIEHHON UHTEHCUB-
HOCTbIO CUrHana B pexumMe T2-B3BELLEHHOrO (puc. 2).

a b

Fig. 2. MRI of intramyocardial hemorrhage
Puc. 2. MPT-kapTuHa BHYTPMMUOKapANabHOTO KPOBOU3MNUAHNSA

CTaTnCTMYECKMIN aHanNM3 NoNy4YeHHbIX JaHHbIX NPOBOAM-
NN ¢ nucnonb3oBaHneM nporpammHoro naketa STATISTICA
10. Konu4yecTBeHHble nokasaTenu npencraBreHbl Meava-
Hoit (Me) 1 MeXKBapTUNbHLIM AnanasoHoM (Q,.—Q,.). Ka-
TeropuvanbHble Moka3aTenu onucbiBanu abCcontoTHbIMU ©
oTHocuTenbHbIMU (%) YacTtoTamu BCcTpevyaemocTun. CtaTtu-
CTMYECKYI0 3HAYUMMOCTb Pasfnuyuii Mexay OBYMsi He3aBu-
CUMbIMM KONMMYECTBEHHBLIMWU MOKa3aTensMu OLEeHUBanu c
nomoLubto U-kputepua MaHHa — YuUTHuU. [Ina onpeaeneHus
3HAYUMOCTW Pa3NNYNA B MHOXECTBEHHbBIX CPaBHEHUAX UC-
nonb3oBanu kputepun Kpackena — Yonnuca. Ctatncrmnye-
CKYI0 3HAYMMOCTb pasnuynii KaTeropmarbHbIX Nokasartenemn
OLeHMBanu C NOMOLLbI0 KpuUTepust xu-kBagpart NupcoHa un
TOYHOro kputepust ®uwepa. Pasnuuma mexgy rpynnamm
cuYUTanum CTaTUCTUYECKM 3HAYUMBIMU MPU YPOBHE 3HAYNMO-
ctn p < 0,05.

Pe3ynbrathbl

B aT0 nccnepgosaHme 6binv nocnegoBaTenbHO BKAOYEHbI
60 naumeHToB ¢ nepenyHbiM STEMI. Bcem naumeHTam Gbinm
BbinonHeHsl KA 1 YUKB ¢ goctmkeHnem B pesynbrate 2—
3-i1 ctenenmn kposotoka TIMI. Penepdysusa ¢ mcnonbsosa-
Hnem OUC 6bina BbinonHeHa 39 naumenTam, NMYTKA — 21
naumeHTy. Tpombonutuyeckas Tepanusa nposoaunacb Ha
porocnutansHom aTtane. B rpynne ycnewHoro Tpombonumanca
BpeMS UeMnn MMoKapaa onpeaensnock kak spems «bonb
—nrnax» nnoc 60 MuH, Korga permcTpupoBanachk anekTpokap-
Avorpamma c npusHakamu penepdysumn. B rpynne HeygayHo-
ro Tpombonusmca Bpems uwemMmm Mmokapaa onpenensnocs
Kak Bpems «6onb — cnacutensHoe YKB». B rpynne MNMYTKA
BpeMSA MLIEeMUW MUOoKapaa PerucTpyMpoBarnocb Kak Bpems
«bonb — 6annon». MNpusHakn penepdysun no IKI nocne
Tpombonuanca Habnoganuce y 84,6% (n = 33) nauueHTOB.
Jleuenne STEMI npoBogunocb B COOTBETCTBUM C NPUMEHU-
MbIMW COBpPEMEHHbIMU pekoMmeHdaumamn [14]. CmepTens-

The IMH was imaged as a hypointense area over the
background of myocardium with increased signal intensity
in T2-weighted mode (Fig. 2).

The CMR images were acquired along a short axis
of the basal, middle, and apical (a, b, c) LV sections. Hy-
pointense areas correspond to no-reflow in the projections
of the anterior-septum wall of the LV (a, b, c¢) and the in-
ferior-lateral wall (b, c) of the LV in the delayed contrast
inversion recovery mode.

