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Epidemiology and Management of ST- 
Segment– Elevation Myocardial Infarction 
in Patients With COVID- 19: A Report From 
the American Heart Association COVID- 19 
Cardiovascular Disease Registry
Ankeet S. Bhatt, MD, MBA; Anubodh S. Varshney , MD; Erica L. Goodrich , MS; Jingyi Gong, MD;  
Curtis Ginder, MD; Balimkiz C. Senman, MD; Matthew Johnson , BS; Kayleigh Butler, BS;  
Ann E. Woolley, MD, MPH; James A. de Lemos , MD; David A. Morrow , MD, MPH; Erin A. Bohula , MD, DPhil

BACKGROUND: Early reports from the COVID- 19 pandemic identified coronary thrombosis leading to ST- segment– elevation 
myocardial infarction (STEMI) as a complication of COVID- 19 infection. However, the epidemiology of STEMI in patients with 
COVID- 19 is not well characterized. We sought to determine the incidence, diagnostic and therapeutic approaches, and out-
comes in STEMI patients hospitalized for COVID- 19.

METHODS AND RESULTS: Patients with data on presentation ECG and in- hospital myocardial infarction were identified from January 
14, 2020 to November 30, 2020, from 105 sites participating in the American Heart Association COVID- 19 Cardiovascular 
Disease Registry. Patient characteristics, resource use, and clinical outcomes were summarized and compared based on 
the presence or absence of STEMI. Among 15 621 COVID- 19 hospitalizations, 54 (0.35%) patients experienced in- hospital 
STEMI. Among patients with STEMI, the majority (n=40, 74%) underwent transthoracic echocardiography, but only half (n=27, 
50%) underwent coronary angiography. Half of all patients with COVID- 19 and STEMI (n=27, 50%) did not undergo any form of 
primary reperfusion therapy. Rates of all- cause shock (47% versus 14%), cardiac arrest (22% versus 4.8%), new heart failure 
(17% versus 1.4%), and need for new renal replacement therapy (11% versus 4.3%) were multifold higher in patients with STEMI 
compared with those without STEMI (P<0.050 for all). Rates of in- hospital death were 41% in patients with STEMI, compared 
with 16% in those without STEMI (P<0.001).

CONCLUSIONS: STEMI in hospitalized patients with COVID- 19 is rare but associated with poor in- hospital outcomes. Rates of 
coronary angiography and primary reperfusion were low in this population of patients with STEMI and COVID- 19. Adaptations 
of systems of care to ensure timely contemporary treatment for this population are needed.
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Patients with established cardiovascular disease 
who develop COVID- 19 have high rates of morbid-
ity and mortality. SARS- CoV- 2 has been shown 

to promote inflammation and thrombosis.1 Early single- 
center series reported patients with COVID- 19 pre-
senting with ST- segment elevation on the ECG, and 

some of whom had obstructive coronary disease and 
thrombosis whereas others did not.2,3 To date, the ep-
idemiology, care patterns, treatment strategies, and 
outcomes in patients hospitalized for COVID- 19 who 
develop ST- segment– elevation myocardial infarction 
(STEMI) have not been described in a large multicenter 
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population. Therefore, we sought to examine these 
characteristics among hospitalized patients with 
COVID- 19 experiencing STEMI within the American 
Heart Association (AHA) COVID- 19 Cardiovascular 
Disease Registry.

METHODS
Given the sensitive nature of the data collected for this 
study, requests to access the data set from qualified 
researchers trained in human subject confidentiality 
protocols may be sent to the AHA. The design of the 
AHA COVID- 19 Cardiovascular Disease Registry has 
been reported.4 In this voluntary registry of consecu-
tive admissions for adults with active COVID- 19 in the 
United States from 105 participating health centers, 
clinical information, including demographics, medical 
history, presentation details, laboratory markers, and 
in- hospital outcomes were captured using standard-
ized definitions. Individual informed consent was not 
required. Personnel at participating hospitals are in-
structed to abstract data from all consecutive patients 
hospitalized with active COVID- 19 infection, regardless 
of cardiovascular disease status, and data are en-
tered into an electronic case record form in the Patient 
Management Tool, powered by IQVIA (Parsippany, NJ). 
Patients with missing data on the presence of STEMI or 
the presenting ECG were not eligible for this analysis.

