
Journal of the American Heart Association

J Am Heart Assoc. 2022;11:e022625. DOI: 10.1161/JAHA.121.022625� 1

 

ORIGINAL RESEARCH

Impact of the COVID-19 Pandemic on 
Patients Without COVID-19 With Acute 
Myocardial Infarction and Heart Failure
Daniel K. Fox, MD, PhD; R. J. Waken , PhD; Daniel Y. Johnson, BA; Gmerice Hammond, MD, MPH;  
Jonathan Yu , BSE; Erika Fanous, MPH; Thomas M. Maddox , MD, MSc; Karen E. Joynt Maddox , MD, MPH

BACKGROUND: Excess mortality from cardiovascular disease during the COVID-19 pandemic has been reported. The mecha-
nism is unclear but may include delay or deferral of care, or differential treatment during hospitalization because of strains on 
hospital capacity.

METHODS AND RESULTS: We used emergency department and inpatient data from a 12-hospital health system to examine 
changes in volume, patient age and comorbidities, treatment (right- and left-heart catheterization), and outcomes for patients 
with acute myocardial infarction (AMI) and heart failure (HF) during the COVID-19 pandemic compared with pre-COVID-19 
(2018 and 2019), controlling for seasonal variation. We analyzed 27 427 emergency department visits or hospitalizations. 
Patient volume decreased during COVID-19 for both HF and AMI, but age, race, sex, and medical comorbidities were similar 
before and during COVID-19 for both groups. Acuity increased for AMI as measured by the proportion of patients with ST-
segment elevation. There were no differences in right-heart catheterization for patients with HF or in left heart catheterization 
for patients with AMI. In-hospital mortality increased for AMI during COVID-19 (odds ratio [OR], 1.46; 95% CI, 1.21–1.76), par-
ticularly among the ST-segment–elevation myocardial infarction subgroup (OR, 2.57; 95% CI, 2.24–2.96), but was unchanged 
for HF (OR, 1.02; 95% CI, 0.89–1.16).

CONCLUSIONS: Cardiovascular volume decreased during COVID-19. Despite similar patient age and comorbidities and in-
hospital treatments during COVID-19, mortality increased for patients with AMI but not patients with HF. Given that AMI is a 
time-sensitive condition, delay or deferral of care rather than changes in hospital care delivery may have led to worse cardio-
vascular outcomes during COVID-19.
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The COVID-19 pandemic has led to 46 million in-
fections and >700 000 deaths in the United States 
alone. However, its impact also affected non-

COVID-19 medical conditions. Prior studies suggest 
that there was significant excess mortality from causes 
other than COVID-19 during the pandemic, including 
from cardiovascular disease.1-5

However, the cause for increased cardiovascu-
lar mortality during the COVID-19 pandemic remains 
unclear. One hypothesis is that the higher mortality 

is attributable to delay or deferral of care.5,6 Perhaps 
in part because of fear of exposure to COVID-19, pa-
tients may have presented later to hospital systems, 
and as such were sicker and had more adverse 
outcomes while hospitalized.6,7 For example, one 
recent study showed that heart failure (HF) hospital-
izations decreased by ≈41% in an Australian cohort.8 
Hospitalizations for acute coronary syndromes appear 
to have decreased during the COVID-19 pandemic in 
multiple areas as well.9-11

Correspondence to: Karen E. Joynt Maddox, MD, MPH, Cardiovascular Division, Department of Medicine, Washington University School of Medicine, 660 S. 
Euclid Ave, Saint Louis, MO 63110. E-mail: kjoyntmaddox@wustl.edu

Supplemental Material for this article is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.121.022625

For Sources of Funding and Disclosures, see page 8.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-6678-7764
https://orcid.org/0000-0003-3109-1016
https://orcid.org/0000-0003-1426-9433
https://orcid.org/0000-0003-3779-8653
mailto:﻿
mailto:kjoyntmaddox@wustl.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.022625
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2022;11:e022625. DOI: 10.1161/JAHA.121.022625� 2

Fox et al� Impact of COVID-19 on Patients Without COVID-19 With AMI and HF

Another possibility is that patients who did pres-
ent to the hospital were treated differently because 
of hospital limitations at the time, whether related to 
bed shortages, staff shortages, or changes in proto-
col.12,13 For example, one German study showed that 
the rate of percutaneous coronary intervention de-
creased for patients with acute coronary syndromes 
during COVID-19,14 and a recent Swiss and Spanish 
study showed similar findings.15 Another study showed 
that patients with HF hospitalized during the COVID-19 
pandemic were less likely to receive guideline-directed 
medical therapy for left ventricular dysfunction on hos-
pital discharge compared with prior years.8

Understanding whether delays in presentation or 
differences in treatment were associated with worse 
outcomes is important as clinical leaders and policy-
makers seek to deal with ongoing and future surges of 

COVID-19 or other challenges to the health care sys-
tem in a way that protects patients. We therefore set 
out to answer 4 research questions using emergency 
department (ED) and inpatient hospitalization data 
from a 12-hospital health care system in the Midwest, 
examining both patients with acute myocardial infarc-
tion (AMI) and patients with HF: 

1.	 Were there changes in volume of ED visits and 
hospitalizations for AMI or HF during COVID-19 
compared with similar calendar months in the 2 
years prior?

