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Aims To assess heart failure (HF) in-hospital quality of care and outcomes before and during the COVID-19 pandemic.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

Patients hospitalized for HF with ejection fraction (EF) <40% in the American Heart Association Get With The
Guidelines©-HF (GWTG-HF) registry during the COVID-19 pandemic (3/1/2020–4/1/2021) and pre-pandemic
(2/1/2019–2/29/2020) periods were included. Adherence to HF process of care measures, in-hospital mortality,
and length of stay (LOS) were compared in pre-pandemic vs. pandemic periods and in patients with vs. without
COVID-19. Overall, 42 004 pre-pandemic and 37 027 pandemic period patients (median age 68, 33% women, 58%
White) were included without observed differences across clinical characteristics, comorbidities, vital signs, or EF.
Utilization of guideline-directed medical therapy at discharge was comparable across both periods, with rates of
implantable cardioverter defibrillator (ICD) placement or prescription lower during the pandemic (vs. pre-pandemic
period). In-hospital mortality (3.0% vs. 2.5%, p<0.0001) and LOS (mean 5.7 vs. 5.4 days, p<0.0004) were higher during
the pandemic vs. pre-pandemic. The highest in-hospital mortality during the pandemic was observed among patients
hospitalized in the Northeast region (3.4%). Among patients concurrently diagnosed with COVID-19 (n = 549;
1.5%), adherence to ICD placement or prescription, prescription of aldosterone antagonist or angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker/angiotensin receptor–neprilysin inhibitor at discharge were lower, and
in-hospital mortality (8.2% vs. 3.0%, p<0.0001) and LOS (mean 7.7 vs. 5.7 days, p<0.0001) were higher than those
without COVID-19.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion Among GWTG-HF participating hospitals, patients hospitalized for HF with reduced EF during the pandemic received
similar care quality but experienced higher in-hospital mortality than the pre-pandemic period.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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2 N. Keshvani et al.

Graphical Abstract

Heart failure (HF) quality of care and in-hospital mortality during the COVID-19 pandemic. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; ARNi, angiotensin receptor–neprilysin inhibitor.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords Heart failure • Quality of care • Outcomes • COVID-19

Introduction
The COVID-19 pandemic has led to significant patient morbid-
ity and mortality with over 300 million reported infections and
over 5 million deaths worldwide.1 Patients with cardiovascular
risk factors and established cardiovascular diseases such as obe-
sity, hypertension, diabetes, coronary artery disease, and heart
failure (HF) have a higher risk of severe infection and worse clini-
cal outcomes.2 COVID-19 infection may also impact patients with
HF either as a potential cause of decompensation — similar to
other respiratory viruses — or as direct viral harm in the form of
myocardial injury through viral invasion, or from vascular endothe-
lial dysfunction from systemic inflammation.3–5 Overall cardio-
vascular death rates were higher during the initial phase of the
COVID-19 pandemic among geographic areas that experienced
a surge in cases.6 Estimates of in-hospital mortality for patients
with HF and COVID-19 have ranged from 24% to 50% across the
United States and Europe and across different time periods of the
pandemic.3,7,8

Besides the direct patient harm caused by viral infection, reports
also demonstrate excess mortality not explained by COVID-19
infection,9,10 suggesting significant downstream effects of the pan-
demic on patient care and outcomes.6 These include a dramatic
decline in hospitalizations for cardiovascular conditions such as
myocardial infarction and HF11–13 with a concomitant disruption
in ambulatory care as in-person appointments were transitioned ..
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. to telehealth.14 Additionally, there were decreases in both emer-

gent and elective procedures during the COVID-19 pandemic,12

further illustrating the challenges to delivering high-quality care to
patients without COVID-19.

Given massive care disruptions and worldwide mortality from
COVID-19, understanding quality of care and in-hospital outcomes
of patients with HF are of principle importance. Accordingly, we
aimed to describe and compare clinical characteristics, adher-
ence to evidence-based quality measures, and in-hospital mortality
among patients hospitalized for HF with reduced ejection frac-
tion (HFrEF) during the COVID-19 pandemic compared with the
pre-pandemic period and among patients with concurrent HF and
COVID-19 versus without COVID-19.

Methods
Data source and patient population
This study utilized the American Heart Association’s Get With The
Guidelines®-Heart Failure (GWTG-HF) registry, and details regarding
the registry have been published previously.15 GWTG-HF is a contin-
uous quality improvement-based registry of patients hospitalized for
HF. The details of the registry design and data collected are reported
in online supplementary Methods. Patients in the GWTG-HF registry
with a principal hospital admission diagnosis of HFrEF from 2/1/ 2019
to 4/1/ 2021 were included in this analysis. The details of the study

© 2022 European Society of Cardiology



Heart failure outcomes during the COVID-19 pandemic 3

inclusion and exclusion criteria are reported in online supplemen-
tary Table S1. The pre-pandemic cohort included 150 677 patients from
533 centres admitted between 2/1/2019 to 2/29/2020. The pandemic
period cohort included 129 495 patients from 424 centres admitted
from 3/1/ 2020 to 41/2021. The pandemic period cohort of patients
with acute decompensated HFrEF included 549 patients with a con-
comitant COVID-19 and 36 478 patients without COVID-19 diagnosis
(recorded in the GWTG-HF registry as active SARS-CoV-2 infection
at the time of admission or during hospitalization).

