
Review began 03/14/2024 
Review ended 03/26/2024 
Published 03/30/2024

© Copyright 2024
Choi et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Multifaceted Impact of the Coronavirus Disease
2019 (COVID-19) Pandemic on ST-Elevation
Myocardial Infarction (STEMI): A Literature
Review of Incidence, Treatment Modalities, and
Outcomes
Hoi K. Choi , Madhurima Maity , Mohammed Qureshi , Ali Haider , Sagar Kapadia , Sofia Fuerte ,
Simon Antony , Waleed Razzaq , Anum Akbar 

1. Internal Medicine, University of Michigan, Ann Arbor, USA 2. Internal Medicine, Sir H. N. Reliance Foundation
Hospital and Research Centre, Mumbai, IND 3. Internal Medicine, American University of the Caribbean School of
Medicine, Cupecoy, SXM 4. Medicine, Quetta Institute of Medical Sciences, Quetta, PAK 5. Emergency Medicine, Jio
World Centre, Mumbai, IND 6. Internal Medicine, Instituto Tecnológico y de Estudios Superiores de Monterrey,
Monterrey, MEX 7. Internal Medicine, Sri Ramachandra Institute of Higher Education and Research, Chennai, IND 8.
Internal Medicine, Services Hospital, Lahore, PAK 9. Pediatrics, University of Nebraska Medical Center, Omaha, USA

Corresponding author: Anum Akbar, anum.akbar@unmc.edu

Abstract
The global repercussions of coronavirus disease 2019 (COVID-19) include substantial worldwide mortality
and have brought to light existing gaps in healthcare systems. Particularly, diseases requiring time-sensitive
treatment, such as ST-elevation myocardial infarction (STEMI), have faced significant challenges due to the
impact and revelations of the COVID-19 pandemic on healthcare infrastructure. This review addresses the
impact of the pandemic on STEMI, exploring incidence, treatment modalities, and clinical outcomes.
Through a critical examination of existing literature, the intricate relationship between the pandemic and
cardiovascular health, specifically STEMI, is elucidated. The COVID-19 pandemic has had a significant
impact on the management of STEMI, with changes in hospitalization rates, treatment strategies, and the
presentation of the disease posing significant challenges. The contradictory results of COVID-19 and post-
vaccine myocardial infarction, as well as gender differences in reported cases, highlight the need for further
research to clarify these relationships.
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Introduction And Background
The global impact of the coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has been profound, leading to millions of infections and nearly a million deaths
worldwide. The pandemic significantly strained healthcare systems worldwide, particularly in resource-
limited countries, affecting health service delivery, human resource management, facility utilization, and
medical supply chains [1]. It not only directly impacted health systems but also exposed pre-existing gaps,
disrupting both preventive and curative services for various diseases [1]. Delays in essential services,
cancellations of planned treatments, and shortages of healthcare workers, medicines, and technologies
contributed to these disruptions [2].

Research indicates that deficiencies in the healthcare system, coupled with the challenges of accessing
healthcare during a pandemic, have had a substantial impact on admissions and care for ST-elevation
myocardial infarction (STEMI) [3]. One notable consequence of the COVID-19 pandemic was a substantial
decrease of around 40% in cases of STEMI compared to the pre-pandemic period [4]. STEMI, characterized by
myocardial ischemia, EKG changes, and chest pain, results from coronary artery occlusion, commonly
caused by plaque-related issues [5]. STEMI, a critical condition with potentially life-threatening
consequences, is a manifestation of transmural myocardial ischemia [6]. STEMI commonly occurs due to
acute thrombotic occlusion in the coronary artery, while plaque erosion and calcific nodules contribute to a
lesser extent [7]. Primarily, risk factors for STEMI include dyslipidemia, diabetes, hypertension, smoking,
and a family history of coronary artery disease [8]. Globally, over three million people every year present
with STEMI, while in the United States, it affects approximately 750,000 people each year posing a
significant health burden [9,10]. The possible pathophysiology of varied expressions of STEMI during the
COVID-19 pandemic can be explained by the following mechanisms. After contracting SARS-CoV-2, the
heart tissue may sustain damage through various mechanisms, including viral entry into cardiac cells,
inflammation, oxidative stress, microvascular clot formation, and oxygen imbalance [11]. This damage can
lead to myocardial injury and different types of myocardial infarction (MI). Furthermore, dysregulation of
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the renin-angiotensin system (RAS) is identified as a key factor in myocardial injury during COVID-19 [12].
The virus binds to angiotensin-converting enzyme 2 (ACE2), a major regulator of RAS, facilitating its entry
into host tissues, including the myocardium. Once inside, the virus replicates and releases RNA, potentially
leading to the destruction of host cells. Additionally, the downregulation of ACE2 by the virus can exacerbate
the harmful effects of angiotensin II, contributing to endothelial dysfunction, vasoconstriction, and
microthrombus formation, further damaging cardiac cells [12]. The immune response triggered by the virus
can also indirectly harm the heart through hypoxemia. Treatment for STEMI (Figure 1) involves prompt
intravenous access, oxygen therapy for hypoxemic patients, and either percutaneous coronary intervention
(PCI) within 90 minutes or fibrinolytic therapy within 120 minutes. Medications, including beta blockers,
statins, aspirin, and P2Y12 inhibitors, play a crucial role in management [13]. The pandemic's indirect
effects, such as healthcare worker reassignment, treatment cancellations, and economic challenges, were
among the reasons for reduced STEMI cases [14]. Despite changes in hospital procedures and increased
ambulance response times due to the COVID-19 surge, there is no observed delay in achieving coronary
revascularization or worsened clinical outcomes [15]. However, COVID-19 patients with STEMI tend to have
a higher burden of coronary thrombus compared to non-COVID-19 patients [15]. Analysis of STEMI
outcomes during the pandemic reveals significant challenges, including a threefold increase in in-hospital
mortality for STEMI patients with COVID-19 and delays in receiving proper treatment [16]. Complications
such as stent thrombosis and cardiogenic shock are more common, especially among older patients, who also
face longer procedure times and higher mortality rates [17]. Patients with pre-existing cardiovascular
conditions experience elevated mortality rates, underscoring the need for tailored management and
improved healthcare access [18]. These challenges highlight the intricate relationship between the pandemic
and STEMI management, emphasizing the importance of ongoing adaptation in healthcare systems to
optimize patient care.

FIGURE 1: Treatment of STEMI.
MI: myocardial infarction; P2Y12: purinergic receptor P2Y, G-protein coupled; STEMI: ST-elevation myocardial
infarction

Source: [13]

This review aims to comprehensively analyze the impact of the COVID-19 pandemic on STEMI, exploring
various aspects such as incidence, treatment modalities, and clinical outcomes. By critically examining
existing literature, the goal is to elucidate the intricate relationship between the pandemic and
cardiovascular health, particularly in the context of STEMI. Understanding how COVID-19 affects different
age groups concerning STEMI is important for risk stratification, resource allocation, and tailored
interventions based on age-specific patterns of incidence, treatment responses, and outcomes. Physiological
differences, comorbidities, and socioeconomic factors contribute to variations in the presentation and
management of STEMI across age groups, informing clinicians about optimized patient care.

