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Abstract
Background: Coronavirus disease 2019 (COVID-19) is thought to be prothrombotic, and this can affect atherothrombotic 
diseases. Methods: This is a single-center retrospective observational study conducted on patients with ST-segment-elevation 
myocardial infarctions. We enrolled 277 subjects, respectively, between 1 March and 31 December 2019 (cohort A, N° 85), 1 
March and 31 December 2020 (cohort B, N° 76) and 1 March and 31 December 2021 (cohort C, N° 116). The coronary thrombotic 
burden was assessed using the thrombus grade score. Results: Patients in cohorts B and C present a higher coronary thrombosis 
burden than patients in cohort A. However, this does not correlate with worse clinical outcomes; in fact, there is neither an 
increase in hospitalization days nor a reduction in left-ventricle ejection fractions, and the in-hospital death rate is similar among 
the three patient cohorts. There are no significant differences in the incidence of non-coronary thrombotic events. The subgroup 
of vaccinated patients in cohort C present no significant differences in coronary thrombotic burden. Conclusions: In patients 
with ST-segment-elevation myocardial infarctions during the COVID-19 pandemic, an increase in coronary thrombotic burden 
is observed while the in-hospital death rate does not change significantly.
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Onset and the First Medical Contact; STEMI: acute coronary 
syndrome with ST-Elevation Myocardial Infarction; TIMI: 
Thrombolysis in Myocardial Infarction; TB: Thrombus Burden; 
TF: Tissue Factor; TG: Thrombus Grade; UFH: Unfractionated 
Heparin; vWF: von Willebrand Factor

Introduction
The coronavirus disease 2019 (COVID-19) pandemic, 

also known as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), is an infectious respiratory disease caused by the 
virus known as COVID-19 belonging to the coronavirus family. 
Although COVID-19 presents tropism for the epithelial cells 
of the respiratory tract that express the angiotensin-converting 
enzyme-2 (ACE-2) receptor, patients with COVID-19 infection 
may present symptoms of hyper-systemic inflammation that can 
sometimes cause an increase in clotting, and thus predispose them 
to thrombotic events in both venous and arterial circulation [1]. 
Moreover, thrombotic complications in SARS-CoV-2 infections 
are an important cause of morbidity and mortality [2,3].

This thrombogenicity is thought to be secondary to a process 
of systemic inflammation, platelet activation and endothelial 
dysfunction [4].

A wide variety of studies show the impaired haemostatic 
balance in SARS-CoV-2 infection, both in hypercoagulation and 
hypofibrinolytic states [5-8]. Unfortunately, the mechanisms 
underlying the haemostatic disorders associated with SARS-
CoV-2 infection are not yet completely defined. 

A severe inflammatory response to the virus, known as 
“thrombus inflammation” [2], was confirmed in other coronavirus 
infections, such as severe acute respiratory syndrome coronavirus 
1 (Sars-Cov-1) and Middle-Eastern respiratory syndrome (MERS) 
[9]. 

The intense inflammatory response can also cause 
widespread endothelial damage. It is currently unknown whether 
the virus has a direct effect on platelet activity [10-11].

Endothelial damage causes the exposure to subendothelial 
collagen and tissue factor (TF), which, together with the von 
Willebrand factor (vWF), leads to the activation of the coagulation 
cascade and platelet adhesion pathways [12-13]. Furthermore, 
angiotensin II upregulates the expression of the type-I plasminogen-
activator inhibitor (PAI-1) in endothelial cells [14], thus creating a 
prothrombotic condition.

SARS-CoV-2 vaccines used, at present, to prevent 
COVID-19 encode for the spike protein. However, thrombotic 
events with associated thrombocytopenia were reported in subjects 
receiving viral vector vaccines [15-18], probably caused by the 

cross-reaction of platelet-activating factor-4 antibodies [19].

Among the four SARS-CoV-2 vaccines approved in 
Italy at the time of enrollment of our patients, two were mRNA 
vaccines (Pfizer and Moderna) and two were viral vector vaccines 
(AstraZeneca and Johnson & Johnson).

STEMI remains an important cause of cardiovascular 
mortality and morbidity, and coronary thrombosis is the main 
pathophysiological mechanism. In addition, thrombotic burden, 
coronary artery type or number of vessels involved, distal 
embolization and no reflow affect the short- and long-term 
mortality rates of heart attack patients [20-22].

