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Morphology of intracoronary thrombi
and its prognosis in young
and older patients after STEMI

Dmytro Besh, Olesia Besh

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

The article presents the features of the morphologic structure
of intracoronary thrombi and the prognosis of acute ST seg-
ment elevation myocardial infarction (STEMI) in patients of dif-
ferent age groups.

Methods: Histological analysis of the aspirated intracoronary
clots was performed in 97 patients with STEMI. The patients
were divided into two groups: 11 patients aged under 44
(young group) and the remaining older than 45 (older group).
The short-term prognosis was determined by: ST-segment res-
olution, achievement of good coronary flow, myocardial blush,
indices of myocardial contractility, and QS wave formation on
ECG. The study’s endpoints determined the long-term prog-
nosis: The onset or worsening of angina symptoms, coronary
revascularization (PCI or CABG), AMI, and death.

Original research: Clinical sciences

OPEN aACCESS

DOI: 10.25040/ntsh2023.01.13

For correspondence: Kharkivska str,
22/1, Lviv, Ukraine, 79012

Twitter: @BeshDmytro
E-mail: beshd@hotmail.com

Received: 20 May, 2022
Accepted: 05 Oct, 2022
Published: 30 June, 2023

ORCID IDs

Dmytro Besh:
https://orcid.org/0000-0002-8982-7578

Olesia Besh:
https://orcid.org/0000-0003-3349-1291

Disclosures: There is no conflict of
interest in the article.

Author contributions:

Conceptualization: Dmytro Besh;

Results of study: Dmytro Besh, Olesia Besh;

Writing: Dmytro Besh, Olesia Besh;

Review & editing: Dmytro Besh.

Ethical approval: This study was approved
by ethics committee of National Scientific
Center “Institute of cardiology n.a.
M.D.Strazhesko” #25 from 2 Dec 2019.

Funding: The authors received no
financial support for their study.

© All authors, 2023
BY

Results: Elderly patients were substantially more likely to have a history of coronary artery
disease, as well as angina attacks, or their equivalents, at rest a few days before the onset of
STEMI and arterial hypertension. Dyslipidemia was significantly more common in young patients.
Formation of microchannels within the thrombi was significantly more common among older pa-
tients. Achieving the target quality of microcirculation was substantially more frequent among
young patients (p=0.007). The long-term prognosis was better in young patients due to the low-
er prevalence of the combined endpoint.

Conclusions: Elderly patients were more likely to have intracoronary thrombi with microchannel
formation, indicating a longer duration of the thrombotic process. The long-term prognosis after
STEMI was significantly better in young patients.

Keywords: Myocardial infarction, coronary reperfusion, coronary occlusion, blood clot, cardio-
vascular risk factors.
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BcTtyn

IwemiyHa xBopoba cepus (IXC) € npuymHoto
6n113bKk0 1,8 MIiNbMOHIB CMepTen LWOpPIYHO B €B-
poni. Lle 20% Big 3aranbHOi cMepTHoCTI [1].
loctpuii iHdapkT Miokapaa (FIM) € ocHoBHOMO
npuymMHoto cMepti. Yactota M B YKkpaiHi y
2017 poui ctaHoBMNa 1189 Ha 1 MAH HaceneHHs
Ha pik [2]. Hainbinbl NoOBHMI EBPONENCHKUIN pe-
€CTp MicTuTbCA y LLBeuii, ae piBeHb 3aXBOptoBa-
HOCTi Ha rocTpui iHdapKT Miokapaa 3i CTiNKow
enesauieto cermeHTa ST (STEMI) craHoBuB 580
Ha 1 000 000 Ha pik y 2015 poui [3]. B iHwKnx
€BPOMNENCbKNX KpaiHax piBeHb 3aXBOPHOBAHOCTI
konuneascs Big 430 go 1440 Ha 1 MnH Ha pik [3].
IcHytoTb pi3Hi BapiaHTn 'IM, a Moro KniHiyHi,
nabopaTopHi Ta dyHKUIOHaNbHI XapakTepucTun-
KW onucaHi B MEANYHUX BUAAHHAX, LLO 3HAYHO
CMPOLLYE anropuTM AiarHOCTMKM. Hareuwi no-
Ka3HWKM CMepTHOCTI nauieHTiB i3 IXC nos’a3aHi
3 roCTpuM iH(apKTOM MioKapaa 3i CTiKot ene-
Bauieto cermeHTa ST (STEMI) [3].

Po3puB aTepockNepoTUYHOi BASLWKN € OCHOB-
HOK MNpUYKMHOO TpoMbO3y KOpOHapHOI apTepii
y nauieHTiB 3 STEMI. OCHOBHUM e1leMEeHTOM Jli-
KyBaHHSA € CBO€YacCcHa 4yepesLllKipHa KOpoHap-
Ha peBackyngapusauia (YKB) iHdapkT-3B'a-
3aHOi KopoHapHoi aptepii [3]. BogHouac y
aesakmx nybnikauisix nokasaHo, WO HaBiTb 3a
CBOEYACHOr0 BTPYYaAHHA He 3aBXAW MOX/MBA
agekBaTHa penepdysia [4]. OcHOBHOW Mpwu-
UYMHOIO LbOro heHoMeHy no-reflow € po3BUTOK
AucTanbHoi embonisauii, Wo npu3BoAUTbL 40
MiKpOCyAMHHOI 06CTpYKLUii, WO NpM3BOAUTL 40
36inblIEHHS paHHIX MOCTIH(PAPKTHUX yCKnaa-
HeHb [4]. B ocTaHHi pokn 6ynin 3anponoHOBaHi
Aeski 3axoam ansa 3anobiraHHS AnCTanbHOI eM-
6onizauii nig yac YKB, BKAOYaAOUM MeXaHiuYHy
acnipauito Tpomby [5].