Review
Incidence of STEMI during the COVID-19 pandemic
During the COVID-19 pandemic, variation in the incidence and prevalence of acute coronary syndrome
(ACS), particularly STEMI infarction, was seen across many continents. This section aims to evaluate the
incidence of STEMI by analyzing the reported cases of hospital admission during the COVID-19 pandemic in
different regions of the world, such as Europe, North America, Africa, Asia, and Australia.

In North America
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A study conducted in 2020 shed light on the incidence of MI in North America amidst the COVID-19
pandemic. The study found a reduction in MI cases by 19% during the pandemic. Among patients receiving
primary PCI during the lockdown, there was a median increase of 44 minutes in symptom-to-balloon time
[19]. Concurrently, another study reported consistent STEMI admissions during the lockdown, albeit with
significant increases in time intervals between symptom onset and first medical contact (FMC) [20]. In a
study conducted by Zitelny et al., it was revealed that there was a 9.5% decrease in STEMI admissions from
the monthly averages of 2018 and 2019. Moreover, there was a 14.6% decrease in cases between January and
March 2020, marking the first instance in two years where March recorded fewer cases than January [21].
These findings collectively highlight the impact of the pandemic on STEMI incidence and healthcare
utilization.

In the United Kingdom

A study conducted by Mafham et al. documented a decline in ACS admissions from mid-February to the end
of March 2020, followed by a partial reversal from April to May 2020, affecting all types of ACS, including
STEMI [22]. Another study highlighted disparities in hospitalization rates for AMI among individuals from
Black, Asian, and Minority Ethnic (BAME) backgrounds during the COVID-19 era, with BAME patients
experiencing higher rates of hospitalization, particularly among younger males presenting with ST-elevation
AMI [23]. Moreover, during the pandemic, BAME individuals faced notably higher in-hospital and seven-day
mortality rates compared to the pre-pandemic era. The research findings highlight notable trends and
disparities in patient care and outcomes in the United Kingdom, contributing substantially to our
understanding of cardiovascular health during these challenging times.

In Europe

Correspondingly, amidst the COVID-19 pandemic, numerous studies from across Europe have also
underlined the incidence and management of STEMI. A study observed a significant decline in both
suspected and confirmed STEMI cases compared to the previous year, despite persistent reperfusion
strategies [24]. Another study noted that individuals during the outbreak were typically older and tended to
delay seeking medical care, resulting in a twofold increase in in-hospital mortality rates [25]. Similarly,
Hauguel-Moreau et al. highlighted a notable threefold increase in ischemic time in STEMI management,
primarily due to patient-related delays [26]. Furthermore, another study analyzed patients undergoing
primary PCI for STEMI within 24 hours, revealing a significant reduction in the average number of STEMI
cases per month during the lockdown period compared to pre-lockdown, alongside increased delays from
symptom onset to first medical contact [27]. These findings highlight the multidimensional challenges and
implications of managing STEMI during the COVID-19 pandemic in Europe.

In Asia

A study found an over 10% reduction in hospitalization due to STEMI during the COVID-19 pandemic [28].
Similarly, a study conducted in India also showed a reduction in STEMI cases during the COVID-19
pandemic [29].

In Australia

In 2020, Chan et al. conducted a study revealing a decrease in hospital admissions for ACS during the five-
week lockdown period compared to the pre-lockdown period, primarily due to fewer admissions for non-
STEMIs (NSTEMIs), although there was no significant change observed for STEMI [30]. Furthermore,
Sutherland et al. discovered a decrease in the total number of patients presenting with ACS during the
pandemic, with a higher proportion of cases involving STEMI [31]. 

In Africa

Studies conducted in South Africa indicated a slight decrease in hospital admission rates for ACS during the
pandemic. In March 2020 compared to the previous year, although admissions for NSTEMI showed a slight
increase, no significant change was observed in admissions for STEMI [32]. Following the implementation of
full lockdown measures, the most substantial change in ACS admissions was observed for unstable angina,
with a 43% reduction attributed to adverse changes in the magnitude of MIs, unspecified, NSTEMI, and
STEMI admissions. Similarly, another study reported a significant drop in ACS admissions during the
pandemic compared to the prior year, with the lowest point representing a 46% reduction [33].

While an increased number of hospitalizations often suggests a higher prevalence of severe cases, it does not
provide a comprehensive view of the overall disease incidence. Numerous factors during the COVID-19
pandemic could influence hospitalization rates. Concerns about exposure, limited transportation options,
insufficient insurance coverage, and financial constraints for treatment and hospitalization are among the
considerations. This necessitates a comprehensive assessment of epidemiological indicators, including
confirmed case counts, mortality rates, and positivity rates, to acquire a comprehensive understanding of
the disease's overall impact. To precisely gauge disease incidence, it is essential to factor in contextual
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elements and employ a blend of data sources and surveillance methods. Relying solely on indicators like
decreased hospitalization rates, extended time intervals to medical contact, and variations in ACS
admissions in different regions poses challenges for an accurate assessment of myocardial STEMI incidence
during the pandemic. The mentioned challenges encompass the potential underreporting of STEMI cases, as
milder instances might not lead to hospitalization, thus skewing the perceived incidence. Moreover,
prolonged time intervals to medical contact can obscure the true timeline of symptom onset to healthcare
interaction, impacting the reliability of these indicators. Fluctuations in ACS admissions across diverse
regions further complicate the assessment, making it difficult to ascertain whether changes in
hospitalization rates are solely reflective of STEMI incidence or influenced by broader healthcare system
dynamics. These challenges underscore the need for a more nuanced and comprehensive approach when
assessing the true incidence of STEMI during the COVID-19 pandemic. This highlights the importance of a
comprehensive approach that considers diverse contextual factors influencing healthcare-seeking behavior
and reporting practices in the evaluation of disease incidence.

Treatment, outcome, and prognosis of STEMI during the COVID-19
pandemic
Treatment Strategies

The pandemic was one of the greatest crises faced by modern medicine, and every advancement made until
then hit a setback in the face of such adversity. Time-sensitive treatments in acute conditions like STEMI
were especially challenging with the healthcare system crumbling under the effects of COVID-19.

The pre-pandemic era witnessed PCI emerge as one of the best treatment modalities for STEMI patients if
door-to-balloon (D2B) time could be maintained <90 minutes. During the early stages of the pandemic, there
was an estimated 40% reduction in PCI, an optimal treatment for STEMI, performed in patients [34]. The
total number of hospitalized patients declined by about 26% per week nationally and by about 62% in Hubei
province [34]. With major lockdowns in place and hospitals facing the acute burden of rapidly deteriorating
patients, triaging emergent and non-emergent was key to optimizing resource allocation. This discouraged
symptomatic STEMI patients from seeking medical care in time. The logistical difficulties with lockdowns
further fuelled the delays. A significant increase in D2B time was seen which contributed to lower health
quality indicator (HQI) in STEMI patients [35].

It was difficult to maintain the revascularization time targets (<120 minutes) for STEMI patients, thus
increasing total ischemic time and leading to poor prognosis even post-interventions. Many STEMI patients
with concurrent COVID-19 had an atypical symptomatic presentation with the absence of blockages in
angiographies. This contributed to delayed interventions and higher mortality in such patients [36].

