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KEY POINTS

e COVID-19 has negatively impacted the overall care of patients with acute myocardial infarction (Ml).

e Globally, there have been significant reductions in hospital admissions, cardiac catheterization lab-
oratory activations, and percutaneous coronary interventions for acute MI, attributed to both pa-
tient- and system-related factors.

e Symptom onset to revascularization time increased significantly during the pandemic for both
STEMI and NSTEMI, resulting in worse in-hospital outcomes, including all-cause death, cardio-
genic shock, and heart failure.

e Although several studies have reported short-term outcomes, future research should focus on
examining the long-term effects of the pandemic on this particularly vulnerable patient population.

INTRODUCTION

The coronavirus disease 2019 (COVID-19)
outbreak, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), was first re-
ported in December 2019 in Wuhan, Hubei
Province, China, and has quickly spread to the

the SARS-CoV-2 virus are either asymptomatic or
minimally symptomatic, which likely underesti-
mates the true prevalence of COVID-19.

This outbreak has quickly overwhelmed health
care systems around the world consuming and
shifting resources to care for these patients, result-
ing in deferral or avoidance of care for many non-

rest of the world causing a global health crisis. On
March 11, 2020, the World Health Organization
declared COVID-19 a pandemic. As of November
2021, a total of over 250 million cases have been re-
ported worldwide with over 5 million deaths with a
case fatality rate of about 2% (CDC, US Depart-
ment of Health and Human Services). As of
November 2021, the United States has recorded
over 46 million confirmed cases of COVID-19 and
over 750,000 deaths. Most patients infected with

covid patients, placing those with other health
conditions at risk because of limited access to
high-quality medical care. Similarly, patients with
cardiovascular diseases have been greatly
affected as a result. At the beginning of the
pandemic, many elective cardiac procedures
were canceled to minimize exposure to cardiac
catheterization laboratory personnel and nursing
staff with priority given only to the management
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of ST-segment elevation myocardial infarction
(STEMI) and critically ill non-ST-segment elevation
myocardial infarction (NSTEMI) patients.

Despite a declining trend in overall incidence,
acute myocardial infarction (MI) continues to
remain a condition with high morbidity and mortal-
ity, with an incidence of 805,000 cases annually.’
Timely coronary revascularization, achieved by
primary percutaneous coronary intervention
(PPCI), remains the mainstay of management for
acute MI. Data from around the world during the
pandemic suggested significantly lower rates of
hospitalizations for acute MI, both STEMI and
NSTEMI, either due to lower referral rates, pa-
tients’ hesitancy to seek health care in fear of con-
tracting COVID-19 at the hospitals, or even
misdiagnosis.>® We discuss the impact of
COVID-19 on the treatment of the important as-
pects of acute ML.

Impact of COVID-19 on ST-Segment Elevation
Myocardial Infarction Care

The COVID-19 pandemic has had a dramatic
negative impact on the overall care of STEMI pa-
tients (Fig. 1).2® The areas most impacted by
COVID-19 include:

e Reduction in STEMI activations

e Prolonged symptom-to-first medical contact
time

e Prolonged door-to-balloon times

4 RN

Lack of Approprite
Resources & Potential
Exposure of Healthcare

e A shift from PPCI to pharmacologic reperfu-
sion (ie, fibrinolytic therapy)

e Reduction in patients undergoing invasive
angiography and PPCI

e Worsening clinical outcomes

ST-segment elevation myocardial infarction
activations and hospital admissions

Compared with the prepandemic years, STEMI
activations were reduced significantly during the
early months of the pandemic. This decrease in
STEMI admissions was seen irrespective of age,
gender, underlying comorbidities, and geographic
region. In the first 3 months of the pandemic be-
tween January 2020 and March 2020, a 38%
reduction in STEMI activations was noted in the
United States compared with the same period
the previous year.” An expanded and extended
analysis of the United States that included 18 large
health care systems showed a drop in STEMI acti-
vations of about 29%.° Interestingly, this drop in
STEMI activations affected all geographic regions
irrespective of COVID-19 incidence or stay-at-
home orders.® A similar trend has been reported
around the world (Fig. 2).>%° This decrease in
STEMI activations coincided with a significant in-
crease in out-of-hospital cardiac arrests, which
raised concerns about patients with cardiovascu-
lar emergencies foregoing medical care during
the pandemic.”' An increase in mechanical com-
plications of STEMI was also noted.?
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Fig. 1. Impact of COVID-19 on STEMI care (created with BioRender).
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COVID-19 and STEMI care

Fig. 2. Reductions in STEMI hospitalizations during the COVID-19 pandemic.*®

Using data from a National Patient Care data-
base from January 2019 to May 2020, a 23%
reduction in weekly STEMI admission rates was
reported in the United Kingdom between mid-
February and the end of March 2020 compared
with the weekly average admissions in 2019.°
This decline was partially reversed in April and
May 2020 to a weekly reduction of 16% by the
end of the study period. Similarly, data from Italy
showed in March 2020 there was a 26.5% reduc-
tion in STEMI admissions compared with the same
period the year before.® Interestingly, the reduc-
tion in admissions was higher among women
compared with men (41.2% vs 17.8%), which
could represent gender disparity in the manage-
ment of STEMI during the pandemic.