The literature data show that COVID-19 infection may 
increase the risk of ischemic cardiovascular events. Similar to other 
acute infections, the underlying mechanisms may include cytokine-
mediated plaque destabilization and blood hypercoagulability [23-
26].

However, it is difficult to establish the actual prevalence of 
COVID-19 infection in the general population, as often the disease 
may be completely asymptomatic.

This study aims to identify whether, during the COVID-19 
pandemic, there was an increase in the coronary thrombotic load 
in patients with STEMI, and then specifically assess whether 
there was a change in the coronary thrombus burden (TB) in 
patients with STEMI in the period during 2020–2021 compared 
to the pre-pandemic period (2019). This evaluation is constructed 
by analyzing the coronarography images acquired during the 
revascularization procedure, performed in urgency/emergency, 
in patients with STEMI treated with primary angioplasty at the 
Hemodynamics Laboratory of the Grosseto Hospital. 

The materials and drugs used during the revascularization 
procedure, medical records and discharge letters were consulted. 
For the period during 2020–2021, the presence of any previous 
SARS-CoV-2 infection and/or vaccination for SARS-CoV-2 that 
occurred prior to the STEMI event was evaluated.

Materials and Methods
This was a single-center retrospective observational study. 

A total of 277 subjects were included for the analysis, observed, 
respectively, between 1 March and 31 December 2019 (cohort A, 
N 85), between 1 March and 31 December 2020 (cohort B, N 76), 
and between 1 March and 31 December 2021 (cohort C, N 116).

The inclusion criteria were the presence of ST-elevation 
myocardial infarction (STEMI) with epicardial coronary 
thrombotic obstruction treated with primary percutaneous 
coronary intervention. As for the patients enrolled in 2020–2021, 
the presence of a negative SARS-CoV-2 test at the time of hospital 
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admission for STEMI was considered.

The exclusion criteria were the absence of epicardial 
coronary thrombotic obstruction, a history of pro-thrombotic 
diseases and the presence of a positive SARS-CoV-2 test at the 
time of hospital admission for STEMI. The age and sex of patients; 
height and weight; prevalence of cardiovascular risk factors, 
including hypertension (PA >140/80 or chronic antihypertensive 
therapy patients); dyslipidemia (higher than normal cholesterol/
triglyceride values or patient in hypolipidemic therapy); diabetes 
mellitus (Hb glycate higher than 6.5%, fasting blood sugar higher 
than 128 mg/dl or patient in hypoglycemic therapy); obesity 
evaluated as body mass index (BMI) >25 Kg/h2 and previous or 
current exposure to smoking were recorded.

Among the data related to the procedure, we analyzed the 
culprit vessel, the total number of diseased vessels, the use of 
thrombectomy systems (such as manual thrombus aspiration) and 
the use of the glycoprotein IIb-IIIa inhibitor (GP IIb/IIIa-I). The 
interventional coronary artery strategy was an operator’s choice, 
including the use of stents, pre- and post-dilatation and manual 
thrombectomy. Upon the initial medical contact, all patients were 
treated with a loading dose of intravenous aspirin and a UFH 
bolus of 80 IU/kg; only immediately before the revascularization 
procedure was a second antiplatelet agent, among the P2Y12 
inhibitors, administered.

An ACT consistently longer than 250 seconds was achieved 
during primary percutaneous coronary intervention (PCI). ACT 
was recorded at 15-minute intervals after the initial dose of 
heparin. There were no significant differences between cohorts in 
the total dose of UFH administered. GP IIb/IIIa-I was used based 
on the operator’s choice.

The primary endpoint of this study was to evaluate coronary 
thrombus burden (TB) through a retrospective analysis of the 
coronary imaging of patients with STEMI and an angiographic 
demonstration of epicardial coronary thrombotic obstruction. 
The angiographic aspect of the coronary obstruction, the pre- and 
post-PCI TIMI flow in the artery related to the heart attack and 
the thrombotic load through the thrombus grade (TG) score were 
analyzed. TG is a radiological assessment classified (G) as G0 = 
no thrombus, G1 = possible thrombus, G2 = small (maximum size 
1/2 vessel diameter (VD)), G3 = moderate (> 1/2 but < 2VD), G4 
= large (> 2VD) and G5 = impossible to evaluate thrombosis due 
to total vessel occlusion. Patients with G5 may be reclassified to 
another TG category after passing a small guide wire or balloon 
[27]. TG score was evaluated by three different operators and 
subsequently each patient was assigned a TG value corresponding 
to the mean of the three measurements.