B YkpaiHi, 9K i B ycCiX KpaiHax €sponu, cro-
CTepiraeTbCs NOCTiNHE 3pOCTaHHS 3axBOploBa-
HocTi Ha M [1,2]. Y nauieHTiB NOXMA0ro Biky
3MiHW B KOPOHapHUX apTepiax 6inbw Bupaxe-
Hi, ANdY3Hi, Yy TakMX NauieHTIB yacTiwe 3y-
CTpivaloTbCH CYMNyTHI 3aXBOPIOBAHHSA, WO Npu-
3BOAMUTb A0 ripworo nporHo3y [6]. Noaman
BMBYaB Hacnigkm YKB y 27 869 nauieHTiB. Bik
ctapwe 65 pokiB 6yB HafiMHUM He3anexHuUM
NpeanKTopoM NporHo3y y nauieHTis 3 M.
[6]. TaknM ynHOM, NigBULLEHA CMEPTHICTb Big
STEMI B ycix BikOBMX rpynax crajaa npvBoAoM
ONs NoAanbloro BUBYEHHSA CTPYKTYPU BHY-
TPiLLUHBOKOPOHApHUX TpoMbIiB Ta edeKTMBHOC-
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Ti Pi3HNX TepaneBTUYHUX METOAIB Y JIiKyBaHHI
nauieHTiB pi3HOro BiKY.

MaTepianu Ta meTtoamn

Y [ocnigXeHHi BUMKOPUCTAHO JAaHi nauieHTIB
TpbOX MeAnyHux ycrtaHos: HHLU <«IHcTUTyT
kapaionorii iMm. M. [O. Crpaxecko» M. Kwuis,
KniHiyHa Micbka KOMyHanbHa NikapHsa WBUAKOI
MeaudHoi gonomoru M. J1bBiB Ta J1bBiBCbKUM
obnacHuii KapgaionoriyHuii ancnancep. docnia-
KeHHA Bkatodano 100 nauieHTiB i3 STEMI, aki
NPONLLIM KOPOHAPHY aHriorpadito Ta NnepBrMHHe
YKB i3 BUKOpUCTaAHHSM py4YHOi acnipauii TpoMby
npoTarom nepwnx 12 (cepenHe 3HaveHHs 7,00
[miana3oH 4,75-10,00]) roamH Big NosiBU CUM-
NTOMIB. Y AOCAIAXEHHI 6panu yyacTb 22 XiHKU
(22%) Bikom Big 35 no 85 (cepepHin 57,81 =
10,26) pokiB. Big koxHoro nauieHta 6yna oT-
puMaHa iHdopMOBaHa 3roga Ha ydyacTb Yy A0-
cnigkeHHi. JdocnigXeHHs CXBaNeHO EeTUYHUM
KoMmiTeToM HHLU, «IHCTUTYT Kapaionorii im. M. .
Crpaxkecko» (npotokon N? 25 Big 02.12.2019).

Oknto3ia NoB’A3aHOl 3 iHPAPKTOM KOPOHApHOI
apTepii 6yna BMsIBNEHa Yy KOXHOro naui€eHTa
Ha NepBUHHIN KopoHaporpadii (Puc. 1la). Jo-
CTaTHIO KiNbKiCTb acnipauinHoro matepiany Ans
ricronoriyHoro pocnigxeHHs 6yno oTpuMMaHo
y 97 nauieHTiB (Puc. 16). AcnipoBaHi TpoMbu
JocnigXyBannm MakKpoCKOMiyHO |1 po3noaing-
N1 Ha Tpu rpynu: 6ini, yepBoHi Ta 3MiwaHi. ¥
noganbwomMy ix ikcyBanu B HeNTpasibHOMY
pO34MHi popManiHy, NOTIM 3asMBanM CMOJIOHO i
dapbyBanu 3a CTaHAAPTHUM METOAOM reMaToK-
CUNiH-€03MHY Ta 3a METOAOM OpaHXeBOo-4yep-
BOHO-CMHbLOrO Konbopy (meton 3epbiHo-Jly-
kaceBm4ya). OCTaHHE [03BOMASE 3a KONbOPOM
ouiHnT BiK @ibpuHy. Skwo konip dibpuHy
yepBOHUI abo poxeBuii, MOro BiK MeHwe 24
rOAMH, a CUHIN abo dioneToBui KONip BKasye
Ha Te, Wwo Bik dibpunHy binbwe 24 roanH. Tpomb
KnacugikyBanm aK «CTapuii», SKLWo YacTka Ta-
Koro ibpuHy ctaHoBuna 6inblwe 30%.

TpoMbu knacugikyBanu HaCTynHUM YMHOM:
Crapuin abo cBixuin (BiK 3ryctky);
HasaBHicTb abo BiACYTHICTb  wapyBsaToi
CTPYKTYpH,;
e HadABHiCTb MiKpoKkaHany;
HelitpodinbHa iHdinbTpauia no nepudepii
TpoMby;
HasaBHICTb €03NHOMDINTbHUX NENKOUNTIB;
HasBHICTb KOMMOHEHTIB aTepOCK/IEPOTUYHOI
6nawkun (PnucyHok 2).
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Introduction

Coronary artery disease (CAD) causes about
1.8 million deaths annually in Europe. This is
20% of the overall mortality [1]. Acute myo-
cardial infarction (AMI) is the leading cause
of death. The frequency of AMI in Ukraine in
2017 was 1,189 per 1 million population per
year [2]. The most comprehensive European
registry is found in Sweden, where the inci-
dence rate of acute myocardial infarction with
persistent ST-segment elevation (STEMI) was
580 per 1,000,000 per year in 2015 [3]. In
other European countries, the incidence rate
ranged from 430 to 1,440 per 1 million per
year [3]. There are different variants of AMI,
and its clinical, laboratory and functional
characteristics are described in medical pub-
lications, thus greatly simplifying the diag-
nostic algorithm. The highest mortality rates
among patients with CAD are due to acute
myocardial infarction with persistent ST-seg-
ment elevation (STEMI) [3].