In addition to the reluctance to seek medical
attention by patients out of fear of contracting
COVID-19, other potential explanations for the
lower rate of STEMI activations during the
pandemic include a shift to pharmacologic reper-
fusion to minimize operator exposure, misdiag-
nosis of STEMI, and changes in standard of care,
including personal protective equipment, emer-
gency medical services (EMSs), rapid testing and
hospital beds, and a shift in resources to care for
COVID-19 patients. It is unlikely that the reduction
in STEMI represents reduced Ml incidence related
to less physical and work-related stress. The
increased numbers of cardiac arrests and late
complications of STEMI would suggest otherwise.

Symptom-to-first medical contact and door-to-
balloon times

Although evidence suggests that reduced door-to-
balloon times have significantly improved outcomes
in STEMI,'>'* patient-related delay (symptom to

first medical contact) remains a significant chal-
lenge. The total ischemic time, defined as symptom
onset to revascularization, is a major determinant of
outcomes in STEML'>'" During the current
pandemic, this important metric was significantly
longer compared with that in the pre-COVID era as
demonstrated by Abdelaziz and colleagues.’® In
this study, once the patient presented to the hospi-
tal, the door-to-balloon time was similar between
the 2 groups, but troponin levels were significantly
higher in the COVID era patients (2739 [932-
10,480] ng/L vs 1245 [327-2789] ng/L), demon-
strating the probable consequences of delayed
presentation.

In Italy, De Rosa and colleagues® reported a
39.2% increase in symptom-to-coronary angiog-
raphy time and a 31.5% increase in time from first
medical contact to coronary revascularization,
which signifies a substantial increase in both pa-
tient- and system-related delays. Analysis from
the European International Study on Acute Coro-
nary Syndromes-STEMI (ISACS-STEMI) COVID-
19 registry demonstrated that the total ischemic
time was significantly longer during the pandemic
(181 [120-301] minin 2019 vs 200 [127-357] min in
2020; P = .004) as was the door-to-balloon time
(84 [21-36] min in 2019 vs 36 [24-60] min in
2020; P = .007)."® Delayed presentations beyond
12 hours of ischemic time were also more com-
mon during the pandemic (9.1% in 2019 vs
11.7% in 2020; P < .001).

The prospective Magnetic Resonance Imaging
in Acute ST-Elevation Myocardial Infarction
(MARINA-STEMI) evaluated STEMI patients with
cardiac magnetic resonance imaging (cMRI) dur-
ing times of public health restrictions versus no re-
strictions and provided a mechanistic link between
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patient delays and poor outcomes. MARINA-
STEMI revealed that patients treated during lock-
downs had larger infarct sizes (22 [IQR 12-29]%
vs 14 [IQR 6-23]%, P < .01), more microvascular
obstruction (77% vs 52%, P < .01) and a higher
rate of intramyocardial hemorrhage (56% vs
34%, P = .02)."°

Both patient- and system-related factors appear
to have contributed to delay in symptom-to-first
medical contact and door-to-balloon times during
the pandemic, which limits the substantial benefit
provided by primary PCIl in STEMI. Fear of con-
tracting COVID-19 infection at the hospital or the
physician’s office often seems to have led patients
to delay seeking appropriate care for chest pain.
Early in the pandemic, health care systems were
stressed, which impacted the timely management
of STEMI patients. Multiple countries implemented
strict lockdowns to prevent the spread of COVID-
19 with both hospital and EMSs redirected to crit-
ically ill COVID-19 patients. Longer EMS response
times and shortages of experienced EMS
personnel contributed to delays in cardiac cathe-
terization laboratory activations from the field.
These differences were more pronounced in coun-
tries that entered the pandemic with limited health
care resources in infrastructure and personnel. In a
systematic review, Chew and colleagues®’
demonstrated that low-income countries reported
a larger increase in door-to-balloon times
compared with high-income countries (19.64 mi-
nutes vs 4.52 minutes).

A shift to pharmacologic reperfusion
Over the past 2 decades, there has been a decline
in the use of fibrinolytic therapy for STEMI as
extensive data demonstrated superior outcomes
with PPCI compared with Iytic therapy.?’ In the
contemporary era, fibrinolytic therapy for STEMI
is primarily used only for patients who initially pre-
sent to a non-PCl-capable hospital with a transfer
time to a PCl-capable center of greater than
2 hours. At the beginning of the pandemic, a shift
to fibrinolytic therapy was more strongly consid-
ered for the management of STEMI even in
PPCI-capable hospitals as health care organiza-
tions were severely overwhelmed with lack of
appropriate resources, anticipated delays in pri-
mary PCI, and potential exposure of health care
workers, 822724

In a small case series by Wang and col-
leagues,?* 17 STEMI patients who received fibri-
nolytics were compared with 20 who underwent
primary PCI. This study showed comparable in-
hospital and 30-day MACE, and mortality rates
with no increase in major bleeding risk. By
following a modified STEMI care protocol,

where-in fibrinolysis was the preferred treatment
of choice for patients with unconfirmed COVID-
19 status, intended as an infectious control mea-
sure in China at the beginning of the pandemic,
Xiang and colleagues® reported a dramatic in-
crease in the probability of fibrinolysis as the treat-
ment of choice for STEMI (odds ratio 1.66 [1.50-
1.84]), which paralleled a similar decrease in pri-
mary PCI rates.