Outcomes of interest
The primary outcomes were in-hospital all-cause mortality, length of
stay (LOS, in days), and discharge disposition. Secondary outcomes
included rates of adherence to GWTG-HF hospital quality measures.
Adherence was presented only for patients who did not die during the
HF hospitalization, and rates were calculated by dividing the number
of patients who received the therapy by the number of patients
eligible for the therapy, excluding patients with missing information and
those who had a listed contraindication from the eligible population.
GWTG-HF quality measures included in the analysis are reported in
online supplementary Table S2.

Statistical analysis
The study population was stratified by the hospitalization period
(before vs. during the pandemic) and by the presence of concur-
rent COVID-19 (for the pandemic period hospitalizations). Patient-
and hospital-level characteristics were reported as percentages (for
categorical variables) or median (interquartile range, IQR) for con-
tinuous variable. Pearson 𝜒2 tests were used to compare differ-
ences in categorical variables, and Kruskal–Wallis tests were used
to compare differences across continuous variables. Standardized
differences were reported for all variables, and a difference>10
indicated a meaningful difference between groups. P-values were
reported for the primary outcomes, with p<0.05 set as the level of
significance.

Multivariable adjusted regression models were constructed for
mortality and LOS outcomes with the following covariates: patient
demographics, medical history, vital signs at admission, and hospital
characteristics. Logistic regression and negative binomial log-linear
regression models were used for mortality and LOS, respectively,
and fit using Generalized Estimating Equations with an exchange-
able working correlation structure to account for within-hospital
clustering. Time-to-event cumulative incidence curves determined
time-dependent in-hospital mortality rates. Patient characteristics
and unadjusted outcome rates were also compared for subgroups
stratified by geographic region: Northeast, Midwest, South, and West.
Finally, sensitivity analyses were also conducted limiting the cohort
to hospitals that were represented in both the pre-pandemic and the
pandemic cohort.

Results
The final population included 79 031 patients (median age 68 years,
33% women, 28% Black patients, median left ventricular ejection
fraction 25%). Of these, 42 004 (from 386 centres) were admit-
ted during the pre-pandemic period, and 37 027 patients (from 373 ..
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.. centres) were admitted during the pandemic period (online supple-
mentary Table S1). Before the pandemic, the median hospital had
10 qualifying HF patients per month (range 1–104, IQR 5–16),
compared with a median of 9 qualifying HF patients per month
(range 1–83, IQR 5–15) during the pandemic. Over the entire
pre-pandemic period, median hospital had 88 qualifying HF admis-
sions (range 1–825, IQR 48–145) versus 77 qualifying HF admis-
sions (range 1–584, IQR 40–126) during the pandemic. There
was no statistically significant difference in the number of total HF
admissions between the two periods (non-parametric Wilcoxon
score [rank sums] test, p = 0.1064).

There were no clinically significant differences in demographic
characteristics and clinical comorbidities among patients admitted
during the pre-pandemic versus the pandemic period (Table 1).
Patients hospitalized during the pandemic versus the pre-pandemic
period had higher average troponin levels. There was also greater
incidence of cardiac ischaemia or acute coronary syndromes
among hospitalized HF patients during the pandemic versus
the pre-pandemic period (11.8% vs. 8.4%). In contrast, rates
of venous thromboembolism (deep vein thrombosis/pulmonary
embolism) were not meaningfully different in the pre-pandemic
versus the pandemic period (Table 1). There were no differences
in in-hospital care measures such as the utilization of coronary
angiography, cardiac device implantation, or administration of dial-
ysis. Hospital-level characteristics such as hospital location, teach-
ing status, and geographic region were not different across the
pre-pandemic versus the pandemic period groups.

Overall, the in-hospital death rate was 2.7%, and the mean LOS
was 5.6 days (standard deviation [SD] 5.3). The in-hospital mor-
tality rate was significantly higher during the pandemic vs. the
pre-pandemic period (3.0% vs. 2.5%, p<0.0001) (Table 2). Further-
more, hospitalization during the COVID-19 pandemic was asso-
ciated with a greater risk of in-hospital mortality (adjusted odds
ratio 1.23, 95% confidence interval [CI] 1.11–1.37, p<0.0001)
(Table 2). In time to event analysis, the time to death during hos-
pitalization was not different between pre-pandemic versus the
pandemic period (p = 0.9550; online supplementary Figure S1).
There were similar rates of cardiovascular and non-cardiovascular
death before and during the COVID-19 pandemic (p = 0.582). In
analysis evaluating mortality rate over time during the pandemic,
the rates of in-hospital morality were highest between March
2020 to May 2020 and December 2020 to March 2021 consis-
tent with the COVID-19 first and second waves. The adjusted
risk of in-hospital mortality did not change significantly during
the pandemic period as compared with the first month of the
COVID-19 pandemic (online supplementary Table S3). Mean LOS
was longer during the pandemic versus the pre-pandemic period
(5.7 vs. 5.4 days, p = 0.0004). After adjustment for relevant patient
and hospital-level differences, there was a 3% greater LOS (adjusted
ratio of means 1.03, 95% CI 1.01–1.05, p = 0.0012) during the
COVID-19 pandemic versus the pre-pandemic period. Discharge
to home was modestly higher during the COVID-19 pandemic
versus the pre-pandemic period (76.8% vs. 75.3%, p<0.0001). Dis-
charge to other healthcare facilities was lower during the pandemic
versus the pre-pandemic period (9.3% vs. 12.5%, p<0.001). Across
GWTG-HF quality metrics, there were no significant differences