The CMR images were acquired along a short axis
of the basal, middle, and apical (a, b, c) LV sections. Hy-
pointense areas are present in the projections of the ante-
rior wall (a, b) and the inferior-lateral wall (b, c¢) of the LV in
the T2-WI mode.

Statistics

Statistical analysis of the obtained data was performed
using the STATISTICA 10 software package. The resulting
values are presented as a median (Me) and interquartile
range (Q,—Q,). Statistical significance of differences be-
tween two independent quantitative indicators was evaluat-
ed using the Mann — Whitney U test. The Kruskal — Wallis
test was used to determine the significance of differences
in multiple comparisons. The statistical significance of dif-
ferences in qualitative characteristics was assessed using
the Pearson’s chi-squared test and the Fisher F-test. Differ-
ences between groups were considered statistically signifi-
cant at the p < 0.05 level.

Results

A total of 60 patients with primary STEMI were sequen-
tially included in this trial. A CAG and PCI with the achieve-
ment of TIMI blood flow grades 2—-3 were performed in all
patients. A PIS reperfusion was performed in 39 patients,
and PPCI was performed in 21 patients. The thrombolytic
therapy was performed at a prehospital stage. In the suc-
cessful thrombolysis group, the time of myocardial isch-
emia was defined as the pain-needle time plus 60 minutes
when the ECG with signs of reperfusion was recorded. In
the unsuccessful thrombolysis group, the time of myocar-
dial ischemia was defined as the pain-rescue percutane-
ous coronary intervention (PCI) time. In PPCI group, the
time of myocardial ischemia was recorded as pain—balloon
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HbIX Cry4YaeB He 6bino, BCe naumeHTbl 6binn BbINUCaHbI U3
KINVHWKN Ha amBynaTtopHbIn aTan.

MepBoHavanbHO Ha atane 1 (puc. 3), nauneHTbl Gbinu
pasgerneHbl Ha 4 rpynnbl: 6e3 ABNeHUn MUKPOCOCYAUCTOro
nospexgeHus muwokapga — 1-a rp. (n = 19), Tonsko MCO —
2-a rp. (n = 10), Tonbko MM — 3-a rp. (n = 9), KOMBUHaLus
MCO v I'TIM — 4-a rp. (n = 22) (puc. 4). B uenom gaHHble
heHoMeHbI ObInn 0BHapyxeHbl Y 6oMbLUMHCTBA NaLUEHTOB:
Bcero y 41 n3 60 nayneHtoB 4Tto coctaBuno 68,3%. Knu-
HMYEeCKne N aHaMHECTUYECKME XapaKTepUCTMKM 3TUX rpynn
npegcraeneHsl B Tabnuue 1. Y naumMeHToB 2-11 rp. Bpems
ULIeMnM MMOKapAa, MHOEKC MaccChl Tena v ypoBeHb MIOKO3bI
npu NOCTYNMeHUM BbiNyu CTaTUCTUYECKM 3HAYMMO Bbile MO
cpaBHeHuo ¢ 1-11 rp. Y naumeHToB 4-n rp. BpEMS ULLEMUN

time. The ECG signs of reperfusion after thrombolysis were
observed in 84.6% (n = 33). The acute STEMI manage-
ment followed the applicable contemporary guidelines [14].
There were no deaths, and all patients were discharged
from the hospital.

First, at step 1 (Fig. 3), patients were divided into four
groups: group 1 comprised patients without phenomena
of microvascular myocardial injury (n = 19), group 2 com-
prised patients with MVO only (n = 10), group 3 included
patients with IMH only (n = 9), and group 4 comprised pa-
tients with combination of MVO and IMH (n = 22).

So, these phenomena were found in the majority of pa-
tients, namely: in 41 of 60 patients (68.3%) (Fig. 4).

