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The state of platelet and plasma hemostasis 
as a predictor of coronary blood flow in patients 
with acute myocardial infarction

Aim	 To study the relationship of the platelet function and plasma homeostasis with the blood flow in the 
infarct-related artery (IRA) and with the course of acute myocardial infarction (AMI).

Material and methods	 This study included 93 patients with AMI (75 patients with ST-elevation AMI and 18 patients without 
ST segment elevation). 63 patients had TIMI 0–1 blood flow in the IRA and 30 patients had TIMI 2–3. 
Rotational thromboelastometry, impedance aggregometry, the endothelium-dependent vasodilation 
(EDVD) test, and the thrombodynamics test were performed for all patients. The primary clinical 
endpoint included the totality of in-hospital complications of AMI, and the secondary endpoint 
included the totality of out-of-hospital complications of AMI. Major bleedings (BARC 3–5) and 
minor bleedings (BARC 1–2) were evaluated separately.

Results	 Patients with IRA TIMI 0–1 flow were characterized by a shorter blood clotting time (BCT), larger 
thrombus size and density, more intense platelet aggregation induced by arachidonic acid and ADP, 
and lower values of the EDVD test. It was found that the parameters of platelet aggregation induced 
by arachidonic acid (AUC Asa) in combination with BCT allowed assessment of the severity of IRA 
blood flow disorder (sensitivity 76 %, specificity 71 %) in patients with AMI, regardless of the presence 
of ST segment elevation on the ECG. In addition, the incidence of the primary endpoint was greater 
in patients with IRA TIMI 0–1 flow (41.3 % and 16.7 %, respectively; p=0.015). In patients with TIMI 
2–3 flow in the long-term period of the disease, the incidence of minor bleedings was significantly 
higher (8.5 % and 30.4 %, respectively; p=0.045).

Conclusion	 Compared to patients with preserved blood flow, patients with AMI and IRA TIMI 0–1 flow are 
characterized by endothelial dysfunction and more intense processes of thrombogenesis and platelet 
aggregation. It has been shown for the first time that the combination of two simple criteria for assessing 
hemostasis (AUC Asa; BCT) allows assessment of the degree of IRA blood flow disorder in patients 
with AMI.
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In-hospital mortality in patients with acute myocardial 
infarction (AMI) remains within 6–9 % despite the 

introduction of primary percutaneous coronary interven
tion (PCI) into routine clinical practice and a wide range of 
pharmacological drugs that significantly affect the course of 
the disease and the long-term prognosis [1, 2].

The resolution of ST-segment elevation is observed on 
repeated electrocardiograms (ECG) in 15–25 % of acute ST-
segment elevation MI (STEMI) patients, and blood flow 
is detected in the infarct-related artery (IRA) by coronary 
angiography (CAG) [3]. This phenomenon is associated 
with a lower incidence of hospital-acquired complications 

and more favorable long-term course of the disease [4, 5]. 
Moreover, some patients with acute non-ST-segment elevation 
MI (NSTEMI) have IRA occlusion, and the absence of ST-
segment elevation is associated with a well-developed collateral 
network [6].

The severity of intracoronary thrombosis depends 
on platelet reactivity, activity of plasma hemostasis and 
endogenous fibrinolysis (EF), and the intensity of local 
inflammatory reaction. The endothelium actively participates 
in the regulation of these processes. The resulting blood flow 
in IRA is a product of the combination of these physiological 
processes.
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Objective

Investigate the relationship between the functional state 
of platelets and plasma hemostasis and the IRA blood flow, 
and the course of the disease in patients with AMI.

Material and methods
This single-center prospective study included 93 patients. 

Patients were enrolled in of the Department of Cardiac 
Resuscitation of City Clinical Hospital n.a. I. V. Davydovsky 
from September 2019 to April 2022. At admission, 75 
patients had STEMI upon admission and 18 patients had 
NSTEMI. AMI was established in accordance with the 
Fourth Universal Definition of Myocardial Infarction [7]. 
Every patient had CAG, then had his / her IRA revascularized. 
The study was conducted following the Declaration of 
Helsinki and was approval by the local ethics committee.