2.	Among patients who did present with AMI or HF, 
was there evidence of a higher number of comor-
bidities or advanced age?

3.	Among admitted patients with AMI or HF, were treat-
ments such as cardiac catheterization used differ-
ently during COVID-19?

4.	Were there differences in outcomes for AMI or HF 
during COVID-19?

METHODS

Data
In this observational study, we used claims data to ex-
amine all ED and inpatient hospitalization visits without 
a documented COVID-19 diagnosis to 12 hospitals in 
the BJC Healthcare organization, a large health system 
in the St. Louis metropolitan region, between January 
1, 2018, and September 23, 2020. These data include 
check-in and discharge or death date, as well as pa-
tient age; sex; race; insurance payor (primary); and 
International Classification of Diseases, Tenth Revision 
(ICD-10) diagnosis and procedure codes. As 97% of 
our patient population was composed of Black and 
White patients, other races were not included in our 
final analyses because of small sample size.

This study was approved by the Washington 
University Office of Human Subjects Protection. 
Requirement for informed consent was waived be-
cause of the observational nature of the study and 
the deidentified nature of the data. Because the data 
contain identifiable information on individual patients, 
they cannot be made publicly available and cannot be 
shared without specific institutional approval. However, 
researchers wishing to access deidentified parts of the 
data set should contact the corresponding author.

Analytic Data Set Description
Our sample included 27  427 ED and inpatient visits 
over the time period from January 1, 2018, through 
September 22, 2020, in the BJC Healthcare system, 
which includes 12 of 13 hospitals (we excluded St. Louis 

CLINICAL PERSPECTIVE

What Is New?
•	 During the first year of the COVID-19 pandemic, 

admissions and emergency department visit 
volume decreased for acute myocardial infarc-
tion and heart failure compared with prior years, 
but there were no observed changes in patient 
age, comorbidities, or treatments offered.

•	 However, among patients with acute myocardial 
infarction, there was significantly higher acuity 
(proportion of ST-segment–elevation myocar-
dial infarction, proportion of admissions origi-
nating in the emergency department) during 
COVID-19 and higher mortality.

What Are the Clinical Implications?
•	 Given that we did not see differences in age, 

comorbidities, or treatment, but did see higher 
acuity for AMI, we hypothesize that delay or 
deferral of care as opposed to disruption of 
hospital care may have led to the observed dif-
ferences in acute myocardial infarction mortality 
during COVID-19.

•	 Educating patients on the importance of seek-
ing necessary medical care and providing safe 
means of accessing care may serve as an im-
portant intervention to reduce negative spillover 
effects of the COVID-19 pandemic on cardio-
vascular care and outcomes.

Nonstandard Abbreviations and Acronyms

LHC	 left-heart catheterization
RHC	 right-heart catheterization
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Children’s Hospital to focus on our target population, 
age >18 years). We divided the data set into seasons 
to account for any seasonal variation noted previously 
for HF hospitalizations16,17 and AMI hospitalizations,18,19 
categorizing winter (December 21–March 20), spring 
(March 21 to June 20), summer (June 21–September 
20), and fall (September 21–December 20) in each year. 
Of note, the St. Louis City and County “Stay at Home” 
ordinances were put in place on March 23, 2020, and 
discontinued on May 19, 2020. COVID-19 events were 
defined as ED visits and hospitalizations occurring be-
tween March 21, 2020, and September 22, 2020.

Predictors
Our primary predictor was whether or not the clinical 
event took place during COVID-19. We used an indica-
tor variable to describe ED and inpatient hospitaliza-
tions before and following the St. Louis City and St. 
Louis County Stay at Home orders from March 21, 
2020. Clinical comorbidities were defined using the 
Elixhauser approach, which is a validated method to 
risk-adjust in-hospital outcomes.