¢ Mepasuymptin STEMI 1 yonewsan

Primary STEM and successiul
reperfusion of e event in e frst 12
hours from he onsel disease

penepdryiva p nepEse 12 9 nocne
HAWANA 1AGONEBAHKA
Primary STEMI and successful

reperfusion of the event in the first 12 h

\fram the oncet of disease

n =60

}

Kapano MPT Ha 2-q gtve STEMI

Cardiac magnetic resonance at
21-nd day after STEMI

v v

v v
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3Tan 1 Namirrumu-"nwmraipmm.r, Cmly MYVO | Qnly IMH Combinatan MYO+IMH
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St 2 Phitng;ﬁ':':ilu Primary PCI
¥
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Fig. 3. Study flow diagram. STEMI — ST-segment elevation myocardial infarction, MVO — microvascular obstruction, IMH intramyocardial hemorrhage, PCI —

percutaneous coronary intervention

Puc. 3. Anarpamma npoBeaeHus nccnegosanus. STEMI — nHdpapkt muokapaa ¢ nogbemom cermeHta ST, MVO — mukpococyauctas obetpykumst, IMH — BHy-
TpUMUOKapauanbHoe kpoBousnusHue, PCl — upeckoxHoe KopoHapHOe BMeLLaTeNnbCTBO

Bed matanar stk
B ssmpoumrpsyratopHis cHHaposon

No phenomena

Tansko MCO
Only MVO

a Tanwka TTIM
Only IMH

Coseranme MCO w FMM

- Combination of MO and IMH

Fig. 4. Prevalence of microvascular myocardial injury phenomena in patients with primary STEMI after coronary reperfusion, %
Puc. 4. Yactota mukpococyamcTbix eHOMEHOB MUOKapAMarnbHOro NoOBpeXAeHUs y naumeHToB ¢ nepBuyHbiM STEMI nocne kopoHapHou penepdysun, %
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MUOKapAa, YPOBEHb [MOKO3bl MPW MOCTYMMEHUM U pa3mep
WHdapkTa Mmokapaa no kapavo-MPT 6binn ctaTucTuyeckm
3HauMmo GonbluMMK Mo cpaBHeHuto ¢ 1-1 rp. B 1o e Bpe-
MS BCE XapakTepUCTWKN y naumeHToB 1 n 3-i rpynn He pas-
nuyanucs. [lpyrne nokasatenu mexay rpynnamu Takke He
pasnuyanuce.

Ha arane 2 Bce nauuweHTbl Gbinn pasgeneHsl Ha rpynny
PUC (n=39) u rpynny NYTKA (n =21). OCHOBHblE KNMHNYe-
CKNe N aHaMHeCTUYECKNe XapakTepUCTUKN NPU NOCTYNNEHNN
He pasnuyanncb Mexay 3TuMmu rpynnamm (tabn. 2).

YacToTa BcTpevaemocTn nsonmposaHHon MCO He pasnu-
Yanacb mexay rpynnamu: 17,9 npotus 14,2% B rpynnax ®NC
n NMYTKA cooTtBeTcTBEHHO (Tabn. 3). YactoTa nsonnpoBaHHo-
ro ['TIM Takke He otnmyanack: 12,8 npotus 19,1%. bbina 06-
HapyXeHa TeHAEHLMSA K CHUKEHUIO YaCcTOTbl BCTPEYaeMOoCTH
kombuHauum MCO u I'TIM B rpynne ®NC: 30,8 npotme 47,6%
(p = 0,09). HanpotuB, Habnioganacb TeHAEHUMS K yBenu-
YeHUo OTCYTCTBMA 060omx aTuX heHomeHoB B rpynne ®UC:

Table 1. Characteristics of groups
Tabnuua 1. XapakrepucTvka rpynn

The clinical and anamnestic characteristics of the
groups are presented in Table 1. The patients in group 2
had significantly longer pain-reperfusion time, greater body
mass index, and higher glucose on admission level versus
group 1. The patients in group 4 had significantly longer
pain-reperfusion time, higher glucose levels on admission,
and greater size of the myocardial infarction by CMR ver-
sus group 1. At the same time, the characteristics in pa-
tients of groups 1 and 3 did not differ. Other criteria were
similar between the groups.