Inclusion criteria: STEMI or STEMI; onset of symptoms 
less than 24 hours before hospitalization; signed informed 
consent to participate in the study. Exclusion criteria: 
age above 80 years or below 18 years; onset of symptoms 
more than 24 hours before hospitalization; pre-hospital 
thrombolytic therapy; cardiogenic shock at admission; 
acute or chronic infectious processes; severe anemia 
or persistent bleeding; cancer; ongoing anticoagulant 
treatment.

Blood samples were collected from all patients before 
CAG for rotation thromboelastometry, impedance 
aggregometry, and thrombodynamics tests. Endothelium-
dependent vasodilation (EDV) test was also performed.

IRA blood flow was classified using the TIMI flow grade 
scoring system [8]. CAG showed that 63 patients had of 
TIMI 0–1 blood flow in IRA, and 30 patients had TIMI 2–3 
blood flow. Further comparisons were made between the 
two groups.

Blood collection method
Blood samples for routine laboratory tests and tests 

were collected before CAG and the administration of 
unfractionated heparin by venipuncture with a Vacuette 21g 
needle. S-Monovette tubes (Sarstedt, Germany) with 3.2 % 
sodium citrate 1:9 were used for the tests.

Rotation thromboelastometry
The examination was carried out using a ROTEM 

device following a standard procedure [9]. The following 
parameters were analyzed: clotting time (CT), clot 
formation time (CFT), and lysis onset time (LOT), clot 
size at different time points of the test (A20, mm; A30, 
mm), maximum clot firmness (MCF) and maximum lysis 
(ML), and the percentage of remaining clot 30, 45 and 60 
minutes after the onset of lysis (lysis index, Li 30, 45 and 60, 
respectively).

Impedance aggregometry
The examination was performed using a Multiplate 

analyzer (Roche, Switzerland). Platelet aggregation was 
estimated by measuring the area under curve (AUC) and 
was expressed in aggregation units per minute. Platelet 
aggregation induced by arachidonic acid (AUC Asa), 
adenosine diphosphate (AUC ADP), and thrombin receptor 
activator peptide 6 (AUC TRAP-6) was evaluated.

Thrombodynamics
The examination was carried out using a conventional 

technique [10]. The data obtained were used to calculate the 
following parameters: delay of the clot growth (Tlag), mean 
clot growth rate (V) and initial clot growth rate (Vi), clot size 
(CS) 30 minutes after the beginning of the test, clot density 
(D), spontaneous clotting time (Tsp); lysis onset time (LOT), 
lysis progression (LP, % / min), and clot lysis time (CLT).

EDV testing
All patients underwent standard brachial EDV to assess 

endothelial function [11].

Assessment of clinical outcomes
The following outcomes were assessed as hospital-acquired 

complications of AMI: death (including clinical); acute left 
ventricular failure (ALVF); stent thrombosis; major bleeding 
(BARC 3–5), and the need for platelet receptor blocker 
IIb / IIIa infusion, mechanical ventilation, mechanical support 
of blood circulation. The primary endpoint included all the 
above outcomes.

The following outcomes were evaluated in the long-
term disease period (median follow-up of 7 months): death, 
cardiovascular death, recurrent AMI, late stent thrombosis, 
repeat emergency myocardial revascularization. These out
comes constituted the secondary endpoint. Major (BARC 
3–5) and minor (BARC 1–2) bleeding was evaluated 
separately.