However, this approach has been associated
with higher mortality, reinfarction, stroke, and ma-
jor bleeding.?®2® Moreover, the benefit of fibrino-
lytic therapy was negated if there was a
considerable delay in presentation, which could
result in the formation of a more organized clot
that may be resistant to lysis. Although large-
scale randomized studies comparing the 2 strate-
gies in the pandemic era are lacking, the rationale
for changing the standard of care from PPCI to
fibrinolytic therapy has not been clearly estab-
lished. In addition, the Chinese experience has
demonstrated more adverse events with this
approach, including death and heart failure, and
therefore this shift from mechanical to pharmaco-
logic reperfusion cannot be recommended.
Consistent with existing guidelines, a pharmaco-
invasive approach can be considered for patients
presenting initially to non-PCl-capable hospital
when timely transfer to a PCl-capable hospital is
not available.™

Primary PCl for ST-segment elevation
myocardial infarction

Primary percutaneous coronary intervention
(PCI), when available and performed by an expe-
rienced team in a timely manner, is the preferred
reperfusion strategy for treating STEMI to
improve survival and reduce rates of recurrent
MI and hemorrhagic stroke relative to lytic ther-
apy.'®2:25 During the pandemic there have
been significant reductions in primary PCI rates
for STEMI, which paralleled reductions in hospital
admissions for STEMI. In The United Kingdom, an
18% reduction in weekly primary PCI rates for
STEMI was observed during the first few months
of the pandemic compared with the previous
year.'® Similarly, data from the European
ISACS-STEMI COVID-19 registry showed a 19%
reduction in primary PCI rates between March
and April 2020 compared with the same period
the previous year.'® This reduction in procedures
was independent of the number of COVID-19
patients.

Despite a significant reduction in overall STEMI
admissions in Italy, De Rosa and colleagues®
noted similar rates of coronary angiography in
2020 compared to 2019 (94.9% vs 94.5%) among



those who presented to the hospital with a diag-
nosis of STEMI, which suggest that the principal
barrier to PPCI during the pandemic may be a
desire to avoid the health care system during the
pandemic, in particular during lockdowns.

Clinical outcomes of ST-segment elevation
myocardial infarction patients during the
pandemic

Delayed reperfusion in STEMI is associated with
larger myocardial scar size, increased risk of heart
failure and shock, ventricular arrhythmias, and mor-
tality.2” There has been an increased risk of mortal-
ity and worse outcomes in STEMI patients during
the pandemic. STEMI case fatality rate in ltaly
was 13.7% during the pandemic compared with
4.1% the previous year, a 3-fold increase in mortal-
ity.® In addition, there was a higher prevalence of
major complications (cardiogenic shock, life-
threatening arrhythmias, cardiac rupture/ventricular
septal defect, and severe functional mitral regurgi-
tation) in these patients during the study period,
an increase from 10.4% to 18.8%. In addition,
Chew and colleagues®® demonstrated that there
was a higher proportion of patients with post-PCI
fibrinolysis in MI thrombolysis in myocardial infarc-
tion (TIMI) flow grade less than 3 during the
pandemic compared with the prepandemic era
indicating suboptimal reperfusion.

In the European ISACS-STEMI COVID-19 regis-
try, the overall in-hospital mortality rate in STEMI
patients was significantly higher at 6.8% during
the pandemic compared with 4.9% the prior
year.'® This association between the COVID-19
pandemic and higher in-hospital mortality rates
persisted even after adjusting for longer total
ischemic and door-to-balloon times. There were
more late STEMI presentations during the
pandemic. Although the true incidence of post-
STEMI mechanical complications during the
pandemic is currently unknown,'? Araiza-
Garaygordobil and colleagues®® demonstrated an
incidence of 1.98% compared with 0.98% in the
prepandemic era in one multinational study,
despite similar GRACE risk scores. The increase
in short-term complications may lead to prolonged
admission to critical care units, which could, in
turn, exacerbate a serious shortage in already
sparse resources.