Where possible, myocardial blush (MB) analysis was 
performed. The MB grade was defined as follows: 0, no myocardial 

blush or contrast density; 1, minimal myocardial blush or contrast 
density; 2, moderate myocardial blush or contrast density, but 
less than that obtained during angiography of a contralateral or 
ipsilateral non-infarct-related coronary artery; and 3, normal 
myocardial blush or contrast density [28]. However, MB was 
evaluated in a limited sample of patients, because it was not 
always feasible to obtain images that allowed this type of analysis 
to be performed.

The secondary endpoint was to assess whether coronary 
TB changed particularly in patients who underwent SARS-CoV-2 
vaccinations prior to the STEMI event. In addition, the prevalence 
of non-coronary cardiovascular events, such as ischemic stroke 
or pulmonary thromboembolism, recorded concurrently with the 
STEMI event or in the previous period, was assessed in the three 
cohorts of patients. For each group, any previous COVID-19 
infection and any vaccination for SARS-CoV-2 with the relative 
timing was then recorded. 

A further analysis was performed on the timing of the 
presentation and assistance of patients during STEMI; in 
particular, in the three patient cohorts, we evaluated the time that 
elapsed between the onset of symptoms (SO) and the first medical 
contact (FMC), and the time between the FMC and access to the 
hemodynamics room (Hemo). Furthermore, in cohort-C patients, 
SO-FMC and FMC-Hemo times were compared with TG values.

Statistical analysis

A value of 2-tails p <0.05 defined statistical significance. 
The variables were expressed as counts (percentages), average 
DS and average as appropriate. The calculation of the standard 
error on a normal distribution was used for the comparison 
between averages. Chi-squared analysis was used to compare 
the categorical data between groups.  Student’s t-test was used to 
compare the continuous data normally distributed between groups. 
The correlation was performed using Pearson’s correlation analysis 
and Spearman’s correlation analysis in the case of asymmetric 
variables.

Institutional Review Board Statement

The study was approved by the Tuscan regional ethics committee 
(SPACE, ID: 22673; 20/07/2022).

Results
We observed no significant differences in age, gender 

or body mass index between the cohorts of patients. The same 
prevalence of cardiovascular risk factors was also observed in the 
three cohorts. Blood levels of hemoglobin, platelets, creatinine 
and lipid values were also observed to be overlapping between the 
different cohorts of patients. The prevalence of dysthyroidism was 
the same in the three cohorts. 
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High-sensitive cardiac troponin T (Hs-cTnT) levels were higher in cohorts B and C compared to cohort A, but without statistical 
significance see in (Table 1).

Variables Cohort A
(N° 85)

Cohort B
(N°76)

Cohort C
(N°116)

Cohorts
B and C
(N° 192)

p-value

Age 68,0 ± 4,0 67,2 ± 6,1 65,2 ± 3,1 66,2 ± 4,3 ns

Male 57 (60,1%) 47 (61,8%) 83 (71,6%) 130 (67,7 %) ns

Hypertension 44 (51,7 %) 39 (51,3 %) 63 (54,3 %) 102 (53,1 %) ns

Diabetes mellitus 16 (18,8 %) 18 (23,6 %) 22 (18,9 %) 40 (20,8 %) ns

Dyslipidemia 42 (49,4 %) 40 (52,6 %) 62 (53,4 %) 102 (53,1 %) ns

Smoking 38 (44,7 %) 34 (44,7 %) 56 (48,2 %) 90 (46,8 %) ns

Dysthyroidism 9 (10,5 %) 8 (10,5 %) 12 (10,3 %) 20 (10,4 %) ns

BMI 26,0 ± 0,6 26,3 ± 0,8 26,8 ± 0,4 26,6 ± 0,5 ns

History of ischemic stroke 4 (4,6%) 3 (3,9 %) 4 (3,4%) 7 (3,6 %) ns

History of PTE 0 (0.0%) 1 (1,3 %) 2 (1,7%) 3 (1,5 %) p = 0,1

Blood Tests Cohort A
(N° 85)

Cohort B
(N°76)

Cohort C
(N°116)

