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Abstract: Coronavirus disease 2019 (COVID-19) was a global pandemic with high mortality and
morbidity that led to an increased health burden all over the world. Although the virus mostly affects
the pulmonary tract, cardiovascular implications are often observed among COVID-19 patients and
are predictive of poor outcomes. Increased values of myocardial biomarkers such as troponin I
or NT-proBNP were proven to be risk factors for respiratory failure. Although the risk of acute
coronary syndromes (ACSs) was greater in the acute phase of COVID-19, there were lower rates
of hospitalization for ACSs, due to patients’ hesitation in presenting at the hospital. Hospitalized
ACSs patients with COVID-19 infection had a prolonged symptom-to-first-medical-contact time, and
longer door-to-balloon time. The mechanisms of myocardial injury in COVID-19 patients are still not
entirely clear; however, the most frequently implicated factors include the downregulation of ACE2
receptors, endothelial dysfunction, pro-coagulant status, and increased levels of pro-inflammatory
cytokines. The aim of this paper is to evaluate the long-term outcomes and prognosis of COVID-19
survivors that presented an acute myocardial infarction, by reviewing existing data. The importance
of the association between this infectious disease and myocardial infarction arises from the increased
mortality of patients with SARS-CoV-2 infection and AMI (10–76%, compared with 4.6% for NSTEMI
patients and 7% for STEMI patients without COVID-19). The literature review showed an increased
risk of cardiovascular events in COVID-19 survivors compared with the general population, even
after the acute phase of the disease, with poorer long-term outcomes.
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1. Introduction

By June 2023, more than seven hundred million people were infected with coronavirus,
and more than six million deaths had been registered worldwide [1].

Although the virus primarily affects the respiratory tract, causing a mild-to-severe
case of pneumonia and ultimately severe acute respiratory syndrome (SARS), myocardial
injury is frequently observed in patients with COVID-19 (defined as increased levels of
cardiac necrosis biomarkers, especially high-sensitivity troponin). One of the implicated
mechanisms is the fact that angiotensin-converting enzyme 2 (ACE2) works as a receptor
for coronavirus, and that this enzyme is highly expressed in the heart and lungs [2].

Studies have shown that an increase in troponin levels among COVID-19 patients was
associated with higher mortality [3]. Myocardial injury can have different electrocardio-
graphic expressions, from a normal EKG to an ST-elevated acute myocardial infarction.

In this review, we studied the incidence, possible mechanisms, and specific challenges
of acute myocardial infarction in patients with COVID-19.
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Previous studies reported that viral infections involving the respiratory tract are
potential risk factors for acute coronary syndromes (ACSs). One of the possible mechanisms
of type 1 AMI (acute myocardial infarction) is the pro-inflammatory state, which can
promote the destabilization of a coronary atherosclerotic plaque [4]. Type 2 AMI, also
known as myocardial infarction with non-obstructive coronary arteries (MINOCA), could
be promoted by hypoxia, tachycardia, and hypotension—symptoms that appear in acute
respiratory failure [5].

In SARS-CoV-2 infection, there are particular pathways that can induce AMI, such
as endothelial and microvascular injuries, coronary vasospasm, thrombosis, increased
platelet consumption, and the cytokine storm [6]. However, there is little information
about the post-SARS-CoV-2 infection sequelae. Due to the multiple pathophysiological
mechanisms involved in the occurrence of ischemic coronary disease that appear as a result
of SARS-CoV-2 infection, we considered it important to evaluate the implications of the
coexistence of these two entities.

The present manuscript aims to evaluate the outcomes and long-term prognosis of pa-
tients with acute coronary syndrome and post-SARS-CoV-2 infection status by performing
a systematic review of the available data.

2. Method

The study followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines, reported in Supplementary Table S1. The authors
used the PubMed platform and Google Scholar to search articles published from February
2020 to 2023, using the keywords “COVID” and “myocardial infarction”. Review articles,
duplicate articles, opinion letters, animal studies, corrections, and articles not relevant
to cardiology were excluded. The search was limited to articles published in English.
Research reviews and record screenings were carried out by two authors (G.C.F. and A.I.A.)
separately to extract data. Any differences in opinion, questions, and discordant data were
resolved by consulting a third author (M.R.). The inclusion criteria for research studies
were (1) studies involving the enrollment of patients with COVID-19 infection and acute
coronary syndromes; (2) studies with follow-up ≥30 days; and (3) studies investigating
primary cardiovascular outcomes. The exclusion criteria were (1) small-cohort studies
including fewer than 100 patients; (2) studies with short-term follow-up data; (3) studies
with no conclusive data for AMI incidence; and (4) studies with no control group.

3. Results

There were 2224 results that fit our initial search, and after screening through our
exclusion criteria, 548 articles remained. After full-text reading, 540 articles were excluded,
leaving 8 studies relevant to our chosen subject, which were included in our research. Each
study defined AMI according to the Forth Universal Definition of Myocardial Infarction [7].
The research, screening, and review process is described in Figure 1.