Potential causes for worse outcomes in STEMI
include prolonged symptom-to-coronary angiog-
raphy time due to need to test patients for COVID
before transport to the CV laboratory, late presen-
tations, reduced rates of primary PCI, and a switch
from mechanical to pharmacologic reperfusion.
Patients presenting initially to non-PCl hospitals
may experience transfer delays or even refusal to

COVID-19 and STEMI care

transfer due to COVID-19-related health care de-
mands and resource limitations. At the beginning
of the pandemic, cardiac catheterization labora-
tories in some hospitals were suspended to limit
exposure until specific hospital-wide protocols
were initiated to maintain the safety of personnel
and minimize exposure.'* Also, STEMI protocols
were altered during the pandemic to allow for
screening and triaging of COVID-19 patients in
the emergency department, which could have
led to further delays in reperfusion and worse
outcomes. ™

COVID-19 and Non-ST-Segment Elevation
Myocardial Infarction

Similar to STEMI, a significant reduction in hospital
admissions for NSTEMI has been reported during
the pandemic.®=° In fact, reductions in hospital ad-
missions and PCI rates for NSTEMI were more
pronounced than that seen for STEMI.® Compared
with a 23% reduction in weekly STEMI admis-
sions, Mafham and colleagues® reported a 42%
reduction in NSTEMI admissions. Data from Italy
showed a 65.4% reduction in hospital admissions
for NSTEMIL® This was significantly higher
compared with a 26.5% reduction in STEMI ad-
missions during the same study period. Solomon
and colleagues® demonstrated a similar weekly
reduction of NSTEMI-related hospital admissions
at the beginning of the pandemic in the United
States. One possible explanation for this observa-
tion is that STEMI patients who present with more
severe symptoms tend to seek help more often
than patients with NSTEMI.

In a small single-center study, Aldujeli and col-
leagues®® reported a significantly longer chest
pain-to-door (1885 [880-5732] min vs 606 [388-
944] min) and door-to-reperfusion (332 [182-581]
min vs 194 [92-329] min) times in NSTEMI patients
during the pandemic compared with the prepan-
demic year. However, clinical outcomes were
similar between the groups. Although symptom-
to-revascularization time is less frequently studied
in patients with NSTEMI/UA, studies have demon-
strated worse outcomes in high-risk patients when
revascularization is delayed.*°

A change in revascularization modalities has
also occurred during the pandemic. Mafham and
colleagues® observed that NSTEMI patients were
more likely to undergo PCl rather than coronary ar-
tery bypass graft surgery (CABG) surgery (up to
80% reduction in CABG surgery), which was in
line with the recommendations from the British
Cardiovascular Intervention Society to minimize
utilization of intensive care unit beds. Moreover,
there was also a paucity of mechanical ventilators
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because of the diversion of resources to critically ill
COVID-19 patients. Interestingly, these patients
received PCl more often on the day of admission
resulting in a shorter length of hospital stays, to
minimize exposure and make beds available for
sicker COVID-19 patients. Despite this shift away
from CABG surgery, there was a 37% reduction
in weekly PCIl rates for NSTEMI during the
pandemic compared with the year prior.

In addition to reduced hospitalizations and pro-
longed symptom-to-revascularization times, the
rate of major complications (cardiogenic shock,
life-threatening arrhythmias, cardiac rupture/ven-
tricular septal defect, and severe functional
mitral regurgitation) was reported to have increased
from 5.1% to 10.7% in NSTEMI in one study.®

Acute Myocardial Infarction Care in COVID-19
Patients

Myocardial injury, defined as an elevation in
troponin levels above the 99th percentile, is com-
mon in hospitalized patients with COVID-19 infec-
tion with an incidence ranging between 8% and
36% (see Laura De Michieli and colleagues’
article, “Use and Prognostic Implications of
Cardiac Troponin in COVID-19,” in this issue).®"%?
The incidence of myocardial injury parallels the
severity of COVID-19 infection with a 13-fold in-
crease in risk among patients in intensive care
units.®! Troponin elevation in COVID-19 is inde-
pendently associated with increased risk of mor-
tality, especially for those with underlying history
of cardiovascular disease.>>* Differential diagno-
ses for elevated troponin in COVID-19 include
acute MI, microvascular thrombosis, acute heart
failure, myocarditis, stress-induced cardiomyopa-
thy, supply-demand mismatch, disseminated
intravascular coagulation, cytokine storm, and
lastly acute pulmonary embolism.®°

COVID-19 may increase the risk of acute M| with
a reported incidence between 1.1% and
8.9%.%%°7 The risk is higher in the first 2 weeks af-
ter infection with Modin and colleagues®® showing
an approximately 5-fold increased risk. A large
population-based study of all COVID-19 patients
in Sweden reported that the risk of acute Ml in
these patients is significantly higher in the first
1 week after exposure and subsequently de-
creases by weeks 2 and 3.%° The pathophysiology
of acute Ml in COVID-19 includes (1) increased risk
of plaque rupture and thrombosis (type 1 AMI) or
(2) myocardial oxygen imbalance due to supply-
demand mismatch (type 2 AMI). This is attributed
to the intense systemic inflammatory response
and a relative prothrombotic state caused by the
SARS-CoV-2 virus.*°

The diagnosis of acute Ml become more chal-
lenging for clinicians around the world during
these unprecedented times. In COVID-19 patients,
it is crucial to differentiate ACS and myocardial
injury as treatment varies significantly. Although
the same criteria can be used to diagnose STEMI
in COVID-19 patients compared with the general
population, the diagnosis of NSTEMI can be
particularly challenging as troponin elevation is
commonly seen in these patients. COVID-19 pa-
tients presenting with acute MI may have complex
coronary anatomy with higher thrombus burden,
lesion haziness, ulcerative lesions, and prevalence
of multivessel CAD.*!" The prothrombotic state
associated with COVID-19 infection could
possibly play a role in a higher thrombus burden
in acute MI patients.