Statistical analysis
Statistical analysis was performed using R v. 4.0.5 and 

IBM SPSS Statistics v. 26.0. The obtained values were 
distributed non-normally according to the Shapiro  – Wilk 
test. The Mann-Whitney rank test was used to compare 
the groups. The two-tailed Fisher’s exact test was used 
to analyze the categorical parameters. The sample size 
allowed detecting differences of the average strength 
(d=0.5) at the significance level of 0.05 and the power of 
0.8. Logistic regression was used to predict IRA blood flow 
with the predictor significance level of p<0.05. The binary 
classification relationship was presented using a ROC curve 
and the AUC. The long-term disease prognosis was analyzed 
by plotting the Kaplan – Meier curves.
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Results
Clinical and demographic characteristics of patients

There were no significant differences in clinical and 
demographic characteristics between the two patient groups 
(Table 1).

Laboratory  
and clinical findings

Patients with intact blood flow in IRA had higher left 
ventricular ejection fractions (LVEF) and lower levels of white 
blood cells (see Table 1).

Table 1. Clinical and demographic characteristics of patients

Parameter
Patients with IRA  

blood flow TIMI 0–1 
(n=63)

Patients with IRA  
blood flow TIMI 2–3 

(n=30)
p

Age, years, Me [IQR] 60.5 [53.0; 65.2] 61.0 [51.0; 66.5] 0.7
Male, n (%) 47 (74.6) 25 (83.3) 0.43
Arterial hypertension, n (%) 54 (85.7) 26 (86.7) 0.99
Diabetes mellitus, n (%) 10 (15.8) 5 (16.7) 0.98
Dyslipidemia, n (%) 19 (30.1) 9 (30.0) 0.99
Smoking, n (%) 24 (38.0) 12 (40.0) 0.98
MI, n (%) 3 (4.76) 4 (13.3) 0.2
PCI, n (%) 6 (9.7) 2 (6.7) 0.99
Atrial fibrillation, n (%) 4 (6.34) — 0.3
Cerebrovascular accident, n (%) 2 (3.2) 2 (6.6) 0.59
Outpatient treatment
Acetylsalicylic acid, n (%) 10 (15.8) 3 (10.0) 0.54
Clopidogrel, n (%) — 1 (3.4)  –
Ticagrelor, n (%) 1 (1.6) —  –
Beta blockers, n (%) 12 (19.0) 4 (13.3) 0.57
Statins, n (%) 7 (11.1) 2 (6.7) 0.71
Angiotensin-converting enzyme inhibitors, n (%) 11 (17.4) 9 (30.0) 0.19
Angiotensin II receptor type AT1 blockers, n (%) 9 (14.3) 4 (13.3) 0.99
Pre-hospital therapy (ambulance)
Acetylsalicylic acid, n (%) 59 (93.6) 28 (93.3) 0.99
Clopidogrel, n (%) 44 (69.8) 16 (53.3) 0.16
Ticagrelor, n (%) 2 (3.2) 3 (10.0) 0.32
Morphine, n (%) 14 (22.5) 5 (16.7) 0.59
Platelet P2Y12 receptor blockers at hospital
Clopidogrel, n (%) 5 (8.5) 2 (7.7) 0.99
Ticagrelor, n (%) 47 (79.7) 23 (88.5) 0.53
Prasugrel, n (%) 5 (8.47) 1 (3.84) 0.86
Clinical and procedure-related features
Acute STEMI, n (%) 52 (82.5) 23 (76.7) 0.5
Pain-to-balloon time, min, Me [IQR] 225.0 [140.0; 430.0] 367.5 [151.2; 518.7] 0.87
Door-to-balloon time, min, Me [IQR] 34.0 [30.0; 42.0] 36.0 [33.2; 40.0] 0.99
Angina pain at admission, n (%) 49 (83.0) 18 (66.7) 0.1
Echocardiogram
LVEF, Me [IQR] 52.0 [41.5; 57.0] 60.0 [53.0; 60.0] <0.01
LVEDV, Me [IQR] 112.0 [100.0; 142.0] 120.0 [91.0; 137.5] 0.89
Laboratory tests
Hemoglobin, g/L, Me [IQR] 148.0 [138.0; 158.0] 152.0 [145.0; 160.0] 0.31
Platelets, ×109/L, Me [IQR] 233.0 [206.0; 278.0] 223.0 [201.0; 298.0] 0.82
White blood cells, ×109/L, Me [IQR] 10.3 [8.2; 12.2] 8.7 [7.5; 10.5] 0.04
Creatinine, μmol/L, Me [IQR] 95.0 [83.0; 107.0] 92.5 [83.7; 104.5] 0.69
Me, median; IQR, interquartile interval; IRA, infarct-related artery; MI, myocardial infarction;  
PCI, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume.
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Thrombodynamics