The rupture of an atherosclerotic plaque is
the leading cause of coronary artery throm-
bosis in STEMI patients. The main treatment
element is timely percutaneous coronary re-
vascularization (PCI) of the infarct-related
coronary artery [3]. At the same time, some
publications show that even with timely in-
tervention, adequate reperfusion is not al-
ways possible [4]. The main reason for this
no-reflow phenomenon is the development
of distal embolization, which results in mi-
crovascular obstruction, leading to an in-
crease in early post-infarction complications
[4]. In recent years, some measures have
been proposed to prevent distal emboliza-
tion during PCI, including mechanical throm-
bus aspiration [5].

There is a steady increase in the incidence of
AMI in Ukraine, just like in all European coun-
tries [1,2]. In elderly patients, changes in
the coronary arteries are more pronounced,
diffuse, and such patients have a higher in-
cidence of comorbidities, which leads to a
worse prognosis [6]. Noaman studied the
consequences of PCI in 27,869 patients. Age
over 65 years was a reliable, independent
predictor of prognosis in patients with AMI.
[6]. Thus, the increased mortality of STEMI
in all age groups was the reason for fur-
ther study of the structure of intracoronary
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thrombi and the effectiveness of different
therapeutic methods in treating patients of
different ages.

Materials and Methods

The research used patient data from three
medical institutions: National Scientific Center
“Institute of Cardiology n.a. M. D. Strazhes-
ko,” Kyiv, Clinical Municipal Communal Emer-
gency Hospital, Lviv, and Lviv Regional Cardio-
logical Clinic. The study included 100 patients
with STEMI who underwent coronary angiog-
raphy and primary PCI using manual throm-
bus aspiration within the first 12 (mean 7.00
[range 4.75-10.00]) hours from the onset of
symptoms. There were 22 women (22%) in
the study ranging in age from 35 to 85 (mean
57.81 £ 10.26) years. Informed consent to
participate in the study was obtained from
each patient. The study was approved by the
National Scientific Center ethics committee
“Institute of Cardiology n.a. M. D. Strazhesko”
(protocol #25 from 2 Dec 2019).

Occlusion of the infarct-related coronary ar-
tery was seen in each patient on initial coro-
nary angiography (Figure 1la). Sufficient as-
piration material for histological examination
was obtained in 97 patients (Figure 1b). The
aspirated thrombi were analyzed macroscopi-
cally and divided into three groups: White, red,
and mixed. Subsequently, they were fixed in
a neutral solution of formalin, then filled with
resin and stained by the standard method of
hematoxylin-eosin and by the method of or-
ange-red-blue (Zerbino-Lukasevych method).
The latter allows estimating the age of fibrin
by color. If the color of the fibrin is red or pink,
its age is less than 24 hours, and a blue or
purple color indicates the age of the fibrin to
be greater than 24 hours. The thrombus was
classified as “old” when the fraction of such
fibrin was more than 30%.

Thrombi were classified as follows:

Old or fresh (clot age);

The presence or absence of a layered struc-

ture;

e Microchannel presence;

e Neutrophilic infiltration at the thrombus pe-
riphery;

e Presence of eosinophilic leukocytes;

e Presence of atherosclerotic plague compo-
nents (Figure 2).
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PucyHok 1. 3akynopeHa npaBa KOpoHapHa apTepis (a) Ta acnipoBaHi 3 Hei BHYTpiLULHbOKOPOHapHi TpoMb6u (6)

PucyHok 2. Pi3Hi rpynu TpombiB: «cBixi» (a) (x40), «ctapi» (6) (x100), 3 wapyeaTtot cTpykTypoto (B) (x200), 3 Mikpo-
kaHanom (r) (x400). FF- ceixuin ¢ibpuH, OF — ctapui ¢ibpuH,

- wapyBarta CTpyKTypa, [] - mikpokaHan
Mwn nopiBHSAIM KOPOTKOCTPOKOBI Ta BigdaneHi (MKM) 3, dpakuis Bukmay niBoro LayHo4Ka
Hacniakn Ans nauieHTiB. KopOTKOCTPOKOBWUI (N, inaekc ckopoT/IMBOCTI Miokapaa, 03-
NPOrHO3 BM3Havasivm HacTyMHi MOKa3HUKU: pO3- HaKM NOCTiH(apKTHOI aHeBpM3MK NiBOro LY~
piweHHsa cerMeHTa ST He MeHwWwe HiX Ha 50% Houka Ta dopMyBaHHSA XxBuUNi QS nNpu BUAKUCL
yepes 1 roanHy nicnsg BTPyYaHHS, JOCATHEHHS 3i cTauioHapy. KiHUEBI TOYKN AOCNIAXKEHHS BU-
TpoMmbonismncy npu nepebiry iHpapKTy Miokap- 3Hayanm AOBroCTPOKOBMIN MPOrHo3: nosisa abo
Aa (TIMI) 3 cTryneHs, NnO4YepBOHIHHA MioKapaa NOCU/IEHHSA CUMMTOMIB CTEHOKapAii, KopoHap-
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Figure 2. Different thrombi groups: “fresh” (a) (x40), “old” (b) (x100), with layered structure (c) (x200),
with microchannel (d) (x400). FF- fresh fibrin, OF - old fibrin,
> - layered structure,