© 2022 European Society of Cardiology



4 N. Keshvani et al.

Table 1 Baseline characteristics of patients hospitalized for heart failure before and during the COVID-19 pandemic

Overall
(n = 79 031)

Before
COVID-19
pandemic
(n = 42 004)

During
COVID-19
pandemic
(n = 37 027)

Standardized
differencea

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Demographics
Age (years), median (IQR) 68 (57–79) 68 (58–79) 67 (57–78) 5.6 <0.001

Female sex (%) 33.2 33.2 33.1 0.2 0.761

Race (%)
White 58.3 58.6 58.0 1.2 <0.0001

Black 28.2 28.1 28.3 0.5
Hispanic 8.1 8.1 8.1 0.1
Asian 1.9 2.0 1.8 1.6
Other 3.5 3.2 3.8 3.1

Insurance (%)
None documented 6.2 6.2 6.1 1.7 <0.0001

Medicare 44.8 44.7 45.0 4.3
Medicaid 21.2 20.3 22.2 1.7
Other 27.8 28.8 26.7 7.8

Medical history
HF admissions in past 6 months (%) 0.5 <0.0001

>2 8.3 8.7 7.8
2 7.8 8.4 7.1
1 24.3 24.9 23.5
0 42.6 41.7 43.7

Atrial fibrillation/flutter (%) 36.5 36.8 36.1 1.5 0.040
Coronary disease (%) 52.8 52.7 52.9 0.3 0.649
Valvular heart disease (%) 18.7 18.7 18.7 0.1 0.879
Anaemia (%) 22.8 21.9 23.7 4.4 <0.0001

COPD or asthma (%) 32.2 31.9 32.6 1.4 0.051

CVA/TIA (%) 16.1 16.0 16.2 0.6 0.383
Peripheral vascular disease (%) 11.5 11.2 11.9 2.2 0.002
Hyperlipidaemia (%) 58.4 56.6 60.6 8.1 <0.0001

Hypertension (%) 83.5 82.0 85.1 8.4 <0.0001

Diabetes (%) 45.7 44.7 46.8 4.1 <0.0001

Renal insufficiency (%) 26.5 26.8 26.2 1.2 0.098
Dialysis (%) 4.2 4.1 4.3 1.2 0.097
ICD (%) 17.3 17.9 16.5 3.6 <0.0001

Smoking (%) 24.4 23.9 25.0 2.7 0.0002
DVT or PE (%) 1.9 1.7 2.0 2.5 0.004
Ischaemia/ACS 10.0 8.4 11.8 11.3 <0.0001

Admission laboratory and vital signs
Heart rate (bpm), median (IQR) 78 (69–89) 78 (69–88) 79 (70–90) 5.8 <0.0001

Lower extremity oedema (%) 64.9 64.3 65.6 2.7 0.046
Systolic BP (mmHg), median (IQR) 132 (114–151) 131 (114–151) 132 (115–152) 4.2 <0.0001

Diastolic BP (mmHg), median (IQR) 70 (61–78) 69 (61–78) 70 (62–79) 5.9 <0.0001

BMI (kg/m2), mean (SD) 28.7 (24.5–34.3) 28.4 (24.4–34.1) 28.7 (24.6–34.4) 3.8 <0.0001

Obese (BMI>30 kg/m2) (%) 42.7 41.8 43.4 3.4 0.0002
Respiration (breath/min), median (IQR) 20 (18–22) 20 (18–22) 20 (18–22) 9.4 <0.0001

BNP (pg/ml), mean (SD) 1442 (2046) 1458 (1983) 2116 (4250) 4.1 0.201

NT-proBNP (pg/ml), mean (SD) 12 669 (15334) 12 395 (15072) 13 031 (15667) 4.1 0.0007
eGFR (ml/min/1.73 m2), median (IQR)b 52.2 (34.5–71.4) 51.9 (34.4–71.1) 52.6 (34.6–71.7) 6.7 0.016
Troponin (ng/dl), mean (SD) 3.0 (15.1) 1.7 (8.5) 4.5 (20.3) 17.7 <0.0001

Troponin (%) 0.001

Troponin I 80.4 79.6 81.4 4.5
Troponin T 19.6 20.4 18.6 6.1

Troponin abnormal (%) 56.4 55.1 58.1 6.1 <0.0001

© 2022 European Society of Cardiology
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Table 1 (Continued)

Overall
(n = 79 031)

Before
COVID-19
pandemic
(n = 42 004)

During
COVID-19
pandemic
(n = 37 027)

Standardized
differencea

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

In-hospital care
Ejection fraction (%), median (IQR) 25 (20–32) 25 (20–32) 25 (20–32) 2.5 0.0002
Ejection fraction <30% (%) 66.0 65.4 66.7 2.8 <0.0001

Coronary angiography (%) 16.2 15.7 16.5 2.3 0.014
Intra-aortic balloon pump (%) 0.5 0.5 0.6 1.9 0.048
Mechanical ventilation (%) 2.9 3.0 2.8 1.0 0.264
Dialysis (%) 3.6 3.3 3.7 2.1 0.026
Left ventricular assist device (%) 0.6 0.4 0.4 3.4 0.0003
Heart transplant (%) 0.1 0.1 0.1 0.3 0.520
Hospital characteristics
No. of beds, median (IQR) 385 (248–583) 385 (248–581) 387 (248–595) 2.5 0.0003
No. of HF admissions per year, median (IQR) 103 (62–170) 118 (71–190) 86 (54–140) 27 <0.0001