Thrombodynamics tests showed no statistically signifi
cant differences in thrombosis parameters between the
patient groups.

Rotation thromboelastometry
Patients with IRA TIMI 0–1 blood flow had shorter

clotting time (CT, s – 602.0 [431.0; 745.0] vs. 728.0 [556.5;
821.5], p=0.04), larger clot size (A20, mm – 54.0 [51.0; 59.0]
vs. 51.0 [44.7; 55.0], p=0.029; A30, mm – 58.0 [53.0; 62.0]
vs. 54.5 [48.7; 57.2], p=0.01), and higher clot firmness (MCF,
mm – 58.0 [55.0; 64.0] vs. 55.0 [49.7; 58.0], p=0.034). There 
was also a trend to lesser maximum clot lysis in this group
(ML, %  – 21.0 [18.0; 25.0] vs. 24.5 [20.0; 28.0], p=0.055)
(Figure 1).

Impedance aggregometry
Patients with IRA TIMI 0–1 blood flow had more

intensive platelet aggregation induced by arachidonic acid
(AUC Asa 26.0 [15.5; 43.5] vs. 16.0 [9.5; 20.5], p<0.01)
and ADP (AUC ADP 43.0 [36.0; 56.0] vs. 35.0 [25.7; 42.2],
p<0.01; Figure 2). There were no differences in TRAP-
6‑induced platelet aggregation.

EDV testing
Patients with IRA TIMI 2–3 blood flow had higher EDV

values (EDV, % – 4.0 [1.35; 5.8] vs. 6.0 [4.34; 9.5], p=0.011).

IRA blood flow predictors
The analysis of logistic regression identified a statistically

significant correlation of CT and AUC Asa with the IRA
blood flow. These parameters also allowed quickly obtaining
the test results.

The combined use of these two parameters makes it easier 
to distinguish patients with TIMI 0–1 blood flow in IRA 
with the area under the ROC curve of 80 % (sensitivity 76 %,
specificity 71 %; Figure 3). Adding ST segment changes to
the mentioned parameters did not improve their predictive
accuracy.

Hospital-acquired complications of AMI 
and the long-term course of the disease

Patients with TIMI 0–1 blood flow in IRA achieved
the primary endpoint more frequently: 26 (41.3 %) vs. 5
(16.7 %), p=0.015 (Table 2).

The final analysis of the long-term course of the disease
included 55 patients. No significant differences were found
in the incidence of the secondary endpoint in the patient
groups (Table 3, Figure 4А). Patients with TIMI 2–3 blood
flow in IRA had minor bleeding (BARC 1–2) significantly
more frequently (8.5 % vs. 30.4 %; p=0.045; see Table 3,
Figure 4B).

A – clotting time (CT, s); B – clot firmness (MCF, mm);  
C – clot size at minute 20 and minute 30 of the test (A20, mm;  
A30, mm); * – p<0.05. AMI, acute myocardial infarction;  
IRA, infarct-related artery.
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Discussion
Patients with spontaneous IRA reperfusion have a more 

favorable prognosis of the disease [12, 13]. In this study, we 
confirmed once again that patients with TIMI 2–3 blood 
flow in IRA, with and without ST segment elevation, are less 
likely to have hospital-acquired complications of AMI.