Statistical Analysis
The incidence of STEMI among patients hospitalized 
with COVID- 19 was assessed from January 14, 2020 
to November 30, 2020. Characteristics of the present-
ing illness were summarized and compared between 
patients based on the presence or absence of STEMI. 
STEMI was indicated by trained personnel inputting 
data into electronic case report forms using standard-
ized definitions, consistent with established diagnos-
tic criteria for STEMI. STEMI was noted if it occurred 
anytime during the hospitalization, including at hospi-
tal admission, and was not required to be a principal 
reason for hospital admission. Diagnostic strategies, 
in- hospital resource use, and clinical outcomes were 
described. Resource use included use of intensive 
care unit or mechanical ventilation. Clinical outcomes 
included the development of shock, cardiac arrest, 
sustained ventricular arrhythmias, de novo heart fail-
ure, and mortality, among others. Where available, 
angiographic findings and reperfusion strategies were 
reported. To assess for differences in early and later 
periods of the pandemic, we evaluated diagnostic 
and therapeutic evaluations for patients admitted on 
or after June 1, 2020, as compared with those admit-
ted earlier in the pandemic. In- hospital outcomes were 
compared in patients with and without STEMI. The 

association between STEMI and in- hospital mortality 
was evaluated using multivariable logistic regression. 
Models were adjusted for age and sex (Model 1) and 
for age, sex, history of coronary artery disease, heart 
failure, chronic kidney disease, diabetes, pulmonary 
disease, immune disorder, pulmonary embolism/deep 
venous thrombosis, and obesity (Model 2). Continuous 
variables are presented as medians and interquar-
tile ranges, and categorical variables are presented 
as counts and percentages. Differences in continu-
ous variables were assessed across groups using the 
Mann- Whitney U test. Differences in categorical vari-
ables were evaluated across groups using the χ2 test 
and Fisher exact test, where appropriate. Statistical 
significance was assessed at a nominal 2- sided α 
level of 0.05. All reported P values were 2- sided. The 
protocol was approved by the Mass General Brigham 
Institutional Review Board, and informed consent was 
deemed not to be required.

RESULTS
Incidence and Clinical Characteristics
Among 15  621 admissions for COVID- 19 from 105 
participating centers, site- reported ST- segment el-
evation on the admission ECG was present in 243 
(1.6%) cases, of which 196 (80.7%) did not have a final 
site- reported diagnosis of acute myocardial infarction 
during the hospitalization. Among included hospitaliza-
tions, 54 (0.35%) patients experienced STEMI during 
hospitalization, of whom 47 had STEMI presentation 
at the time of hospital admission. Data on presenting 
ECG features and on the presence or absence of my-
ocardial infarction (with or without ST elevation) were 
missing in 95 patients in the overall registry, and there-
fore STEMI status was unable to be discerned in those 
patients.

Patients with STEMI had a median age of 70 years 
(25th– 75th percentiles, 62– 78 years) and were pre-
dominantly men (n=37, 68.5%) (Table  1). Compared 
with COVID- 19 patients without STEMI, patients with 
STEMI had similar rates of prior myocardial infarction 
and coronary risk factors, including diabetes, hy-
pertension, and hyperlipidemia. Systemic COVID- 19 
symptoms are described in Table  1. Patients with 
STEMI had higher white blood cell counts (10.3 K/µL 
[25th– 75th percentiles, 7.6– 13.7 K/µL] versus 6.9 K/
µL [25th– 75th percentiles, 5.0– 9.6K/µL], P<0.001) and 
greater elevations in aspartate transaminase (51.5 µ/L 
[25th– 75th percentiles, 30.5– 164.0 µ/L] versus 40.0 
µ/L [25th– 75th percentiles, 27.0– 61.0 µ/L], P=0.004) 
and alanine aminotransferase (34.0 µ/L [25th– 75th 
percentiles, 26.0– 57.0 µ/L] versus 30.0 µ/L [25th– 75th 
percentiles, 19.0– 49.0 µ/L], P=0.042), compared with 
those without STEMI. Available natriuretic peptide 
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Table 1. Baseline Characteristics and Presenting Variables According to STEMI Status