Geographic region (%) 0.065
West 15.8 15.8 15.7 1.3
South 34.0 34.4 33.6 1.7
Midwest 24.2 24.3 24.6 0.7
Northeast 25.8 25.6 26.2 0.2

Rural location (%) 2.5 2.7 2.3 2.6 0.0002
Teaching hospital (%) 79.2 79.5 79.0 1.4 0.058

ACS, acute coronary syndrome; BMI, body mass index; BNP, B-type natriuretic peptide; BP, blood pressure; COPD, chronic obstructive pulmonary disease; CVA,
cerebrovascular accident; DVT, deep vein thrombosis; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter-defibrillator; IQR, interquartile
range; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PE, pulmonary embolism; SD, standard deviation; TIA, transient ischaemic attack.
aStandardized difference represents the absolute difference in rank-based means or proportions divided by the standard deviation and multiplied by 100.
beGFR calculated using the abbreviated Modification of Diet in Renal Disease (MDRD) equation.

in beta-blocker, aldosterone antagonist, or angiotensin-converting
enzyme inhibitor (ACEi), angiotensin receptor blocker (ARB), or
angiotensin receptor–neprilysin inhibitor (ARNi) prescription at
discharge (Figure 1). During the pandemic, there was a modest
but significant increase in discharge prescription of triple therapy
(ACEi/ARB/ARNi, mineralocorticoid receptor antagonist [MRA],
beta-blocker) compared with the pre-pandemic period (25.4% vs.
24.0%). Finally, implantable cardioverter-defibrillator (ICD) place-
ment or prescription at discharge (54.1% vs. 64.2%) and blood
pressure control at discharge (67.8% vs. 82.6%) were significantly
lower during the pandemic versus the pre-pandemic period.

Clinical characteristics and outcomes
stratified by geographic region
Across each geographic region, there were significant differences
in patient outcomes (online supplementary Table S4). In-hospital
mortality was highest during the pandemic for patients with HF
admitted to the Northeast (3.4%) versus other regions. Changes in
GWTG-HF quality metrics during the pandemic (vs. pre-pandemic)
period were similar across all four regions, with clinically significant
decreases in prescription of ACEi/ARB/ARNi, ICD placement or
prescription, and blood pressure control at discharge (online
supplementary Tables S5–S8). ..
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. Comparison of patients with heart
failure and COVID-19 versus patients
without COVID-19
The GWTG-HF registry included records for 37 027 patients
hospitalized for acute HFrEF during the COVID-19 pandemic; 549
(1.5%) patients had concurrent COVID-19, and 36 478 patients
(98.5%) did not have concomitant COVID-19. Overall, there were
no clinically meaningful differences in age or sex between patients
with COVID-19 versus patients without COVID-19 (Table 3).
Patients with (vs. without) COVID-19 were more commonly of
Hispanic (14.2% vs. 8.1%) or Black race (29.5% vs. 28.3%). Patients
with (vs. without) COVID-19 had a higher prevalence of co-existing
anaemia (28.8% vs. 23.7%) and diabetes (51.9% vs. 46.7%) without
other meaningful differences in clinical comorbidities or admission
vital signs. Overall troponin levels and percent of patients with
an abnormal troponin level were greater in patients with (vs.
without) COVID-19 (mean 7.7 ng/dl, 63.8% abnormal vs. 4.4 ng/dl,
58.0% abnormal) with no significant differences in N-terminal
pro-B-type natriuretic peptide levels across the two groups. There
was a significant increase in venous thromboembolism in patients
with (vs. without) COVID-19 (6.1% vs. 2.0%) without significant
difference in cardiac ischaemia or acute coronary syndrome. There
was less lower extremity edema on admission in patients with
(vs. without) COVID-19. Utilization of mechanical ventilation and

© 2022 European Society of Cardiology
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Table 2 Outcomes of patients hospitalized for heart failure prior to the pandemic and during the pandemic and in
patients with COVID-19 and without COVID-19

Before COVID-19
pandemic
(n = 42 004)

During
COVID-19
pandemic
(n = 37 027)

p-value Without
COVID-19
during
hospitalization
(n = 36 478)

With
COVID-19
during
hospitalization
(n = 549)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

In-hospital death (%) 2.5 3.0 <0.0001 3.0 8.2 <0.0001

Cause of death (%) 0.582 0.0007
Cardiovascular 70.7 68.5 69.8 37.5
Non-cardiovascular 19.9 20.2 19.0 50.0
Unknown 9.4 11.3 11.2 12.5

Unadjusted OR (95% CI)a Reference 1.22 (1.10–1.35) <0.0001 Reference 3.14 (2.23–4.42) <0.0001

Adjusted OR (95% CI)a Reference 1.23 (1.11–1.37) <0.0001 Reference 2.92 (2.14–3.99) <0.0001

Length of stay (days), mean (SD) 5.4 (4.9) 5.7 (5.7) 0.0004 5.7 (5.7) 7.7 (7.9) <0.0001

Unadjusted ratio of means (95% CI)b Reference 1.04 (1.02–1.06) 0.0004 Reference 1.35 (1.22–1.49) <0.0001