Cohorts
B and C
(N° 192)

p-value

Hemoglobin(g/dl) 13,0 ± 0,1 13,1 ± 0,1 12,8 ± 0,1 12,9 ± 0,1 ns

Platelet (migl/mmc) 242,9 ± 143,9 247,9 ± 82,6 228,2 ± 78,1 240,9 ± 80,3 ns

TOTAL cholesterol (mg/dl) 180,4 ± 36,3 174,7 ± 33,6 179,4 ± 28,4 179,1 ± 31,0 ns

HDL cholesterol (mg/dl) 43,1 ± 2,8 44,9 ± 3,5 41,7 ± 1,1 46,8 ± 2,4 ns

LDL cholesterol (mg/dl) 116,7 ± 28,8 117,9 ± 33,4 116,6 ± 20,3 115,1 ± 25,8 ns

Triglycerides (mg/dl) 130,1 ± 77,4 133,7 ± 86,7 137,4 ± 90,0 132,5 ± 89,5 ns

Creatinine (mg/dl) ± DS 1,1 ± 0,7 1,1 ± 0,4 1,0 ± 0,2 1,0 ± 0,3 ns
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Hs-cTnT (ng/l)
(interquartile range) 3543 (2150-4023) 3827 (1425-4192) 4168 (1282-5530) 3999 (1307-5219 p = 0,4

Culprit Vessel Cohort A
(N° 85)

Cohort B
(N°76)

Cohort C
(N°116)

Cohorts
B and C
(N° 192)

p-value

LADa 44 (51,7 %) 35 (46,1 %) 52 (44,8%) 87 (45,3 %) ns

CXa 9 (10,6 %) 11 (14,5 %) 10 (8,6 %) 21 (10,9 %) ns

RCA 20 (23,3 %) 23 (30,3 %) 36 (31,0 %) 59 (30,7 %) ns

IRa 2 (2,3 %) 2 (2,6 %) 4 (3,4 %) 6 (3,1 %) ns

OMa 3 (3,5 %) 1 (1,3 %) 5 (4,3 %) 6 (3,1 %) ns

D1a 3 (3,5 %) 2 (2,6%) 8 (6,9 %) 10 (5,2 %) ns

Table 1: Baseline characteristics of patients.

Primary endpoint: B- and C-cohort patients had a coronary thrombotic burden, evaluated with the TG score, significantly higher than 
cohort-A patients see in (Figure 1). However, rates of stent thrombosis and the use of thrombectomy systems did not vary significantly 
between the three cohorts of patients.

Figure 1: Modified thrombus grade in the three patient cohorts and the comparison between cohorts before and after the COVID-19 
pandemic.

In addition, cohort-B and -C patients had basal values of TIMI flow-grades 0-1 and TG 4 or 5 significantly greater than the 
cohort-A patients. TIMI flow-grade 3 in the culprit vessel, at the end of the procedure, was obtained from almost all patients undergoing 
a revascularization procedure and overlapped in the three cohorts of patients.
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There were significantly higher rates of multivessel involvement in B- and C-cohort patients than in cohort A. Cardiogenic 
shock rates were similar in the three cohorts of patients. Additionally, there were no significant differences in left ventricular systolic 
dysfunction and days in intensive care. The most involved vessel in STEMI was the left anterior descending (LAD) artery in all patient 
cohorts see in (Table 2).

Baseline and procedural 
characteristics of patients

Cohort A (N° 
85) Cohort B (N°76) Cohort C (N°116)

Cohorts
 B and C 
(N° 192)

Compared Cohort A 
to Cohorts B and C

(p-value) 

Baseline TIMI flow-grade-scores 0 
or 1 53 (62,4 %) 63 (82,9 %) 84 (72,4 %) 147 (76,6%) p = 0,01

Baseline thrombus grade scores 4 or 5 31 (36,4 %) 38 (50 %) 58 (50,0 %) 96 (50 %) p <0,05

Modified thrombus grade post first 
device (average)

2,85 ± 0,31 3,41 ± 0,24 3,45 ± 0,20 3,43 ± 0,15 p = 0,001

Stent thrombosis 2 (2,4 %) 6 (7,9 %) 7 (6,0 %)  13 (6,8 %) p = 0,1

Multi-vessel lesions
(> or = 2) 20 (23,5 %) 32 (42,1 %) 40 (34,5 %) 72 (37,5 %) p <0,05