Outcomes
Outcome measures included volume (the daily number 
of non-COVID-19 ED and inpatient hospitalizations), 
patient age and medical comorbidities, in-hospital 
treatments, and mortality. For in-hospital treatments, 
we examined the use of left-heart catheterization (LHC) 
for patients with AMI, and right-heart-catheterization 
(RHC) for patients with HF. We counted hospitaliza-
tions as having an LHC if the claim contained an ICD-
10 procedure code for LHC or percutaneous coronary 
intervention. WhileRHC is not a routine part of HF care, 
it can be of utility for particularly ill or otherwise chal-
lenging patients. An increase in use might indicate that 
patients were sicker during COVID-19; a decrease 
might indicate more hesitancy to perform procedures.

Statistical Analysis
Patient characteristics were summarized by season 
and COVID-19 time period, and compared using chi-
squared tests and t-tests as appropriate. Graphical 
representations of trends in mortality rates were cre-
ated using locally estimated scatterplot smoothing 
regression, fitting a locally weighted model surround-
ing every week that describes the proportion of hospi-
talizations that ended in death and how it varies over 
time. Raw rates of characteristics of presentation and 
in-hospital treatments and outcomes were similarly 
summarized by season and COVID-19 time period 
and compared using chi-squared tests and t-tests. As 
a falsification test, we evaluated whether any of these 
key elements differed between 2018 and 2019. To 

determine whether COVID-19 was associated with re-
ceipt of specific treatments (RHC/LHC) or with higher 
mortality in either cohort, logistic regression models fit 
using generalized estimating equations were used to 
control for key medical comorbidities, age, race, insur-
ance, and seasonal variation, as well as to account for 
within-site clustering.

P values <0.05 were considered statistically signif-
icant. All statistical analyses were performed using R 
version 4.0.2. This study was approved by the Office 
of Human Research Protection at the Washington 
University School of Medicine. The requirement for in-
formed consent and Health Insurance Portability and 
Accountability Act notification were waived because of 
the deidentified nature of the data.

RESULTS
Changes in Volume and Patient 
Demographics and Comorbidities
For the HF cohort, there were 21 262 total visits dur-
ing the study period (Table 1). Daily patient volume de-
creased in COVID-19 compared with pre-COVID-19 
(20.7–22.3 events/day pre-COVID-19, 17.0–18.3 events/
day during COVID-19; P<0.001). While sex distribution 
was unchanged, patients during COVID-19 were more 
often Black, more often insured by Medicaid or self-pay, 
and tended to have a higher prevalence of liver disease 
and fluid and electrolyte disorders, though differences 
were small and of uncertain clinical significance.

For the AMI cohort, there were 6165 total visits in our 
study period. Similar to the HF cohort, patient volume 
decreased in COVID-19 compared with pre-COVID-19 
(6.1–6.6 events/day pre-COVID-19, 4.9–5.5 events/day 
during COVID-19; P<0.001; Table 1). However, there 
were no meaningful differences in sex, race, insurance 
status, or medical comorbidities.

Falsification testing comparing 2018 with 2019 
yielded similar demographics, but small differences in 
the prevalence of comorbidities in the HF cohort, and 
no meaningful differences in the AMI cohort (Table S1).

Changes in Hospitalization Characteristics 
and In-Hospital Treatments
Among the HF cohort, there was no difference in the 
proportion of patients presenting with cardiogenic 
shock, but the proportion of admissions originating 
in the ED increased slightly during COVID-19 (83.8%–
84.9% pre-COVID-19, 85.7%–86.8% during COVID-19; 
P=0.04; Table 2). There was no difference in the rate 
of RHC (8.3%–8.4% pre-COVID-19, 8.9%–10.7% 
during COVID-19; P=0.43), length of stay (4.78–4.83 
days pre-COVID-19, 4.76–4.9 days during COVID-19) 
or mortality (1.8%–2.2% pre-COVID-19, 1.6%–2.7% 
during COVID-19; P=0.94). There was a decrease in 
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Table 1.  Patient Characteristics

Heart failure cohort

Pre-COVID-19 (January 1, 2018–March 20, 2020)
COVID-19 (March 21, 
2020–September 21, 2020)

P value

Winter Spring Summer Fall Spring Summer

(N=5948) (N=4163) (N=3844) (N=4016) (N=1565) (N=1685)

Daily volume 23.6 (6.30) 22.3 (6.02) 20.7 (5.71) 22.3 (5.84) 17.0 (5.75) 18.3 (4.94) <0.001

Sex

Female 2907 (48.9) 2007 (48.2) 1981 (51.5) 1958 (48.8) 759 (48.5) 793 (47.1) 0.05

Male 3041 (51.1) 2156 (51.8) 1863 (48.5) 2058 (51.2) 806 (51.5) 892 (52.9)

Race

Black 2397 (40.3) 1731 (41.6) 1613 (42.0) 1699 (42.3) 690 (44.1) 746 (44.3) 0.02

White 3551 (59.7) 2432 (58.4) 2231 (58.0) 2317 (57.7) 875 (55.9) 939 (55.7)