Adjusted ratio of means (95% CI)b Reference 1.03 (1.01–1.05) 0.0012 Reference 1.35 (1.22–1.50) <0.0001

Discharge disposition (%) <0.0001 <0.0001

Home 75.3 76.8 76.9 68.5
Home hospice 2.8 3.4 3.4 2.9
Healthcare facility hospice 1.7 1.4 1.4 2.0
Acute care facility 2.8 2.7 2.8 1.5
Other healthcare facility 12.5 9.3 9.2 14.0
Against medical advice 2.4 3.3 3.4 2.7

CI, confidence interval; OR, odds ratio; SD, standard deviation.
p-values based on Pearson chi-square for all categorical row variables and chi-square rank based group means score for all continuous/ordinal row variable.
Adjusted OR and ratio of means controlled for patient demographics (age, sex, race, insurance), medical history (anaemia, ischaemic heart disease, cerebrovascular
accident/transient ischaemic attack, diabetes mellitus, hyperlipidaemia, hypertension, chronic obstructive pulmonary disease/asthma, peripheral vascular disease, renal
insufficiency, cigarette smoking in the past year), vital signs at admission (systolic blood pressure, heart rate, left ventricular ejection fraction), and hospital characteristics
(region, hospital type, number of beds, rural vs. urban location).
aORs were assessed using a logistic regression model.
bRatio of means were calculated using a negative binomial model with a log link.

dialysis were higher, and utilization of coronary angiography was
lower in patients with (vs. without) COVID-19. At the hospital
level, patients with (vs. without) COVID-19 were admitted to
smaller hospitals and were more likely to be hospitalized in the
geographic northeast (31.0% vs. 26.1%).

In-hospital mortality for patients admitted with HF and con-
current COVID-19 was 8.2% versus 3.0% in patients without
COVID-19 (p<0.0001) (Table 2). After adjustment for both
patient- and hospital-level differences, patients with concurrent
COVID-19 and HF had a nearly three-fold higher adjusted likeli-
hood of mortality during the COVID-19 pandemic (adjusted odds
ratio 2.92, 95% CI 2.14–3.99, p<0.0001). In time to event analysis,
the time to death during hospitalization was significantly different
among HF patients with versus without COVID-19. The mortal-
ity curves between patients with (vs. without) COVID-19 sep-
arated within 1 week, with a significantly increased hazard of
in-hospital death in COVID-19 patients, and continued to diverge
(p = 0.0002, online supplementary Figure S2). Among patients who
died, there was greater non-cardiovascular death among patients
with COVID-19 compared to patients without COVID-19 (50.0%
vs. 19.0%, p = 0.0007). Mean LOS was significantly longer for
patients with concurrent COVID-19 and HF (mean 7.7 days vs.
5.7 days, p<0.0001). In adjusted analysis accounting for patient- ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. and hospital-level factors, patients with COVID-19 and HF had

35% longer LOS (adjusted ratio of means 1.35, 95% CI 1.22–1.50,
p<0.0001). In the adjusted model, other factors associated with
longer LOS during the pandemic were Black race, ischaemic aeti-
ology of HF, presence of comorbidities such as kidney insufficiency,
diabetes, and anaemia, lower ejection fraction, and hospitaliza-
tion in teaching hospitals. Patients with concurrent COVID-19
and HF hospitalization had greater likelihood of discharge to
healthcare facilities than those without COVID-19 (Table 2).
Across GWTG-HF quality metrics, HF patients with COVID-19
(vs. those without COVID-19) had significantly lower prescrip-
tion of aldosterone antagonist (53.5% vs. 61.2%), prescription of
ACEi/ARB/ARNi (82.1% vs. 85.7%), prescription of triple therapy
(21.6% vs. 25.5%), and ICD placement or prescription at discharge
(47.8% vs. 55.0%) during the pandemic (Figure 2).

Sensitivity analysis
A sensitivity analysis was performed limited to centres that
enrolled in both the pre-pandemic and pandemic periods. This anal-
ysis excluded 40 centres (1999 patients) before the pandemic and
27 centres (1466 patients) during the pandemic (online supple-
mentary Table S1). Among 40 005 patients hospitalized during the
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Figure 1 Adherence to guidelines of patients hospitalized for heart failure and discharged alive, with comparison before and during the
COVID-19 pandemic. Asterisks note clinically significant differences, as determined by a standardized difference of 10 or greater. Standardized
differences were calculated as the absolute differences in rank-based means or proportions divided by the standard deviation and multiplied
by 100. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor–neprilysin inhibitor;
ICD, implantable cardioverter-defibrillator.

pre-pandemic period and 35 561 patients hospitalized during the
pandemic, there were no significant differences in patient demo-
graphics, clinical comorbidities, or admission vital signs (online
supplementary Table S9). In the sensitivity analysis cohort, the pat-
tern of difference between the pre-pandemic versus the pandemic
period for the risk of in-hospital death, LOS, and adherence to
GWTG-HF quality metrics was like that observed in the primary
cohort (online supplementary Table S10 and Figure S3).