Once STEMI patients reached hospitals, clinicians struggled to screen patients for COVID-19 and minimize
their nosocomial contamination with personal protective equipment (PPEs) and other protective measures
to prevent the spread of the virus, thus compounding treatment delays. Fibrinolytic therapies in such
situations became a favorable choice for the treatment of pandemic STEMIs [37].

During the COVID-19 pandemic, a significant shift from PCIs to fibrinolytic therapy was noted worldwide
with reperfusion rates as high as 88.9%. This treatment regime included dual antiplatelet therapy along with
boluses of loading doses of heparin. The re-adjusted management strategy for pandemic STEMI patients
proved to be clinically acceptable after adjusting compounding factors between pre-COVID-19 and COVID-
19 times [38].

Ethnic minorities (Asians, Blacks, Hispanics) had higher hospitalization and lower revascularization rates
with many not undergoing PCI compared to Whites as per a national study conducted in the United Kingdom
during the pandemic. Women among them had even lower odds of receiving invasive treatments than men
[39].

Even though elective coronary artery bypass grafts (CABGs) might seem to increase infection risks during a
pandemic, if performed safely undertaking all protective measures as per infection control guidelines, they
have been shown to have acceptable complications and mortality rates [40].

A new treatment modality that was found to be quite useful in effectively treating patients while minimizing
contamination of patients as well as healthcare professionals was the robotic-assisted PCI (R-PCI).
Compared to the standard PCI (S-PCI), RPCI allowed the remote operation of devices, significantly
decreasing person-to-person contact during the pandemic while also reducing radiation exposure. A longer
procedural time (>10 minutes) was noted compared to S-PCI, but during virus outbreaks, infection control
while delivering effective treatment becomes a priority above all [41].

A guideline for acute MI patients was released in the wake of the COVID-19 outbreak by the Chest Pain
Center Committee, Medical Quality Control Center of Cardiovascular Diseases, Liaoning, China, which
stated that patients with chest pain should be screened and triaged into four groups: (a) confirmed, (b)
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suspected, (c) ruled out, and (4) cannot be ruled out at present. STEMI patients, after the abovementioned
classification, were further divided based on symptom onset times to aid decision-making on treatment
modality (thrombolysis vs. PCI). This guide was found to be useful in the efficient allocation of the limited
available resources like isolation wards and ICUs, thus helping sicker patients avail more intensive care [42].

The period of the COVID-19 pandemic provides an opportunity for contemplation on current STEMI
treatment methods and the impact of management under resource constraints. Comparable circumstances
may arise in numerous impoverished developing nations, both before and after the pandemic. Strategies
need revision to address future crises, ensuring resilience during challenging times without compromising
the care of STEMI patients.

Outcome and Prognosis

In analyzing the findings of individuals who have had STEMI against the difficult backdrop of the current
pandemic, it is essential to investigate the complicated elements of death rates, comorbidities, and long-
term effects.

According to the Centers for Disease Control and Prevention (CDC), there is an increase of around 50% in
mortality (due to all causes) compared to pre-pandemic periods in the United States [43]. A noteworthy trend
in mortality rates among STEMI patients during the pandemic has been observed. A study has shown that
there has been a threefold increase in in-hospital mortality for STEMI patients with COVID-19 [16]. Besides,
during the pandemic, STEMI patients have been found to have a higher need for circulatory support, worse
thrombolysis in myocardial infarction (TIMI) flow, and a significantly higher 30-day mortality rate [1].
Numerous factors may contribute to the poor progress and outcomes in STEMI cases during the COVID-19
pandemic. Some of those factors include delays in receiving suitable treatment, arising from patient
apprehension about visiting healthcare facilities or resource inadequacies in hospitals and clinics.
Additionally, disruptions in standard management protocols and the presentation of STEMI patients with
concurrent COVID-19 infections can further impact overall outcomes [44,45]. In-hospital mortality and
heart failure showed a rising trend in successfully treated STEMI patients during the outbreak possibly due
to delayed reperfusion by almost 20 minutes on average [46]. A study has shown that patients with STEMI
and COVID-19 had higher hospital charges and a longer time from admission to PCI compared to those
without COVID-19 [47]. Several studies have also reported poorer outcomes for STEMI patients with a
concomitant COVID-19 diagnosis compared to historical control patients, including higher mortality rates,
longer length of stay, and an increased risk of stent thrombosis [44]. Post-PCI, STEMI patients with COVID-
19 developed significant stent thrombosis and cardiogenic shock compared to their non-COVID-19
counterparts. Additionally, more than half of COVID-19 patients with STEMI may develop different stages of
heart failure, and an increased incidence of cardiac arrest has been observed in these patients [48]. Patients
presenting with heart failures were more along with COVID-19 STEMI patients and required a higher degree
of aggressive antithrombotic management to prevent acute stent thrombosis [49]. Stent thrombosis, a fatal
complication of PCIs, was notably higher (up to 10 times) in infected and even COVID-19-vaccinated
patients due to probable increased hypercoagulable state from the pathogen [50]. Cardiogenic shock is also
more prevalent in COVID-19 patients with STEMI. COVID-19 is an independent risk factor for poor
prognosis in patients with MI, leading to higher in-hospital mortality, increased risks of long-term
cardiovascular events, and a higher cardiovascular burden [51]. The prevalence of various cardiac and non-
cardiac complications, morbidity, and mortality among hospitalized STEMI patients with concurrent
COVID-19 infection remains poorly defined [51]. Furthermore, a study has shown that ACE function is
disrupted by a viral infection, leads to disturbance in RAS, and results in cardiovascular complications such
as hypertension, endothelial dysfunction, and vascular inflammation [52,53].

The impact of the pandemic on STEMI patients' outcomes varies depending on their age group. In patients
with STEMI, the advanced age, >65 years, was associated with a 15% increase in FMC procedure time during
COVID-19. And the FMC procedure time was even longer, i.e., 15-22%, for the patients from rural and
disadvantaged areas [54]. According to a study held in Germany, during COVID-19 times, the patients who
presented with STEMI had a mean age of 65 years, a significantly reduced left ventricular ejection fraction
(EF), and worse thrombolysis in MI and required circulatory support more often. These patients have higher
30-day mortality [55]. Elderly patients are known to have a higher thrombotic and bleeding risk and worse
periprocedural outcome, which makes them more susceptible to the deleterious direct and indirect effects of
COVID-19 [56]. During the pandemic, longer ischemia time and rates of late presentation were observed in
both young and elderly patients. Frailty was a noteworthy contributor to all-cause mortality in post-PCI
patients. Existent higher mortality rates in aged STEMI patients were only exacerbated by the concurrent
COVID-19 infection. Cognitively impaired patients were at high risk for major adverse cardiovascular events
(MACE). The inability to follow personal protective measures could have only increased the risk fourfold in
such patients [57]. The higher thrombotic and bleeding risk in elderly patients, coupled with worse
periprocedural outcome, has been reported in previous studies [56]. Moreover, age has been identified as an
independent predictor of mortality in STEMI patients with concurrent COVID-19.