Insurance

Commercial 653 (11.0) 457 (11.0) 412 (10.7) 433 (10.8) 158 (10.1) 184 (10.9) <0.001

Medicaid 737 (12.4) 524 (12.6) 478 (12.4) 497 (12.4) 249 (15.9) 263 (15.6)

Medicare 4394 (73.9) 3084 (74.1) 2858 (74.3) 2978 (74.2) 1107 (70.7) 1178 (69.9)

Self pay 164 (2.8) 98 (2.4) 96 (2.5) 108 (2.7) 51 (3.3) 60 (3.6)

Comorbidities

Renal failure 3423 (57.5) 2348 (56.4) 2189 (56.9) 2377 (59.2) 870 (55.6) 982 (58.3) 0.77

Liver disease 326 (5.5) 258 (6.2) 215 (5.6) 259 (6.4) 127 (8.1) 111 (6.6) 0.01

Diabetes 2419 (40.7) 1655 (39.8) 1491 (38.8) 1617 (40.3) 610 (39.0) 671 (39.8) 0.92

Valvular heart disease 1656 (27.8) 1088 (26.1) 1009 (26.2) 1072 (26.7) 399 (25.5) 425 (25.2) 0.37

Hypertension 5424 (91.2) 3786 (90.9) 3550 (92.4) 3716 (92.5) 1438 (91.9) 1552 (92.1) 0.53

Chronic pulm. disease 2526 (42.5) 1844 (44.3) 1712 (44.5) 1730 (43.1) 682 (43.6) 720 (42.7) 0.23

Fluid/electrolyte disorder 1994 (33.5) 1347 (32.4) 1273 (33.1) 1342 (33.4) 628 (40.1) 654 (38.8) <0.001

Obesity 1573 (26.4) 1151 (27.6) 986 (25.7) 1046 (26.0) 416 (26.6) 492 (29.2) 0.18

AMI cohort

Pre-COVID-19 (January 1, 2018–March 20, 2020)
COVID-19 (March 21, 
2020–September 21, 2020)

P value

Winter Spring Summer Fall Spring Summer

(N=1645) (N=1234) (N=1128) (N=1186) (N=450) (N=505)

Daily volume 6.55 (2.70) 6.63 (2.54) 6.1 (2.26) 6.59 (2.72) 4.89 (2.28) 5.49 (2.31) <0.001

Sex

Female 630 (38.3) 468 (37.9) 458 (40.6) 459 (38.7) 163 (36.2) 196 (38.8) 0.41

Male 1015 (61.7) 766 (62.1) 670 (59.4) 727 (61.3) 287 (63.8) 309 (61.2)

Race

Black 369 (22.4) 258 (20.9) 239 (21.2) 250 (21.1) 97 (21.6) 116 (23.0) 0.45

White 1276 (77.6) 976 (79.1) 889 (78.8) 936 (78.9) 353 (78.4) 389 (77.0)

Insurance

Commercial 454 (27.6) 310 (25.1) 296 (26.2) 320 (27.0) 114 (25.3) 131 (25.9) 0.94

Medicaid 142 (8.6) 94 (7.6) 94 (8.3) 75 (6.3) 40 (8.9) 42 (8.3)

Medicare 977 (59.4) 757 (61.3) 671 (59.5) 729 (61.5) 273 (60.7) 297 (58.8)

Self-pay 72 (4.4) 73 (5.9) 67 (5.9) 62 (5.2) 23 (5.1) 35 (6.9)

Comorbidities

Renal failure 476 (28.9) 328 (26.6) 337 (29.9) 358 (30.2) 140 (31.1) 159 (31.5) 0.08

Liver disease 85 (5.2) 58 (4.7) 51 (4.5) 48 (4.0) 29 (6.4) 25 (5.0) 0.24

Diabetes 487 (29.6) 354 (28.7) 332 (29.4) 358 (30.2) 123 (27.3) 145 (28.7) 0.60

Valvular heart disease 330 (20.1) 204 (16.5) 203 (18.0) 220 (18.5) 83 (18.4) 86 (17.0) 0.79

Hypertension 805 (48.9) 572 (46.4) 542 (48.0) 586 (49.4) 216 (48.0) 251 (49.7) 0.39

 (Continued)
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discharge to postacute care and an increase in dis-
charges home with services.