Early in the pandemic, De Rosa and colleagues®
reported that among all STEMI patients, 10.7%
were COVID+ with a case fatality rate of 28.6%
compared with 11% in COVID patients. Similarly,
in-hospital mortality from STEMI in COVID-19 pa-
tients was 29% in the European ISACS-STEMI
COVID-19 registry.’”® The North American
COVID-19 Myocardial Infarction (NACMI) registry,
a prospective, multicenter, observational registry
of hospitalized STEMI patients with confirmed
COVID-19 infection comprehensively evaluated
patient characteristics in this high-risk popula-
tion.*? This important registry has shown that 1 in
5 COVID-19 patients with STEMI did not undergo
invasive coronary angiogram and among those
who did about 1 in 4 had normal coronary arteries.
In addition, the study demonstrated that despite
having a high-risk presentation with more cardio-
genic shock, COVID-19 patients were less likely
to undergo PCI (71% vs 100%), had significantly
longer door-to-balloon times (79 min vs 66 min),
and significantly higher in-hospital mortality (33%
vs 4%) compared with age- and sex-matched his-
torical controls. Despite this, primary PCI
remained the preferred revascularization strategy
in these patients with a 48% mortality among
those who did not undergo coronary angiogram
compared with 28% among those who did. This
highlights the feasibility of primary PCl in COVID-
19 patients, which remains the recommended mo-
dality of revascularization in STEMI.'®

The European Association for Cardiovascular
Imaging (EACVI) and the American Association of
Cardiology (ACC) have highlighted recommenda-
tions to help guide clinicians in making appropriate
decisions with regard to caring for patients sus-
pected or diagnosed to have COVID-related acute
myocardial injury.®*3 Acute MI care in COVID-19
patients is discussed in detail in Thomas A. Kite
and colleagues’ article, “The Direct and Indirect
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Effects of COVID-19 on
Syndromes,” in this issue.

Acute Coronary

Initiatives to Improve Acute Myocardial
Infarction Care and Future Directions

It is clear that the COVID-19 pandemic continues
to have a negative impact on acute MI care.
Conceptually, the COVID-19 pandemic has had
direct (increased arterial and venous thromboge-
nicity, troponin elevation, microthrombi, respira-
tory failure, in-hospital presentation) and indirect
effects (lockdowns, cancellation of services,
restrictive visitation policies, delayed presenta-
tions) on acute MI care, which collectively have
resulted in increased morbidity and mortality.*4*°

A thorough understanding of the barriers to
seeking and providing cardiovascular care in
acute MI during this pandemic is crucial to
improving outcomes. Primary PCIl continues to
be the preferred treatment of choice in STEMI pa-
tients and studies have demonstrated worse out-
comes in those who did not receive primary PCI
during the pandemic.?> COVID-19 may remain in
the community for the foreseeable future, espe-
cially in light of mutations creating newer variants
of the SARS-CoV-2 virus with a higher infectivity
rate and complications. As vaccines have become
available, clinical presentations of vaccinated
COVID-19 patients may differ from the unvacci-
nated. Campaigns such as SCAl's Seconds Still
Count have reversed early declines in STEMI pre-
sentations and should be expanded.® The use of
social and other media to bring awareness about
the importance of timely reperfusion should be
emphasized. It is clear that restrictive lockdowns
are detrimental for health care delivery and more
circumspect approaches are needed.** For effec-
tive results, such campaigns should be able to
cross cultural, socioeconomic, and psychosocial
barriers. Strategies for emergency network reor-
ganization, including rapid screening of acute Ml
patients and appropriate allocation of resources
for critically ill non-COVID patients, are also
needed. System-wide standardized protocols
need to be implemented by health care organiza-
tions to ensure rapid, and safe access to health
care in a timely manner for improved outcomes
in acute MI while ensuring the safety of the health
care personnel.