Discussion
This study has several notable findings. First, in-hospital mortality
and LOS were significantly higher during the pandemic compared
with the pre-pandemic study period, even after adjustment for
patient- and hospital-level differences. In-hospital death was highest
for patients admitted to the geographic Northeast. Secondly, the ..
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. implementation of evidence-based, guideline-recommended HFrEF
therapies during the COVID-19 pandemic was comparable to
that observed during the pre-pandemic period among hospitals
participating in GWTG-HF. Finally, among patients hospitalized
with HF and COVID-19, risk of in-hospital death and LOS were
significantly higher and rates of prescription of guideline-directed
medical therapies for HFrEF at discharge were lower as compared
to patients without COVID-19 infection (Graphical Abstract).

To our knowledge, these findings represent the largest
national-level assessment of differences in in-hospital care and
adherence to quality measures in patients admitted with HFrEF
before and during the COVID-19 pandemic in the US. Prior studies
evaluating the use of HF therapies focused during the pandemic
period in the US have relied on claims based pharmacy data and
showed a minimal decline in prescription refills for cardiometabolic
and HF therapies.16,17 Conversely, findings from Australia noted
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Table 3 Baseline characteristics of patients hospitalized for heart failure with and without COVID-19 during the
pandemic

Overall
(n = 37 027)

With COVID-19
during
hospitalization
(n = 549)

Without
COVID-19 during
hospitalization
(n = 36 478)

Standardized
differencea

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Demographics
Age (years), mean (SD) 66.7 (15.0) 65.9 (14.9) 66.7 (15.0) 5.5 0.204
Female sex (%) 33.1 33.2 33.1 4.3 0.311

Race (%)
White 58.0 48.8 58.1 18.7 <0.0001

Black 28.3 29.5 28.3 2.7
Hispanic 8.1 14.2 8.1 19.7
Asian 1.8 2.6 1.8 5.1
Other 3.8 4.9 3.8 5.7

Insurance (%) 0.008
None documented 6.1 6.9 6.1 3.5
Medicare 45.0 39.5 45.1 9.3
Medicaid 22.2 27.9 22.1 13.9
Other 26.7 25.7 26.7 1.1

Medical history
HF admissions in past 6 months 3.1 0.199
>2 7.8 12.4 7.7
2 7.1 5.6 7.2
1 23.5 19.8 23.6
0 43.7 45.1 43.7

Atrial fibrillation/flutter (%) 36.1 37.2 36.1 2.3 0.602
Coronary disease (%) 52.9 52.6 52.9 0.6 0.892
Valvular heart disease (%) 18.7 19.4 18.7 1.7 0.698
Anaemia (%) 23.7 28.8 23.7 11.7 0.005
COPD or asthma (%) 32.6 31.7 32.6 1.9 0.669
CVA/TIA (%) 16.2 15.7 16.3 1.5 0.722
Peripheral vascular disease (%) 11.9 12.7 11.9 2.6 0.537
Hyperlipidaemia (%) 60.6 62.7 60.5 4.6 0.296
Hypertension (%) 85.1 84.1 85.2 2.8 0.506
Diabetes (%) 46.8 51.9 46.7 10.3 0.017
Renal insufficiency (%) 26.2 27.5 26.2 2.9 0.506
Dialysis (%) 4.3 5.5 4.3 5.7 0.164
ICD (%) 16.5 16.1 16.5 1.3 0.759
Smoking (%) 52.0 21.5 25.1 8.3 0.059
DVT or PE (%) 2.0 6.1 2.0 21.0 <0.0001

Iscahemia/ACS 11.8 13.0 11.8 3.8 0.640
Admission laboratory and vital signs
Heart rate (bpm), median (IQR) 79 (70–90) 78 (68–89) 79 (70–90) 3.6 0.452
Lower extremity oedema (%) 65.6 57.2 65.7 17.5 0.033
Systolic BP (mmHg), median (IQR) 132 (115–152) 130 (113–148) 132 (115–152) 9.8 0.716
Diastolic BP (mmHg), median (IQR) 70 (62–79) 72 (63–80) 70 (62–79) 8.8 0.063
BMI (kg/m2), mean (SD) 30.3 (30.3) 29.7 (29.7) 30.3 (30.3) 7.5 0.091

Obese (BMI>30 kg/m2) (%) 43.4 43.2 43.5 0.6 0.908
Respiration (breath/min), median (IQR) 20 (18–22) 20 (18–22) 20 (18–22) 8.1 0.773
BNP (pg/ml), mean (SD) 2116 (4250) 1801 (1870) 2121 (4277) 9.7 0.158
NT-proBNP (pg/ml), mean (SD) 13 031 (15667) 11 913 (13660) 13 046 (15693) 7.7 0.674
eGFR (ml/min/1.73 m2), median (IQR)b 52.6 (34.6–71.7) 53.7 (33.1–75.4) 52.5 (34.6–71.7) 3.2 0.631

Troponin (ng/dl), mean (SD) 4.5 (20.3) 7.7 (26.7) 4.4 (20.2) 14.0
Troponin (%) 0.659

Troponin I 81.4 80.0 81.4 3.6
Troponin T 18.6 20.0 18.6 12.0
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Table 3 (Continued)

Overall
(n = 37 027)

With COVID-19
during
hospitalization
(n = 549)

Without
COVID-19 during
hospitalization
(n = 36 478)

