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The universal definition of myocardial infarction (MI) differentiates
between type 1 and type 2 MI.1 Type 1 generally refers to acute athe-
rothrombotic disease that is precipitated by atherosclerotic plaque
disruption (rupture or erosion). Type 2 occurs as a result of an imbalance
in oxygen supply in the setting of greater-than-usual demand. At the
onset of COVID-19 pandemic, much of the focus was on type 1 MI, which
was observed to be associated with an unusually large thrombus burden,
and its management, including door-to-balloon times, hemodynamic
support in concomitant shock, and cardiopulmonary resuscitation during
cardiac arrest. Early reports noted delays in presentation, concern over
pathways advocating the use of thrombolytic therapy over primary
percutaneous intervention (PPCI), and controversy over how best to
implement advanced cardiac life support.2-5 Over the subsequent 2 years,
the high risk of thrombosis in COVID-19, profound hypoxemia, and the
severe systemic inflammatory response confounded our understanding
and management of ST-segment elevation MI (STEMI) and cardiogenic
shock. Questions that arose included whether those with a hypercoagu-
lable state benefit from PPCI vs potent invasive pharmacotherapy and
whether MI with nonobstructive coronary artery (MINOCA) is, in fact,
type 2 MI due to COVID-19 complications.

The North American COVID-19 STEMI (NACMI) registry was an
opportunity to capture the patterns of presentation during COVID-19
as well as temporal changes in practice and outcomes.6 In North
America, PCI remains the predominant revascularization strategy in
the majority of patients, with two-third of them achieving the rec-
ommended door-to-balloon time of less than 90 minutes. Over time,
survival approximated the pre-COVID era, with higher mortality rates
in unvaccinated patients. Initially, there was a notable higher inci-
dence in minority groups with less favorable outcomes; worse eco-
nomic conditions and a higher prevalence of comorbidities were
among the postulated explanations. During the most recent wave of
the pandemic, the racial and ethnic breakdown of patients in the
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NACMI registry once again reflected prepandemic data, with a pre-
dominance in Caucasians.7,8

The current substudy by Quesada et al9 evaluated sex differences
observed in those with STEMI and COVID-19. The registry data noted
what we have long observed, before the pandemic, that women were
older and more likely to have risk factors like diabetes or comorbidities
like stroke; however, compared with prepandemic times where chest
pain was the most common presenting symptom in both women and
men, we now observe dyspnea to be the most common presenting
symptom in women. What is most striking, however, is the lack of an
identifiable culprit vessel in 21% of STEMIs, markedly higher than the
proportion of STEMIs without concomitant COVID-19 in which it was
observed. Indeed, the incidence of MINOCA in STEMI without COVID-19
is only 3%-6%.10 A limitation of the NACMI registry is that it can only
highlight this interesting epidemiology but cannot inform us further on
the potential causes for this high rate of MINOCA.Women have long been
more than twice as likely as men to have MINOCA, and this did not differ
in the current analysis (MINOCAwas present in 33% of women vs 18% of
men; P < .001). As such, women were more likely to receive medical
therapy alone, whereas men were more likely to receive PPCI. Intra-
coronary imaging, provocative testing, cardiac magnetic resonance im-
aging, and thrombophilia assays would have been valuable in discerning
the most common cause of MINOCA in COVID-19 and may need to be
captured in future registry data (Figure 1). In-hospital mortality was also
markedly high at 29% but did not differ by sex (33% for women and 27%
for men; P¼ .22). This, however, was significantly higher than that in the
pre-COVID-19 pandemic era. In-hospital mortality correlated with
moribund conditions and clinical presentations such as cardiogenic
shock, age >66 years, prior stroke, and pulmonary infiltrates. This
finding suggests that comorbidities had a large impact on survival.

Although NACMI lacks adjudication of outcomes, it is a representa-
tion of disease patterns and practice trends. The NACMI sex substudy
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Figure 1. Unique features of STEMI and MINOCA in men and women with COVID-19 infection. CABG, coronary artery bypass grafting; CPR, cardiopulmonary
resuscitation; MI, myocardial infarction; MINOCA, myocardial infarction with nonobstructive coronary arteries; PCI, percutaneous coronary intervention; PPCI,
primary PCI; SIRS, systemic immune response syndrome; STEMI, ST-segment elevation MI.
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provides an incentive to understand MINOCA further and press clinicians
to investigate these cases more accurately. Furthermore, as the data in
the registry continue to grow, an analysis of outcomes by race/ethnicity
and sex may provide additional insight into any potential disparities of
care. Finally, additional analyses of temporal trends with respect to the
vaccinated and unvaccinated populations, the differing variants leading
to COVID-19, and/or patterns in delivery of cardiac services during surge
peaks or as restrictions are lifted may also be informative. Despite the
limitations of this registry, it is important for the interventional cardi-
ology community to continue to understand the changing landscape of
STEMI in the setting of COVID-19 and adapt accordingly.
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