Interruptions in critical health care services have
been reported during prior epidemics/pandemics.
The American Heart Association issued temporary
emergency guidance on STEMI care that included
improving awareness among the general public
about the symptoms and signs of “heart attack,”
screening patients for COVID symptoms,

COVID-19 and STEMI care

identifying STEMI mimics before catheterization
laboratory activation, and minimizing delays to pri-
mary PCI for clear STEMI while testing for COVID-
19.46 PCl was recommended as the preferred
primary reperfusion strategy in these patients irre-
spective of their COVID status. The Society for
Cardiovascular Angiography and Interventions
(SCAl), the American College of Cardiology
(ACC), and the American College of Emergency
Physicians (ACEP) advocate that those patients
needing emergency cardiac catheterization
should be treated as possible COVID-19 and
treated accordingly pending testing.'* Cardiovas-
cular societies and health care organizations
need to continue to work together to formulate
pragmatic guidelines and protocols with the goal
of delivering the best possible care for acute Ml
patients while maintaining the safety of hospital
personnel in these troubled times.

SUMMARY

The COVID-19 pandemic has resulted in restricted
access to clinical services and worse clinical out-
comes for patients with acute MI. The mecha-
nisms are multifactorial and include avoidance of
medical care during lockdowns, late presenta-
tions, reorganization of treatment pathways—
including deviations from standard of care proto-
cols during COVID surges—, and a shift from me-
chanical to pharmacologic reperfusion. Many of
these trends have the potential to undo 3 decades
of progress in STEMI care and therefore must be
reversed in a timely manner. Educational cam-
paigns such as SCAI’s Seconds Still Count have
reversed early declines in STEMI presentations
and should be replicated and expanded.

CLINICS CARE POINTS

e Timely primary percutaneous coronary inter-
vention remains the dominant revasculariza-
tion modality for STEMI patients during the
pandemic.

DISCLOSURE

Dr S. Garcia is a consultant for Medtronic,
Edwards Lifesciences, BSCI, and Abbott Vascular;
has received institutional research grants from
Edwards Lifesciences, Abbott Vascular, Gore,
and BSCI; and is a proctor for Edwards Lifescien-
ces. The other authors have nothing to disclose.

351


https://doi.org/10.1016/j.ccl.2022.03.002
https://doi.org/10.1016/j.ccl.2022.03.002

352

Guddeti et al

REFERENCES

1.

10.

11.

12.

13.

14,

Benjamin EJ, Muntner P, Alonso A, et al. Heart dis-
ease and stroke statistics-2019 update: a report
from the american heart association. Circulation
2019;139(10):e56-528.

. Garcia S, Albaghdadi MS, Meraj PM, et al. Reduc-

tion in ST-segment elevation cardiac catheterization
laboratory activations in the United States during
COVID-19 pandemic. J Am Coll Cardiol 2020;
75(22):2871-2.

. De Filippo O, D'Ascenzo F, Angelini F et al

Reduced rate of hospital admissions for ACS during
Covid-19 outbreak in northern ltaly. N Engl J Med
2020;383(1):88-9.

. Solomon MD, McNulty EJ, Rana JS, et al. The Covid-

19 pandemic and the incidence of acute myocardial
infarction. N Engl J Med 2020;383(7):691-3.

. De Rosa S, Spaccarotella C, Basso C, et al. Reduc-

tion of hospitalizations for myocardial infarction in
Italy in the COVID-19 era. Eur Heart J 2020;41(22):
2083-8.

. 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(10248):381-9.

. Mohammad MA, Koul S, Olivecrona GK, et al. Inci-

dence and outcome of myocardial infarction treated
with percutaneous coronary intervention during
COVID-19 pandemic. Heart 2020;106(23):1812-8.

. 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(11):1318-24.

. Garcia S, Stanberry L, Schmidt C, et al. Impact of

COVID-19 pandemic on STEMI care: an expanded
analysis from the United States. Catheter Cardio-
vasc Interv 2021;98(2):217-22.

Abdelaziz HK, Abdelrahman A, Nabi A, et al. Impact
of COVID-19 pandemic on patients with ST-segment
elevation myocardial infarction: insights from a
British cardiac center. Am Heart J 2020;226:45-8.
Lai PH, Lancet EA, Weiden MD, et al. Characteris-
tics associated with out-of-hospital cardiac arrests
and resuscitations during the novel coronavirus dis-
ease 2019 pandemic in New York city. JAMA Cardiol
2020;5(10):1154-63.

Riley RF, Kereiakes DJ, Mahmud E, et al. Back to the
future" for STEMI?: the COVID-19 experience. JACC
Case Rep 2020;2(10):1651-3.

Nallamothu BK, Normand SL, Wang Y, et al. Relation
between door-to-balloon times and mortality after
primary percutaneous coronary intervention over
time: a retrospective study. Lancet 2015;385(9973):
1114-22.

Mahmud E, Dauerman HL, FGP Welt, et al. Manage-
ment of acute myocardial infarction during the

16.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

COVID-19 pandemic: a position statement from the
society for cardiovascular angiography and inter-
ventions (SCAI), the american college of cardiology
(ACC), and the american college of emergency phy-
sicians (ACEP). J Am Coll Cardiol 2020;76(11):
1375-84.

De Luca G, van 't Hof AW, de Boer MJ, et al. Time-to-
treatment significantly affects the extent of ST-
segment resolution and myocardial blush in patients
with acute myocardial infarction treated by primary
angioplasty. Eur Heart J 2004;25(12):1009-13.