We compared the short and long-term conse-
quences for the patients. The following indi-
cators determined the short-term prognosis:
ST-segment resolution by at least 50% in one
hour after the intervention, achievement of
thrombolysis in myocardial infarction (TIMI)
grade 3 flow, and myocardial blush (MBG) 3,

207

[] - microchannel

ejection fraction of the left ventricle (EFLV),
myocardial contractility index, signs of post-
infarction aneurysm of the left ventricle, and
QS wave formation on discharge from the
hospital. The study’s endpoints determined
the long-term prognosis: The onset or wors-
ening of angina symptoms, coronary revascu-
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Ha peBackynsapusauis (UKB abo AKLL), I'IM Ta
cMepTb. KpiM TOro, KOXeH 3 eneMeHTIB nopis-
HIOBaBCH OKpeMo. BigaaneHi Hacnigkn BU3Ha-
yanu vyepes 6, 12 i 24 micaui nicnga NeEpBUHHOI.

Mwn po3ainuMnu nauieHTiB Ha ABi BiKOBI rpynu,
Wwo6 OuiHWTM BIKOBI BIAMIHHOCTI Yy MPOrHO3i.
Mu BuKoOpuUCTOBYBaNuM Knacudikauio Biky, 3a-
nponoHoBaHy BOO3, ae monoaun Bik — oo 44
pokiB [7]. Y Hawe pgocnigXeHHs BkatoyeHo 11
Takux nauieHTiB (Mosoawa rpyna), a pewTa
89 nauieHTIB HAWOro AOCAIAXEHHS YBIALWAK
[0 CTapLioi rpynu.

PesynbTatn

BuxigHi xapaktepuctuku. Monoga rpyna
Mana cepegHin Bik 39,64 + 3,38, a crtapwa
rpyna 60,44 + 9,76 (p <0,001). KniHiko-a-
HaMHECTUYHI XapaKTepUCTUKU HaBedeHi B
Tabn. 1. Cnocrepiranacb AOCTOBipHA Pi3HU-
ua B yactoti IXC Ta 60nt0 B rpyaHin KiiTui 3a

Original research: Clinical sciences

noby no rocnitanisauii cepen ocié monogoro
Biky (1 [9,1 %]) Ta oci6 crapworo Biky (41
[46,1 %]). (p = 0,019). MNopiBHIOOYM YACTOTY
akTopiB puU3MKy iWeMiYHOT XBOpObM cepus,
crnocTepiranacs 3Ha4yHoO BMLLA 4acToTa rinep-
TeH3ii y NiTHiIX nauieHTiB (3 MONoANX NAUIEHTIB
[27,3 %] npotn 55 niTHix nauieHTiB [61,8 %];
(p = 0,029). Aucninigemia 6yna 3Ha4yHO 6inbLu
nowunpeHow y monoamx nogen (7 [63,6 %])
npoTu naen noxmnoro Biky (26 [30,2]) (p =
0,028).IHWi gakTopn pU3nMKy iCTOTHO He BiA-
pi3Hanuca Mixx rpynamm (Tabn. 1).

AHaniz MopdonoriyHoi CTpykTypu TpombiB
nokasas, WO cTapi TpoMbu BusABNeHi y 6
(60 %) nauieHTiB Monoaoro Biky Ta 54 (62,1
%) nauieHTiB noxunoro Biky (p=0,899). MNo-
WwapoBy CTpPYyKTypy 3adikcoBaHo y 5 (50 %)
i 54 (62,1 %) nauieHTiB BignoBigHO (p =
0,459). HagBHicTb MikpokaHanis, WO BKa3ye
Ha cTapicTb TpoMbiB, HE BUSAB/IEHO B XXOAHO-

Tabanys 1
KniHiko-aHaMHeCTUYHI XapaKTEePpUCTUKUN XBOPUX NMPU 3BEPHEHHI
Monogai Crapui
IHRekc K-Tb % K-Tb % P
Yonosiku 10 90.9 72 80.9 0.41
IXC B aHaMHesi 1 9,1 41 46.1 0.019
LlykpoBuii giabet 3 27.3 20 22.5 0.72
Finepraikemiss npn NOCTYNAEHHI 7 63.6 37 42 0.174
ApTepianbHa rinepreHsis 3 27.3 55 61.8 0.029
ManiHHA 9 81.8 48 53.9 0.078
OXWUPiHHSA 6 54.5 35 39.3 0.333
Oucninigemia 7 63.6 26 30.2 0.028
AHeMis 2 18.2 15 17 0.92
NerikoumnTos 7 63.6 49 55.1 0.589
XpOHiYHa HMPKOBa HeAOCTaTHICTb 1 9.1 19 21.3 0.338
Bnaue XiMiYHUX pevyoBUH 7 63.7 30 33.7 0.052
Bnnve metanis 2 18.2 26 29.2 0.442
Po3LwurpeHHs niBoro wnyHo4ka 3 27.3 42 47.7 0.199
KapaioreHHui WoK npu NoCTynneHHi 0 0 12 13.5 0.19
TpomboniTMyHa Tepania nepes yepes LWKipHUM KOPOHAPHUM BTPYYaHHAM 0 0 8 9 0.3
Tabanys 2

AHriorpadiyHi Ta iHTepBeHUiliHi 0cO6/MBOCTI NaLUi€eHTIB NPy 3BEepPHEHHi

Ihaekcn Monogai Crapui D
K-Tb % K-Tb %
BuHHa cyanHa niBoi KOpoHapHOI apTepii 4 36.4 37 41.6 0.74
BaraTtocyauHHe 3anyyeHHs 5 44.5 35 39.3 0.696
TIMI O KpoOBOTIK A0 BTpy4YaHHS 9 81.8 73 82 0.987
MBG 0 £o BTpy4yaHHs 10 90.9 78 87.6 0.753
BukopuctaHHsa NoBiTpsHOro 6anoHa 4 36.4 45 50.6 0.372
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larization (PCI or CABG), AMI, and death. In
addition, each of the elements was compared
separately. Long-term consequences were de-
termined 6, 12, and 24 months after primary.