For the AMI cohort, the proportion of admissions 
originating in the ED increased during COVID-19 
(74.5%–76.9% pre-COVID-19, 80.4%–82.8% during 
COVID-19; P=0.001; Table 2). A higher proportion of 
patients with AMI were admitted with ST-segment–
elevation myocardial infarction (STEMI; 29.0%–29.3% 
pre-COVID-19 to 32.5%–37.6% during COVID-19; 
P=0.005). Rates of LHC and length of stay were 
similar pre-COVID-19 versus during COVID-19, but 
mortality was higher during COVID-19 (1.8%–2.2% 
pre-COVID-19, 1.6%–2.7% during COVID-19; P<0.001). 
Discharge status was more often home with services 
and less often postacute care during COVID-19.

Falsification testing comparing 2018 with 2019 
yielded no significant differences between the 2 years 
for either cohort (Table S2).

Odds of Mortality in HF and AMI Cohorts
Raw mortality rates for the AMI and HF cohorts are 
shown in the Figure 1. After controlling for age, co-
morbidities, and season, for the AMI group, odds of 
in-hospital mortality was increased during COVID-19 
(adjusted odds ratio [aOR], 1.36; 95% CI, 1.15–1.60; 
P=0.001) compared with the pre-COVID-19 time pe-
riod (Table 3). This was particularly striking in the STEMI 
subgroup (aOR, 2.57; 95% CI, 2.24–2.96; P<0.001).

Again controlling for age, comorbidities, and sea-
son, for the HF group, we saw no difference in the 
odds of mortality during the COVID-19 versus pre-
COVID-19 time period (aOR, 1.01; 95% CI, 0.89–1.15; 
P=0.91; Table 3).

DISCUSSION
In a large Midwestern hospital system, we found that 
for both HF and AMI, patient volume decreased mark-
edly during COVID-19. While patients’ mean age and 
prevalence of comorbidities were largely unchanged, 
there was evidence of higher acuity at presentation as 

reflected in a higher proportion of patients with STEMI 
in the AMI cohort. The use of key treatments such as 
LHC was unchanged. Mortality was significantly higher 
within the AMI cohort during COVID-19, though it was 
stable within the HF cohort.

Our data show a decrease in patient volume during 
the COVID-19 time period when compared with prior 
seasons. These data are consistent with multiple stud-
ies showing a decrease in both HF and acute coronary 
syndrome hospitalizations during COVID-19.9-11, 20-23 
The mechanism for this decrease is likely multifactorial, 
the first of which is a delay or deferral in care because 
of ED and hospital aversion. This has been described 
in a number of circumstances both in the United States 
and abroad. Some patients were likely reacting to local 
or state-level orders put in place (eg, Stay at Home 
ordinances), perhaps unaware that such orders did not 
apply to people who needed medical care. However, 
others may have been primarily motivated by fear of 
contracting COVID-19, particularly given the images 
in the popular press of overcrowded EDs and over-
whelmed clinicians in areas hard hit by early waves of 
the pandemic.

We did not find any difference in key treatment mo-
dalities (LHC for the AMI group and RHC for the HF 
group) during versus before COVID-19. In contrast, 
other studies have shown reductions in treatments 
among these patient populations. Specifically, 2 re-
cent studies have shown a decrease in LHC for acute 
coronary syndrome hospitalizations as a potential 
mechanism.10,14 In another study, patients were less 
likely to receive HF guideline-directed medical ther-
apy on hospital discharge.8 The difference in our find-
ings and other recent studies may be explained by 
regional differences in the severity of the pandemic; 
in greater St. Louis, COVID-19 volumes never over-
whelmed local hospital systems. Our sample may 
have been able to continue “business as usual” for 
critically ill patients, even though elective procedures 
and outpatient care were disrupted.

Despite the lack of measured differences in co-
morbidities or treatments, our data show increased 

AMI cohort

Pre-COVID-19 (January 1, 2018–March 20, 2020)
COVID-19 (March 21, 
2020–September 21, 2020)

P value

Winter Spring Summer Fall Spring Summer

(N=1645) (N=1234) (N=1128) (N=1186) (N=450) (N=505)

Chronic pulmonary 
disease

420 (25.5) 325 (26.3) 301 (26.7) 268 (22.6) 113 (25.1) 124 (24.6) 0.34

Fluid/electrolyte disorder 468 (28.4) 313 (25.4) 310 (27.5) 347 (29.3) 137 (30.4) 133 (26.3) 0.28

Obesity 360 (21.9) 261 (21.2) 228 (20.2) 251 (21.2) 92 (20.4) 99 (19.6) 0.68

Variables were reported as numbers and percentages. P value compares spring/summer pre-COVID-19 to spring/summer during COVID-19.
AMI indicates acute myocardial infarction.