During the second stage, all patients were divided into
PIS group (n = 39) and PPCI group (n = 21). The key clin-
ical and anamnestic characteristics at the baseline did not
differ between these groups (Table 2).

The incidence of MVO only did not differ between the
groups: 17.9% versus 14.2% in PIS and PPCI groups, re-
spectively (Table 3).

Group 1 (n = 19) Microvascu-
lar myocardial injury is absent

Group 2 (n = 10)

Group 3 (n=9)

Group 4 (n = 22)
Combination of MVO

Characteristics _ - MVO only IMH only
XapakTepuctukm 11p. (n = 19) Mukpoco 2rp. (n=10) 3rp.(n=9) and ”\fH
CyamucToe NnoBpexaeHne Tonbko MCO Tonkko FMM 4rp. (n=22)
oTCcyTCTBYET Couetanne MCO n I'MM
gge’ years 59 (49-66) 63 (59-67) 65 (62-69) 62 (55-65)
03pacr, net

Gender: m/f 15/4 812 613 17/5

Mon: miAx

BMI, kg/m? 26 (24-30) 34.6 (27.3-36.3) * 25 (21.5-29) 28.2 (26.7-31)

UMT, kg/m? ’ ’ : ’ ’ ’

Pain-reperfusion time, min
Bpewms «6onb-penepdysns», MUH

130 (91-160)

205 (140-227) *

113 (100-179)

193 (95-400) *

Localization of MI, n (%)
Jokanusaums OUM, n (%)

Anterior

E?gﬁgr””” 10 (52.6) 4 (40) 4 (44.4) 16 (72.7)
HuHmii 9 (47.4) 6 (60) 5 (55.6) 6 (27.3)
Hypertension, n (%)

ApTepuanbHas runepTonus, n (%) 18 (94.7) 8(80) 8(88.9) 20(%0.9)
Diabetes mellitus, n (%) "
CaxapHblii anaber, n (%) 2 (10.5) 2 (20) 2(22.2) 7(31.8)
Glucose on admission, mmol/L. 6.9 (6.1-9.1) 9.4 (8.5-10.8)" 7.8 (6.9-8.9) 10.1 (7.9-12.2)*
YpOBeHb rMoKO3bl NPU NOCTYNNEHUN, MMOMb/M

Cholesterol, mmol/ 4.9 (4.35-6.3) 4.9 (4.0-5.5) 4.9 (4.4-5.9) 5.7 (3.5-6.4)
XonecTepyH, MMonb/n

Smoking, n (%)

KypeHue, n (%) 16 (84.2) 5 (50) 7(77.8) 15 (68.2)
Killip class of heart failure, n (%)

Tskectb no Killip, n (%)

I 12 (85.7) 10 (90.9) 7 (87.5) 9 (64.3)

I 2 (14.3) 1(9.1) 1(12.5) 5(35.7)
One-/Two-/Three-vessel lesion, n 3/7/9 5/3/2 0/4/5 4/10/8
OpHo/OByx/Tpex-cocyanctoe nopaxexue, n
No-reflow phenomenon by CAG, n (%)

PeHomeH «no-reflow» npu KAT, n (%) 0 0 0 3(1386)

. o ) o

Size of the myocardial infarction by CMR, % 10 (8-18) 17.3 (12-30) 23.2 (9-25) 24.8 (17.5-35) *

Pasmepbl OUM, no aaHHbIM kapano-MPT, %

Note: * — p < 0.05 versus group 1, Ml — myocardial infarction, IMH — intramyocardial hemorrhage, MVO — microvascular obstruction, BMI — body mass index,
CAG - coronary angiography, CMR — cardiac magnetic resonance.