De Luca G, Suryapranata H, Ottervanger JP, et al.
Time delay to treatment and mortality in primary an-
gioplasty for acute myocardial infarction: every min-
ute of delay counts. Circulation 2004;109(10):
1223-5.

Terkelsen CJ, Sgrensen JT, Maeng M, et al. System
delay and mortality among patients with STEMI
treated with primary percutaneous coronary inter-
vention. JAMA 2010;304(7):763-71.

De Luca G, Verdoia M, Cercek M, et al. Impact of
COVID-19 pandemic on mechanical reperfusion for
patients with STEMI. J Am Coll Cardiol 2020;
76(20):2321-30.

Lechner I, Reindl M, Tiller C, et al. Impact of COVID-
19 pandemic restrictions on ST-elevation myocardial
infarction: a cardiac magnetic resonance imaging
study. European Heart Journal 2021;43:1141-53.
Chew NWS, Ow ZGW, Teo VXY, et al. The global ef-
fect of the COVID-19 pandemic on STEMI care: a
systematic review and meta-analysis. Can J Cardiol
2021;37(9):1450-9.

Keeley EC, Boura JA, Grines CL. Primary angio-
plasty versus intravenous thrombolytic therapy for
acute myocardial infarction: a quantitative review
of 23 randomised trials. Lancet 2003;361(9351):
13-20.

Jing ZC, Zhu HD, Yan XW, et al. Recommendations
from the peking union medical college hospital for
the management of acute myocardial infarction dur-
ing the COVID-19 outbreak. Eur Heart J 2020;
41(19):1791-4.

Zhang L, Fan Y, Lu Z. Experiences and lesson stra-
tegies for cardiology from the COVID-19 outbreak in
Wuhan, China, by 'on the scene’ cardiologists. Eur
Heart J 2020;41(19):1788-90.

Wang N, Zhang M, Su H, et al. Fibrinolysis is a
reasonable alternative for STEMI care during the
COVID-19 pandemic. J Int Med Res 2020;48(10).
300060520966151.

Stenestrand U, Lindback J, Wallentin L, et al. Long-
term outcome of primary percutaneous coronary
intervention vs prehospital and in-hospital thrombol-
ysis for patients with ST-elevation myocardial infarc-
tion. JAMA 2006;296(14):1749-56.

Huynh T, Perron S, O’Loughlin J, et al. Comparison
of primary percutaneous coronary intervention and


http://refhub.elsevier.com/S0733-8651(22)00005-4/sref1
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref1
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref1
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref1
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref2
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref2
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref2
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref2
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref2
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref3
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref3
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref3
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref3
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref4
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref4
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref4
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref5
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref5
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref5
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref5
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref6
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref6
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref6
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref6
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref7
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref7
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref7
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref7
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref8
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref8
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref8
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref8
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref9
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref9
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref9
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref9
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref10
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref10
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref10
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref10
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref11
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref11
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref11
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref11
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref11
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref12
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref12
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref12
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref13
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref13
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref13
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref13
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref13
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref14
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref15
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref15
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref15
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref15
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref15
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref16
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref16
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref16
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref16
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref16
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref17
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref17
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref17
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref17
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref18
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref18
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref18
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref18
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref19
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref19
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref19
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref19
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref20
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref20
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref20
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref20
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref21
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref21
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref21
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref21
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref21
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref22
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref22
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref22
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref22
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref22
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref23
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref23
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref23
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref23
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref24
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref24
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref24
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref24
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref25
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref25
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref25
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref25
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref25
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref26
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

fibrinolytic therapy in ST-segment-elevation myocar-
dial infarction: bayesian hierarchical meta-analyses
of randomized controlled trials and observational
studies. Circulation 2009;119(24):3101-9.

St John Sutton M, Lee D, Rouleau JL, et al. Left ven-
tricular remodeling and ventricular arrhythmias after
myocardial infarction. Circulation 2003;107(20):
2577-82.

Araiza-Garaygordobil D, Montalto C, Martinez-
Amezcua P, et al. Impact of the COVID-19 pandemic
on hospitalizations for acute coronary syndromes: a
multinational study. QJM 2021;114(9):642-7.
Aldujeli A, Hamadeh A, Briedis K, et al. Delays in
Presentation in patients with acute myocardial
infarction during the COVID-19 pandemic. Cardiol
Res 2020;11(6):386-91.

Case BC, Yerasi C, Wang Y, et al. Admissions rate
and timing of revascularization in the United States
in patients with Non-ST-elevation myocardial infarc-
tion. Am J Cardiol 2020;134:24-31.