We divided patients into two age groups to
evaluate age-related differences in progno-
sis. We used the classification of age proposed
by the WHO, where the young age is up to
44 [7]. Our study includes 11 such patients
(young group), and the remaining 89 patients
of our study were included in the elder group.

Results

Initial characteristics. The young group had
a mean age of 39.64 * 3.38, and the elder
group 60.44 £ 9.76 (p <0.001). Clinical and
anamnestic characteristics are listed in Table
1. There was a significant difference in the fre-
quency of coronary heart disease and chest

Original research: Clinical sciences

pain a day before hospitalization among young
individuals (1 [9.1%]) and in elder ones (41
[46.1%]) (p = 0.019). When comparing the
frequency of risk factors for CAD, there was a
significantly higher incidence of hypertension
in elderly patients (3 young patients [27.3%]
vs. 55 elder patients [61.8%]; (p = 0.029).
Dyslipidemia was significantly more common
in young people (7 [ 63.6%]) vs. elderly (26
[30.2]) (p = 0.028). Other risk factors did not
differ significantly between groups (Table 1).

Analysis of the morphological structure of blood
clots showed that old blood clots were found
in 6 (60%) young patients and 54 (62.1%) el-
der patients (p = 0.899). The layered structure
was recorded in 5 (50%) and 54 (62.1%) pa-
tients, respectively (p = 0.459). The presence
of microchannels, which indicates an old age of
blood clots, was not found in any young patient,

Table 1
Clinical and anamnestic characteristics of patients at presentation
) Young Elder

Indices number % number % P
Males 10 90.9 72 80.9 0.41
CAD in anamnesis 1 9,1 41 46.1 0.019
Diabetes mellitus 3 27.3 20 22.5 0.72
Hyperglycemia on admission 7 63.6 37 42 0.174
Arterial hypertension 3 27.3 55 61.8 | 0.029
Smoking 9 81.8 48 53.9 | 0.078
Obesity 6 54.5 35 39.3 | 0.333
Dyslipidemia 7 63.6 26 30.2 | 0.028
Anemia 2 18.2 15 17 0.92
Leukocytosis 7 63.6 49 55.1 0.589
Chronic kidney failure 1 9.1 19 21.3 | 0.338
Exposure to chemical compounds 7 63.7 30 33.7 0.052
Exposure to metals 2 18.2 26 29.2 | 0.442
Dilation of the left ventricle 3 27.3 42 47.7 0.199
Cardiogenic shock on admission 0 0 12 13.5 0.19

Thrombolytic therapy prior to primary percutaneous coronary intervention 0 0 8 9 0.3

Table 2
Angiographic and interventional features of patients at presentation
. Young Elder
Indices number % number % P

Left coronary artery culprit vessel 4 36.4 37 41.6 0.74

Multi-vessel involvement 5 44.5 35 39.3 0.696

TIMI 0 blood flow before intervention 9 81.8 73 82 0.987

MBG 0 before intervention 10 90.9 78 87.6 0.753

Balloon used 4 36.4 45 50.6 0.372

209



Mpaui HTLW MeanyHi Hayku
2023, Tom 71, N® 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2023, Vol. 71, 1

OpwuriHanbHi 4OCAIAXEHHS: KNiIHIYHI HayKKn

ro MON0A0ro nauieHTa, TOAi AK cepen noaen
noxunoro Biky ix 6yno 38 (43,7%) Bunaa-
KiB (p = 0,007). 3ananbHa iHdinbTpauisa ok-
py>XHocTi TpoMby 6yna y 5 (50 %) oci6 mo-
noporo ta 48 (55,2 %) oci6 noxunoro Biky
(p = 0,756). EnemMeHTN aTepoOCKIEPOTUYHOI
6nawkn 6ynn piaKiCHUMKW: Yy MONOAUX He
6yno »xoaHoro, a y niTHiXx — 8 [9,2 %], p
= 0,317). Eo3uHodinn BusasneHi y 9 (90%)
BHYTPILUHbOKOpPOHapHUx Tpomb6iB Monoaux
nauieHTiB i 83 (83,9%) nauieHTiB CTapLoro
Biky (p = 0,613) (Tabnuus 3).

Tabanysa 3

MopdonoriuHi ocobnmusBocTi
BHYTPILULHbOKOPOHAapPHOIro TpoM6y
y xBopux 3 STEMI

CrapiTpoM6n Mikpokanamn HeHtpodinena [lapysaTta
indineTpania  cTpykTypa

%
o
g

EneMenTn
Ha/BOTY

Eozunodinu

B Monoai M Crapmi

[Micng BTpy4YaHHA KPOBOTIK MiC/A BTPYYaHHSA
ouiHoBanu 3a yacrtototo TIMI 3 i MBG 3. TIMI
3 6yno pocarHyTto B 11 (100%) monoamx i 68
(76,4%) oci6 crapworo Biky (p = 0,07), a
MBG 3y 11 (100%) i 52 (58,4%) BignosigHo
(p = 0,007) (Tabnuusa 4).