Mpumevanue: * p < <0.05 no cpaBHeHuto ¢ rpynnon 1, OUIM — ocTpbIi MHGapKT Muokapaa, MM — remopparuyeckoe nponuTbiBaHue muokapaa, MCO —
MukpococyamcTasa obeTpykuusi, MMT — nHgekc maccebl Tena, KAIT — kopoHapoaHruorpadus, kapano-MPT — kapauonormyeckasi MarHUTHO-pe3oHaHCHast

Tomorpadus.
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Table 2. Clinical characteristics of patients in PIS and PPCI groups at baseline
Tabnuua 2. KnuHnyeckue xapaktepucTvkm rpynn naumeHTos ¢ ®UIC n nepeuyHbiM YKB

Characteristics PIS Primary PCI
XapaktepucTmkm (n=39) (n=21) p
Age, years 59 [54-65] 64 [55-69] >0.05
Bospacrt, net
0
Male/Female, % 79.5/20.5 76.2/23.8 >0.05
Mon: MK, %
Hypertension, n (%)
ApTepuanbHas runepTtonus, n (%) 34(87.2) 20(952) >0.05
Diabetes mellitus, n (%)
CaxapHbiit gnaber, n (%) 6(153) 5(238) >0.05
Smoking, n (%)
KypeHve, n (%) 22 (56) 10 (47,6) >0.05
Obesity, n (%)
Oxuperive, n (%) 10 (25.6) 10 (47.6) >0.05
Localization of myocardial infarction:
TNokanusauna OUM, n (%):
Anterior MNepeaxuin 19 (48.7) 14 (66.7) >0.05
Inferior HyxHuiA 20 (51.3) 7 (33.3) ’
Pain—needle time (min) 119 (72-180) _ >0.05
Bpewms «6onb — penepdyaunsi», MUH
'II_'IotaI myocardial ischemic time, min 209 (156.5-260) 220 (147-375) >0.05
OfHOE BpeMsi MLLEeMUM MyoKapaa, MUH
Size of myocardial infarction by CMR, %
Paamepbl OVM, no aaxHbIM kapano-MPT, % 17(9-29) 17.5 (10-24) >0.05
Table 3. The CMR data in PIS and PPCI groups
Ta6nuua 3. MNMokasatenu kapano-MPT B rpynnax ®UC u NMYTKA
Phenomena PIS PPCI
®eHoMeHbI (n=39) (n=21) p
MVO only, n (%)
W3onmposanHas MCO, n (%) 7(17.9) 3(14.2) 02
IMH only, n (%)
M3onmposaHHoe BMK, n (%) 5(12.8) 4(19.1) 0.89
Combination of MVO and IMH, n (%)
CoyetaHue MCO u BMK, n (%) 12(30.8) 10(47.6) 0.09
The absence of MVO and IMH, n (% ) OtcytctBue MCO n BMK, n (%) 15 (38.5) 4 (19.1) 0.09
Size of myocardial infarction by CMR, %
Paamepbl OMM, no gaHHbIM kapanoMPT, % 17 (8.5-28) 17.5(10.5-23.1) 08
60
50
40 * 48
H
3 B @HC
* PIS
38 NYTKA
20 - — 31 L PPCI
19 19
101 14 13
D = = -

Tonsko MCO  Toneko FMM  MCO + [N Bes naronoruseckix

MHEDOUMPEYNATOPMBY CHEOADOMOR
Only MVO Only IMH MVO + IMH

Fig. 5. Occurrence of MVO and IMH in patients with primary STEMI after pharmaco-invasive strategy reperfusion (PIS) and primary percutaneous coronary
intervention (PPCI), % —p =0.09.

Puc. 5. HYactota MCO n BMK y naumeHToB ¢ nepuiHbiM STEMI nocne dapmakonHBaaveHol cTpaterum penepdysun (PIS) n nepBUYHOrO YpeckoXHOro
KopoHapHoro Bmewatensctea (PPCI), % —p =0,09.
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38,5 npotne 19% (p = 0,09) (puc. 5). B 10 xe Bpems nokasa-
Tenu pasmepa MHdapkTa MMoKapaa He pasnuyanncb Mexay
rpynnamu: 17 [8,5-28] n 17,5 [10,5-23,1] % macchl mmnokap-
Aa JDK, B rpynnax ®UC n NMYTKA cooTBeTCTBEHHO.

