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KumouoBi ciioBa: cocmputi ingpapxkm miokapoa 3 enesayicio ceemenma ST, mopgono2iuni xapakmepucmuxu mpomois,
MAHyanbHa mpomooacnipayis, nPozHo3, Yepe3uKipHe KOpOHapHe 8MpyUaHHs

KuroueBble cJIoBa: ocmpbiil uHgpapkm muoxapoa ¢ snesayueit ceemenma ST, moponocuueckue xapaxmepucmuxu
mpom608, MAHYATbHASL MPOMOOACRUPAYUS, NPOSHO3, YPECKONCHOE KOPOHAPHOE 6MEULAMENbCNBEO

Abstract. Correlations between morphological features of intracoronary thrombi and left ventricular structure
and function in patients with ST-segment elevation myocardial infarction. Zerbino D.D., Besh D.I.,
Sokolov M.Yu., Besh O.M. The majority of cases of acute ST-elevation myocardial infarction (STEMI) are caused by
the rupture of an atherosclerotic plaque and subsequent thrombus formation. The study of clot structure may be
important for the prediction of further course of the disease. The study included 100 patients with STEMI who
underwent primary percutaneous coronary intervention (PCI) with manual thromboaspiration within the first 12 hours
after the onset of symptoms. Sufficient aspiration material for histological examination was obtained in 97 patients.
These intracoronary thrombi were investigated macroscopically and microscopically. Subsequently, correlations
between morphological structure of thrombi and structural and functional features of the myocardium after
revascularization were analyzed. Pathological QS pattern was detected in 45 (46.39+5.06%) patients. Peripheral
infiltration of intracoronary thrombus with neutrophils was the only morphological feature associated with the
presence of QS (r=-0.36; p<0.001). The mean left ventricular ejection fraction (LVEF) measured during
echocardiography was 48.34+9.39%. Positive and significant correlation was found between LVEF and peripheral
infiltration of intracoronary thrombus with neutrophils (r=0.37; p<0.001), while negative correlation was found
between LVEF and presence of microchannels within the clot (r=-0.27; p<0.01). The mean total segmental left
ventricular contractility index at the time of hospital discharge was 1.38 [1.25; 1.63]. This index negatively correlated
with neutrophil infiltration (r=-0.37; p<0.001), and positively — with the presence of microchannels in the obtained
clot samples (r=0.26; p=0.01). Signs of left ventricular aneurysm formation before discharge from the hospital were
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found in 15 (15.46+3.67%) patients. A significant negative correlation was found between this parameter and the
presence of peripheral neutrophil infiltration of intracoronary thrombi (r=-0.32; p<0.01). The presence of peripheral
infiltration of intracoronary thrombi with neutrophil leukocytes was associated with better left ventricular systolic
function and less likely hood of development of left ventricular aneurysm or electrocardiographic QS pattern. The
formation of microchannels within the clot was associated with poorer recovery of systolic cardiac function.