3HWXKeHHS eneBauii cermeHTa ST NpUHaNMHI
Ha 50% uyepe3 roanHy nicna BTpyYaHHS Bia-
6ynocs y 8 (72,7%) nauieHTiB Mon040ro Ta
62 (69,7%) nauieHTiB cTapworo Biky (p
0,834). 3ybeub QS Ha EKI npwu Bunucui 3i
CcTauioHapy cnocTtepirascsa y 8 (72,7 %) Ta
38 (42,7) nauienTiB BignosigHo (p = 0,059).
O3Hakn yTBOpeHHA aHeBpu3sMm JIL 3apee-
cTpoBaHi y 2 (18,2 %) nauieHTiB M0OI0A0ro
Ta 14 (15,7 %) nauieHTiB cTapLworo Biky (p =
0,834) (Tabnuusa 4).

[o BMNNCKM 3 nikapHi exokapaiorpadiyHi AaHi
nokasanu, wo EFLV y monogain rpyni ctraHoBMNa
B cepeaHboMy 50,82 % £6,37, a B cTapLii rpyni
48,03 % £9,69 (p = 0,219). 3arasbHa CKOpOYy-
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BasibHa 34aTHiCTb cTaHoBuna 1,25 [1,22; 1,44]
Ta 1,38 [1,25; 1,63] BignosiaHo (p = 0,371).

Tabnavys 4

PesynbTtaTtu nicna BTpyvyaHHs
y nauieHTiB 3 STEMI pi3HOro Biky

£ 60
40
20 I
0 N

TIMI 3 MBG3 O3Haku
VTBOpPEHHS

aHeBPH3MH

Poapinenna
cermenTa ST

QS xBuIa

®Monoai ® Crapmi

JOBrocTpokoBe CnoCTepeXeHHs vepe3 6, 12 i
24 wmicaui nicna BTpy4vaHHsa. IHdopmauio oT-
pumaHo B 11 (100%) nauieHTiB MOnoAoro Ta
81 (91,0%) nauieHTiB CTapLlOro BiKYy.

Yepes wictb Micsauis xmsumm 6ynm 11 (100%)
mMosnoaux i 76 (92,7% 3 TUX, 3 KMM KOHTaK-
TyBanu) crapworo Biky (p = 0,354). Komb6i-
HOBaHi Hacniakn (cMepTb, peBacKynspusauis
Miokapaa, iHdapKT Miokapaa abo peuuauvs
6onto B rpyaHin kniTui), ceprnosHi cepuesi no-
Aii (cmepTb, peBackynsipusauis Miokapaa abo
iHpapKT Miokapaa) Ta OKPEMi KOMMOHEHTU
KiHUEBOI TOYKM [OCNIAXYBannUCAa AN XUBUX
MauieHTIB, 3 AKMMUN KOHTaKTyBanu. Ui pesynb-
TaTu 3BeAeHi B Tabnuuto 5. XXoaeH He 6yB cTa-
TUCTUYHO 3HaYyLWmMM. Bucoka npuxunsibHIiCTb 40
MeAMKaMEHTO3HOro NlikyBaHHS BuaBsieHa y 10
(90,9%) nauieHTiB Monogoro Ta 67 (88,2%)
nauieHTiB cTapworo Biky, p = 0,789.

Tabanysa 5
Pesynbtaty nauieHriB i3 STEMI pisHoro
Biky uepe3 6 MmicsauiB nicna BTpy4YaHHs

120
100

%

® Mososi M Crapuni
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while among the elderly, there were 38 (43.7%)
cases (p = 0.007). Inflammatory infiltration of
the thrombus circumference was present in 5
(50%) young and 48 (55.2%) elder (p = 0.756)
individuals. Elements of atherosclerotic plaque
were rare, with none in young and 8 [9.2%]
in older individuals, p 0.317). Eosinophils
were found in 9 (90%) intracoronary thrombi of
young patients and 83 (83.9%) of older patients
(p = 0.613) (Table 3).

Table 3

Morphological features of intracoronary
thrombus in patients with STEMI

100

Old thrombi Microchanels Neutrophilic

infiltration

Layered
structure

Plague elements Eeosinophils

mYoung M Elder

After the intervention, post-intervention blood
flow was assessed by the incidence of TIMI 3
and MBG 3. TIMI 3 was achieved in 11 (100%)
young and 68 (76.4%) older individuals (p
= 0.07), and MBG 3 in 11 (100%) and 52
(58.4%), respectively (p = 0.007) (Table 4).

Resolution of ST-segment elevation by at least
50% one hour after the intervention occurred
in 8 (72.7%) young and 62 (69.7%) older
patients (p = 0.834). The QS wave on the
ECG on discharge from the hospital was ob-
served in 8 (72.7%) and 38 (42.7) patients,
respectively (p = 0.059). Signs of LV aneu-
rysm formation were recorded in 2 (18.2%)
young and 14 (15.7%) older patients (p =
0.834) (Table 4).

Prior to hospital discharge, echocardiographic
data showed the EFLV in the young group to
average 50.82 % +6.37 and in the older group
48.03 % £9.69 (p = 0.219). Total contractility
was 1.25[1.22; 1.44] and 1.38 [1.25; 1.63],
respectively (p = 0.371). Long-term follow-up
at 6, 12, and 24 months after the interven-
tion. Information was obtained in 11 (100%)
young and 81 (91.0%) older patients.
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Table 4

Post-intervention results for patients
with STEMI of different ages

120

100

TIMI 3 MBG 3 Re solution of ST

segment

Signs of aneurism
formation

QSwave

mYoung mOlder

At six months, 11 (100%) young and 76 (92.7%
of those who were contacted) older were alive (p
= 0.354). The combined consequences (death,
myocardial revascularization, myocardial infarc-
tion, or recurrence of chest pain), major cardiac
events (death, myocardial revascularization, or
myocardial infarction), and individual endpoint
components were investigated for living patients
who were contacted. These results are tabulat-
ed in Table 5. None were statistically significant.
High adherence to drug treatment was found in
10 (90.9%) young and 67 (88.2%) older pa-
tients, p = 0.789.