Table 1.  Continued
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in-hospital mortality for the AMI cohort during 
COVID-19, a pattern that was not seen in the HF co-
hort. In addition to the higher prevalence of STEMI in 
our cohort, we suspect that patients presenting with 
AMI also differed compared with prior years in ways 
that were not easily captured in our claims data.24 For 
example, patients may have waited longer to seek 
care in the ED when experiencing chest pain or other 
symptoms, and many patients with milder symptoms 
may have elected not to come in at all. The long-
term effects of these shifts remain to be seen, as it 

is possible that delay or deferral of care for AMI in the 
near term may bring higher rates of recurrent ischemia 
or HF in the longer-term.

Patterns for HF may differ from those for AMI be-
cause these 2 cardiovascular conditions have very 
different pathophysiologies. Among patients with HF, 
symptoms are generally gradual in onset; it is possible 
that some patients who preferred to avoid the ED were 
instead treated presumptively over the phone, or even 
did their own medication titration. Patients who did 
present, even if they were somewhat sicker at the time 

Table 2.  Changes in Presentation, In-Hospital Treatments, and Outcomes

Pre-COVID-19 (January 1, 2018–March 20, 2020)
COVID-19 (March 21, 
2020–September 21, 2020)

P valueWinter Spring Summer Fall Spring Summer

Heart failure cohort

Presentation severity

Cardiogenic shock 215 (3.6) 165 (4.0) 135 (3.5) 174 (4.3) 61 (3.9) 62 (3.7) 215 (3.6)

ED admission 4998 (84.0) 3490 (83.8) 3265 (84.9) 3380 (84.2) 1341 (85.7) 1462 (86.8) 0.041

Direct admission 933 (15.7) 659 (15.8) 566 (14.7) 627 (15.6) 221 (14.1) 218 (12.9) 0.053

In-hospital procedures/outcomes

Right-heart catheterization 474 (8.0) 349 (8.4) 319 (8.3) 339 (8.4) 139 (8.9) 180 (10.7) 0.431

LOS, mean (SD) 4.85 (6.16) 4.78 (6.26) 4.83 (6.31) 4.96 (7.28) 4.90 (5.96) 4.76 (5.33) 0.973

Death 145 (2.4) 93 (2.2) 69 (1.8) 94 (2.3) 42 (2.7) 27 (1.6) 0.944

Discharge status

Against medical advice 110 (1.8) 87 (2.1) 92 (2.4) 68 (1.7) 38 (2.4) 55 (3.3) <0.001

Home 3716 (62.5) 2594 (62.3) 2404 (62.5) 2511 (62.5) 1003 (64.1) 1070 (63.5)

Home with services 933 (15.7) 694 (16.7) 603 (15.7) 643 (16.0) 293 (18.7) 314 (18.6)

Other 63 (1.1) 45 (1.1) 32 (0.8) 35 (0.9) 15 (1.0) 17 (1.0)

Postacute care 981 (16.5) 650 (15.6) 644 (16.8) 665 (16.6) 174 (11.1) 202 (12.0)

AMI cohort

Presentation severity

Cardiogenic shock 184 (11.2) 140 (11.3) 117 (10.4) 120 (10.1) 60 (13.3) 58 (11.5) 184 (11.2)

ED admission 1275 (77.5) 949 (76.9) 840 (74.5) 949 (80.0) 362 (80.4) 418 (82.8) 0.001

Direct admission 368 (22.4) 280 (22.7) 286 (25.4) 237 (20.0) 88 (19.6) 87 (17.2) 0.002

NSTEMI 1147 (69.7) 873 (70.7) 801 (71.0) 861 (72.6) 281 (62.4) 341 (67.5) 0.005

STEMI 498 (30.3) 361 (29.3) 327 (29.0) 325 (27.4) 169 (37.6) 164 (32.5)

Procedures and LOS

Left heart catheterization 1130 (68.7) 879 (71.2) 801 (71.0) 843 (71.1) 315 (70.0) 362 (71.7) 0.991

LOS, mean (SD) 5.22 (5.92) 5.17 (6.71) 5.09 (6.21) 5.05 (6.94) 4.98 (6.73) 4.42 (5.19) 0.184

Death 145 (2.4) 93 (2.2) 69 (1.8) 94 (2.3) 42 (2.7) 27 (1.6) <0.001

Discharge status

Against medical advice 110 (1.8) 87 (2.1) 92 (2.4) 68 (1.7) 38 (2.4) 55 (3.3) <0.001

Home 3716 (62.5) 2594 (62.3) 2404 (62.5) 2511 (62.5) 1003 (64.1) 1070 (63.5)

Home with services 933 (15.7) 694 (16.7) 603 (15.7) 643 (16.0) 293 (18.7) 314 (18.6)

Other 63 (1.1) 45 (1.1) 32 (0.8) 35 (0.9) 15 (1.0) 17 (1.0)

Post-acute care 981 (16.5) 650 (15.6) 644 (16.8) 665 (16.6) 174 (11.1) 202 (12.0)

Categorical variables were reported as numbers and percentages, and continuous variables were reported as means and standard deviations. P value 
compares spring/summer pre-COVID-19 to spring/summer during COVID-19.