Standardized
differencea

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Troponin abnormal (%) 58.1 63.8 58.0 12.0 0.162
In-hospital care
Ejection fraction (%), median (IQR) 25 (20–32) 25 (20–33) 25 (19–32) 11.4 0.009
Ejection fraction <30% (%) 66.7 63.8 66.8 6.3 0.138
Coronary angiography (%) 16.5 11.3 16.6 15.4 0.003
Intra-aortic balloon pump (%) 0.6 0.7 0.6 1.5 0.752
Mechanical ventilation (%) 2.8 5.2 2.8 12.4 0.003
Dialysis (%) 3.7 5.9 3.7 10.3 0.017
Left ventricular assist device (%) 0.7 0.2 0.7 6.5 0.269
Heart transplant (%) 0.1 0 0.1 3.7 0.594
Hospital characteristics
No. of beds, median (IQR) 387 (248–595) 371 (237–539) 387 (248–595) 13.3 0.014
No. of HF admissions per year, median (IQR) 86 (54–140) 88 (51–135) 86 (55–140) 3.1 0.349
Geographic region (%) 0.013

West 15.7 11.7 15.8 12
South 33.6 33.0 33.6 1.3
Midwest 24.6 24.4 24.6 0.4
Northeast 26.2 31.0 26.1 10.8

Rural location (%) 2.3 1.6 2.3 4.6 0.324
Teaching hospital (%) 78.9 79.5 78.9 1.4 0.740

ACS, acute coronary syndrome; BMI, body mass index; BNP, B-type natriuretic peptide; BP, blood pressure; COPD, chronic obstructive pulmonary disease; CVA,
cerebrovascular accident; DVT, deep vein thrombosis; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter-defibrillator; IQR, interquartile
range; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PE, pulmonary embolism; SD, standard deviation; TIA, transient ischaemic attack.
aStandardized difference represents the absolute difference in rank-based means or proportions divided by the standard deviation and multiplied by 100.
beGFR calculated using the abbreviated Modification of Diet in Renal Disease (MDRD) equation.

similar rates of beta-blockers and MRAs with decreased pre-
scription of ACEi/ARBs during the pandemic compared to the
pre-pandemic era.18 Complementing these observations, our find-
ings demonstrate sustained to minimally increased prescription of
guideline-recommended therapies across both time periods. Indi-
vidual guideline-directed medical therapy prescription at discharge
was sustained, and we observed higher rate of prescription on
discharge of triple therapy (ACEi/ARB/ARNi, beta-blocker, MRA)
during the pandemic versus the pre-pandemic period. However,
there were some meaningful differences in other HF care quality
metrics during the pre-pandemic vs. the pandemic period. First,
blood pressure control at discharge was worse during the pan-
demic period. Second, the present study also observed significant
declines in prescription or placement of ICD at discharge, which is
consistent with reports from Italy19 and the UK20 in patients with
HF during the pandemic. This also mimics the overall decrease in
elective procedures noted during the early phase of the pandemic
due to concern for care team exposure to patients during lengthy
procedures, lack of pre-procedural COVID-19 testing capabilities,
and state-wide or institution-wide mandates to limit elective or
semi-elective procedures to preserve hospital resources.21 Among
patients with both acute HFrEF and COVID-19, there were
significantly lower rates of prescription of evidence-based HFrEF
therapies such as ACEi/ARB/ARNi and aldosterone antagonist, ..
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.. and ICD placement or prescription. Decreased prescription of
ACEi/ARBI/ARNi to patients with COVID-19 and acute HFrEF on
discharge may have been impacted by concerns of the involvement
of the ACE2 receptor as a target for viral entry into cells22;
however, it is unknown if sustained concerns with regard to the
ACE2 receptor led to decreased prescription later in the pan-
demic given no evidence of harm with ACEi/ARB therapies with
COVID-19.23

We report increased in-hospital mortality among all hospitalized
HF patients during the pandemic compared to the pre-pandemic
period. Our findings are similar to reports early in the pandemic
from Germany24 and in London,25 although our findings repre-
sent a sustained increased mortality past the initial months of
the COVID-19 pandemic. In contrast, reports from Australia, a
country that managed to limit overall COVID-19 infections, did
not note an increase in in-hospital mortality during the COVID-19
pandemic.18

We also observed a nearly three-fold higher risk of in-hospital
death in patients with acute HFrEF with versus without con-
comitant COVID-19 (8.2% vs. 3.0%). There have been several
evaluations of in-hospital mortality of patients with a history of
HF admitted for COVID-19, particularly early during the pan-
demic (online supplementary Table S11). Bhatt et al.8 observed an
in-hospital mortality of 24.2% of patients admitted with COVID-19
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Figure 2 Adherence to guidelines of patients hospitalized for heart failure and discharged alive, with comparison in patients with COVID-19
to patients without COVID-19. Asterisks note clinically significant differences, as determined by a standardized difference of 10 or greater.
Standardized differences were calculated as the absolute differences in rank-based means or proportions divided by the standard deviation and
multiplied by 100. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor–neprilysin
inhibitor; ICD, implantable cardioverter-defibrillator.