Figure 2 shows the effect of the COVID-19 pandemic on STEMI outcomes.
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FIGURE 2: Comparison of STEMI outcomes during pre-pandemic and
COVID-19 pandemic.
FMC: first medical contact; HQI: health quality indicator; STEMI: ST-elevation myocardial infarction

Sources: [35,56]

The age of STEMI patients is an important factor in determining the appropriate management of their
condition, especially during the COVID-19 pandemic. Research indicates that younger STEMI patients
without COVID-19 were more likely to receive invasive management than their older counterparts (65% vs.
54%) [58]. On the other hand, STEMI patients with COVID-19 were less likely to receive invasive
management (54% vs. 63%) [58]. Interestingly, a study found that the incidence of acute MI decreased
predominantly among women aged 70 years or older during the COVID-19 pandemic, highlighting potential
disparities in healthcare access and utilization among different age groups during the pandemic [17]. 

The impact of the COVID-19 pandemic was worst on patients with comorbidities like cardiovascular diseases
(CVDs) with a mortality rate of over 10% of total patients with CVDs such as STEMI, according to reports
from China [55]. This mortality rate increases with age ranging from less than 1% for patients under 50 years
of age to more than 15% for people aged 80 years or more [59].

Effect of COVID-19 vaccination on STEMI
Due to the lack of established clinical interventions for treating COVID-19, attention has been directed
towards the development of vaccines as a preventive measure [60]. Consequently, the World Health
Organization (WHO) has endorsed the safety and effectiveness of various vaccines, such as
AstraZeneca/Oxford, Johnson & Johnson/Janssen, Moderna, Pfizer/BioNTech, Sinopharm, Sinovac, and
Bharat Biotech BBV152 Covaxin [61].

Vaccines designed to counter SARS-CoV-2 employ various mechanisms to trigger immune responses. These
methods include RNA and DNA vaccines that utilize genetic engineering techniques to generate specific
proteins, vector vaccines that use harmless viruses as carriers for genetic material delivery, genetically
modified virus vaccines altering viruses to preserve antigenicity while eliminating disease-causing ability,
and protein-based vaccines using harmless fragments or shells to mimic viral properties [62,63]. These
diverse approaches aim to elicit immune responses and provide immunity against COVID-19. These vaccine
strategies leverage distinct mechanisms to elicit immune responses against SARS-CoV-2, with the goal of
providing effective protection against COVID-19 [62].

Studies have shown that individuals may experience side effects following COVID-19 vaccination. These
side effects encompass a spectrum of symptoms, including fatigue, headache, muscle and joint pain, chills,
fever, generalized body discomfort, and localized reactions at the injection site. Typically, these reactions
are mild and transient, resolving within a few days. Consequently, the occurrence of such side effects reflects
a normal response by the body's immune system as it develops protection against the introduced virus in the
vaccine [64]. The reactivity of different COVID-19 vaccines is influenced by various factors, including age,
gender, psychological and physical stressors, obesity, pre-existing immunity, and vaccine characteristics
such as route, site, method of administration, composition, type of antigen, combination of antigens, and
dosage [65].

Furthermore, various adverse cardiovascular effects have also been documented following COVID-19
vaccination, predominantly including myocarditis, pericarditis, and thrombotic events. Additionally,
occurrences like hypertension, ACS, stress cardiomyopathy, MI, arrhythmias, and cardiac arrest have been

2024 Choi et al. Cureus 16(3): e57288. DOI 10.7759/cureus.57288 6 of 10

https://assets.cureus.com/uploads/figure/file/943626/lightbox_35d25dc0db3611ee8a84d1f5adad1c8b-Picture2.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


observed. Several studies, particularly case reports, have discussed the occurrence of MI following COVID-19
vaccination. However, these studies have not established a direct causal link between MI and the COVID-19
vaccine. A documented case report in India illustrates the occurrence of STEMI following COVID-19
vaccination [66]. While the correlation between these infrequent events and vaccination remains uncertain,
their manifestation post-vaccination in healthy individuals without other apparent causes could suggest a
potential association [67]. Potential mechanisms contributing to MI post-vaccination encompass Kounis
syndrome inducing MI through allergic vasospasm or stent occlusion infiltrated by eosinophils or mast cells;
vaccine-induced thrombotic thrombocytopenia characterized by abnormal blood clot formation and low
platelet levels; ACS following influenza vaccine administration due to shared excipients like polysorbate 80
with COVID-19 vaccines; demand-supply mismatch ischemia triggered by vaccination-related stress,
especially in elderly individuals with comorbidities; and myocarditis that can rarely occur post-vaccination,
potentially leading to MI [68-70]. It has been observed that MI following the administration of COVID-19
vaccination occurred most frequently in males with a mean age of 63.45 years [69]. Moreover, AstraZeneca
vaccinations were associated with a higher incidence of coronary artery disease, particularly STEMI,
primarily observed after the initial vaccine dose [71]. In contrast, a study comparing rates of acute MI after
COVID-19 infection and among vaccinated populations demonstrated much higher acute MI rates in the
unvaccinated compared to those not vaccinated with COVID-19 vaccine. Post-vaccination, acute MI rates
were significantly lower than those associated with COVID-19 infection in other countries [72]. Some studies
exhibit conflicting outcomes, with some suggesting that COVID-19 vaccination might decrease the risk of
cardiovascular events like myocarditis and MI, while others indicate an increased risk [73]. Further
investigation into the relationship between COVID-19 vaccinations and MI, considering various
demographic and health-related factors, is essential to comprehensively understand the potential risks and
benefits associated with vaccination.

Conclusions
The COVID-19 pandemic has significantly impacted the healthcare system, including the management of
STEMI. Changes in hospitalization rates, treatment strategies, and disease presentations have posed
considerable challenges to health outcomes. The pandemic's broader effects, such as transportation
limitations and the fear of exposure, have also played a role. Hospitalization rates, while providing a general
indication, may not accurately reflect the true incidence of STEMI during the pandemic. Conflicting study
results suggest that COVID-19 vaccination could either increase or decrease the risk of post-vaccination MI
and there is a noticeable gender disparity in reported cases. The reasons for these variations remain unclear,
highlighting the need for further research to elucidate the relationship between COVID-19 vaccination and
MI outcomes.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Anum Akbar, Hoi K. Choi, Madhurima Maity, Mohammed Qureshi, Ali Haider, Sagar
Kapadia, Sofia Fuerte, Simon Antony, Waleed Razzaq

Acquisition, analysis, or interpretation of data:  Anum Akbar, Hoi K. Choi, Madhurima Maity,
Mohammed Qureshi, Ali Haider, Sagar Kapadia, Sofia Fuerte, Simon Antony, Waleed Razzaq

Drafting of the manuscript:  Anum Akbar, Hoi K. Choi, Madhurima Maity, Mohammed Qureshi, Ali Haider,
Sagar Kapadia, Sofia Fuerte, Simon Antony, Waleed Razzaq

Critical review of the manuscript for important intellectual content:  Anum Akbar, Hoi K. Choi,
Madhurima Maity, Mohammed Qureshi, Ali Haider, Sagar Kapadia, Sofia Fuerte, Simon Antony, Waleed
Razzaq

Supervision:  Anum Akbar

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Haileamlak A: The impact of COVID-19 on health and health systems . Ethiop J Health Sci. 2021, 31:1073-4.