AMI indicates acute myocardial infarction; ED, emergency department; LOS, length of stay; NSTEMI, non–ST-segment–elevation myocardial infarction; and 
STEMI, ST-segment–elevation myocardial infarction.
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of arrival, may still have been within a window in which 
they could respond well to typical treatments. On the 
other hand, AMI is generally sudden in onset, and 
treatment far more time sensitive; even small delays in 
seeking care may be associated with poor outcomes. 
Interestingly, while others have shown a decrease in 
HF hospitalizations during COVID-19, thus far none 
find an effect on in-hospital mortality.8,20,21,23,25

There are limitations to our findings. Our study is 
limited to the patient population studied, a 12-hospital 
system in a midsize US city. While likely representative 
of our region, these data may not generalize to other 
regional health systems in the United States or to inter-
national patient populations. Because we used admin-
istrative data, we are limited in our ability to determine 
clinical presentation severity, as well as treatment ele-
ments such as door-to-balloon time. For the HF cohort, 
we are limited in our detection of certain HF treatments 

(such as goal-directed medical therapy for left ventric-
ular dysfunction). Low rates of HF mortality may have 
underpowered our mortality comparison. Additionally, 
these data are limited to a discrete time period (January 
1, 2018, to September 22, 2020) and may not reflect 
patterns during later time frames; other studies have 
suggested that the reduction in cardiovascular volume 
seen with COVID-19’s initial surge may not have per-
sisted during subsequent waves.26 Finally, we are lim-
ited in our follow-up and did not capture postdischarge 
events such as 30-day mortality; longer-term study is 
needed to determine whether there are additional con-
sequences of near-term delays or deferrals of care.

In conclusion, cardiovascular volume (both AMI and 
HF) of ED visits and hospitalizations decreased signifi-
cantly during COVID-19, but patient age, comorbid-
ities, and treatment patterns were largely unchanged. 
Mortality was higher for myocardial infarction but stable 

Figure.  Raw weekly mortality rates during the study period.
AMI indicates acute myocardial infarction; ED, emergency department; and HF, heart failure.

Date of admission or ED visit

COVID

COVID

Table 3.  Odds of Procedure Use and Mortality in HF and AMI Cohorts

aOR, COVID-19 vs non-COVID-19 Lower CI Upper CI P value

AMI

Mortality (all) 1.36 1.15 1.60 <0.001

Mortality (STEMI) 2.57 2.24 2.96 <0.001

Left-heart catheterization (all) 1.02 0.88 1.19 0.77

Heart failure

Mortality 1.01 0.89 1.15 0.91

Right-heart catheterization 1.07 0.92 1.25 0.36

Models control for age, race, insurance status, Elixhauser comorbidities, and season. The non-COVID-19 time periods serve as the reference group, such 
that odds ratios >1 indicate a higher odds of the event during COVID-19.

AMI indicates acute myocardial infarction; aOR, adjusted odds ratio; and STEMI, ST-segment–elevation myocardial infarction.
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for HF during the pandemic. Collectively, these data 
raise the possibility that deferral in care is the most 
likely mechanism for increased cardiovascular mortality 
during COVID-19, and that public health efforts aimed at 
educating patients on the importance of seeking nec-
essary medical care might be an important intervention 
to reduce excess mortality associated with COVID-19.
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Table S1. Falsification testing for 2018 versus 2019, Patient Characteristics. 

Heart Failure Cohort 2018 2019 P value 

Daily Volume (n) 20.9 23.4 <0.001 

Insurance    

   Commercial  805 (10.7%) 948 (11.1%) 0.601 

   Medicaid 904 (12.0%) 1065 (12.5%)  

   Medicare 5619 (74.8%) 6298 (73.8%)  

   Self Pay 188 (2.5%) 221 (2.6%)  

Sex     

   Female 3767 (50.1%) 4147 (48.6%) 0.0576 

   Male 3749 (49.9%) 4385 (51.4%)  

Race    

   Black 3063 (40.8%) 3579 (41.9%) 0.129 

   White 4453 (59.2%) 4953 (58.1%)  

Comorbidities    

   Renal Failure 4157 (55.3%) 5032 (59.0%) <0.001 

   Liver Disease 418 (5.6%) 518 (6.1%) 0.18 

   Diabetes (complicated) 2925 (38.9%) 3451 (40.4%) 0.0498 

   Valvular Heart Disease 2141 (28.5%) 2189 (25.7%) <0.001 

   Hypertension (complicated) 6774 (90.1%) 7910 (92.7%) <0.001 

   Chronic Pulmonary Disease 3186 (42.4%) 3769 (44.2%) 0.0237 

   Fluid/Electrolyte Disorder 2380 (31.7%) 2911 (34.1%) 0.00103 

   Obesity 1998 (26.6%) 2246 (26.3%) 0.724 

P value compares 2018 to 2019. 