and history of HF across the United States from March through
September 2020 as compared with 2.6% of patients admitted for
acute HF. Similarly, for patients with history of HF and COVID-19,
Alvarez-Garcia et al.26 observed a mortality of 40.0% across five
New York hospitals through June 2020. Chatrath et al.7 observed
a 50.0% mortality in a tertiary care center from London, United
Kingdom through May 2020; Rey et al.27 observed a 48.7% mortality
from through April 20, 2020 from a tertiary care center in Madrid,
Spain; and Tomasoni et al.28 observed a 41.1% mortality through
April 9, 2020 across 13 Italian centers. The observed mortality rate
in the present study is substantially lower than assessments in the
United States and internationally. Specifically, Tomasoni et al.28 and
Alvarez-Garcia et al.26 highlight findings during initial COVID-19
surges. The reported differences in mortality rate may be related
to the longer follow-up period with stabilization in death rates
over time with health systems getting better equipped at managing
COVID-19 during later stages of the pandemic. Consistent with ..
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.. other studies, we observed higher rates of mortality during the

first and second wave of the COVID-19 pandemic surge. Regional
differences in in-hospital mortality also suggest improvements in
mortality as the pandemic endured. In the present study, high-
est rates of mortality during the pandemic were observed in the
Northeast region, and given that the first large outbreak in the
United States was predominantly in New York and New Jersey, this
elevated mortality may be driven by initially overwhelmed hospital
systems in this region.29 Lastly, the differences in mortality may be
due to differences in patient population. Previous studies focused
on patients with primary COVID-19-related hospitalizations with
concomitant history of HF, while the current study focuses
on patients with HF-related hospitalizations with concomitant
COVID-19. Thus, patients in the current study may have had less
severe COVID-19 infection than patients in previous studies, and
this may have contributed to lower in-hospital mortality in the
present study.
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Aetiologies of the observed higher mortality during the pan-
demic may be multifactorial. It has been theorized that patients with
HF were aggressively triaged and kept out of the hospital unless
critically ill in an effort to preserve hospital resources. Outpatient
changes in ambulatory care such as clinic cancellations, diagnostic
testing delays, and reallocation of resources may have led to wors-
ening outpatient HF management leading to more severe patient
presentations. Reports early in the pandemic from London30 and
Australia18 note greater disease severity in patients admitted with
HF compared to historical controls. However, in the present study,
there were few observed differences in clinical comorbidities, pre-
sentation vital signs, or presentation laboratory values before and
during the pandemic, arguing against this theory in the United
States, especially as the COVID-19 pandemic persisted over the
study period. Perhaps more importantly, the COVID-19 pandemic
stressed inpatient healthcare systems that had hereto not faced
vast surges of severely ill patients.31 Within the hospital, patients
may have been cared for by inpatient teams working outside of
their given specialty which may have impacted patient outcomes.32

For example, hospital medicine physicians or cardiologists may have
been re-deployed to care for patients with COVID-19, and physi-
cian teams with less inpatient medicine experience may have been
tasked with caring for less critically ill patients or patients without
COVID-19.33

Among patients with COVID-19 and acute HF, greater severity
and mortality of COVID-19 in patients with HF may have been due
to poor physiologic reserve from coexisting HF in conjunction with
greater prevalence of comorbidities in patients with HF such as
hypertension, diabetes, and coronary artery disease.34 Direct viral
effects on endothelial dysfunction triggering microvascular disease
and inflammatory surges may also contribute to elevated mortality
risk.35 Circulating troponin levels were overall higher during the
pandemic, and myocardial injury has been a prominent component
of COVID-19 infection. However, it is not currently known if the
COVID-19 virus has direct effects on the myocardium, although
recent reports suggest that myocardial injury as assessed by tro-
ponin levels are similar to other viral-induced acute respiratory
distress syndromes and appear to be a function of age, base-
line comorbidities, and multi-organ dysfunction.36 Efforts to pre-
vent COVID-19 infection with vaccination and non-pharmacologic
interventions will have significant value for patients with HF given
this persistent observed elevated risk of mortality.

Our study is not without limitations. Use of the GWTG-HF
registry allowed for detailed investigation with high-quality clinical
data. However, while participating centres are diverse and located
across the United States, hospital participation and enrolment is
voluntary. As such, findings from this study may not be generalizable
to hospitals not enrolled in the registry. Inter-period comparisons
may be subject to confounding or limited by factors that were not
accounted for. Data quality may have been impacted by the pan-
demic as hospitals were faced with overwhelming patient surges.
However, in sensitivity analysis excluding centres that did not
report data both before and after the pandemic, findings remained
consistent. Analyses could not be stratified by the type or intensity
of non-pharmacologic policy interventions to reduce COVID-19
spread, including date and type of COVID-19 ‘lockdown’. Diuretic ..
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.. use during the hospitalization could not be reliably captured due
to missingness in reporting. The GWTG-HF registry did not con-
tain information on the New York Heart Association functional
class on admission. The GWTG-HF registry did not include infor-
mation on care team specialty, thus, we were unable to assess for
disruptions in delivery of specialty care by cardiologists during the
pandemic. The GWTG-HF registry did not contain data on rehos-
pitalization, thus, rates of 30-day readmission could not be com-
pared across the pandemic. Lastly, there was overall low prevalence
of patients with concurrent COVID-19 and HF in the population
(1.5%), which limits the generalizability of the outcomes assessed in
this group.

Conclusion
In conclusion, in-hospital mortality for patients hospitalized for
HFrEF was higher during the COVID-19 pandemic compared to
the pre-pandemic period, but adherence to HF quality measures
was mostly maintained through the pandemic. Among patients
hospitalized for acute HFrEF and COVID-19, in-hospital mortality
was significantly higher with observed worse performance across a
variety of HF quality measures as compared to patients hospitalized
with acute HFrEF without COVID-19.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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