Pedepar. Ounenka cBsizeli Mexay MOP(OJOrH4eCKUMU OCOOEHHOCTSIMH HWHTPAKOPOHAPHBIX TPOMOOB U
CTPYKTYPHO-()YHKIHOHAJIBHBIM COCTOSIHHEM JIeBOTO MKeTyA04YKa Yy MNalMeHToB ¢ HH(APpKTOM MHOKapaa ¢
saeanueii cermenta ST. 3epouno J.J., bBem [I.H., CokosoB M.1O., Bemt O.M. Yawe 6ceco pasgumue ocmpozo
ungapxma muoxkapoa c snesayueii ceemenma ST (STEMI) obycnoeneno pazpbigom amepockiepomuieckoli O1auKu ¢
nocneoyowum Gopmuposanuem mpomba. Usyuenue e2o cmpoenusi uspaem Cywecmeennyio poib 8 npoSHO3UPOSAHUU
danvHeliue2o mevenus 3abonesanus. B uccieoosanue gouino 100 nayuenmos ¢ STEMI, komopuvim 6 nepsvie 12 uacos
Om HA4ana pazeumusi CUMIIOMOE NPOGEIU NEPEUYHOE UPECKONCHOE KOPOHAPHOE GMEUAmensCcmeo ¢ NpUMeHeHUeM
ManyaneHou mpomboacnupayuu. JJocmamounvlil 015 2UCIOIOSUYECKO20 UCCIEe008AHUSL ACRUPAYUOHHBIL MAmepual
ovir nonyuen y 97 nayuenmos. Ilonyuennvle unmpakopoHapHvle mpomObl AHATUZUPOBANU MAKPOCKONUYECKU U
MUKDOCKONUYECKU U 6 OdlbHeluleM U3YHanu KOPPEeIAYUOHHbIE C8S3U MOPPON02UUECKOl CMPYKMYpbl mMpombo8 co
CMPYKMYPHO-QYHKYUOHATLHLIMU OCODEHHOCMAMU MUOKApOa nocie pesackynapusayuu. Ilamonozuueckuii 3ybey QS
obnapyocen y 45 (46,39+5,06%) nayuenmos. EouncmeenHol Mopdonocuueckol 0co6eHHOCMbI0 UHMPAKOPOHAPHOZO
mpomba, y Komopou Ovblia HallOeHa 63aUMOC6a3b C OAHHLIM NoKaszameiem, ObLIO HAluyue nepugepuyeckoll
ungursmpayuu Hetimpogurvhvimu netuxoyumamu (r=-0,36; p<0,001). @Ppaxyus vlidpoca 1e6020 Hceryoouka npu
nposedenuu sxoxapouocpaghuu cocmaeuna 48.34+9.39%. Ona cocmosiia 8 00CMOBEPHO NONOACUMENLHOU KOpPesyuu
¢ Hanuuuem uHdurbmpayuu Heumpoguios nepugepuveckux yyacmxog mpomba (r=0,37; p<0,001) u ompuyamenn-
HOU — ¢ hopmuposanuem mukpoxananos ¢ mpomoax (r=-0,26789; p<0,01). Cymmapnas cokpamumocms Muokapoa
J1€8020 JHCeNYOOUKa HA MOMEHmM 8bINUCKU U3 cmayuonapa cocmasuia 1.38 [1.25; 1.63]. Cmamucmuyecku 0ocmosepro
ompuyamenvbHas KOPPeIsyuoHHas 65136 Oblia 0OHApydceHa ¢ ungurompayuei weumpoguramu (r=-0,37; p<0,001), a
BHAYUMO NOJONCUMEbHASL - C HAUYUEM MUKPOKAHAL08 8 NOJyYeHHbIX 00pasyax mpombos (r=0,26, p=0,01). I[Ipuznaxu
dopmuposanus aneepuzMbl 16020 HCELYOOUKA Neped GbINUCKOU U3 cmayuoHapa obnapyscunu y 15 (15,46+3,67%)
nayuenmos. bvina evisgnena 0ocmogepno ompuyamenvHas KOpperayus meicoy OaHHbLIM NoKa3amenem U HAIuduem
nepugepuueckoli unpurvmpayuu Heumpoguivnoimu retikoyumamu (r=-0,32; p<0,01). Hanuuue nepugepuueckoil um-
urbmpayuu HelmpopuUILHBIMU TEUKOYUMAMU UHMPAKOPOHAPHBIX MPOMOOE CEI3AHO € IYHUMUMU NOKA3ZAMENIMU CUC-
MOoUYecKoll QYHKYUU 1e8020 KHcely0ouKd, MeHblUlell 6epOAMHOCIbIO hopmuposanus anespuzmol u 3yoya QS na OKT'.
Dopmuposare MUKPOKAHATO8 8 MPOMOAX C8A3AHO C XYOULUM B0CCIAHOBTICHUEM CUCIOIUYECKOU (DYHKYUU cepoya.