O6cyxaeHue

B Hawem uccnegoBaHun mnsyyaemble deHoMeHbl MCO
u/vnn TTIM 6binn BusyanuamposaHbl B 68% cnyyaeB. 310
noaTeepXaaeT ToT akT, YTO 3T (PeHOMEHbI LUMPOKO pac-
npoctpaHeHbl y nauneHtos ¢ STEMI. B 10 e Bpems cneny-
€T y4uTbIBaTb, YTO B UCCIIeQOBaHME BKMOYANNCh HE caMble
TSKEnNble NaumeHTbl C OCTPbIM MHapKTOM Muokapzda. Mbl
MOXEM MpPeanonioXuTb, YTO Yy NaUMEHTOB C TSXKENbIMUA OC-
NOXHEHUSIMU, TaKUMU KaK OTEK NErkuMx, KapauoreHHbIn oK
N CMepTb, YacToTa 3TUX SABNEHMIN MOXET ObITb eLLle BbiLLe.

CornacHo pesynbratam Hawero uccnegosaHus, MBO
pa3BuBaeTcs npu Oonee ANMTENbHOW WULIEMWMU MUOKapAa.
YBenuueHve NpogomkKUTENBHOCTM ULEMUN MUOKapaa ecrte-
CTBEHHbIM 006pa3oM MPUBOAMT K YBENUYEHUIO pa3mepa WH-
dapkTa MMokapga B COOTBETCTBMM C AaHHbIMU Kapano-MPT
B koM6uHauum rpynnsl MCO n 'TIM. 3To noaTBEpXaaeT u3-
BECTHOE NMPaBUIIO «BPEMSI — MUOKaPA».

B 1o Bpems kak pa3sutne MM B codetaHnm ¢ MCO o6b-
SICHSIETCA NaToM3NONOrMen npouecca U MOXeT ObiTb CBS-
3aHO C NoBpexaeHneM COCyaMCTon cTeHku [15], Bbl3BaHHbIM
OKKITHO3Men anukapguanbHon KopoHapHon aptepum n MCO,
natoduaunonorusa nsonuposaHHoro MM ocTtaeTcs HesicCHON.
Bpemsa vwemun munokapga B rpynne 6e3 aTux dheHOMeHOB
n Tonbko ¢ MM He pasnuyanocb. Bcem naumeHTam Gbina
npoBeAeHa ABoViHasi aHTUTpombouuTapHas Tepanus. Jlorny-
HO MPEAMNONOXNUTb, YTO OMPELENIEHHYIO POflb MOXET UrpaTb
Tpombonusuc, koTopbii 6bin npoBegeH B rpynne ®UC, no-
CKOJSbKY CYLLECTBYIOT pe3yrbTaThl 60nee paHHUX nccrnegosa-
HWIA, OCHOBaHHbIX Ha pe3ynbratax aytoncuu, rae MM 6bino
ONUcaHo Kak OCroXHeHue Tpombonuauca [16, 17]. YTobbl
npoBepuTb 3Ty FMMNOTe3y, NauMeHTbl Obinu pasgeneHbl Ha
rpynnbl B 3aBUCUMOCTU OT MeToAa KOPOHapHOW penepdy3nu.

Mo Hawwum pgaHHbIM, BcTpedaemocTb [TIM kak B dop-
Me Tonbko I'TIM, Tak u B dpopme komGuHauum MCO n I'TIM
mexay rpynnamu ®UC u MYTKA He pasnuyanack. Cnepo-
BaTernbHO, MOXHO cAenaTb BbIBOA, YTO TpoMOGONM3uc, Kak
MUWHUMYM, He yBenuumBaeT puck passutusa [TIM. B 1o xe
BpeMsi Obina obHapyXeHa TEeHOEHUUS K YBENUYEHUIO Ya-
CTOTbl BCTpeyaeMocTn koM6uHaumm MCO w I'TIM B rpynne
MYTKA no cpaBHeHuto ¢ rpynno PUC (p = 0,09), kombu-
Haumss MCO u I'TIM pasBuBanach vaile, 4em 3T ABMEHNS B
OOMHOYKY. DTO NOATBEPXKAAET NATOPM3NONOrMYECKYIO CBA3b
Mexay atTuMmu saieneHuamu. BepoaTtHo, NMYTKA 1 mexaHnye-
ckoe paspylueHve Tpomba NpuBOAAT K GOMbLIOMY Konuye-
CTBY MWMKpO3ambonuaaumi, koTopble 1 BbidbiBatoT MCO [18,
19]. I'TIM pa3BuMBaeTCA Kak OCMNOXHEHNE OOMNOSTHUTENBHOIO
NoBpEXAEHNS1 MUOKapaa.