 



 
 

Table S1. Falsification testing for 2018 versus 2019, Patient Characteristics (continued) 

AMI Cohort 2018 2019 P value 

Daily Volume (n) 6.58 6.46 0.5402 

Insurance    

   Commercial  624 (26.5%) 634 (27.0%) 0.936 

   Medicaid 177 (7.5%) 184 (7.8%)  

   Medicare 1422 (60.4%) 1408 (59.9%)  

   Self Pay 132 (5.6%) 126 (5.4%)  

Sex     

   Female 928 (39.4%) 901 (38.3%) 0.458 

   Male 1427 (60.6%) 1451 (61.7%)  

Race    

   Black 512 (21.7%) 486 (20.7%) 0.385 

   White 1843 (78.3%) 1866 (79.3%)  

Comorbidities    

   Renal Failure 654 (27.8%) 698 (29.7%) 0.158 

   Liver Disease 106 (4.5%) 111 (4.7%) 0.774 

   Diabetes (complicated) 677 (28.7%) 707 (30.1%) 0.339 

   Valvular Heart Disease 463 (19.7%) 399 (17.0%) 0.0186 

   Hypertension (complicated) 1106 (47.0%) 1161 (49.4%) 0.106 

   Chronic Pulmonary Disease 563 (23.9%) 629 (26.7%) 0.0275 

   Fluid/Electrolyte Disorder 635 (27.0%) 648 (27.6%) 0.675 

   Obesity 486 (20.6%) 517 (22.0%) 0.275 

AMI = acute myocardial infarction. P value compares 2018 to 2019. 



 
 

Table S2. Falsification Testing, Changes in Presentation, In-Hospital Treatments, and Outcomes.  

Heart Failure Cohort 2018 2019 P-value 

Presentation Severity    

   Cardiogenic Shock 8 (0.1%) 15 (0.2%) 0.342 

   ED Admission 6329 (84.2%) 7176 (84.1%) 0.879 

   Direct Admission 1168 (15.5%) 1329 (15.6%) 0.967 

Procedures and LOS    

   Right Heart Catheterization 605 (8.0%) 716 (8.4%) 0.448 

   Length of Stay (Mean, SD) 4.78 (6.03) 4.91 (6.80) 0.189 

Discharge Status    

   Against Medical Advice 143 (1.9%) 173 (2.0%) 0.738 

   Death 163 (2.2%) 198 (2.3%)  

   Home 4694 (62.5%) 5304 (62.2%)  

   Home with Services 1215 (16.2%) 1374 (16.1%)  

   Other 64 (0.9%) 91 (1.1%)  

   Post-Acute Care 1237 (16.5%) 1392 (16.3%)  

ED = emergency department. AMA = against medical advice. P value compares 2018 to 2019.



 
 

Table S2. Falsification Testing, Changes in Presentation, In-Hospital Treatments, and Outcomes 

(continued) 

AMI Cohort 2018 2019 P-value 

Presentation Severity    

   Cardiogenic Shock 256 (10.9%) 255 (10.8%) 1.00 

   ED Admission 8141 (82.5%) 8975 (82.5%) 0.956 

   Direct Admission 1705 (17.3%) 1877 (17.2%) 0.965 

   NSTEMI 1668 (70.8%) 1689 (71.8%) 0.476 

   STEMI 687 (29.2%) 663 (28.2%)  

Procedures and LOS    

   Left Heart Catheterization 1626 (69.0%) 1693 (72.0%) 0.0295 

   Length of Stay (Mean, SD) 5.29 (6.53) 5.05 (6.53) 0.212 

Discharge Status    

   Against Medical Advice 37 (1.6%) 46 (2.0%) 0.664 

   Death 140 (5.9%) 139 (5.9%)  

   Home 1547 (65.7%) 1578 (67.1%)  

   Home with Services 279 (11.8%) 262 (11.1%)  

   Other 34 (1.4%) 37 (1.6%)  

   Post-Acute Care 318 (13.5%) 290 (12.3%)  

AMI = acute myocardial infarction. NSTEMI = Non-ST elevation myocardial infarction. STEMI = ST 

elevation myocardial infarction. ED = emergency department. P value compares 2018 to 2019. 

 

 

 