No STEMI, N=15 567 STEMI, N=54 P value

Demographics

Age, y, median (25th– 75th) 63 (51– 75) 70 (62– 78) 0.017

Female sex 6935 (44.5) 17 (31.5) 0.054

White race 5919 (38.0) 23 (42.6) 0.490

Comorbidities

Diabetes 5821 (37.4) 22 (40.7) 0.612

Dyslipidemia 5825 (37.4) 24 (44.4) 0.287

Hypertension 9634 (61.9) 38 (70.4) 0.200

Prior MI 909 (5.8) 6 (11.1) 0.133

Prior PCI 778 (5.0) 3 (5.6) 0.751

Prior heart failure 1945 (12.5) 0 (0.0) 0.006

Chronic kidney disease 2197 (14.1) 4 (7.4) 0.157

Before admit medication use

ACEI/ARB 4579/15 208 (30.1) 17/52 (32.7) 0.685

β- Blocker 4254/15 208 (28.0) 10/52 (19.2) 0.161

Statin 5906/15 208 (38.8) 19/52 (36.5) 0.734

Aspirin 3999/15 565 (25.7) 12/54 (22.2) 0.560

Anticoagulant 1847/15 208 (12.1) 4/52 (7.7) 0.326

Admission presentation

Hemoglobin, g/dL 13.0 (11.4– 14.4) 13.2 (12.0– 14.7) 0.308

WBC, K/µL 6.9 (5.0– 9.6) 10.3 (7.6– 13.7) <0.001

Platelets, K/µL 204.0 (156.0– 266.0) 214.9 (162.0– 300.0) 0.194

Absolute lymphocyte count, ×109 1.0 (0.7– 1.4) 1.1 (0.7– 1.8) 0.347

AST, µ/L 40.0 (27.0– 61.0) 51.5 (30.5– 164.0) 0.004

ALT, µ/L 30.0 (19.0– 49.0) 34.0 (26.0– 57.0) 0.042

Serum creatinine, mg/dL 1.0 (0.8– 1.5) 1.2 (0.9– 1.7) 0.139

CRP, mg/L 60.8 (15.2– 114.0) 61.0 (13.7– 147.7) 0.429

Interleukin- 6, pg/mL 19.0 (5.0– 61.6) 8.1 (5.0– 25.0) 0.299

D- dimer, ng/mL 770 (340– 1530) 1000 (584– 3050) 0.058

Ferritin, ng/mL 576 (259– 1174) 784.9 (315– 1483) 0.318

BNP, pg/mL 53.0 (17.0– 190.0) 173.0 (34.0– 687.0) 0.050

NT- proBNP, pg/mL 291.0 (67.1– 1535.0) 826.0 (259.0– 2397.0) 0.099

Troponin, ng/L 10.0 (0.0– 42.0) 74.0 (22.9– 600.0) <0.001

Time from COVID- 19 symptom onset to admission, d, median 
(25th– 75th)

6.0 (2.0– 9.0) 7.0 (1.0– 12.0) 0.533

Resource use

Intensive care unit use 5152 (33.1) 44 (81.5) <0.001

Mechanical ventilation use 3237 (20.8) 26 (48.1) <0.001

New renal replacement therapy 676 (4.3) 6 (11.1) 0.030

In- hospital events

All- cause mortality 2449 (15.7) 22 (40.7) <0.001

Cause of death <0.001

Respiratory 1815 (75.4) 13 (59.1)

Cardiovascular* 193 (8.0) 7 (31.8)

Other 398 (16.5) 2 (9.1)

Shock 2056 (13.5) 25 (47.2) <0.001

Cardiogenic 110 (5.4) 6 (24.0)

Distributive 1544 (75.3) 9 (36.0)

 (Continued)
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concentrations were numerically greater in those with 
STEMI compared with those without, though it did not 
reach statistical significance. Available high- sensitivity 
troponin values at hospital admission were mark-
edly higher in those with STEMI versus those without 
(74 ng/L [23– 600 ng/L] versus 10 ng/L [0– 42 ng/L], 
P<0.001). Among patients with available information 
surviving to hospital discharge, median length of stay 
was 6 days (25th- 75th percentiles, 3– 12 days) for all 
patients and 4 days (25th– 75th percentiles, 3– 15 days) 
for those with in- hospital STEMI.