There are predisposing factors for intact blood flow in 
IRA [14–16]. The correlation between clotting, endogenous 
fibrinolysis, and IRA blood flow was described [17–20]. 
Several studies demonstrated the effect of an inflammatory 

setting on the state of IRA [21, 22]. According to our 
findings, patients with TIMI 0–1 blood flow in IRA have 
more intense clotting due to greater platelet aggregation and 
plasma hemostasis. It should be noted that the outpatient 
and pre-hospital treatment did not affect the parameters of 
interest and the course of the disease. It is also noteworthy 
that a small number of patients had increased platelet 
reactivity, despite the load doses of antiplatelet agents, 
which may be characteristic of hemostasis in patients of 
this group. Moreover, there was a trend to more active 
endogenous fibrinolysis in patients with TIMI 2–3 blood 
flow in IRA. In this study, we also demonstrated higher EDV 
values in patients with TIMI 2–3 blood flow in IRA.

We were first to show that the use of a combination 
of two simple hemostasis assessment methods allows 
estimating the degree of IRA blood flow impairment. It 
should be noted that these parameters assess the degree of 
impaired IRA blood flow without taking into consideration 
the ST-segment changes on the ECG. Our results make it 
possible to identify patients who are very likely to have IRA 
occlusion. This may be relevant for the rate of myocardial 
revascularization in patients with NSTEMI, since it can 
be delayed up to 24 hours from the time of hospitalization 
according to the current guidelines [23].

The analysis of the long-term course of the disease 
showed a more frequent development of minor bleeding 
in patients with TIMI 2–3 blood flow in IRA in the acute 

AMI, acute myocardial infarction; IRA, infarction-related  
artery; AUC Asa, platelet aggregation induced  
by arachidonic acid; CT, clotting time.
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Table 2. Hospital-acquired complications of AMI, n (%)

Parameter

Patients  
with IRA 

blood flow 
TIMI 0–1  
(n = 63)

Patients  
with IRA 

blood flow 
TIMI 2–3  
(n = 30)

p

Clinical death, n (%) 3 (5.0) 2 (6.6) 0.99

Death, n (%) 0 0 —

ALVF, n (%) 11 (18.3) 2 (6.7) 0.2

Platelet IIb/IIIa  
inhibitor infusion, n (%) 11 (18.3) 2 (6.6) 0.2

MV, n (%) 3 (5.0) 0 —

Mechanical circulatory 
support, n (%) 2 (3.3) — —

Stent thrombosis, n (%) 2 (3.17) 1 (3.3) 0.96

AV block, n (%) 2 (3.4) 1 (3.3) 0.99

Major bleeding, n (%) 0 0 —

Primary endpoint, n (%) 26 (41.3) 5 (16.7) 0.015

AMI, acute myocardial infarction; ALVF, acute left ventricular  
failure; MV, mechanical ventilation; AV, atrioventricular;  
IRA, infarct-related artery.

Table 3. Long-term course  
of the disease in patients with AMI, n (%)

Outcome

Patients  
with IRA 

blood flow 
TIMI 0–1  
(n = 34)

Patients  
with IRA 

blood flow 
TIMI 2–3  
(n = 21)

p

Death, n (%) 1 (2.9) 0 —

Death from cardiovascular 
causes, n (%) 0 0 —

Recurrent PCI, n (%) 0 1 (4.8) —

Repeat emergency 
revascularization, n (%) 4 (11.7) 1 (4.8) 0.36

Stent thrombosis, n (%) 2 (5.9) 0 —

Major bleeding  
(BARC 3–5), n (%) 0 0 —

Minor bleeding  
(BARC 1–2), n (%) 3 (8.5) 7 (30.4) 0.045

AMI, acute myocardial infarction; IRA, infarct-related artery.
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phase of the disease. These patients have less intense 
clotting, which makes them more prone to hemorrhagic 
complications during dual antiplatelet therapy. It seems that 
patients of this group should be supervised more carefully 
due to possible hemorrhagic complications and possibly 
with de-escalation of antiplatelet therapy, which was shown 
to be safe in the TROPICAL-ACS trial [24].