Table 5

Results of patients with STEMI
of different ages at six months after
the intervention

97,2
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At 12 months of follow-up, 11 (100%) young
and 74 older (90.2% of those contacted) were
alive (p = 0.279). The results are tabulated in
Table 6. There were no statistically significant
differences between the two groups. High ad-
herence to drug treatment was in 10 (90.9%)
young and 56 (73.7%) older patients, p =
0.212 (Table 6).
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Tabanysi 6

Pe3ynbtatn nauieHTiB i3 STEMI pisHoro
BiKy uepe3 12 MmicsaliB nicna BTpy4YaHHNA

®Monoai W Crapmi

Tabnauysa 7

Pe3ynbtat nauieHTiB i3 STEMI pisHoro
BiKy uepe3 24 Micsili nicna BTpy4YaHHSNA

80
L 60
40
20 I I
. - ml = mE

> > N

B & Q

‘?P\ S g\°\\ i“\ >
© S

& ey N
&
«

mMosnogi B Crapmi

Yepes 12 micsauis cnocrepexeHHs 11 (100%)
mMonoaux i 74 crapwwux (90,2% TUX, XTO KOH-
TakTyBaB) 6ynu xusi (p = 0,279). Pe3ynbTaTtn
HaBeaeHo B Tabnnui 6. CTaTUCTUYHO 3HAUYLLNX
BiAMIHHOCTEN MiX ABOMa rpynamm He 6yno.
Bucoka npuxXuAbHICTb A0 MEeANMKAMEHTO3HOro
nikyBaHHs 6yna y 10 (90,9%) nauieHTiB MOS0~
noro Ta 56 (73,7%) nauieHTiB CTapLUOro BiKy,
p = 0,212 (Tabnuus 6).

Micnga 24 micsauiB cnoctepexeHHsa 11 (100%)
mMonoamx i 72 ctapwux (88,9% KkoHTakToBa-
HUX) 3anuwmnucsa xusmmu, p = 0,244. Pe-
3ynbTaTu HaBegeHo B Tabnuui 7. He 6yno
CTAaTUCTUYHO 3HAYyLWMX BiAMIHHOCTEN MiX
ABOMa rpynaMu, 3a BUHATKOM KOMb6iHOBa-
Hoi rpynu noaii (p = 0,035). Bucoka npwu-
XUNbHICTb A0 MEAMKAMEHTO3HOro JNiKyBaHHSA
6yna y 9 (81,8%) nauieHTiB Mmonogoro ta 53
(72,6%) nauieHTiB cTapworo Biky, p = 0,517
(Tabnuusa 7).

Original research: Clinical sciences

O6roBopeHHA

AHani3y4yn KiHIYHY KapTUHY NAUIEHTIB, AKi
CcTpaxzatoTb Ha STEMI, ctapwi nauieHTn, aK
npasnio, MatoTb Binbll BaXXKWUN CTaH, ane pis-
HUUSA HE € CTaTUCTUYHO 3HAYyLWoto. MNauieHTH
CTapLUOro BiKy B HalOMy AOCNIAXEHHI YacTiwe
Manu B aHamHesi IXC, a TakoxXx Hanagu aHri-
Ho3HOro 6onto abo ix ekBiBaneHTWM 3a Kinbka
OHiB 0O KNiHiIYHMX npogBiB STEMI. Le Mmoxe
6yTn noe’s3aHo 3 6iNbLOK NOLWMPEHICTIO aTe-
pocknepo3y y NiTHix nogen [8].

Oucninigemia, dakTop pusuKy iHQapKTy Mi-
oKapAa, uJacTiwe 3ycTpidasaca y Monoaux
nopen. Lle y3roaxyerbcs 3 possito CiMenHoi
avcninigemii y possutky STEMI [9]. 3axBopto-
BAHICTb Ha apTepianbHy rinepTeHsito, Lie oAMH
dakTop pu3mky IXC, Takox 3pocTana 3 BiKOM
Yy KOropTi Haloro A0CAigXeHHS.

MopdonoriyHi 03HaKu yTBOPEHHS MiKpoKaHa-
NiB y BHYTPIiLWHbOKOPOHApHOMY TpoMbi BKa3sy-
I0Tb Ha Moro BiK. Lleli npouec noYnHaeTbCsa Ha
n'aty poby nicna yresopeHHsa Tpomby [10]. Lle
Y3roAXYETbCA 3 HAWMMW pe3ynbTataMmu Wwoao
6inblWwoi MownpeHOCTi 03HaK agecTabinizauii
aTepoOCK/IEpOTUYHOIo npouecy B KOpoHap-
HUX apTepiax (aHriHO3HUM 6inb y rpyaax abo
MNoro ekBiBaseHTN y CMOKOI) 3a Kislbka AHIB A0
STEMI. MNpeKoHANLIOHYBaHHS ilLeMiYHOro Mio-
KapZa TakKoX MOXe BifirpaBaTu BaXKJIMBY poJib
y Hacnigkax IXC.

LiikaBoto € po36ixHICTb MiX aHriorpadiyHm-
MU KpuTepiamMu edekTuBHOCTi YKB Ta ExoKl
Ta EKI. [JoCArHEHHS OMTMMasnbHOro KpoBO-
TOKY 4epe3 noB'sa3aHy 3 iHMapKTOM KOpo-
HapHy apTepito 6yno 6inbw NOWWUPEHUM Y
MOSIOAMX MAUIEHTIB NOPIBHAHO 3 JITHIMW na-
uieHtamm (p = 0,07). JocsArHeHHs LiNbOBOI
AKoCTi Mikpouunpkynauii (MIK) 6yno 3HauyHO
6inbWw NowWNMpeHnM y MONOALWIN KoropTi (p =
0,007). OgHak ue He Biabunocsa Ha po3ainb-
Hin 3paTHOCTI cerMeHTa ST i pe3ynbTaTtax
exokapgaiorpadii.