Diagnostic Evaluation and Reperfusion
Among patients with STEMI (n=54), the majority (n=40, 
74%) underwent transthoracic echocardiogram dur-
ing hospitalization, where the median left ventricu-
lar ejection fraction was 45% (25th– 75th percentiles, 
35%– 57%; Table 2). Among STEMI patients, coronary 
angiography was pursued in half (n=27) of patients. In 
all cases, angiographic assessment was invasive rather 
than via coronary computed tomography angiography. 
Angiographic findings included no areas of obstructive 
coronary disease (defined as >50% stenosis) in 3 (11%) 
patients. Primary percutaneous coronary intervention 
(PCI) was performed in 21 (38.9%) patients, whereas 
fibrinolytic therapy was used in 6 (11.1%) patients. Of 
patients who received fibrinolytic therapy, 2 (33.3%) 
underwent coronary angiography, and 1 (16.7%) un-
derwent PCI during hospitalization. Among these 
patients (n=6), 3 (50.0%) developed shock, 1 (16.7%) 
had cardiac arrest, and 2 (33.3%) died during hospi-
talization. Half (n=27) of all patients with COVID- 19 and 
STEMI did not undergo any reperfusion therapy. Rates 
of diagnostic evaluation with transthoracic echocar-
diogram and coronary angiography and therapeutic 
intervention with primary PCI were higher in patients 
admitted on or after June 1, 2020, as compared with 
those admitted earlier in the pandemic (Table S1).

Resource Use and In- Hospital Events
Patients hospitalized for COVID- 19 with STEMI had 
significantly higher rates of intensive care unit admis-
sion (81% versus 33%) and mechanical ventilation 
(48% versus 21%) compared with those without STEMI 
(P<0.001 for both). Rates of all- cause shock (47% 
versus 14%), cardiac arrest (22% versus 4.8%), new 
heart failure (17% versus 1.4%), sustained ventricular 
arrhythmias (13% versus 1.2%), and new initiation of 
renal replacement therapy (11% versus 4.3%) were 
multifold higher in patients with STEMI compared with 
those without STEMI (P<0.050 for all) (Table 1, Figure). 

No STEMI, N=15 567 STEMI, N=54 P value

Mixed 173 (8.4) 9 (36.0)

Other 224 (10.9) 1 (4.0)

Cardiac arrest 752 (4.8) 12 (22.2) <0.001

Sustained ventricular arrhythmias 191 (1.2) 7 (13.0) <0.001

De novo heart failure 217 (1.4) 9 (16.7) <0.001

Intracranial hemorrhage/stroke 239 (1.5) 3 (5.6) 0.051

Deep vein thrombosis 417 (2.7) 2 (3.7) 0.657

Pulmonary embolism 300 (1.9) 4 (7.4) 0.021

Values reflect count (number) and proportion (percent) unless otherwise specified. All ranges represent the 25th– 75th quartiles. Differences in categorical 
variables were assessed across study groups using the χ2 test or Fisher exact test as appropriate. Differences in continuous variables were assessed using 
the Mann- Whitney U test. ACEI indicates angiotensin- converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor blockers; AST, 
aspartate transaminase; BNP, brain natriuretic peptide; CRP, C- reactive protein; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT- proBNP, 
N- terminal pro- B- type natriuretic peptide; STEMI, ST- segment– elevation myocardial infarction; and WBC, white blood cell count.

*Includes death attributable to acute MI, arrhythmia, heart failure, or stroke.