2024 Choi et al. Cureus 16(3): e57288. DOI 10.7759/cureus.57288 7 of 10

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.4314/ejhs.v31i6.1


10.4314/ejhs.v31i6.1
2. Kaye AD, Okeagu CN, Pham AD, et al.: Economic impact of COVID-19 pandemic on healthcare facilities and

systems: international perspectives. Best Pract Res Clin Anaesthesiol. 2021, 35:293-306.
10.1016/j.bpa.2020.11.009

3. Tanner R, MacDaragh Ryan P, Caplice NM: COVID-19-where have all the STEMIs gone?. Can J Cardiol. 2020,
36:1161.e9-10. 10.1016/j.cjca.2020.04.032

4. Guddeti RR, Yildiz M, Nayak KR, Alraies MC, Davidson L, Henry TD, Garcia S: Impact of COVID-19 on acute
myocardial infarction care. Heart Fail Clin. 2023, 19:221-9. 10.1016/j.hfc.2022.08.004

5. Akbar H, Foth C, Kahloon RA, Mountfort S: Acute ST-elevation myocardial infarction. StatPearls [Internet].
StatPearls Publishing, Treasure Island (FL); 2023.

6. Lu L, Liu M, Sun R, Zheng Y, Zhang P: Myocardial infarction: symptoms and treatments. Cell Biochem
Biophys. 2015, 72:865-7. 10.1007/s12013-015-0553-4

7. Choudhury T, West NE, El-Omar M: ST elevation myocardial infarction. Clin Med (Lond). 2016, 16:277-82.
10.7861/clinmedicine.16-3-277

8. Vernon ST, Coffey S, D'Souza M, et al.: ST-segment-elevation myocardial infarction (STEMI) patients
without standard modifiable cardiovascular risk factors-how common are they, and what are their
outcomes?. J Am Heart Assoc. 2019, 8:e013296. 10.1161/JAHA.119.013296

9. Abe T, Olanipekun T, Adedinsewo D, et al.: Trends and outcomes of ST-segment-elevation myocardial
infarction among young women in the United States. J Am Heart Assoc. 2023, 12:e026811.
10.1161/JAHA.122.026811

10. Karanth JB, Ramamoorthy A, Maribashetti K, Ramanan EA, Ravi S: Thrombolysis in STEMI in the era of
COVID - holding fort in cardiologist deficit locales. Indian Heart J. 2023, 75:288-91.
10.1016/j.ihj.2023.05.002

11. Giustino G, Croft LB, Stefanini GG, et al.: Characterization of myocardial injury in patients with COVID-19 .
J Am Coll Cardiol. 2020, 76:2043-55. 10.1016/j.jacc.2020.08.069

12. Oudit GY, Kassiri Z, Jiang C, Liu PP, Poutanen SM, Penninger JM, Butany J: SARS-coronavirus modulation of
myocardial ACE2 expression and inflammation in patients with SARS. Eur J Clin Invest. 2009, 39:618-25.
10.1111/j.1365-2362.2009.02153.x

13. Partow-Navid R, Prasitlumkum N, Mukherjee A, Varadarajan P, Pai RG: Management of ST elevation
myocardial infarction (STEMI) in different settings. Int J Angiol. 2021, 30:67-75. 10.1055/s-0041-1723944

14. Toscano O, Cosentino N, Campodonico J, Bartorelli AL, Marenzi G: Acute myocardial infarction during the
COVID-19 pandemic: an update on clinical characteristics and outcomes. Front Cardiovasc Med. 2021,
8:648290. 10.3389/fcvm.2021.648290

15. Little CD, Kotecha T, Candilio L, et al.: COVID-19 pandemic and STEMI: pathway activation and outcomes
from the pan-London heart attack group. Open Heart. 2020, 7:e001432. 10.1136/openhrt-2020-001432

16. Zahid B, Kamal M, Said M, Salem M, Elakabawi K: Effect of COVID-19 pandemic on six-month mortality and
clinical outcomes of patients with ST-elevation myocardial infarction. Postepy Kardiol Interwencyjnej. 2022,
18:228-36. 10.5114/aic.2022.122864

17. Huynh J, Barmano N, Karlsson JE, Stomby A: Sex and age differences in the incidence of acute myocardial
infarction during the COVID-19 pandemic in a Swedish health-care region without lockdown: a
retrospective cohort study. Lancet Healthy Longev. 2021, 2:e283-9. 10.1016/S2666-7568(21)00085-4

18. Chen N, Zhou M, Dong X, et al.: Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020, 395:507-13. 10.1016/S0140-
6736(20)30211-7

19. Clifford CR, Le May M, Chow A, et al.: Delays in ST-elevation myocardial infarction care during the COVID-
19 lockdown: an observational study. CJC Open. 2020, 3:565-73. 10.1016/j.cjco.2020.12.009

20. Haddad K, Potter BJ, Matteau A, Gobeil F, Mansour S: Implications of COVID-19 on time-sensitive STEMI
care: a report from a North American epicenter. Cardiovasc Revasc Med. 2021, 30:33-7.
10.1016/j.carrev.2020.09.024

21. Zitelny E, Newman N, Zhao D: STEMI during the COVID-19 pandemic - an evaluation of incidence .
Cardiovasc Pathol. 2020, 48:107232. 10.1016/j.carpath.2020.107232

22. Mafham MM, Spata E, Goldacre R, et al.: COVID-19 pandemic and admission rates for and management of
acute coronary syndromes in England. Lancet. 2020, 396:381-9. 10.1016/S0140-6736(20)31356-8

23. Rashid M, Timmis A, Kinnaird T, et al.: Racial differences in management and outcomes of acute myocardial
infarction during COVID-19 pandemic. Heart. 2021, 107:734-40. 10.1136/heartjnl-2020-318356

24. Rodriguez-Leor O, Cid-Alvarez B: ST-segment elevation myocardial infarction care during COVID-19: losing
sight of the forest for the trees. JACC Case Rep. 2020, 2:1625-7. 10.1016/j.jaccas.2020.04.011

25. Popovic B, Varlot J, Metzdorf PA, Jeulin H, Goehringer F, Camenzind E: Changes in characteristics and
management among patients with ST-elevation myocardial infarction due to COVID-19 infection. Catheter
Cardiovasc Interv. 2021, 97:E319-26. 10.1002/ccd.29114

26. Hauguel-Moreau M, Pillière R, Prati G, et al.: Impact of coronavirus disease 2019 outbreak on acute coronary
syndrome admissions: four weeks to reverse the trend. J Thromb Thrombolysis. 2021, 51:31-2.
10.1007/s11239-020-02201-9

27. Rangé G, Hakim R, Beygui F, et al.: Incidence, delays, and outcomes of STEMI during COVID-19 outbreak:
analysis from the France PCI registry. J Am Coll Emerg Physicians Open. 2020, 1:1168-76.
10.1002/emp2.12325

28. Watanabe Y, Miyachi H, Mozawa K, et al.: Impact of the COVID-19 pandemic on ST-elevation myocardial
infarction from a single-center experience in Tokyo. Intern Med. 2021, 60:3693-700.
10.2169/internalmedicine.8220-21

29. Meenakshisundaram R, Senthilkumaran S, Thirumalaikolundusubramanian P, et al.: Status of acute
myocardial infarction in Southern India during COVID-19 lockdown: a multicentric study. Mayo Clin Proc
Innov Qual Outcomes. 2020, 4:506-10. 10.1016/j.mayocpiqo.2020.06.010

30. Chan DZ, Stewart RA, Kerr AJ, et al.: The impact of a national COVID-19 lockdown on acute coronary
syndrome hospitalisations in New Zealand (ANZACS-QI 55). Lancet Reg Health West Pac. 2020, 5:100056.