Together, the eight studies have enrolled 8,736,943 patients, of which 74% were males,
including 845,258 COVID-19-positive patients, with different degrees of severity of pul-
monary disease. The characteristics of the selected studies are presented in Table 1. The
mean follow-up period was 21 months, ranging between 1 and 60 months. The occurrence
of AMI was screened by searching in the patient’s medical data using the International
Classification of Diseases 10th Revision (ICD-10) codes I21 and I22.

The North American COVID-19 Myocardial Infarction Registry (NACMI) [8] enrolled
patients from January 2020 to December 2020 with ST-elevation myocardial infarction
(STEMI). The study had as a primary end-point in-hospital death, stroke, recurrent myocar-
dial infarction and unplanned revascularization. For the accurate comparison of reperfusion
strategies, patients referring at a hospital within 60 miles of a primary PCI hospital were
excluded. As a result, the authors noted a slightly longer door-to-balloon time in COVID-19
patients than in the control group. The primary endpoint was met in 36% of COVID-19-
positive patients and 5% of COVID-19-negative patients. This difference resulted from an
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increased in-hospital mortality in the first group. The mortality was higher for the patients
who did not undergo coronary revascularization, and also, the patients who stayed longer
in intensive care units.
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patients with COVID-19.

Xie et al. [9] aimed to assess the risk and one-year burdens of cardiovascular out-
comes in patients recovering from COVID-19 pneumonia. The composite outcome of
the study was the assessment of the burden of cardiovascular diseases, such as: stroke,
dysrhythmias, ischemic heart disease, heart failure, cardiogenic shock, inflammatory heart
disease, thrombotic disorders and major acute cardiac events. The authors observed a high
risk of cardiovascular disease, arrhythmias, stroke, and thrombotic events at 12-month
follow-up in patients who recovered from COVID-19 disease, even for the ones who were
not hospitalized. The risk and associated cardiovascular burdens increased proportionally
with the severity of COVID-19 pneumonia. The study also showed an increased risk of
cardiovascular disease even beyond the acute phase of the infection.

A smaller study led by Wei et al. [10] showed that patients with COVID-19 and
acute myocardial injury were more likely to require admission into an intensive care unit
(ICU), there was a greater need of mechanical ventilation and vasoactive agents, and
death incidence was higher. The authors recognized as predictors of severe outcome older
age, arterial hypertension, cerebrovascular disease, use of calcium canals blockers, lower
glomerular filtration rate and elevated Troponin or C reacted protein (CRP).

Wang et al. [11] analyzed the cardiovascular risk that COVID-19 survivors showed at
the one-year follow-up. For that reason, the composite outcome for cardiovascular diseases
was defined as the first incidence of any complication. The followed outcomes were: stroke,
arrhythmia, pericarditis, myocarditis, acute coronary disease, acute myocardial infarction,
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angina, heart failure, cardiac arrest, cardiogenic shock and thrombotic disease. The results
of this study reveal that COVID-19 survivors have an increased mortality rate in relation
to all the cardiovascular diseases. The impact of this disease on cardiovascular-related
outcomes appeared to be more pronounced in hospitalized patients. The 12-month risk
of incidental cardiovascular disease was higher in COVID-19-surviving patients than in
the control group, and they showed a higher risk of complications. Female survivors of
COVID-19 pneumonia seemed to have more frequent arrhythmias than the control group.
Myocarditis and ischemic heart diseases were two of the most frequently encountered
diseases in younger survivors.

Kiris T et al. studied outcomes of patients with acute coronary syndrome in the pre-
COVID-19 era, and compared them with STEMI patients in the COVID-19 era. Although the
two groups were similar when it came to previous statin or antiplatelet treatment, history
of diabetes mellitus, hypertension, tobacco use and previous coronary artery disease, it
was observed that COVID-19-era patients had more frequent coronary thrombosis and a
higher need of glycoproteins IIb/IIIa inhibitors treatment. There were no differences in
obtaining post-procedural grade 3 TIMI flow in the two groups, but COVID-19 patients
showed higher mortality and stent thrombosis [12]. The Turkish study observed that the
STEMI patients from the COVID-19 era were younger, had lower LVEF, and treatment with
glycoprotein IIb/IIIa inhibitors was needed more frequently. The presence of COVID-19
disease was an independent predictor for MACE incidence in STEMI patients observed in
long-term follow-up, due mostly to a higher rate of hospitalization for heart failure.

Another Turkish study, led by Cinar T, which analyzed one-year mortality in COVID-19
patients with acute myocardial infarction, observed that COVID-19 patients presented with
higher Killip class, and more frequently needed invasive mechanical ventilation and treat-
ment with inotropic agents [13]. At the one-year follow-up, mortality was significantly
higher in the COVID-19 group (21%); one out of five patients with AMI died prior to
follow-up. A Killip class greater that II and COVID-19 infection were considered indepen-
dent predictors for negative outcome in short-term mortality. The COVID-19 group also
presented with higher troponin levels, and associated higher Killip class. This leads to
the conclusion that these patients had greater myocardial damage [14]. There is no clear
conclusion regarding the mechanism of this phenomenon, and it is still unknown if the
damage is based on viral myocarditis, plaque rupture due to viral inflammatory process, or
type 1 AMI [15].