Y BWCHOBKax: aHanisywuu AOBrOCTPOKOBUI
MPOrHO3, MOXHa OYiKyBaTW KpaliuX pe3ynb-
TaTiB y MONoAUX NauieHTiB. [1Ba poku crnocrte-
peXeHHSA MoKa3ylTb 3HAYHO BULLY 4acToTy
KOMBIHOBaHMX KiHLEBMX TOYOK Yy NiTHIX na-
LiEHTIB, FOJIOBHMM YMHOM BULLY CMEPTHICTb
i peumauB aHriHosHoro 6onw abo eksiBa-
NIEeHTIB.
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Table 6

Results of patients with STEMI of
different ages at 12 months after the
intervention

|| II I. m_ - _l
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Combined point MJ Reinfarction  Revascularization
eeeeeeee

mYoung mOlde

After 24 months of follow-up, 11 (100%)
young and 72 older (88.9% of those contact-
ed) were alive, p = 0.244. The results are tab-
ulated in Table 7. There were no statistically
significant differences between the two groups
except for the combined group of events (p
= 0.035). High adherence to drug treatment
was in 9 (81.8%) young and 53 (72.6%) older
patients, p = 0.517 (Table 7).

Table 7
Results of patients with STEMI

of different ages at 24 months after
the intervention

|| I ll E_ mm II

Combined point  Major
e\/ems

Reinfarction  Reva zation  Anginal pain

recovered

mYoung mOlder

This section may be divided by subheadings.
It should provide a concise and precise
description of the experimental results, their
interpretation, as well as the experimental
conclusions that can be drawn.

Discussion

Analyzing the clinical picture of patients who
suffer from STEMI, older patients tend to have
a more severe condition, but the difference is
not statistically significant. Older patients in
our study more have a history of CAD, as well
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as attacks of anginal pain, or their equivalents,
a few days before the clinical manifestation of
STEMI. It may be related to the higher prev-
alence of atherosclerosis in older persons [8].

Dyslipidemia, a risk factor for myocardial infarc-
tion, was more common in young people. This is
consistent with the role of familial dyslipidemia
in the development of STEMI [9]. The incidence
of hypertension, another risk factor in CAD, also
increased with age in our study cohort.

The morphological evidence of the formation
of microchannels within the intracoronary
thrombus indicates its age. This process be-
gins on the fifth day after the occurrence of
a thrombus [10]. This is consistent with our
results regarding the greater prevalence of
signs of atherosclerotic process destabilization
in coronary arteries (anginal chest pain or its
equivalents at rest) a few days before STEMI.
Ischemic myocardial preconditioning also may
play an important role in the outcome of CAD.

The discrepancy between the angiographic cri-
teria for the effectiveness of PCI versus echo-
cardiographic and ECG criteria is interesting.
Achieving optimal blood flow through the in-
farct-related coronary artery was more com-
mon in young vs. older patients (p = 0.07).
Achieving the target microcirculation (MGB)
quality was significantly more common in the
younger cohort (p = 0.007). However, this was
not reflected in ST-segment resolution and
echocardiography data resultsAuthors should
discuss the results and how they can be inter-
preted from the perspective of previous studies
and of the working hypotheses. The findings
and their implications should be discussed in
the broadest context possible. Future research
directions may also be highlighted. The last
paragraph should include conclusions (2-3 sen-
tences) in the research type of manuscript.

In conclusions: Analyzing the long-term prog-
nosis, better results are expected in young pa-
tients. Two years of follow-up show a signifi-
cantly higher incidence of combined endpoints
in older patients, mainly higher mortality and
recurrence of anginal pain or equivalents.

Summing up study results, it should be not-
ed that older patients are more likely to have
blood clots with signs of microchannel forma-
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MiacymMoBytoumn pesynbTaT AOCNIAXKEHHSA, Cnig
3a3HaunUTK, WO Y MauiEHTIB CTapworo BiKy
yacTilwe 3ycTpivatoTbCs TpoMbW 3 03HaKamwu
YTBOPEHHS MiKpOKaHanis, wo MopdosoriyHo
CBiAYMTb Npo binblly TpmMBanictb TPOMBGOTUY-
HOro npouecy. PesynbTaTt AOCNIAXEHHSA CBia-
yaTb NPO HUMXYY TONEPAHTHICTb A0 ieMmil Mio-
Kapha y MOJI0ANX MALiEHTIB.

Lile pocnigxeHHs obmexeHe HeBEeNMKO Kisb-
KiCTIO MauieHTiB MOJTOALLOT FPYMu.
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Moasika

Mpodecop AmnTpo 3epbiHo Ta npodecop Mak-
cum Cokonos 6panu y4dacTb y MjaHyBaHHI Ta
npoBeAeHHI Lboro gocnigxeHHs. Jlikap Okca-
Ha Boliko npoBena rictonoriyHe AOoCNigXKeHHS
KOpPOHApHMX TpoMbiB.

3asaBa npo iHpopMoBaHy 3roay: iHpopMO-
BaHy 3roAy OTpPMMaHO BiAj YCiX y4YacCHMUKIB [0-
CNigpKeHHs.
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tion, which is morphologic evidence of a lon- and conduct of this study. Doctor Oksana
ger duration of the thrombotic process. Study Boiko performed a histological examination of
results suggest lower tolerance to myocardial the coronary thrombi.

ischemia in young patients.

Informed Consent Statement: Informed

This study is limited by the small number of consent was obtained from all subjects in-
patients in the younger group. volved in the study.
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