2024 Choi et al. Cureus 16(3): e57288. DOI 10.7759/cureus.57288 8 of 10

https://dx.doi.org/10.4314/ejhs.v31i6.1
https://dx.doi.org/10.1016/j.bpa.2020.11.009
https://dx.doi.org/10.1016/j.bpa.2020.11.009
https://dx.doi.org/10.1016/j.cjca.2020.04.032
https://dx.doi.org/10.1016/j.cjca.2020.04.032
https://dx.doi.org/10.1016/j.hfc.2022.08.004
https://dx.doi.org/10.1016/j.hfc.2022.08.004
https://www.ncbi.nlm.nih.gov/books/NBK532281/
https://dx.doi.org/10.1007/s12013-015-0553-4
https://dx.doi.org/10.1007/s12013-015-0553-4
https://dx.doi.org/10.7861/clinmedicine.16-3-277
https://dx.doi.org/10.7861/clinmedicine.16-3-277
https://dx.doi.org/10.1161/JAHA.119.013296
https://dx.doi.org/10.1161/JAHA.119.013296
https://dx.doi.org/10.1161/JAHA.122.026811
https://dx.doi.org/10.1161/JAHA.122.026811
https://dx.doi.org/10.1016/j.ihj.2023.05.002
https://dx.doi.org/10.1016/j.ihj.2023.05.002
https://dx.doi.org/10.1016/j.jacc.2020.08.069
https://dx.doi.org/10.1016/j.jacc.2020.08.069
https://dx.doi.org/10.1111/j.1365-2362.2009.02153.x
https://dx.doi.org/10.1111/j.1365-2362.2009.02153.x
https://dx.doi.org/10.1055/s-0041-1723944
https://dx.doi.org/10.1055/s-0041-1723944
https://dx.doi.org/10.3389/fcvm.2021.648290
https://dx.doi.org/10.3389/fcvm.2021.648290
https://dx.doi.org/10.1136/openhrt-2020-001432
https://dx.doi.org/10.1136/openhrt-2020-001432
https://dx.doi.org/10.5114/aic.2022.122864
https://dx.doi.org/10.5114/aic.2022.122864
https://dx.doi.org/10.1016/S2666-7568(21)00085-4
https://dx.doi.org/10.1016/S2666-7568(21)00085-4
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://dx.doi.org/10.1016/j.cjco.2020.12.009
https://dx.doi.org/10.1016/j.cjco.2020.12.009
https://dx.doi.org/10.1016/j.carrev.2020.09.024
https://dx.doi.org/10.1016/j.carrev.2020.09.024
https://dx.doi.org/10.1016/j.carpath.2020.107232
https://dx.doi.org/10.1016/j.carpath.2020.107232
https://dx.doi.org/10.1016/S0140-6736(20)31356-8
https://dx.doi.org/10.1016/S0140-6736(20)31356-8
https://dx.doi.org/10.1136/heartjnl-2020-318356
https://dx.doi.org/10.1136/heartjnl-2020-318356
https://dx.doi.org/10.1016/j.jaccas.2020.04.011
https://dx.doi.org/10.1016/j.jaccas.2020.04.011
https://dx.doi.org/10.1002/ccd.29114
https://dx.doi.org/10.1002/ccd.29114
https://dx.doi.org/10.1007/s11239-020-02201-9
https://dx.doi.org/10.1007/s11239-020-02201-9
https://dx.doi.org/10.1002/emp2.12325
https://dx.doi.org/10.1002/emp2.12325
https://dx.doi.org/10.2169/internalmedicine.8220-21
https://dx.doi.org/10.2169/internalmedicine.8220-21
https://dx.doi.org/10.1016/j.mayocpiqo.2020.06.010
https://dx.doi.org/10.1016/j.mayocpiqo.2020.06.010
https://dx.doi.org/10.1016/j.lanwpc.2020.100056


10.1016/j.lanwpc.2020.100056
31. Sutherland N, Dayawansa NH, Filipopoulos B, Vasanthakumar S, Narayan O, Ponnuthurai FA, van Gaal W:

Acute coronary syndrome in the COVID-19 pandemic: reduced cases and increased ischaemic time . Heart
Lung Circ. 2022, 31:69-76. 10.1016/j.hlc.2021.07.023

32. Delport R, Vachiat A, Snyders A, Kettles D, Weich H: Decline in acute coronary syndrome hospitalisation
rates during COVID-19 lockdown in private hospitals in South Africa. SA Heart. 2020, 17:264-5.

33. Pecoraro AJ, Herbst PG, Joubert LH: Dwindling myocardial infarctions. Eur Heart J. 2020, 41:3497-9.
10.1093/eurheartj/ehaa619

34. Saiin K, Takenaka S, Nagai T, et al.: Impact of COVID-19 pandemic on emergency medical system and
management strategies in patients with acute coronary syndrome. Sci Rep. 2023, 13:5120. 10.1038/s41598-
023-32223-1

35. Galper A, Magnezi R, Ekka Zohar A, Oberman B, Zimlichman E: COVID-19 lockdown impact on quality of
treatment and outcomes of STEMI and stroke patients in a large tertiary medical center: an observational
study. Int J Qual Health Care. 2022, 34:mzac074. 10.1093/intqhc/mzac074

36. Hakim R, Motreff P, Rangé G: COVID-19 and STEMI [Article in French]. Ann Cardiol Angeiol (Paris). 2020,
69:355-9. 10.1016/j.ancard.2020.09.034

37. Jolobe OM: The challenge of managing STEMI in the COVID-19 epidemic . J Emerg Med. 2021, 61:95-6.
10.1016/j.jemermed.2021.01.042

38. Wang J, Ullah I, Dong Z, et al.: Efficacy of an adjusted treatment strategy on the management and in-
hospital outcome of patients with STEMI during the COVID-19 pandemic. J Biomed Res. 2022, 36:70-2.
10.7555/JBR.35.20210173

39. Patel KN, Majmundar M, Vasudeva R, Doshi R, Kaur A, Mehta H, Gupta K: Impact of gender, race, and
insurance status on inhospital management and outcomes in patients with COVID-19 and ST-elevation
myocardial infarction (a nationwide analysis). Am J Cardiol. 2023, 198:14-25. 10.1016/j.amjcard.2023.04.030

40. Keskin G, Khalil E, Uysal A: Should we postpone elective cardiovascular procedures and percutaneous
coronary interventions during the COVID-19 pandemic?. Heart Surg Forum. 2021, 24:E022-30.
10.1532/hsf.3385

41. Yamaji K, Mitsutake Y, Nakano M, Nakamura T, Fukumoto Y: Robotic-assisted percutaneous coronary
intervention in the COVID-19 pandemic. J Cardiol. 2022, 79:455-9. 10.1016/j.jjcc.2021.08.006

42. Han Y: A treatment strategy for acute myocardial infarction and personal protection for medical staff during
the COVID-19 epidemic: the Chinese experience. Eur Heart J. 2020, 41:2148-9. 10.1093/eurheartj/ehaa358

43. Excess deaths associated with COVID-19. (2023). Accessed: 2024:
https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm.