Table 1. General analysis of the reviewed patients.

Authors 1. Garcia S.
et al. [8]

2. Wei JF.
et al. [10]

3. Xie Y.
et al. [9]

4. Wang W.
et al. [11]

5. Kiris T
et al. [12]

6. Cinar T
et al. [13]

7. Choudry
F.A. et al. [16]

8. Puha K.
et al. [17]

Country USA China USA USA Turkey Turkey UK Singapore

Type of study
Prospective,
multicenter,

observational

Prospective,
observa-

tional

Retrospective,
observational

Retrospective,
observational

Retrospective,
multicenter,

observational

Prospective,
observational

Retrospective,
observational

Retrospective,
observational

Patients (n) 1191 101 5,791,407 2,940,988 1,748 721 466 321

Type of AMI STEMI NA NA NA STEMI STEMI/NSTEMI STEMI STEMI

Age 18–85 49 62.5 43 18–90 av. 64.7 av. 60.2 av. 59

Male 842 (70.69%) 54 (53.5%) 5,228,431 (90%) 1,241,483
(42.2%) 1325 (75.80%) 397 (55.06%) 381 (81.75%) 266 (82.86%)

COVID-19
confirmed 230 101 153,760 690,892 62 112 101 NR

Diabetes mellitus 386 (32%) 14 (13.9%) 1,321,907
(22.82%) 188,488 (6.4%) 509 (29%) 210 (29%) 158 (33.9%) 135 (42%)

Cardiac arrest 134 (11.25%) NR NR NR 114 (6.5%) NR 29 (6.2%) 19 (5.9%)

Cardiogenic
shock 147 (12.3%) NR NR NR 153 (8.7%) NR 64 (13.7%) 30 (9.3%)

Smoking 384 (32.25%) 8 (7.9%) 2,560,147
(44.20%) 230,499 (7%) 554 (31.6%) 307 (42.5%) 248 (53.2%) 113 (41.4%)
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Table 1. Cont.

Authors 1. Garcia S.
et al. [8]

2. Wei JF.
et al. [10]

3. Xie Y.
et al. [9]

4. Wang W.
et al. [11]

5. Kiris T
et al. [12]

6. Cinar T
et al. [13]

7. Choudry
F.A. et al. [16]

8. Puha K.
et al. [17]

History of CAD 322 (27%) 5 (5%) NR NR 218 (12.5%) 150 (21.4%) 131 (28.1%) 101 (31.4%)

Revascularization
treatment 1101 (92.44%) NR NA NA 1743 (99%) 100% 100% 100%

Hypertension 832 (69.85%) 21 (21%) 1,525,944
(26.34%) 440,998 (14.9%) 692 (39.5%) 356 (49%) 217 (46.5%) 189 (58.9%)

Primary
end-point

In-hospital
death, stroke,

recurrent
myocardial
infarction,
unplanned

revasculariza-
tion

Admission
to an

intensive
care unit,
need for

mechanical
ventilation,
vasoactive

treatment or
death101

Incidence of
cerebrovascu-

lar disease,
dysrhythmias,
ischemic heart
disease, heart

failure,
pericarditis,
myocarditis,
cardiogenic

shock,
thrombotic
disorders,

MACE

Incidence of
stroke,

arrhythmia,
pericarditis,
myocarditis,

ischemic
coronary

disease, heart
failure,

thrombotic
disease,

MACE, cardiac
arrest,

cardiogenic
shock

MACE
(all-cause
mortality,

heart failure,
miocardialre-
infarctization,
cerebrovascu-
lar disease)

One-year
mortality

One-year
mortality

One-year
cardiac-related

mortality

Follow-up period 5 years 30 days 1 year 1 year 542 days 1 year 1 year 1 year

4. Long-Term Risk of Myocardial Infarction

In the studied population, we observe that the majority of patients were males, but
even so, females more frequently developed arrhythmias, such as atrial fibrillation, atrial
flutter and sinus tachycardia [9–11].

The NACMI only studied STEMI patients, and one of the main observations was that in
the COVID-19 group, only 20% of the patients required coronary stent implantation, while
the rest did not present any culprit lesion at the coronarography. In the COVID-19-negative
group with STEMI, 93% needed stent implantation [8]. The in-hospital cardiovascular death
was twice as high among COVID-19 patients, with a negative short-term prognosis; one out
of three patients who survived the acute event were deceased at the 30-day follow-up. More
than one-third of COVID-19 patients with STEMI presented recurrent MI within 30 days
(Table 2). More than 30% of COVID-19 patients met the primary endpoint, compared to 5%
of non-COVID-19 patients [8].

Table 2. Long-term risk of myocardial infarction in COVID-19 survivors.