Aspiration thrombectomy use 7 ( 8,2 %) 10 (13,2%) 15 (12,9%) 25 (13,0 %) p = 0,1

GPIIb-IIIa inhibitors 5 (5,9 %) 4 (5,3 %) 6 (5,2 %) 10 (5,2 %) ns

Cardiogenic shock 15 (17,6 %) 12 (15,8 %) 18 (15,5 %) 30 (15,6 %) ns

In-hospital deaths 4 (4,7%) 3 (3,9%) 6 (5,2%) 9 (4,7%) ns

LVEF >50%
LVEF <35%

 39 (46,0 %)
 11 (12,9%)

 31 (40,0 %)
 10 (13,1 %)

41 (35,3%)
 13 (11,2%)

  72 (37,5%)
23 (11,9%)

p = 0,1
p = 0,1

Average N° of days of hospitalization  8,5 ± 0,5  8,4 ± 0,9 8,2 ± 1,3 8,3 ± 1,1 ns

Post PCI TIMI flow-grade 3 82 (96,4 %) 74 (97,4 %) 112 (96,6 %) 186 (96,8 %) ns

Table 2: Procedural characteristics of patients and results.

MB analysis was performed on a limited sample of patients because adequate angiographic images for this analysis were not 
always available. Therefore, the final MB score 2-3 (expressed as a percentage) was significantly lower in cohorts B and C than in cohort 
A (p-value <0.01) (Figure 2).
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Figure 2: Analysis of myocardial blush (MB), evaluated at the end of the procedure, in samples obtained from the three patient 
cohorts.

Secondary endpoint: In cohort C, 90 patients were vaccinated for SARS-CoV-2 with at least 1 dose of the vaccine, of which 82 patients 
received a second dose and 60 patients received a third dose; 76 patients received at least 1 dose of vaccine before the STEMI event, 
while 22 were patients never vaccinated for SARS-CoV-2 see in (Table 3).

Cohort C (N° 116) Pfizer Moderna AstraZeneca Johnson Vaccinated Patients

I° dose 70 7 8 5 90

II° dose 64 9 7 2 82

III° dose 38 22 0 0 60

Table 3: Prevalence of SARS-CoV-2 vaccinations in cohort C.

 There were no statistically significant differences in coronary TB evaluated with the TG score between vaccinated and unvaccinated 
patients for SARS-CoV-2.

Furthermore, there was no significant difference in the baseline TIMI flow between vaccinated and unvaccinated patients see in (Table 
4). 

Cohort C (N° 116) Unvaccinated 
patients (26)

Patients 
vaccinated with 1 

dose (83)

Patients 
vaccinated with 2 

doses (79)

Patients 
vaccinated with 3 

doses (56)

All patients 
vaccinated before the 

acute event (N 76)
p-value

Thrombus grade score 3,33 ± 0,06 3,55 ± 0,02 3,55 ± 0,03 3,56 ±0,03 3,46 ± 0,03 ns

Average TIMI flow 0,92 ± 0,1 0,96 ± 0,0 ns

Table 4: Modification of TB in unvaccinated versus vaccinated patients.
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In cohort C, among those vaccinated with the first dose (77.5% of patients), 86% received a viral mRNA vaccine while 14% 
received a viral vector vaccine. In the 2-dose vaccines (70% of patients), 90% received a viral mRNA vaccine while only 10% received 
a viral vector vaccine. In the 3-dose vaccines (51% of patients), no subjects received a viral vector vaccine (Table 3).

Again, in our comparison analysis of the different types of vaccines administered (mRNA versus viral vector vaccines), there were 
no significant differences in thrombus burden (TB), or in subjects vaccinated with one dose (p-value = 0,62), or in subjects vaccinated 
with two doses (p-value = 0,74).

The symptom onset and first medical contact (SO-FMC) time was longer in cohorts B and C than in cohort A (p-value = 0,01). On 
the other hand, the first medical contact–hemodynamic room (FMC-Hemo) time was not statistically different see in (Figure 3).

Figure 3: Analysis of the time between the symptom onset (SO) and first medical contact (FMC) and the time between the FMC and 
patients in the hemodynamics room (Hemo).

 Again, by analyzing the SO-FMC time and comparing it with TB using a correlation analysis, we observed that there were no 
significant differences between patients with low TB (TG 1-3) compared to patients with higher TB (TG 4-5) (p-value> 0,1) see in 
(Figure 4).

Figure 4: Modified thrombus grade related to the time (minutes) between symptom onset (SO) and first medical contact (FMC) and the 
time between FMC and patients in the hemodynamics room (Hemo).
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Regarding the prevalence of non-coronary thrombotic 
events, such as cerebral ischemic stroke, there were no significant 
differences between the three patient cohorts. We recorded more 
pulmonary thromboembolism (PTE) cases in cohorts B and C in 
comparison to cohort A, but without statistical significance.