44. Saad M, Kennedy KF, Imran H, et al.: Association between COVID-19 diagnosis and in-hospital mortality in
patients hospitalized with ST-segment elevation myocardial infarction. JAMA. 2021, 326:1940-52.
10.1001/jama.2021.18890

45. Gitto M, Novelli L, Reimers B, Condorelli G, Stefanini GG: Specific characteristics of STEMI in COVID-19
patients and their practical implications. Kardiol Pol. 2022, 80:266-77. 10.33963/KP.a2022.0072

46. Xiang D, Xiang X, Zhang W, et al.: Management and outcomes of patients with STEMI during the COVID-
19 pandemic in China. J Am Coll Cardiol. 2020, 76:1318-24. 10.1016/j.jacc.2020.06.039

47. Alharbi A, Franz A, Alfatlawi H, Wazzan M, Alsughayer A, Eltahawy E, Assaly R: Impact of COVID-19
pandemic on the outcomes of acute coronary syndrome. Curr Probl Cardiol. 2023, 48:101575.
10.1016/j.cpcardiol.2022.101575

48. Rus M, Ardelean AI, Andronie-Cioara FL, Filimon GC: Acute myocardial infarction during the COVID-19
pandemic: long-term outcomes and prognosis-a systematic review. Life (Basel). 2024, 14:202.
10.3390/life14020202

49. Rodriguez-Leor O, Cid Alvarez AB, Pérez de Prado A, et al.: In-hospital outcomes of COVID-19 ST-elevation
myocardial infarction patients. EuroIntervention. 2021, 16:1426-33. 10.4244/EIJ-D-20-00935

50. Montaseri M, Golchin Vafa R, Attar A, Ali Hosseini S, Kojuri J: Stent thrombosis during COVID-19
pandemic: a case series. Clin Case Rep. 2022, 10:e05872. 10.1002/ccr3.5872

51. Goel A, Malik AH, Bandyopadhyay D, et al.: Impact of COVID-19 on outcomes of patients hospitalized with
STEMI: a nationwide propensity-matched analysis. Curr Probl Cardiol. 2023, 48:101547.
10.1016/j.cpcardiol.2022.101547

52. Hoffmann M, Kleine-Weber H, Schroeder S, et al.: SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2
and is blocked by a clinically proven protease inhibitor. Cell. 2020, 181:271-80.e8. 10.1016/j.cell.2020.02.052

53. Mehrabadi ME, Hemmati R, Tashakor A, Homaei A, Yousefzadeh M, Hemati K, Hosseinkhani S: Induced
dysregulation of ACE2 by SARS-CoV-2 plays a key role in COVID-19 severity. Biomed Pharmacother. 2021,
137:111363. 10.1016/j.biopha.2021.111363

54. Lesaine E, Francis F, Domecq S, et al.: Social and clinical vulnerability in stroke and STEMI management
during the COVID-19 pandemic: a registry-based study. BMJ Open. 2024, 14:e073933. 10.1136/bmjopen-
2023-073933

55. Rattka M, Winsauer C, Stuhler L, et al.: Outcomes of patients with ST-segment myocardial infarction
admitted during the COVID-19 pandemic : a prospective, observational study from a tertiary care center in
Germany. Herz. 2022, 47:258-64. 10.1007/s00059-021-05058-7

56. De Luca G, Algowhary M, Uguz B, et al.: Age-related effects of COVID-19 pandemic on mechanical
reperfusion and 30-day mortality for STEMI: results of the ISACS-STEMI COVID-19 registry. J Clin Med.
2023, 12:2116. 10.3390/jcm12062116

57. Rowland B, Kunadian V: Challenges in the management of older patients with acute coronary syndromes in
the COVID-19 pandemic. Heart. 2020, 106:1296-301. 10.1136/heartjnl-2020-317011

58. Majeed H, Gangu K, Shekhar R, et al.: Impact of COVID-19 on patients hospitalized with ST-segment
elevation myocardial infarction in the United States during the early pandemic: an analysis of outcomes,
care delivery, and racial disparities in mortality. Infect Dis Rep. 2023, 15:55-65. 10.3390/idr15010006

59. Wu Z, McGoogan JM: Characteristics of and important lessons from the coronavirus disease 2019 (COVID-
19) outbreak in China: summary of a report of 72 314 cases from the Chinese Center for Disease Control and

2024 Choi et al. Cureus 16(3): e57288. DOI 10.7759/cureus.57288 9 of 10

https://dx.doi.org/10.1016/j.lanwpc.2020.100056
https://dx.doi.org/10.1016/j.hlc.2021.07.023
https://dx.doi.org/10.1016/j.hlc.2021.07.023
https://journals.co.za/doi/abs/10.10520/ejc-saheart-v17-n3-a4
https://dx.doi.org/10.1093/eurheartj/ehaa619
https://dx.doi.org/10.1093/eurheartj/ehaa619
https://dx.doi.org/10.1038/s41598-023-32223-1
https://dx.doi.org/10.1038/s41598-023-32223-1
https://dx.doi.org/10.1093/intqhc/mzac074
https://dx.doi.org/10.1093/intqhc/mzac074
https://dx.doi.org/10.1016/j.ancard.2020.09.034
https://dx.doi.org/10.1016/j.ancard.2020.09.034
https://dx.doi.org/10.1016/j.jemermed.2021.01.042
https://dx.doi.org/10.1016/j.jemermed.2021.01.042
https://dx.doi.org/10.7555/JBR.35.20210173
https://dx.doi.org/10.7555/JBR.35.20210173
https://dx.doi.org/10.1016/j.amjcard.2023.04.030
https://dx.doi.org/10.1016/j.amjcard.2023.04.030
https://dx.doi.org/10.1532/hsf.3385
https://dx.doi.org/10.1532/hsf.3385
https://dx.doi.org/10.1016/j.jjcc.2021.08.006
https://dx.doi.org/10.1016/j.jjcc.2021.08.006
https://dx.doi.org/10.1093/eurheartj/ehaa358
https://dx.doi.org/10.1093/eurheartj/ehaa358
https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
https://dx.doi.org/10.1001/jama.2021.18890
https://dx.doi.org/10.1001/jama.2021.18890
https://dx.doi.org/10.33963/KP.a2022.0072
https://dx.doi.org/10.33963/KP.a2022.0072
https://dx.doi.org/10.1016/j.jacc.2020.06.039
https://dx.doi.org/10.1016/j.jacc.2020.06.039
https://dx.doi.org/10.1016/j.cpcardiol.2022.101575
https://dx.doi.org/10.1016/j.cpcardiol.2022.101575
https://dx.doi.org/10.3390/life14020202
https://dx.doi.org/10.3390/life14020202
https://dx.doi.org/10.4244/EIJ-D-20-00935
https://dx.doi.org/10.4244/EIJ-D-20-00935
https://dx.doi.org/10.1002/ccr3.5872
https://dx.doi.org/10.1002/ccr3.5872
https://dx.doi.org/10.1016/j.cpcardiol.2022.101547
https://dx.doi.org/10.1016/j.cpcardiol.2022.101547
https://dx.doi.org/10.1016/j.cell.2020.02.052
https://dx.doi.org/10.1016/j.cell.2020.02.052
https://dx.doi.org/10.1016/j.biopha.2021.111363
https://dx.doi.org/10.1016/j.biopha.2021.111363
https://dx.doi.org/10.1136/bmjopen-2023-073933
https://dx.doi.org/10.1136/bmjopen-2023-073933
https://dx.doi.org/10.1007/s00059-021-05058-7
https://dx.doi.org/10.1007/s00059-021-05058-7
https://dx.doi.org/10.3390/jcm12062116
https://dx.doi.org/10.3390/jcm12062116
https://dx.doi.org/10.1136/heartjnl-2020-317011
https://dx.doi.org/10.1136/heartjnl-2020-317011
https://dx.doi.org/10.3390/idr15010006
https://dx.doi.org/10.3390/idr15010006
https://dx.doi.org/10.1001/jama.2020.2648