Authors 1. Garcia S.
et al. [8] 2. Xie Y. et al. [9] 3. CinarT. et al. [13] 3. Kiris T.

et al. [12] 4. Wang W. et al. [11]

COVID-19 (+)/COVID-19 (−) 230/436 153,760/5,637,647 112/609 1686/62 691,455/2,249,533

Male/Female 71%/29% 89%/11% 55%/45% 75%/25% 43.2%/56.8%

MACE (COVID+/COVID−) 33%/18%

Hazard Ration 1.26
(CI 95%) for

non-hospitalized
COVID+/2.41 for

hospitalized
COVID + patient

21.3%/6.3% 22%/22%
Hazard Ratio
(CI = 95%) in

COVID-19+ was 2.26

30-day Outcome
1 out of 3

COVID-19 (+)
patients deceased

Incidence of MI
increases 3 times

for post-COVID-19
patients

Mortality
COVID-19 = 21%.

Non-COVID-19 = 7.1%
NA

HR for MI at 30-days
outcome = 2.32, HR

for death at
30 days = 2.067

Incidence of Miocardial
Infarcion in COVID-19 (+)

Patient Non-
Hospitalized/Hospitalized

NA

3 times higher MI
incidence in

hospitalized MI
patients

NA NA

Similar MI incidence
for hospitalized/non-

hospitalized
COVID-19+
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Table 2. Cont.

Authors 1. Garcia S.
et al. [8] 2. Xie Y. et al. [9] 3. CinarT. et al. [13] 3. Kiris T.

et al. [12] 4. Wang W. et al. [11]

Incidence of Miocardial
Infarction at 12-Month

Follow-up
NA

Hazard Ratio (CI
95%) 1.71,

burden/1000 pers
at 12 M 7.59 for

COVID-19+
survivors

NR
6.5% pre-COVID

era/5.3% in
COVID era

HR (95% CI) = 1.49

Wei et al. [10] observed that increased Troponin I was a negative prognostic factor for
COVID-19 patients, leading more often to the need for mechanical ventilation, the use of
vasoactive agents and longer admission to ICU (intensive care units).

Patients with COVID-19 disease showed an increased risk of developing acute myocardial
infarction within 30 days from the primary infection (HR = 2.32, burden 2.91/1000 patients),
regardless of the severity of the respiratory disease. It was detected that the incidence of
MI increased with the severity of the viral pneumonia. The pathological mechanism is still
unclear; several studies identified micro-thrombosis of small coronary arteries as part of
the pro-coagulability status. Except for myocardial infarction, other forms of ischemic heart
disease, such as acute coronary disease (ACD), ischemic cardiomyopathy and angina, were
more frequent than in the pre-COVID period and in the control groups. The incidence of
this diseases is twice as high in COVID-19 survivors.

The long-term burden of MI in COVID-19 survivors remains high even at 12 months
after the resolution of the infective disease; this group of patients showed almost twice the
risk of developing MI within a year (HR = 1.71, burden = 7.59/1000 patients).

The risk factors for acute myocardial infarction after COVID-19 disease are: older age,
diabetes mellitus, male gender and follow-up length [12].

5. Long-Term Outcomes of Post-COVID-19-Positive Patients

Atrial fibrillation was found to be twice as frequent in post-COVID-19 patients. Al-
though the incidence of other arrhythmias increased as well, AF was the most common
one [11]. Female COVID-19 survivors and younger patients have shown greater risks of
developing myocarditis and arrhythmias than male survivors. Older age survivors have
shown an increased risk of developing pulmonary embolism and ischemic heart disease
(HR = 1.87) (Table 3).

Table 3. Long-term outcomes of post-COVID-19-positive patients.

Study 1. Xie Y. et al. [9] 2. Wang W. et al. [11] 3. Garcia S et al. [8] 4. Kiris T et al. [12]

Mace HR (CI 95%) = 1.55 (COVID-19 + 67.67
vs. COVID-19 − 44.19) 10,530 patients HR = 1.871 36% 22%

Cerebrovascular HR = 1.53 (COVID-19 + 15.95 vs.
COVID-19 − 10.48) 4793 patients HR = 1.68 5% 1%

Arhythmyas HR = 1.69 (COVID-19 + 49.37 vs.
COVID-19 − 29.51) 20,927 patients HR = 2.407 NA NA

Ischemic heart disease HR = 1.66 (COVID-19 + 18.47 vs.
COVID-19 − 11.19) 3651 patients HR = 2.8

6% (Recurrent MI and
unplanned

revascularization)

15% (Recurrent MI,
unplanned

revascularization)

Heart failure HR = 1.72 (COVID-19 + 27.92 vs.
COVID-19 − 16.31) 5831 patients HR = 2.29 54% 12%

Thrombotic disease HR = 2.39 (COVID-19 + 17.07 vs.
COVID-19 − 7.19 4599 patients HR = 2.64 NA NA

Cardiac arrest HR = 2.45 (COVID-19 + 1.20 vs.
COVID-19 − 0.49) 474 patients HR = 1.75 11% 8.50%

Cardiogenic shock HR = 2.43 (COVID-19 + 0.87 vs.
COVID-19 − 0.36) 204 patients HR = 1.98 18% 21%
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Xie et al. brought evidence that patients infected with COVID-19 show an increased
risk of cardiovascular disease, even after the first 30 days of infection. The risks include
cardiovascular diseases, including cerebrovascular disorders, dysrhythmias, myocarditis,
ischemic heart disease, heart failure and thromboembolic disease [10].