Limitations
The main limitation of the study is the small sample size 

and low incidence of various hospital-acquired and delayed 
complications of AMI, which allows analyzing then only as a 
part of the composite point. The relatively low incidence of 
delayed complications of AMI and major bleeding is due to 
the study design, which did not include patients at very high 
risk (cardiogenic shock, mechanical complications of AMI).

Conclusion
Patients with acute myocardial infarction and TIMI 0–1 

blood flow in the infarct-related artery are characterized 
by the deteriorated functional state of the endothelium, 
more intensive clotting and platelet aggregation processes 
compared to patients with intact blood flow. It was shown for 
the first time that the concomitant use of two simple criteria 
of hemostasis assessment (AUC Asa; CT) allows estimating 
the degree of blood flow impairment in the infarct-related 
artery in patients with acute myocardial infarction. The data 
obtained can be used as a ground for further randomized 
trials to develop the best possible management strategy for 
patients with acute myocardial infarction depending on 
coronary blood flow.

Funding
This study was supported by a grant from the Evdokimov  
Moscow State University of Medicine and Dentistry, Agreement  
# KNP-06 / 21. The publication was supported by Servier.

The article was received on 03/05/2022

REFERENCES

1. Alabas OA, Jernberg T, Pujades-Rodriguez M, Rutherford MJ, 
West RM, Hall M et al. Statistics on mortality following acute myo-
cardial infarction in 842 897 Europeans. Cardiovascular Research. 
2020;116(1):149–57. DOI: 10.1093/cvr/cvz197

2. Widimsky P, Crea F, Binder RK, Lüscher TF. The year in cardi-
ology 2018: acute coronary syndromes. European Heart Journal. 
2019;40(3):271–82. DOI: 10.1093/eurheartj/ehy904

3. Fefer P, Beigel R, Atar S, Aronson D, Pollak A, Zahger D et al. 
Outcomes of Patients Presenting With Clinical Indices of Spon-
taneous Reperfusion in ST-Elevation Acute Coronary Syn-
drome Undergoing Deferred Angiography. Journal of the Amer-
ican Heart Association. 2017;6(7):e004552. DOI: 10.1161/JA-
HA.116.004552

4. Stone GW, Cox D, Garcia E, Brodie BR, Morice M-C, Griffin J et al. 
Normal Flow (TIMI-3) Before Mechanical Reperfusion Therapy 

Is an Independent Determinant of Survival in Acute Myocardial In-
farction: Analysis From the Primary Angioplasty in Myocardial In-
farction Trials. Circulation. 2001;104(6):636–41. DOI: 10.1161/
hc3101.093701

5. Urazovskaya I.L., Skrypnik D.V., Vasilieva E.Yu., Shpektor A.V. Influ-
ence of the state of the endothelium on the possibility of spontaneous 
thrombolysis in patients with ST-elevation myocardial infarction. Cre-
ative Cardiology. 2008;1:36–8. [Russian: Уразовская И.Л., Скрып-
ник Д.В., Васильева Е.Ю., Шпектор А.В. Влияние состояния эн-
дотелия на возможность спонтанного тромболизиса у больных 
с острым инфарктом миокарда с подъемом сегмента ST. Креатив-
ная кардиология. 2008;1:36-8]

6. Hwang H, Park C, Cho J, Jin E, Sohn I, Kim D et al. Clinical char-
acteristics of occluded culprit arteries and collaterals in patients 
with non‑ST‑segment elevation myocardial infarction and im-