Table 1. (Continued)

Table 2. Diagnostic and Therapeutic Evaluations Among 
Patients With STEMI

Diagnostic and therapeutic 
evaluations STEMI, N=54

Diagnostic evaluations

Transthoracic echocardiography 40 (74.1)

LVEF, %, median (25th– 75th 
quartiles), n=39

45.0 (35.0– 57.0)

Coronary angiography 27 (50.0)

CCTA 0 (0.0)

Invasive 27 (100.0)

Angiographic findings, n=27

No. of vessels with >50% stenosis

0 3 (11.1)

1 8 (29.6)

2 7 (25.9)

≥3 8 (29.6)

Left main coronary disease 1 (3.7)

STEMI reperfusion

Primary PCI 21 (38.9)

Fibrinolytic therapy 6 (11.1)

No reperfusion 27 (50.0)

CCTA indicates coronary computed tomography angiography; LVEF, left 
ventricular ejection fraction; PCI, percutaneous coronary intervention; and 
STEMI, ST- segment– elevation myocardial infarction.
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Among STEMI patients, all- cause in- hospital mortality 
was 41%, and cardiovascular mortality was 32%, com-
pared with 16% and 8%, respectively, for those without 
STEMI (P<0.01 for both comparisons). In multivariate 
regression adjusted for age and sex (Model 1), STEMI 
was associated with greater odds of in- hospital mor-
tality (adjusted odds ratio [aOR], 3.14 [95% CI, 1.80– 
5.63]; P<0.001). After further adjustment for clinical 
characteristics (Model 2), STEMI remained associated 
with greater odds of in- hospital mortality (aOR, 2.95 
[95% CI, 1.59– 5.49]; P<0.001) (Table S2).

DISCUSSION
In this large national cohort of patients hospitalized for 
COVID- 19 in the United States, STEMI was rare, occur-
ring in <0.5% of patients, but was associated with poor 
in- hospital outcomes and high mortality. Diagnostic 
evaluations, including coronary angiography, were 
pursued in only half of patients with STEMI, and pri-
mary PCI was performed in a minority of patients.

We assessed the incidence of STEMI in patients 
hospitalized with COVID- 19 across a large, multisite US 
national registry. Early case reports and case series 
raised concerns that COVID- 19 might be associated 
with high rates of coronary thrombosis and STEMI.3 
Publication bias and concerns over other thrombotic 
events seen during COVID- 19 illness may have in-
flated concerns about the incidence of STEMI in this 

population. When we assessed the incidence of STEMI 
in consecutive hospitalizations for COVID- 19 in a large 
multicenter US registry, we found it to be a relatively 
infrequent event occurring in <0.5% of patients. Our 
findings are consistent with the limited data available 
from randomized controlled trials, which have to date 
demonstrated low rates of type 1 myocardial infarction 
events.5– 7

We also found that coronary angiography was pur-
sued at rates far lower than in contemporary practice 
for patients without COVID- 19, but higher than reported 
in international case series among COVID- 19 patients 
earlier in the pandemic, in which 24% of patients were 
treated with primary PCI and 76% with fibrinolysis.8 
Lower rates of coronary angiography could be related to 
infection control concerns or concerns about diminished 
overall clinical benefit in the setting of severe COVID- 19.9 
Finally, diagnostic uncertainty may have played a role in 
low rates of reperfusion therapy. In addition, our find-
ings suggest important differences in the diagnostic use 
of coronary angiography and primary PCI for STEMI 
during early versus subsequent waves of the pandemic. 
Particularly, rates of transthoracic echocardiography and 
coronary angiography were higher in those admitted 
during later stages of the pandemic, whereas fibrinolytic 
therapy was used less frequently. This finding may rep-
resent increasing familiarity with the disease state, estab-
lished center- specific or global protocols in management 
of STEMI in patients with COVID- 19,10 and greater 

Figure 1. In- hospital events among COVID- 19 patients with and without STEMI.
Stroke includes ischemic stroke and intracranial hemorrhage. HF indicates heart failure; STEMI, ST- 
segment– elevation myocardial infarction; and VT, ventricular tachycardia.
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availability of personal protective equipment for the cath-
erization laboratory and echocardiography staff later in 
the pandemic,11 among other reasons. The majority of 
patients in this cohort identified as having ST- elevations 
on presentation ECG were ultimately not diagnosed with 
STEMI. Prior case reports have described STEMI mim-
ics in the absence of epicardial coronary disease in pa-
tients with COVID- 19, the pathophysiology of which may 
include stress cardiomyopathy, pericarditis, myocarditis, 
and other entities.2,3 Importantly, however, of those diag-
nosed with STEMI and undergoing coronary angiography 
in our study, ≈90% underwent primary PCI, suggesting 
similar pathophysiology as in non– COVID- 19 STEMI. 
Professional societies, including the AHA and others, 
have offered guidance encouraging effective and timely 
STEMI systems of care during the pandemic.10 These 
findings may have pertinence in future waves of the cur-
rent pandemic or in other instances where resource use 
needs shift drastically.