A significant increase in the incidence of myocarditis was observed among non-
hospitalized patients at 12-month follow-up, according to Wang et al. This could have been
caused by the absence of proper antiviral and anti-inflammatory treatment [11].

The NACVI study revealed that more than half of COVID-19 patients with STEMI
developed different stages of heart failure. Also, COVID-19 patients presented an increased
incidence of cardiac arrest and cardiogenic shock.

Patients with COVID-19 pneumonia develop twice as frequent major acute cardio-
vascular events (MACE), even at the 12-month follow-up (HR = 1.87), with an HR of 1.64
in cardiovascular death. In the NACVI registry, 36% of STEMI patients with COVID-19
presented a further acute cardiovascular event.

6. Discussion

In-hospital mortality reaches 7% for patients presenting with STEMI and 4.9% for
patients with NSTEMI [18]. According to WHO, the percentage of COVID-19 pneumonia
mortality in the general population is approximately 3.4%, compared with the mortality of
seasonal Influenza, which is less than 1% [1]. Among hospitalized patients with COVID-19
disease, the mortality has been reported to be approximately 21% [19]. The estimated
mortality within patients with COVID-19 and AMI was between 10% and 76.6% [20,21].

For a long period of time, the risk of ACSs during or after an acute infection was
studied, due to the major impact of pro-inflammatory factors in the atherosclerotic process,
and because of the increased number of patients presenting myocardial injury [22]. Studies
carried out during the COVID-19 pandemic showed that the risk of AMI, although high
in the acute period, returns to baseline after several months, and that patients with severe
pneumonia were more likely to develop an acute coronary syndrome [23].

The potential causes of cardiovascular disease in COVID-19 infection include: the
damage from direct viral invasion of cardiomyocytes, causing cell death, endothelial cell
infection, the transcriptional alteration of multiple cell types, complement activation and
complement-mediated coagulopathy and microangiopathy, the downregulation of ACE2
receptors and the dysregulation of the renin–angiotensin–aldosterone system, autonomic
dysfunction, and elevated levels of pro-inflammatory cytokines that can induce fibrosis and
scarring of cardiac tissue [24–26]. When the SARS-CoV-2 virus binds with ACE2 receptors, it
leads to the downregulation of these receptors, and this increases the activity of angiotensin
II. This mechanism results in systemic vasoconstriction, apoptosis, inflammation, and
endothelial proliferation, leading to cardiomyocyte damage or the worsening of previous
ischemic condition [27]. Another identified mechanism of acute myocardial infarction in
COVID-19 patients is coronary embolism, found in 3% of AMI patients [28].

A newer hypothesis claims that the integration of the SARS-CoV-2 genome into hu-
man DNA might express as chimeric transcripts fusing viral with cellular sequences [29].
The latest data sustain the hypothesis that coronary artery thrombosis is more frequent
in COVID-19 patients because of the disruption of coronary atherosclerotic pre-existing
plaque, due to an increased inflammatory status and pro-inflammatory blood cells. Di-
lated and hypertrophied cardiomyocytes express higher amounts of the ACE2 receptors,
which could explain the clinical deterioration of patients with previous cardiac diseases
infected with COVID-19 [30]. Studies indicate that the association between STEMI and
COVID-19 infection leads to an increased incidence of stent thrombosis, as a result of
elevated thrombus burden [31].

There are several receptors that have been incriminated in SARS-CoV-2 infection,
and ACE2 appears to be the most important. However, there are other receptors that
interact with the S protein of SARS-CoV-2 virus, which may be implicated in the long-
term damage caused by the virus, such as: CD147, neuropilin-1, dipeptidyl peptidase 4,



Life 2024, 14, 202 8 of 13

alanyl aminopeptidase, and glutamyl aminopeptidase [32]. Avolio et al. conducted an
experimental study that clearly showed that the S protein binds with the CD147 in human
cardiac pericytes [33]. This study determined the presence of the SARS-CoV-2 S protein
in the peripheral blood of COVID-19 patients, even after the infection was cured, and
that S protein alone can induce the damage to the endothelial coronary arteries without
infecting the cells. The effects of the S protein in the myocardial pericytes are: increased
cardiac pericyte migration, reduced endothelial cell network formation, stimulated pericyte
cytokine secretion, and increased levels of pro-apoptotic factors, leading to endothelial cell
death [34]. These data suggest that the S protein could contribute to the long-term health
impairment of COVID-19-surviving patients [35]. There are earlier studies that showed
that SARS-CoV-2 uses the endosomal cysteine proteases cathepsins B/L (CTSL and/or
CTSB) for cell entry, and that atrial and ventricular cardiomyocytes are possibly susceptible
to SARS-CoV-2 infection by involving the CTSB/CTSL for S protein priming [36].

The involvement of CD147 in the non-infectious damage of SARS-CoV-2 in human
organs has therapeutical implications, leading to the development of a humanized anti-
CD147 antibody, such as meplazumab. The treatment with meplazumab in COVID-19
patients improved their condition and the recovery rate of patients, with a good safety
profile [37]. Statins also decrease the actions of the S protein on the CD147 receptor [38].