Acute ST-segment elevation myocardial in- Most often, the development of STEMI is due to

farction (STEMI) is an important medical and social
problem. According to the European Society of
Cardiology, on our continent its prevalence in dif-
ferent countries ranges from 43 to 144 per 100,000
of population [13]. According to statistics, in
Ukraine in 2016 the frequency of STEMI was 113.6
patients per 100,000 population, and tendency to its
decrease is not observed recently [1].

Primary percutaneous coronary interventions are
now an integral and key element in the treatment of
patients in STEMI. Their use has led to a significant
reduction in mortality and disability in the above
pathology [13]. This situation is confirmed by the
data of the Ukrainian Register of Percutaneous
Coronary Interventions. According to its results, in
the areas with the best coverage of patients with
reperfusion care with STEMI, mortality decreased
from 14.2% in 2015 to0 11.6% in 2017. Thus, in 2017
there were saved 420 lives more than in 2015, which
madeit possible to achieve a general reduction in
mortality from this pathology in our country from
13.2% in 2016 to 12.5% in 2017. However, the
situation is still quite serious [3].
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the rupture of atherosclerotic plaque in the coronary
artery with the subsequent formation of a thrombus
on its surface [7]. It is believed that the morpho-
logical structure of the thrombus can significantly
explain the pathogenesis of the disease. The only
method that makes it possible to obtain a thrombus
from the coronary artery when alive is to perform
manual thromboaspiration within the primary percu-
taneous coronary intervention [9]. But data on the
need for routine involvement of manual thromboas-
piration in this intervention are contradictory [13].
To date, there are a number of studies that have
examined the likely impact of different cha-
racteristics of intracoronary blood clots on the
prognosis of patients with STEMI. Most often the
prognostic significance of their age (time from the
beginning of formation to thromboaspiration) was
determined. The results of this type of research are
quite ambiguous and do not provide a clear answer
to questions about the role of this indicator. Another
minus of these studies is that they determine the age
of the thrombus by indirect signs, which can be
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influenced by a number of factors other than the
duration of the disease [9, 10].

In recent years, much attention has been paid to
the influence of neutrophilic leukocytes as triggers
of the thrombotic process. It is proved that they are
able to produce neutrophilic traps, which can
stimulate thrombus formation at the site of rupture of
the atherosclerotic plaque by providing a framework
for fibrin fiber deposition [6].

There are isolated data about the influence of
other characteristics of intracoronary thrombi
obtained by manual thromboaspiration on various
indicators of disease prognosis [12]. However, today
there is a lack of data to clearly understand which of
the morphological features of thrombi can be used to
assess the further course of STEMI. In particular,
there are very little data on their effect on the
structural and functional state of the left ventricle.

The aim of our study was to examine the
relationship between the morphological features of
intracoronary thrombi and the structural and func-
tional state of the left ventricle 2-3 weeks after
stenting the infarct-dependent coronary artery
performed within the "therapeutic window" STEMI.

MATERIALS AND METHODS OF RESEARCH

The research was carried out on the basis of three
medical institutions: the National Research Center
"Institute of Cardiology named after MD Stra-
zhesko”, Kyiv, Municipal Non-Profit Enterprise
“Clinical Ambulance Hospital”, Lviv, and Municipal
Non-Profit Enterprise of the Lviv Regional Council
“Lviv Regional Clinical Medical and Diagnostic
Cardiology Center”. The study included 100 patients
(22% women and 78% men) aged 57.81£10.26 years
with STEMI, who in the first 12 (average 7.00 [4.75;
10.00]) hours from the onset of symptoms under-
went primary percutaneous coronary intervention
using manual thromboaspiration. The decision to
involve the latter in the treatment process was made
by the doctor who performed the procedure. Each
patient on baseline coronary angiography showed
massive thrombosis or occlusion of the infarct-
dependent coronary artery. Sufficient aspiration
material for histological examination was obtained
in 97 patients who were included in further ob-
servation. All of them gave informed consent to
participate in the pre-investigation. The obtained
intracoronary thrombi were analyzed macro-
scopically and divided into three groups: white, red
and mixed. Subsequently, they were fixed in a
neutral formalin solution, then filled with resin and
stained by the standard method of hematoxylin-
eosin, as well as by the method of orange-red-blue
(Zerbino-Lukasevich method). The latter allows you
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to estimate the age of fibrin by color. If it turns red
or pink, then less than 24 hours passed since the
beginning of the formation. Blue or purple fibrin
occurs more than a day before its fixation. The
thrombus was considered old when the proportion of
such fibrin was more than 30%.