Event month

Event month

In
cid

en
ce

 ra
te

 of
 th

e s
ec

on
da

ry
 en

dp
oi

nt
In

cid
en

ce
 of

 m
in

or
 bl

ee
di

ng

0.6

0.8

1.0

0.4

0.2

0
0.60.40.20 1.0

p=0.045

p=0.55

0.6

0.8

1.0

0.4

0.2

0
3020100 40

А

B

Blood �ow in I�
I� blood �ow TIMI 0–1
I� blood �ow TIMI 2–3
I� blood �ow 
TIMI 0–1 censored
I� blood �ow 
TIMI  2–3 censored

Blood �ow in I�
Impaired blood �ow in I�
Intact blood �ow in I�
Disturbed I� blood 
�ow censored
Intact blood �ow 
in I� censored

Figure 4. Kaplan-Meier curves: incidence of secondary  
endpoint (A) and incidence of minor bleeding (B) in patient 
with impaired (TIMI 0–1) and intact (TIMI 2–3)  
blood flow in infarct-related artery



37ISSN 0022-9040. Kardiologiia. 2022;62(7). DOI: 10.18087/cardio.2022.7.n2143

ORIGINAL ARTICLES§
pact on clinical outcomes. Experimental and Therapeutic Medicine. 
2018;16:3710–20. DOI: 10.3892/etm.2018.6605

7. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Mor-
row DA et al. Fourth Universal Definition of Myocardial Infarc-
tion (2018). Circulation. 2018;138(20):e618–51. DOI: 10.1161/
CIR.0000000000000617

8. Appleby MA, Michaels AD, Chen M, Michael CG. Importance 
of the TIMI frame count: Implications for future trials. Current Con-
trolled Trials in Cardiovascular Medicine. 2000;1(1):31–4. DOI: 
10.1186/CVM-1-1-031

9. Korpallová B, Samoš M, Bolek T, Škorňová I, Kovář F, Kubisz P 
et al. Role of Thromboelastography and Rotational Thromboelas-
tometry in the Management of Cardiovascular Diseases. Clinical 
and Applied Thrombosis/Hemostasis. 2018;24(8):1199–207. DOI: 
10.1177/1076029618790092

10. Balandina AN, Serebriyskiy II, Poletaev AV, Polokhov DM, Grache-
va MA, Koltsova EM et al. Thrombodynamics – A new global hemo-
stasis assay for heparin monitoring in patients under the anticoagulant 
treatment. PLOS ONE. 2018;13(6):e0199900. DOI: 10.1371/jour-
nal.pone.0199900

11. Alley H, Owens CD, Gasper WJ, Grenon SM. Ultrasound Assessment 
of Endothelial-Dependent Flow-Mediated Vasodilation of the Bra-
chial Artery in Clinical Research. Journal of Visualized Experiments. 
2014;92:e52070. DOI: 10.3791/52070

12. Lemkes JS, Janssens GN, van Royen N. ST-resolution and spontane-
ous reperfusion in patients with transient ST-segment elevation myo-
cardial infarction. European Heart Journal. 2019;40(29):2465–2465. 
DOI: 10.1093/eurheartj/ehz333

13. Fefer P, Hod H, Hammerman H, Boyko V, Behar S, Matetzky S. Re-
lation of Clinically Defined Spontaneous Reperfusion to Outcome 
in ST-Elevation Myocardial Infarction. The American Journal of Car-
diology. 2009;103(2):149–53. DOI: 10.1016/j.amjcard.2008.08.050

14. Abani O, Abbas A, Abbas F, Abbas M, Abbasi S, Abbass H et al. To-
cilizumab in patients admitted to hospital with COVID-19 (RECO
VERY): a randomised, controlled, open-label, platform tri-
al. The Lancet. 2021;397(10285):1637–45. DOI: 10.1016/S0140-
6736(21)00676-0

15. Kim JW, Seo HS, Suh SY, Choi CU, Kim EJ, Rha S-W et al. Relation-
ship Between Lipoprotein(a) and Spontaneous Recanalization of In-
farct-related Arteries in the Early Phase of Acute Myocardial Infarction. 
Clinical Cardiology. 2008;31(5):211–6. DOI: 10.1002/clc.20143