Analyzing data from the reviewed studies, we observed that COVID-19 survivors
presented an increased 30-day risk of stroke, increased risk of thrombotic events and
inflammatory cardiac disease (mostly myocarditis), and higher risk of developing dysrhyth-
mias [8–11]. Patients that required hospitalization for COVID-19 pneumonia were more
likely to present cardiovascular events such as heart failure, acute coronary syndromes,
atrial fibrillation and stroke. The risk becomes higher for patients admitted into the ICU.

Survivors of COVID-19 have shown an increased risk and burdens of cardiovascular
disease at 12-month follow-up. This increased risk was observed even in patients without a
history of cardiovascular disease and with low cardiovascular risk, proving that COVID-19
disease has a direct involvement in the worsening of the prognosis. The possible patho-
physiological mechanisms involved in the increased incidence of cardiovascular diseases
at one year of follow-up in patients who have suffered an infection with COVID-19 are:
prolonged inflammation, cellular direct damage of viral infection, cardiac myositis, cardiac
fibrosis, and the binding of the S protein with myocardial pericytes [39].

Patients with COVID-19 disease who did not require hospitalization presented a
higher risk of cardiovascular events, compared to the general population. There was a
significant increase in cardiovascular events concurrently with the severity of the viral
disease [9]. The most frequent cardiac complications were: heart failure, dysrhythmias,
pericarditis, myocarditis, and ischemic heart disease.

Diabetes mellitus remains a major risk factor for myocardial infarction, both in the
pre-COVID-19 period and during the COVID-19 pandemic; 46% of the patients that referred
to the hospital with STEMI and COVID-19 disease had a history of diabetes mellitus, and
they had a higher risk of cardiogenic shock [8]. The association between COVID-19 disease
and STEMI confers a negative prognosis, resulting in the deaths of one out of three patients,
according to the NACMI registry. In total, 20% of COVID-19 patients did not have a culprit
vessel, and therefore did not need PCI, upholding the direct injury of myocytes as a possible
mechanism for ACSs in this viral infection [8].

The fact that cardiovascular risk expands even at 12 months after the acute phase
of COVID-19 imposes the need for a better primary prevention of COVID-19 infection, a
thorough screening for cardiovascular disease and a follow-up for post-COVID-19 patients.

Earlier studies have shown that COVID-19 infection could lead to irreversible damage
to cardiovascular and respiratory systems, such as congestive heart disease or chronic cell
hypoxia, increasing the risk of arrhythmias, cardiogenic shock, ischemic heart disease, and
ischemic stroke [40].

Regarding the comparison of the risk for cardiovascular disease after COVID-19 and
other infective diseases involving the respiratory tract, Daugherty et al. claimed that there
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is a 1.65% higher risk of a cardiovascular sequelae appearing in the post-acute phase of
COVID-19 than in other viral diseases [41]. Post-acute sequelae of COVID-19 are defined
as signs or symptoms that persist beyond 30 days after the infection. In the large study
conducted by Daughtery (over 9 million patients), 14% of COVID-19 survivors developed
a clinical sequela after the acute phase of the disease—4% more frequently than in the
general population. The risk increased with age, pre-existing conditions and severity of
COVID-19 pneumonia, although younger adults with no comorbidities who have SARS-
CoV-2 infection also have a higher risk of developing a clinical sequela. Cohen et al.
discovered that 32% of COVID-19 patients required medical care in the post-acute phase for
different diseases. The proportion increased among patients who needed hospitalization for
COVID-19 pneumonia. The most frequent sequelae were hypertension, memory difficulty,
kidney injury, thrombotic diseases, and cardiac rhythm disorders. Although there were no
significant differences between males or females regarding the total incidence of post-acute
sequelae, men seem to have a higher risk for respiratory failure and acute kidney injury [42].

The data presented by Choudry et al. from their study in the United Kingdom revealed
no differences in one-year mortality between COVID-19 patients presenting with STEMI
that survived the acute phase compared with COVID-19 negative patients. Their data
revealed a 20% rate of in-hospital mortality for COVID patients, and a 4.3% mortality rate
in the control group, with a 12% incidence of stent thrombosis for the first group. However,
this difference is not sustainable for a long-term outcome. The study also showed higher
thrombus burden, multivessel thrombus and in-stent thrombosis—findings sustained in
a literature review [16]. Puha et al. [17] found no difference in mortality, cardiac-related
readmission, and recurrent coronary events between patients presenting with STEMI in the
pandemic era and the control group at one-year follow-up. However, patients presenting
STEMI during the COVID-19 pandemic had a higher need for additional PCI during index
admission. MACE occurred in 13.4% of the patients from the COVID-19 group assessed at
one-year follow-up in this study, and there was a higher readmission rate for heart failure
in this group.