Despite the low overall incidence of STEMI, patients 
hospitalized with COVID- 19 and STEMI had markedly in-
creased ventilatory, intensive care, and renal replacement 
needs and multifold increases in in- hospital adverse clini-
cal events compared with patients with COVID- 19 without 
STEMI. Myocardial injury and resultant heart failure and 
arrhythmia may have contributed to the worse outcomes, 
exaggerated by a predilection for more severe COVID- 19 
and high overall thrombotic burden in those presenting 
with STEMI.12,13 Prior reports have also demonstrated de-
lays in door- to- device times in STEMI during the COVID- 19 
pandemic, possibly furthering STEMI- related mortality 
among patients with COVID- 19.14,15

This analysis has several limitations that should be 
acknowledged. First, this study was observational, and 
therefore associations should be interpreted as hypoth-
esis generating. Analysis relied on site- level character-
ization and reporting of events and lacked centralized 
adjudication. Second, a detailed characterization of the 
severity of illness at the time of STEMI diagnosis and 
reliable information linking the timing of symptom onset 
to STEMI diagnosis or reperfusion times are not avail-
able, thereby limiting the ability to assess the timeliness 
of reperfusion in patients presenting with COVID- 19 and 
STEMI. Third, the AHA COVID- 19 Registry is a volun-
tary program among hospitals interested in a quality im-
provement program in the United States, affecting the 
generalizability of these findings to other areas similarly 
affected by the COVID- 19 pandemic.

CONCLUSIONS
In a large US registry of COVID- 19 hospitalizations, the 
incidence of STEMI was <0.5%. Diagnostic evaluation 
and primary PCI were pursued in a relative minority 
of patients. Although rare, STEMI was associated with 

poor in- hospital outcomes, including multifold higher 
shock rates, cardiac arrest, intensive care unit admis-
sion, and all- cause mortality.
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Supplemental Material 
 



Table S1. Diagnostic and Therapeutic Evaluations Among Patients with STEMI by Time Period. 

 
 Admission Prior to 

June 1, 2020 
Admission June 1, 2020, or 

later 

Diagnostic and Therapeutic Evaluations STEMI (N=37) STEMI (N=17) 

Diagnostic Evaluations   

Transthoracic Echocardiography 23 (62.2) 17 (100.0) 

   LVEF (%), median, (25th-75th)   42.5 (35.0-57.0) 47.0 (40.0-55.0) 

Coronary Angiography 15 (40.5) 12 (70.6) 

   CCTA 0 (0.0) 0 (0.0) 

   Invasive  15 (100.0) 12 (100.0) 

  

Angiographic Findings (n=27)  

# Vessels with >50% stenosis    

    0 3 (20.0) 0 (0.0) 

    1 2 (13.3) 6 (50.0) 

    2 4 (26.7) 3 (25.0) 

    >=3 5 (33.3) 3 (25.0) 

Left Main Coronary Disease 1 (6.7) 0 (0.0) 

  

STEMI Reperfusion  

Primary PCI 9 (24.3) 12 (70.6) 

Fibrinolytic Therapy 3 (8.1) 3 (17.7) 

No Reperfusion 25 (67.6) 2 (11.7) 

 
25th, 75th = 25th and 75th quartiles; LVEF = left ventricular ejection fraction; CCTA = Coronary 
Computed Tomography Angiography; PCI = Percutaneous Coronary Intervention  
 
  



Table S2. Multivariate Associations of STEMI Status and In-Hospital Mortality Among Patients 
Hospitalized with COVID-19.  
 
 
 
 
 
* Adjusted for age and sex 
^ Adjusted for age, sex, history of coronary artery disease, heart failure, chronic kidney disease, 
diabetes, pulmonary disease, immune disorder, pulmonary embolism/deep venous thrombosis, 
and obesity 

 Adjusted OR (95% CI) P-Value 

Model 1* 3.14 (1.80-5.63) <0.001 

Model 2^ 2.95 (1.59-5.49) <0.001 