16. Li J, Zhou Y, Zhang Y, Zheng J. Admission homocysteine is an inde-
pendent predictor of spontaneous reperfusion and early infarct-re-
lated artery patency before primary percutaneous coronary inter-
vention in ST-segment elevation myocardial infarction. BMC Car-
diovascular Disorders. 2018;18(1):125. DOI: 10.1186/s12872-018-
0868-3

17. Kalinskaya A.I., Savvinova P.P., Vasilieva E.Yu., Shpektor A.V. The spe-
cifics of clotting and endogenic fibrinolysis in acute coronary syn-
drome patients. Russian Journal of Cardiology. 2018;23(9):12–
6. [Russian: Калинская А.И., Саввинова П.П., Васильева Е.Ю., 
Шпектор А.В. Особенности тромбообразования и эндогенно-
го фибринолиза у пациентов с острым коронарным синдромом. 
Российский кардиологический журнал. 2018;23(9):12-6]. DOI: 
10.15829/1560-4071-2018-9-12-16

18. Savvinova P.P., Kalinskaya A.I., Manchurov V.N., Anisimov K.V., 
Vailieva E.Yu., Shpektor A.V. Coronary angiogram and laboratory pa-
rameters of blood clot formation and lysis correlation in patients with 
acute coronary syndrome. Russian Journal of Endovascular Surgery. 
2019;6(3):207–13. [Russian: Саввинова П.П., Калинская А.И., 
Манчуров В.Н., Анисимов К.В., Васильева Е.Ю., Шпектор А.В. 
Взаимосвязь данных коронарографии и лабораторных параметров 
образования и лизиса тромба у больных с острым коронарным 
синдромом. Эндоваскулярная хирургия. 2019;6(3):207-13]. DOI: 
10.24183/2409-4080-2019-6-3-207-213

19. Sumaya W, Wallentin L, James SK, Siegbahn A, Gabrysch K, Bertils-
son M et al. Fibrin clot properties independently predict adverse clin-
ical outcome following acute coronary syndrome: a PLATO substudy. 
European Heart Journal. 2018;39(13):1078–85. DOI: 10.1093/eur-
heartj/ehy013

20. Małek ŁA, Kłopotowski M, Śpiewak M, Waś J, Kunicki PK, Rużyłło W 
et al. Patency of infarct-related artery and platelet reactivity in pa-
tients with ST-segment elevation myocardial infarction. Cor et Vasa. 
2013;55(2):e126–30. DOI: 10.1016/j.crvasa.2012.12.005

21. Börekçi A, Gür M, Türkoğlu C, Selek Ş, Baykan AO, Şeker T et al. Ox-
idative Stress and Spontaneous Reperfusion of Infarct-Related Artery 
in Patients With ST-Segment Elevation Myocardial Infarction. Clin-
ical and Applied Thrombosis/Hemostasis. 2016;22(2):171–7. DOI: 
10.1177/1076029614546329

22. Kalinskaya A, Dukhin O, Lebedeva A, Maryukhnich E, Rusakovich G, 
Vorobyeva D et al. Circulating Cytokines in Myocardial Infarction 
Are Associated With Coronary Blood Flow. Frontiers in Immunology. 
2022;13:837642. DOI: 10.3389/fimmu.2022.837642

23. Collet J-P, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL 
et al. 2020 ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment el-
evation. European Heart Journal. 2020;32(23):2999–3054. DOI: 
10.1093/eurheartj/ehaa575

24. Sibbing D, Aradi D, Jacobshagen C, Gross L, Trenk D, Geisler T et al. 
Guided de-escalation of antiplatelet treatment in patients with acute 
coronary syndrome undergoing percutaneous coronary interven-
tion (TROPICAL-ACS): a randomised, open-label, multicentre tri-
al. The Lancet. 2017;390(10104):1747–57. DOI: 10.1016/S0140-
6736(17)32155-4