Mortality rates in the general population for AMI patients increased proportionally
with the total ischemic time. COVID-19 patients had prolonged first medical contact and
door-to-balloon time, probably as a result of fewer patients looking for hospital care and
the epidemiological measures required. This may have been one of the reasons for the
negative prognosis in patients with COVID-19 and AMI [43]. Patients presenting with AMI
with a Killip class greater than II and with COVID-19 disease were more likely to develop
a negative prognosis, with higher short-term and long-term mortality. Nanavaty D et al.
stated that COVID-19 was independently associated with an increased mortality, longer
length of hospitalization and higher total hospitalization cost. In their study, all-cause
mortality was significantly higher in the AMI and COVID-19 group, along with higher
rates of cardiac arrest, cardiogenic shock, acute organ failure, hemodialysis, and invasive
ventilation [44].

Data from the Danish registry reveal that the incidence of acute myocardial infarction
14 days after a positive test for COVID-19 was approximately five times higher than in the
pre-COVID-19 era [45]. COVID-19 patients seem to have an increased enzymatic infarct
size, assessed by the peak of troponin or creatine kinase levels, lower left ventricular
ejection fraction, and higher intracoronary thrombotic burden [46].

A more recent trial that compared the efficiency and safety of P2Y12 inhibitors in
STEMI patients with COVID-19 disease concluded that the use of Clopidogrel was asso-
ciated with higher short-term and long-term mortality, with no significant difference in
bleeding incidence, compared to other P2Y12 inhibitors. There were no differences in the
safety of the P2Y12 inhibitors in the COVID-19-posivite group compared with the -negative
group. Although the endothelial dysfunction found in COVID-19-positive patients could
lead to an increased risk of major bleeding, in this study, there were no significant differ-
ences between COVID-19-positive and -negative patients, regarding bleedings [47].
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Regarding readmission rates in patients with ACSs and COVID-19 disease, an 11.4%
readmission rate was observed. Out of these, 41% were admissions for cardiac causes, and
59% were for non-cardiac causes. Among the cardiac causes for readmissions within 30 days
after index hospitalization, the more frequent were: acute coronary syndromes, arrhythmias
and heart failure. Among non-cardiac causes, the most common were infectious diseases,
gastrointestinal diseases and respiratory diseases. COVID-19 patients had significantly
shorter median times to readmission than non-COVID patients. The presented study
conducted by Patel KN observed that the 30-day readmission risk factors were: chronic
kidney disease, congestive heart disease, length of index hospitalization ≥ 5 days, and a
low median household income [48–51].

COVID-19 is an important cause of morbidity and mortality, and induces an increase
in the incidence of cardiovascular diseases, which is one of the reasons for the need to
vaccinate the population on a large scale. One of the most widely studied new topics is
the COVID-19 post-immunization side effects. The most frequently described side effects
related to COVID-19 vaccines are injection site pain, transient fever, headache, fatigue,
lymph node swelling and flu-like symptoms [52]. The most widely discussed, due to their
severity, were thrombotic diseases (pulmonary embolism, deep vein thrombosis, venous
sinus thrombosis, myocardial infarction) and myopericarditis. The exact causes of my-
ocardial inflammation after vaccination are unclear; it is linked mostly to the molecular
resemblance with the spike proteins of SARS-CoV-2 antigens, which trigger an immune
response similar to the COVID-19 infection [53]. Post-vaccination myocarditis has an inci-
dence of 12.6 cases per million; it mostly affects younger patients (median age 24) and has
a predisposition to affect male patients (79%). Myocarditis was mostly detected as a side
effect after the second dose of COVID-19 mRNA vaccines from Pfizer-BioNTech and Mod-
erna [54]. Thrombotic diseases were mostly associated with thrombotic thrombocytopenia
observed mostly after AZD1222 and Ad26COV2 vaccines’ administration (Astra Zeneca
and Johnson & Johnson) [52–54].

7. Limitation

This review encountered limitations due to the lack of information on the long-term
evolution of patients who presented with acute myocardial infarction and COVID-19
pneumonia. Also, the currently existing studies on this subject have enrolled a relatively
small number of patients, and the data from these studies are incomplete. We should
mention the need for further research on the importance of the cardiovascular sequelae in
the population after SARS-CoV-2 disease.

8. Conclusions

The association between COVID-19 disease and acute coronary syndromes has led
to higher in-hospital mortality, increased risks of long-term cardiovascular events, and a
higher cardiovascular burden. COVID-19 is an independent risk factor for poor prognosis in
patients with myocardial infarction. Although some trials have shown no difference in one-
year all-cause mortality, this still requires a further study of the long-term cardiovascular
complications and prognosis of COVID-19-surviving patients, as well as the relationship
between heart disease and this viral infection.
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47. Kaya, A.N.; Şahin, M. Comparison of the Efficacy and Safety Profiles of Different P2Y12 Inhibitors in Patients with ST-Segment
Elevation Myocardial Infarction in the COVID-19 Era. Cureus 2023, 15, e43829. [CrossRef] [PubMed]