To analyze the relationship between the morpho-
logical characteristics of the obtained intracoronary
thrombi and the prognosis of patients, the obtained
thrombi according to certain characteristics were
divided into the following groups:

* by age of the thrombus: old or fresh (according
to the color of fibrin);

* by the structure of the thrombus (the presence
of a layered structure or its absence);

* by the presence of microchannels;

* by the presence of peripheral infiltration with
neutrophilic leukocytes (with or without neutrophilic
infiltration on the periphery of the thrombus) (Fig.).

All patients in the period from 14 to 21 days after
hospitalization underwent echocardiographic and
ECG examination. The following indicators were
studied: development of pathological QS wave in
leads with ST segment elevation, ejection fraction,
contractility index, dilatation and formation of left
ventricular aneurysm ("frozen" ST segment ele-
vation on ECG, dyskinesia and wall thinning in
STEMI site). The total contractility of the left
ventricular myocardium was assessed by 16 seg-
ments using the following scale: normal contractility
— 1 point, hypokinesia — 2 points, akinesia —
3 points, dyskinesia — 4 points. The index of
myocardial contractility (wall motion score) was
calculated by the formula: total myocardial
contractility of the left ventricle/ 16 [4].

LibreOffice Calc v.5.2.2.2 spreadsheets were
used to form the database and calculate the obtained
results. Statistical analysis of the results was
performed on a personal computer using the
program R. Calculations were performed in the
program RStudio (RStudio, Inc.) license (Affero
General Public License v3). The obtained results
were presented in the form of mean values and their
standard deviations (M+SD) in the case of Gaussian
distribution and median, 25th and 75th percentiles
(Me [25%; 75%]) in the case of non-Gaussian
distribution. Correlation analysis was performed by
the Spearman method [2].

The analysis of baseline characteristics is pre-
sented in Table 1. Among 97 patients in whom we
managed to obtain sufficient thrombotic material for
analysis, 82.47% were men. The analysis of risk
factors made it possible to obtain indicators of the

Licensed under CC BY 4.0



MEJ/IMYHI [IEPCIIEKTHUBH / MEDICNI PERSPEKTIVI

frequency of concomitant pathology in patients who
participated in the survey. Diabetes mellitus was
found in 21.65% of patients, arterial hypertension -
in 57.73%, obesity — in 41.24%, chronic kidney
disease — in 20.62%. Dyslipidemia was recorded in
32.99% of patients, 56.70% of patients smoked. A
detailed study of the professional history of patients
revealed that 51.55% of them had contact with
xenobiotics in the workplace. Cardiogenic shock at
hospitalization was diagnosed in 11.34% of patients.

HHH

Coronary angiography showed that in 42.27% of
patients the anterior interventricular branch of the
left coronary artery was infarct-dependent.
Atherosclerotic lesions of more than one coronary
artery were found in 40.21% of patients. Assessment
of blood flow and the state of the microcirculatory
tract showed that the complete absence of blood
flow (TIMI 0) was observed in 82.47%, and the
absence of signs of perfusion of the microcirculatory
tract (MBG 0) was registered in 88.66% of patients.

View of thrombi macroscopically and microscopically.
A) Macroscopic image of the thrombus obtained by thromboaspiration;
B) Staining of the thrombus by the method of Zerbino-Lukasevich. The thrombus is old, with a layered structure
and peripheral infiltration with neutrophils;
C) Staining of the thrombus by the method of Zerbino-Lukasevich.
Thrombus is fresh, without a layered structure and peripheral infiltration with neutrophils

RESULTS AND DISCUSSION

Characteristics of the morphological structure of
intracoronary thrombi are presented in Table 2.
Samples obtained from 48.45% of patients met the
criteria of the old thrombus, others were fresh. The
layered structure of the intracoronary thrombus was
established in 60.82% of patients. Microchannels
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were detected in a little more than a third of the
thrombi obtained (39.18%). Peripheral infiltration
with  neutrophilic  leukocytes, the so-called
"leukocyte bank", was seen in more than half of the
obtained samples (54.64%). The thrombi obtained
by aspiration also differed in macroscopic cha-
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racteristics. Red thrombi were the most common -
49.48%, slightly less common — mixed ones — in

43.30%, and white thrombi were found in only
7.22% of patients.