BonblWKMHCTBO cny4aeB cTeHTMpoBaHus B rpynne ®UC
NpoucxoaMT Ha POHE MOMHOCTLI0 NIM3MPOBAHHOIO CrycTka
KPOBM MM ero octaTkoB, 6e3 6onbLIOro Konmyectsa MUKPO-
ambonuii n c 6onee pegkum passutem MCO. Tak, Gbinu
npeacTaBneHbl HalW paHHWE AaHHble, NokasbiBaloLne, YTO
asneHue «no-reflow» B rpynne ®UC BcTpevaetca pexe no
cpaBHeHuto ¢ rpynnon MYTKA [20]. BosmoxHo, pasHuua
B KOMMYECTBE CIy4YaeB MUKPOCOCYAMCTOrO MOBPEXAEHUS
MUOKapAa SIBNSETCS MPUYMHOW pe3ynbTaToB  HedaBHEro
MeTaaHanumsa, nokasbiBawollero 6ornee BbLICOKYD 4acToTy
KapauoreHHoro woka B rpynne NYTKA no cpaBHeHuto ¢ rpyn-
non ®AC [21].

The incidence of IMH only also did not differ: 12.8%
versus 19.1%. The tendency to decreased occurrences of
MVO and IMH combination was found in PIS group: 30.8%
versus 47.6% (p = 0.09). In contrast, there was a tendency
to the increase in the absence of phenomena in PIS group:
38.5% versus 19% (p = 0.09) (Fig. 5). At the same time,
myocardial infarction size did not differ between the groups:
17 [8.5-28]and 17.5[10.5-23.1]% in PIS and PPCI groups,
respectively.

Discussion

In our research, MVO and/or IMH were visualized in 68%
of cases. This observation confirms that these phenomena
are widespread in patients with STEMI. At the same time,
it should be taken into consideration that these patients
were not the most severe patients. We can assume that
the incidence of these phenomena could be even higher in
patients with severe complications, such as a pulmonary
edema, cardiogenic shock, and death.

According to the results of our study, MVO develops
during a prolonged myocardial ischemia. An increase in the
duration of myocardial ischemia naturally leads to a larger
size of myocardial infarction according to CMR data in the
group of patients with combination of MVO and IMH. This
confirms the well-known “time-myocardium” rule.

The development of IMH in combination with MVO may
be explained by the pathophysiology and can be attributed
to the vascular wall damage [15] caused by an epicardial
coronary artery occlusion and MVO, whereas the patho-
physiology of isolated IMH remains unclear. The myocardial
ischemia time did not differ between the group without the
phenomena and with IMH only. A double antiplatelet ther-
apy was administered to all patients. It is possible that the
thrombolysis, performed in PIS group, was important. The
earlier studies, based on autopsy investigations, describe
IMH as a complication from thrombolysis [16, 17]. To in-
vestigate this hypothesis, the patients were divided into the
groups depending on the method of coronary reperfusion.