Prevention. JAMA. 2020, 323:1239-42. 10.1001/jama.2020.2648
60. Majumder J, Minko T: Recent developments on therapeutic and diagnostic approaches for COVID-19 . AAPS

J. 2021, 23:14. 10.1208/s12248-020-00532-2
61. Chirico F, Teixeira da Silva JA, Tsigaris P, Sharun K: Safety & effectiveness of COVID-19 vaccines: a

narrative review. Indian J Med Res. 2022, 155:91-104. 10.4103/ijmr.IJMR_474_21
62. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K: Cardiovascular complications of SARS-

CoV-2 vaccines: an overview. Cardiol Ther. 2022, 11:13-21. 10.1007/s40119-021-00248-0
63. Mascellino MT, Di Timoteo F, De Angelis M, Oliva A: Overview of the main anti-SARS-CoV-2 vaccines:

mechanism of action, efficacy and safety. Infect Drug Resist. 2021, 14:3459-76. 10.2147/IDR.S315727
64. Barsha SY, Akiful Haque MM, Rashid MU, et al.: A case of acute encephalopathy and non-ST segment

elevation myocardial infarction following mRNA-1273 vaccination: possible adverse effect?. Clin Exp
Vaccine Res. 2021, 10:293-7. 10.7774/cevr.2021.10.3.293

65. Hervé C, Laupèze B, Del Giudice G, Didierlaurent AM, Tavares Da Silva F: The how's and what's of vaccine
reactogenicity. NPJ Vaccines. 2019, 4:39. 10.1038/s41541-019-0132-6

66. Chatterjee S, Ojha UK, Vardhan B, Tiwari A: Myocardial infarction after COVID-19 vaccination-casual or
causal?. Diabetes Metab Syndr. 2021, 15:1055-6. 10.1016/j.dsx.2021.04.006

67. Hana D, Patel K, Roman S, Gattas B, Sofka S: Clinical cardiovascular adverse events reported post-COVID-
19 vaccination: are they a real risk?. Curr Probl Cardiol. 2022, 47:101077. 10.1016/j.cpcardiol.2021.101077

68. Kounis NG, Koniari I, Mplani V, Kouni SN, Plotas P, Tsigkas G: Acute myocardial infarction within 24 hours
after COVID-19 vaccination: is Kounis syndrome the culprit?. Am J Cardiol. 2022, 162:207.
10.1016/j.amjcard.2021.09.032

69. Baqi DH, Kakamad FH, Mahmood ZH, et al.: Myocardial infarction following COVID-19 vaccine
administration; a systematic review. Heliyon. 2022, 8:e11385. 10.1016/j.heliyon.2022.e11385

70. Patel AR, Mishra K, Ortega AJ, et al.: The clot thickens: COVID-19-related ST-elevation myocardial
infarction in the setting of recent boosters. Cureus. 2023, 15:e36814. 10.7759/cureus.36814

71. Zafar U, Zafar H, Ahmed MS, Khattak M: Link between COVID-19 vaccines and myocardial infarction. World
J Clin Cases. 2022, 10:10109-19. 10.12998/wjcc.v10.i28.10109

72. Kim YE, Huh K, Park YJ, Peck KR, Jung J: Association between vaccination and acute myocardial infarction
and ischemic stroke after COVID-19 infection. JAMA. 2022, 328:887-9. 10.1001/jama.2022.12992

73. Akhtar Z, Trent M, Moa A, Tan TC, Fröbert O, MacIntyre CR: The impact of COVID-19 and COVID
vaccination on cardiovascular outcomes. Eur Heart J Suppl. 2023, 25:A42-9. 10.1093/eurheartjsupp/suac123

2024 Choi et al. Cureus 16(3): e57288. DOI 10.7759/cureus.57288 10 of 10

https://dx.doi.org/10.1001/jama.2020.2648
https://dx.doi.org/10.1208/s12248-020-00532-2
https://dx.doi.org/10.1208/s12248-020-00532-2
https://dx.doi.org/10.4103/ijmr.IJMR_474_21
https://dx.doi.org/10.4103/ijmr.IJMR_474_21
https://dx.doi.org/10.1007/s40119-021-00248-0
https://dx.doi.org/10.1007/s40119-021-00248-0
https://dx.doi.org/10.2147/IDR.S315727
https://dx.doi.org/10.2147/IDR.S315727
https://dx.doi.org/10.7774/cevr.2021.10.3.293
https://dx.doi.org/10.7774/cevr.2021.10.3.293
https://dx.doi.org/10.1038/s41541-019-0132-6
https://dx.doi.org/10.1038/s41541-019-0132-6
https://dx.doi.org/10.1016/j.dsx.2021.04.006
https://dx.doi.org/10.1016/j.dsx.2021.04.006
https://dx.doi.org/10.1016/j.cpcardiol.2021.101077
https://dx.doi.org/10.1016/j.cpcardiol.2021.101077
https://dx.doi.org/10.1016/j.amjcard.2021.09.032
https://dx.doi.org/10.1016/j.amjcard.2021.09.032
https://dx.doi.org/10.1016/j.heliyon.2022.e11385
https://dx.doi.org/10.1016/j.heliyon.2022.e11385
https://dx.doi.org/10.7759/cureus.36814
https://dx.doi.org/10.7759/cureus.36814
https://dx.doi.org/10.12998/wjcc.v10.i28.10109
https://dx.doi.org/10.12998/wjcc.v10.i28.10109
https://dx.doi.org/10.1001/jama.2022.12992
https://dx.doi.org/10.1001/jama.2022.12992
https://dx.doi.org/10.1093/eurheartjsupp/suac123
https://dx.doi.org/10.1093/eurheartjsupp/suac123

	Multifaceted Impact of the Coronavirus Disease 2019 (COVID-19) Pandemic on ST-Elevation Myocardial Infarction (STEMI): A Literature Review of Incidence, Treatment Modalities, and Outcomes
	Abstract
	Introduction And Background
	FIGURE 1: Treatment of STEMI.

	Review
	Incidence of STEMI during the COVID-19 pandemic
	Treatment, outcome, and prognosis of STEMI during the COVID-19 pandemic
	FIGURE 2: Comparison of STEMI outcomes during pre-pandemic and COVID-19 pandemic.

	Effect of COVID-19 vaccination on STEMI

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