48. Patel, K.N.; Majmundar, M.; Khawaja, T.; Doshi, R.; Kaur, A.; Mehta, H.; Gupta, K. Causes and Predictors of 30-Day Readmission
in Patients with COVID-19 and ST-Segment–Elevation Myocardial Infarction in the United States: A Nationwide Readmission
Database Analysis. J. Am. Heart Assoc. 2023, 12, e029738. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm11113024
https://doi.org/10.1161/CIRCULATIONAHA.114.015134
https://doi.org/10.1073/pnas.2105968118
https://doi.org/10.1093/eurheartj/ehaa311
https://doi.org/10.1016/j.jacc.2020.07.022
https://www.ncbi.nlm.nih.gov/pubmed/32679155
https://doi.org/10.1016/j.biopha.2021.112518
https://www.ncbi.nlm.nih.gov/pubmed/34906770
https://doi.org/10.1042/CS20210735
https://www.ncbi.nlm.nih.gov/pubmed/34807265
https://doi.org/10.1042/CS20220028
https://www.ncbi.nlm.nih.gov/pubmed/35348182
https://doi.org/10.1007/s12035-021-02696-0
https://www.ncbi.nlm.nih.gov/pubmed/35028901
https://doi.org/10.1038/s41392-021-00558-8
https://www.ncbi.nlm.nih.gov/pubmed/33774649
https://doi.org/10.1016/j.scitotenv.2021.152072
https://doi.org/10.1371/journal.pone.0189701
https://www.ncbi.nlm.nih.gov/pubmed/29253870
https://doi.org/10.1152/ajpcell.00375.2021
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1136/bmj.n1098
https://doi.org/10.1136/bmj-2021-068414
https://doi.org/10.1016/j.hlc.2021.07.023
https://www.ncbi.nlm.nih.gov/pubmed/34452843
https://doi.org/10.1016/j.cpcardiol.2023.102030
https://www.ncbi.nlm.nih.gov/pubmed/37573898
https://doi.org/10.1161/CIRCULATIONAHA.120.050809
https://www.ncbi.nlm.nih.gov/pubmed/33054349
https://doi.org/10.3389/fcvm.2021.648290
https://www.ncbi.nlm.nih.gov/pubmed/35004867
https://doi.org/10.7759/cureus.43829
https://www.ncbi.nlm.nih.gov/pubmed/37736426
https://doi.org/10.1161/JAHA.123.029738
https://www.ncbi.nlm.nih.gov/pubmed/37489728


Life 2024, 14, 202 13 of 13

49. Garcia, S.; Albaghdadi, M.S.; Meraj, P.M.; Schmidt, C.; Garberich, R.; Jaffer, F.A.; Dixon, S.; Rade, J.J.; Tannenbaum, M.; Chambers,
J.; et al. Reduction in ST segment elevation cardiac catheterization laboratory activations in the United States during COVID-19
pandemic. J. Am. Coll. Cardiol. 2020, 75, 2871–2872. [CrossRef] [PubMed]

50. Lopes, R.D.; Macedo, A.V.S.; de Barros, E.S.P.; Moll-Bernardes, R.J.; Dos Santos, T.M.; Mazza, L.; Feldman, A.; D’Andréa Saba
Arruda, G.; de Albuquerque, D.C.; Camiletti, A.S.; et al. BRACE CORONA Investigators: Effect of discontinuing vs continuing
angiotensin-converting enzyme inhibitors and angiotensin ii receptor blockers on days alive and out of the hospital in patients
admitted with COVID-19: A randomized clinical trial. JAMA 2021, 325, 254–264. [CrossRef]

51. Andreß, S.; Stephan, T.; Felbel, D.; Mack, A.; Baumhardt, M.; Kersten, J.; Buckert, D.; Pott, A.; Dahme, T.; Rottbauer, W.; et al.
Deferral of non-emergency cardiac procedures is associated with increased early emergency cardiovascular hospitalizations. Clin.
Res. Cardiol. 2022, 111, 1121–1129. [CrossRef]

52. Rabail, R.; Ahmed, W.; Ilyas, M.; Rajoka, M.S.R.; Hassoun, A.; Khalid, A.R.; Khan, M.R.; Aadil, R.M. The Side Effects and Adverse
Clinical Cases Reported after COVID-19 Immunization. Vaccines 2022, 10, 488. [CrossRef] [PubMed]

53. Centers for Disease Control and Prevention (CDC). Advisory Committee on Immunization Practices (ACIP). Coronavirus Disease
2019 (COVID-19) Vaccines. Available online: https://www.cdc.gov/vaccines/acip/ (accessed on 6 July 2021).

54. Bozkurt, B.; Kamat, I.; Hotez, P.J. Myocarditis with COVID-19 mRNA Vaccines. Circulation 2021, 144, 471–484. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jacc.2020.04.011
https://www.ncbi.nlm.nih.gov/pubmed/32283124
https://doi.org/10.1001/jama.2020.25864
https://doi.org/10.1007/s00392-022-02032-z
https://doi.org/10.3390/vaccines10040488
https://www.ncbi.nlm.nih.gov/pubmed/35455237
https://www.cdc.gov/vaccines/acip/
https://doi.org/10.1161/CIRCULATIONAHA.121.056135
https://www.ncbi.nlm.nih.gov/pubmed/34281357

	Introduction 
	Method 
	Results 
	Long-Term Risk of Myocardial Infarction 
	Long-Term Outcomes of Post-COVID-19-Positive Patients 
	Discussion 
	Limitation 
	Conclusions 
	References