According to our data, the occurrence of IMH both in
the form of IMH only, and in the form of combination of
MVO and IMH did not differ between PIS and PPCI groups.
Therefore, it can be concluded that thrombolysis did not
increase the risk of IMH development. At the same time,
a tendency to an increase in the occurrence of MVO and
IMH combination in PPCI group, compared to PIS group,
was found (p = 0.09), and the combination of MVO and
IMH developed more often than the isolated phenomena.
This confirms the pathophysiological association between
these phenomena. It is likely that PPCl and mechanical
destruction of blood clot leads to a large number of micro-
emboli, which cause MVO [18, 19]. The IMH develops as
a complication of additional myocardial injury. Most stent-
ing in PIS group occurs with a fully lysed blood clot or its
remnants without a large number of microemboli and with
a rarer MVO development. Our early data show that the
occurrence of no-reflow phenomenon in PIS group is less
common compared to that in PPCI group [20]. It is possible
that the difference in the number of microvascular myocar-
dial injury events is the reason for a recent meta-analysis
showing a higher frequency of cardiogenic shock in PPCI
group compared to PIS group [21].
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B niobom cnyyae, BNusHME aHTUTPOMOOTMYECKON Tepa-
num Ha passuTue MM, No-BMANMOMY, 3HAYNTENBHO MEHbLLE,
YeM NPOAOIMKUTENBHOCTL Mlemui muokapga. MNpu anutens-
HOW MweMnn Mnokapaa v nocriegyrowlen penepdysvmm Hapy-
LIaeTCH LenoCTHOCTb COCYAUCTON CTEHKN N NPOUCXOAUT 3KC-
Tpasasauwus aputpounTos [3]. CnegoBaTenbHo, yBenMyeHne
NPOAOIMKUTENBHOCTU ULLIEMUM MMOKap4a 1 pasmepa Hekposa
Muokapga ysenuymsaeT Bo3MoxHocTb MCO, a Takke kombu-
Haumm MCO un I'TIM.

OrpaHquH na nccnegoBaHuA

Hawe nccnegoBaHne MMENO HEKOTOPbIE OrpaHnyeHus.
HaunGonee BaxHbIM U3 HUX ObINIO TO, YTO 3TO ObINO OAHO-
LeHTpoBOEe wuccnegosaHne C OTHOCUTENbHO HebonbLLOoN
Bbl60pKOIZ. Takke Mbl HE BKMOYanM NaumeHTOB C TSHKErbl-
MW OCMOXHEHUsIMM 3aboneBaHnsi, TaKUMU Kak OTeK Nerkux u
KapOWOreHHbIN LLOK, NOo3TOMY pe3ynbTaTbl Halero nccneno-
BaHUA He MOryT ObITb NPUMEHEHbI K 3TUM NMauneHTaMm.

BbiBoabl

O6was yactora MCO n ITIM y nauneHToB C NEPBUYHBIM
STEMI nocne kopoHapHol penepdysuun gocturaet 68,3%.

Pa3nunyHble ¢eHOTUMNBI MUKPOCOCYAMCTOrO NoBpexae-
HWS MVMOKapaa pacnpefeneHbl crneayowmM obpasom: Tomnb-
ko MCO - 16,7%, Tonbko I'TIM — 15%, coyetaHne MCO wu
MM — 36,7%, 6e3 atnx sasnexui — 31,7%.

PasButre Tonbko MCO un kombuHaumm MCO u 'MIM cBsi-
3aHO Cc bonee ANWTENbHLIM BPEMEHEM WLIEMUU MUOKapaa
1 Gonee BbICOKMM YPOBHEM [TOKO3bl MPWU MOCTYNIEHUN MO
CpaBHeHMIO € rpynnoi 6e3 aTux ABneHuin. Hanpotue, Bce xa-
paKTeEPUCTUKN Y NaLMeHTOB Mexay rpynnou toneko MM un
rpynnon 6e3 MMKpOCOCYANCTOrO NOBPEXAEHMA M1oKapaa He
pasnuyaroTcs.

Tpombonusnc He yBenuuMBaeT YacTOTy BO3HWKHOBEHUSI
MM B rpynne ®UC no cpaBHeHuto ¢ rpynnon MYTKA.

Habniogaercs TeHAEHUMS K CHUXKEHUIO YacToTbl codeTa-
H1us MCO wu MM B rpynne ®UVIC no cpaBHEHUIO C rpynmnon
MYTKA: 30,8 npotus 47,6% (p = 0,09).
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