Table 1
Initial characteristics of patients
Characteristic Absolute values %
Male 80 82.47
Diabetes 21 21.65
Hypertension 56 57.73
Adiposity 40 41.24
Dyslipidemia 32 32.99
Chronic kidney disease 20 20.62
Smoking 55 56.70
Professional contact with xenobiotics 50 51.55
Cardiogenic shock 11 11.34
Two- or three-vessel lesion 39 40.21
TIMI 0 before PCCI 80 82.47
MBG 0 before PCCI 86 88.66
Infarct-dependent anterior interventricular branch of the left coronary artery 41 42.27

Analysis of the results of electrocardiographic
studies showed the development of pathological QS
wave in 45 (46.39+£5.06%) patients. In the cor-
relation analysis, only presence of peripheral infil-
tration of neutrophils had a significant negative
relationship with this indicator (r=-0.36; p<0.001).
In the same direction, but unreliable, relationship
with the development of the pathological QS wave
was in the old thrombi (r=-0.03; p=0.75),
macroscopically white (r=-0.02; p=0.85) and mixed

(r=-0.06; p=0.55). There was a tendency to a
positive correlation with the above indicator and
thrombi, which had microchannels in their thickness,
but it did not exceed the limits of statistical
significance (r=0.19; p=0.07). A positive correlation
was also found between the development of the
pathological QS wave and the presence of a layered
structure of the intracoronary thrombus (r=0.11;
p=0.28), its red color (r=0.07; p=0.49). ), but in both
cases the values were unreliable (Table 3).

Table 2
Morphological features of the structure of intracoronary thrombi
Signs Absolute values %
Old blood clots 47 48.45
Thrombi with a layered structure 59 60.82
Blood clots with microchannels 38 39.18
Thrombi with peripheral infiltration with neutrophilic leukocytes 53 54.64
White blood clots 7 7.22
Red blood clots 48 49.48
Mixed blood clots 42 43.30
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The ejection fraction of the left ventricle during
echocardiography before the discharge from the
hospital was 48.3449.39%. The study of correlations
of this indicator with different characteristics of
intracoronary thrombi obtained during manual
thrombo-aspiration made it possible to establish a
reliable positive relationship with the presence of
infiltration of neutrophilic granulocytes of peripheral
areas of the thrombus (r=0.37; p<0.001). The cor-
relation of this indicator with the presence of
microchannels in the obtained thrombus samples
was significantly negative (r=-0.26789; p<0.01).
The correlation between the left ventricular ejection

fraction at the time of discharge from the hospital
and the presence of an old thrombus (r=0.09;
p=0.40) was unreliable. The correlation with two
macroscopic signs of thrombi was also insig-
nificantly positive: red (r=0.01; p=0.93) and mixed
(r=0.02; p=0.85). The correlation with white thrombi
turned out to be opposite (r=-0.06; p=0.58).
Negative correlation of left ventricular ejection
fraction indicators was established with the presence
of layered arrangement of fibrin and formed blood
elements (r=-0.06; p=0.59), but the results were not
statistically significant (Table 3).