Discussion
This observational study described the impact that 

COVID-19 infection can have on patients with ST-elevation 
myocardial infarction (STEMI) in a primary percutaneous 
coronary intervention (PCI) center. This analysis demonstrated 
a clear signal of increased coronary thrombotic load in STEMI 
patients in the COVID-19 era compared to the pre-pandemic 
period. This was evidenced by a higher thrombus burden (TB), 
a higher incidence of multiple thrombotic lesions and a lower 
TIMI flow baseline grade. In cohorts of patients with STEMI 
during the COVID-19 pandemic, myocardial blush (MB) analysis 
demonstrated the presence of a lower MB 2-3 grade (assessed at the 
end of the procedure). This was also associated with an increased 
use of intracoronary thrombectomy systems. Previous studies 
demonstrated that the pre-procedural TIMI flow is associated with 
worse outcomes [29].

Nevertheless, STEMI in the COVID-19 era would not seem 
to be associated with major myocardial damage; in fact, the left 
ventricular systolic function in patients from cohorts B and C 
was not lower than that of patients in cohort A, and there was no 
increase in the number of days in intensive care or in the duration 
of hospitalization. Even the incidence of cardiogenic shock in 
cohorts B and C was not significantly higher than in cohort A.

Although rare episodes of prothrombotic immune 
thrombocytopenia were reported following SARS-CoV-2 
vaccinations [30], in our comparison analysis between vaccinated 
and unvaccinated patients, there were no significant differences in 
TB and TIMI flow at baseline. However, even among vaccinated 
patients there were no significant differences in TB in relation to 
the different types of vaccines.

In the time of care for patients with STEMI, there was a 
significant increase in the SO-FMC time in cohorts B and C 
compared to cohort A; this was, however, in line with the data 
obtained from the literature [31] and could be explained by the 
longer delay of acute coronary syndrome (ACS) patients to alert 
emergency services or to go to hospital during the COVID-19 
pandemic. This could therefore be a relevant cofactor in causing 
an increase in TB; however, the analysis obtained by comparing 
the symptoms onset–first medical contact (SO-FMC) time with 
the thrombus grade (TG) did not present a statistically significant 
correlation; therefore, the increased TB during the COVID-19 
pandemic cannot be explained solely by the longer coronary 

occlusion time.

It is known that COVID-19 infection can be associated with 
a prothrombotic state that can affect both the arterial and venous 
districts; in fact, an increase in the thrombogenicity of COVID-19 
infection has been described in the literature both in pulmonary 
thromboembolism (PTE) [1] and acute ischemic stroke [32]. 
However, in our three patient cohorts, we observed no significant 
differences in the incidence of PTE or ischemic stroke that 
preceded or was concomitant with STEMI.

The pro-thrombotic mechanisms that result in increased 
arterial TB associated with STEMI in patients with COVID-19 
are still unknown. Compared to venous thromboembolism, arterial 
thrombus formation is more likely to be due to platelet activation 
and/or endothelial dysfunction.

Some data on other viruses, such as influenza, suggest that 
an acute respiratory infection could lead to an inflammatory state 
and/or changes in the hemodynamic layer affecting the coronary 
plaque causing it to rupture and leading to a myocardial infarction 
[33].

Often, COVID-19 infection can be completely asymptomatic. 
The SARS-CoV-2 virus, causing a systemic inflammatory response 
leading to endothelial and hemostatic activation, including platelet 
activation and a coagulation cascade, could be one of the reasons 
that would explain, at least in part, the increase in coronary TB 
in patients with STEMI following the advent of COVID-19 [34]. 

Therefore, in the future, when the mechanisms that 
increased thrombogenicity during SARS-CoV-2 disease become 
clearer, there may be a more specific therapeutic approach to better 
manage this disease.

Conclusions
In patients presenting with STEMI in the COVID-19 era, 

there was a strong signal towards increased coronary thrombotic 
loads; further research is therefore needed to understand the 
mechanism leading to increased thrombotic burden in patients with 
SARS-CoV-2 infection. However, this was not correlated with 
worse clinical outcomes. It is necessary to establish a COVID-19 
status in all cases of STEMI, and it remains important to choose 
the benefit of the aggression of antithrombotic therapy in selected 
cases.
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