Li B, Yang J, Zhao F, et al. Prevalence and impact of
cardiovascular metabolic diseases on COVID-19 in
China. Clin Res Cardiol 2020;109(5):531-8.

Lala A, Johnson KW, Januzzi JL, et al. Prevalence
and impact of myocardial injury in patients hospital-
ized with COVID-19 infection. J Am Coll Cardiol
2020;76(5):533-46.

Zheng YY, Ma YT, Zhang JY, et al. COVID-19 and the
cardiovascular system. Nat Rev Cardiol 2020;17(5):
259-60.

Guo T, Fan Y, Chen M, et al. Cardiovascular implica-
tions of fatal outcomes of patients with Coronavirus
disease 2019 (COVID-19). JAMA Cardiol 2020;
5(7):811-8.

Madjid M, Safavi-Naeini P, Solomon SD, et al. Poten-
tial Effects of coronaviruses on the cardiovascular
system: a review. JAMA Cardiol 2020;5(7):831-40.
Lodigiani C, lapichino G, Carenzo L, et al. Venous
and arterial thromboembolic complications in
COVID-19 patients admitted to an academic hospi-
tal in Milan, Italy. Thromb Res 2020;191:9-14.
Bilaloglu S, Aphinyanaphongs Y, Jones S, et al.
Thrombosis in hospitalized patients with COVID-19
in a New York City health system. JAMA 2020;
324(8):799-801.

38.

39.

40.

41.

42.

43.

44,

45.

46.

COVID-19 and STEMI care

Modin D, Claggett B, Sindet-Pedersen C, et al.
Acute COVID-19 and the incidence of ischemic
stroke and acute myocardial infarction. Circulation
2020;142(21):2080-2.

Katsoularis |, Fonseca-Rodriguez O, Farrington P,
et al. Risk of acute myocardial infarction and ischae-
mic stroke following COVID-19 in Sweden: a self-
controlled case series and matched cohort study.
Lancet 2021;398(10300):599-607.

Becker RC. COVID-19 update: covid-19-associated
coagulopathy. J Thromb Thrombolysis 2020;50(1):
54-67.

Abizaid A, Campos CM, Guimaraes PO, et al. Pa-
tients with COVID-19 who experience a myocardial
infarction have complex coronary morphology and
high in-hospital mortality: primary results of a nation-
wide angiographic study. Catheter Cardiovasc In-
terv 2021;98(3):E370-8.

Garcia S, Dehghani P, Grines C, et al. Initial findings
from the North American COVID-19 myocardial
infarction registry. J Am Coll Cardiol 2021;77(16):
1994-2003.

Skulstad H, Cosyns B, Popescu BA, et al. COVID-19
pandemic and cardiac imaging: EACVI recommen-
dations on precautions, indications, prioritization,
and protection for patients and healthcare
personnel. Eur Heart J Cardiovasc Imaging 2020;
21(6):592-8.

Henry TD, Kereiakes DJ. The direct and indirect ef-
fects of the COVID-19 pandemic on cardiovascular
disease throughout the world. Eur Heart J 2021;
ehab782.

American heart association’s mission L, get with the
guidelines coronary artery disease advisory work G,
the council on clinical cardiology’s committees on
acute cardiac C, general C, interventional cardio-
vascular C. Temporary emergency guidance to
STEMI systems of care during the COVID-19
pandemic: AHA's mission: lifeline. Circulation 2020;
142(3):199-202.

Sofi F, Dinu M, Reboldi G, et al. Worldwide differ-
ences of hospitalization for ST-segment elevation
myocardial infarction during COVID-19: a system-
atic review and meta-analysis. Int J Cardiol 2022;
347:89-96.

353



http://refhub.elsevier.com/S0733-8651(22)00005-4/sref26
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref26
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref26
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref26
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref27
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref27
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref27
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref27
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref28
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref28
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref28
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref28
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref29
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref29
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref29
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref29
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref30
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref30
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref30
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref30
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref31
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref31
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref31
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref32
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref32
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref32
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref32
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref33
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref33
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref33
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref34
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref34
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref34
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref34
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref35
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref35
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref35
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref36
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref36
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref36
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref36
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00005-4/sref46

	Impact of COVID-19 on Acute Myocardial Infarction Care
	Key points
	Introduction
	Impact of COVID-19 on ST-Segment Elevation Myocardial Infarction Care
	ST-segment elevation myocardial infarction activations and hospital admissions
	Symptom-to-first medical contact and door-to-balloon times
	A shift to pharmacologic reperfusion
	Primary PCI for ST-segment elevation myocardial infarction
	Clinical outcomes of ST-segment elevation myocardial infarction patients during the pandemic

	COVID-19 and Non–ST-Segment Elevation Myocardial Infarction
	Acute Myocardial Infarction Care in COVID-19 Patients
	Initiatives to Improve Acute Myocardial Infarction Care and Future Directions

	Summary
	Clinics care points
	References