Table 3
Correlation between morphological features of intracoronary thrombi
and indicators of structural and functional state of the left ventricle
Indices of
forecast Pathological QS Ejection fraction Contractility index Dilatation Aneury‘sm
formation
Signs of
blood clots
r ] r r p r p r P
old -0.03 0.75 0.09 0.40 -0.15 0.14 0.01 097  -0.04 0.68
With a layered structure 0.1 0.28 -0.06 0.59 0.1 0.27 0.10 032  -0.04 0.69
With microchannels 0.19 0.07 -0.27 <0.01 0.26 0.01 0.13 0.20 0.16 0.13
‘With peripheral
infiltration with -0.36 <0.001 0.37 <0.001 037  p<0.001 -014 018  -032  p<0.01
neutrophilic leukocytes
White thrombi -0.02 0.85 -0.06 0.58 0.1 0.31 0.06 054  -0.02 0.87
Red thrombi 0.07 0.49 0.01 0.93 0.03 0.78 0.04 0.69 0.12 0.26
Mixed thrombi -0.06 0.55 0.02 0.85 -0.08 0.41 0.08 046  -0.11 0.29

The total contractility of the left ventricular
myocardium at the time of the discharge from the
hospital was 1.38 [1.25; 1.63] points. Due to the fact
that in this indicator the higher numerical value
reflects the worst functional state of the myocar-
dium, the results of the correlation analysis of this
indicator are concordant with the results of the
analysis of the left ventricular ejection fraction.
Significantly negative relationship with the con-
tractility index was the presence of infiltration with
neutrophilic granulocytes of peripheral thrombus
area (r=-0.37; p<0.001), and significantly positive —
the presence of microchannels in the obtained
samples of thrombi (r=0.26; p=0.01). At the same
time, a negative correlation of the above indicator
with old (r=-0.15; p=0.14) and visually mixed
thrombi (r=-0.08; p=0.41) was revealed. The cor-
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relation with two macroscopic signs of thrombi was
unreliable positive: red (r=0.03; p=0.78) and white
(r=0.11; p=0.31). A similar result was obtained by
comparing the index of left ventricular contractility
and the layered arrangement of fibrin and thrombi
(r=0.11; p=0.27) (Table 3).

The next indicator under analysis was left ventri-
cular dilatation. It was detected in 44 (45.36+5.05%)
patients. According to the results of correlation
analysis, none of our proposed characteristics of
thrombi was significantly associated with this
indicator. Negative correlation values were obtained
for old thrombi (-=0.01; p=0.97), thrombi with
peripheral infiltration with neutrophilic leukocytes
(r=-0.14; p=0.18) and macroscopically mixed (r= -
0.08; p=0.46) ones. Layered structure of arran-
gement of formed elements and fibrin (r=0.10;
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p=0.32), the presence of microchannels (r=0.13;
p=0.20) and macroscopic features of white (r=0.06;
p=0.54) and red thrombi (r=0.04; p=0.69) were
insignificantly positively correlated with the
detection of left wventricular dilatation during
echocardiography (Table 3).

The last echocardiographic indicator analyzed in
our study were the signs of left ventricular aneurysm
formation before discharge from the hospital. This
pathology was verified in 15 (15.464+3.67%) pa-
tients. A significant negative correlation was found
between aneurysm formation and the presence of
peripheral thrombus infiltration with neutrophilic
leukocytes (r=-0.32; p<0.01). Analysis of other cor-
relations did not show statistically significant results.
In particular, we obtained weak values of the
negative correlation of the signs of left ventricular
aneurysm with the following indicators: old thrombi
(r=-0.04; p=0.68), thrombi with a layered structure
of arrangement of formed elements and fibrin (r= -
0.04; p=0.69), macroscopically white (r=-0.02;
p=0.87) and mixed (r=-0.11; p=0.29) thrombi. The
presence of microchannels (r=0.16; p=0.13) and red
thrombus staining (r=0.12; p=0.26) had the opposite
relationship (Table 3).

Based on the results obtained, it can be stated that
peripheral infiltration with neutrophilic leukocytes
was the main predictor of a positive prognosis in our
study. At the same time, there are data from the
study of Szarfer J.L. and co-authors (2017) which
showed that higher neutrophil count is associated
with a lower probability of simple reperfusion,
which is a sign of thrombus looseness. However, in
this study, attention was paid only to the number of
leukocytes without taking into account their
arrangement [11]. According to current data, neutro-
phils play a key role in the formation of thrombi in
the coronary artery. They have been shown to create
extracellular traps that are the framework for fibrin.
At the same time, traps can also create other types of
leukocytes, but neutrophilic traps are involved in the
early process of thrombogenesis, and traps formed
by macrophages play an important role in the
processes of thrombus organization [6]. In par-
ticular, a study conducted by Mangold A. and co-
authors (2019) analyzed thrombi obtained from 111
patients with STEMI, and found that the number of
neutrophilic extracellular traps in them is signi-
ficantly positively correlated with the size of
necrosis areas and negatively with the resolution of
the ST segment [5].

In all the studies we found, the effect of thrombus
age on the prognosis of patients was most often
studied, but the age of thrombi was determined by
indirect indicators. Fresh were considered thrombi
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(formed up to 1 day) which had a layered structure
of fibrin and intact blood cells. In turn, the old (more
than 1 day) — thrombi with homogenization of
structural elements or colic necrosis and karyor-
rhexis of granulocytes, or the germination of smooth
muscle cells with/without deposits of fresh con-
nective tissue, or the germination of microchannels
in the thrombus. Most of such studies were con-
ducted by Li X. and co-authors (2016). The study
included 870 patients with STEMI in whom the
morphology of blood clots was studied. In a mul-
tivariate analysis, it was found that old blood clots
are significantly associated with higher mortality
(relative risk 1.9; 95% confidence interval 1.08-3.32;
p=0.03) [9]. It has been proven that the presence of
old blood clots often accompanies a higher risk of
distal embolism during primary percutaneous
coronary intervention [10]. In our study, the age of
the thrombus was determined by the age of fibrin,
which, in our opinion, is a more accurate indicator as
some signs of fresh blood clots are present in the
presence of old fibrin. That is why we evaluated
each morphological feature of the thrombus sepa-
rately. The presence of a layered structure of arran-
gement of formed elements and fibrin which is
associated with fresh thrombi, in our study did not
significantly affect the prognosis. However, the
presence of microchannels which is an indisputable
sign of the age of the process negatively correlated
with the functional state of the myocardium.

It should be noted that our results coincide with
the data of other studies, which show that in patients
with clinical signs of STEMI up to 12 hours, a
thrombi often begins to form a day or more before
hospitalization [9, 10]. Moreover, previous studies
have not found an association between the time from
onset of symptoms to the balloon (time pain-bal-
loon) and the age of the thrombi [8].

The macroscopic characteristics of the aspiration
material, according to the results of our study, did
not have a reliable relationship with the structural
and functional characteristics of the myocardium at
the time of discharge from the hospital. The in-
fluence of such features of the structure of the
intracoronary thrombus on the prognosis of patients
with STEMI was studied by Yang Y. et al. (2016).
They showed that the risk of distal embolization was
insignificantly higher in patients with red thrombi
(10.9% vs. 0%; p=0.091). The incidence of major
cardiovascular events at hospitalization was also
significantly higher in this group of patients (15.6%
vs. 0%; p=0.041). However, the stratification of the
aspiration material was somewhat different from
that used in our study. Mixed thrombi were
distributed between the group of white and red
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ones by the predominant color which could affect
the final result [12].

CONCLUSION

The presence of peripheral infiltration of neutro-
philic leukocytes in intracoronary thrombi obtained
by manual thrombo-aspiration in patients with
STEMI is associated with better indicators of left
ventricular systolic function (ejection fraction r=0.37,
p<-0.001; contractility index r=-0.37, p<0.001) and
less likely to form an aneurysm (r=-0.32, p<0.001) and
a QS wave on the ECG (r=-0.36, p<0.001) after 2-3

months from the onset of the disease. At the same time,
the formation of microchannels in the thrombus is
associated with poorer recovery of systolic heart
function (ejection fraction r=-0.27, p<0.01; con-
tractility index r=-0.26, p=0.01). It has been estab-
lished that even in patients with a clinical STEMI
duration of less than 12 hours, thrombi older than 1 day
are often found in the infarct-dependent area.
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