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N o U e

Abstract: Heart failure exacerbations impart significant morbidity and mortality, however, large-
scale studies assessing outcomes in the setting of concurrent coronavirus disease-19 (COVID-19)
are limited. We utilized National Inpatient Sample (NIS) database to compare clinical outcomes in
patients admitted with acute congestive heart failure exacerbation (CHF) with and without COVID-19
infection. A total of 2,101,980 patients (Acute CHF without COVID-19 (n = 2,026,765 (96.4%) and acute
CHEF with COVID-19 (n = 75,215, 3.6%)) were identified. Multivariate logistic regression analysis
was utilized to compared outcomes and were adjusted for age, sex, race, income level, insurance
status, discharge quarter, Elixhauser co-morbidities, hospital location, teaching status and bed size.
Patients with acute CHF and COVID-19 had higher in-hospital mortality compared to patients
with acute CHF alone (25.78% vs. 5.47%, adjust OR (aOR) 6.3 (95% CI 6.05-6.62, p < 0.001)) and
higher rates of vasopressor use (4.87% vs. 2.54%, aOR 2.06 (95% CI 1.86-2.27, p < 0.001), mechan-
ical ventilation (31.26% vs. 17.14%, aOR 2.3 (95% CI 2.25-2.44, p < 0.001)), sudden cardiac arrest
(5.73% vs. 2.88%, aOR 1.95 (95% CI 1.79-2.12, p < 0.001)), and acute kidney injury requiring hemodial-
ysis (5.56% vs. 2.94%, aOR 1.92 (95% CI 1.77-2.09, p < 0.001)). Moreover, patients with heart failure
with reduced ejection fraction had higher rates of in-hospital mortality (26.87% vs. 24.5%, adjusted
OR 1.26 (95% CI 1.16-1.36, p < 0.001)) with increased incidence of vasopressor use, sudden cardiac
arrest, and cardiogenic shock as compared to patients with heart failure with preserved ejection
fraction. Furthermore, elderly patients and patients with African-American and Hispanic descents
had higher in-hospital mortality. Acute CHF with COVID-19 is associated with higher in-hospital
mortality, vasopressor use, mechanical ventilation, and end organ dysfunction such as kidney failure
and cardiac arrest.

Keywords: COVID-19; congestive heart failure; National Inpatient Sample database; mortality;
HFpEF; HFrEF; United States

1. Introduction

Heart failure is one of the growing diseases in the United States associated with
significant morbidity and mortality. More than 6.5 million people over the age of 20 have
heart failure in the United States [1]. According to the Centers for Disease Control and
Prevention (CDC), heart failure was listed as a contributing cause of 364,000 deaths in
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2018, making it the primary cause of death for approximately 1 in 8 Americans [2]. The
mortality rate for heart failure has remained relatively stable over the past decade, with an
age-adjusted death rate of 63.2 per 100,000 population in 2019 [2].

Viral infections are a relatively common cause of heart failure exacerbation. Acute
respiratory infections caused by viruses, such as influenza or COVID-19, are particularly
common causes of heart failure exacerbation. These respiratory infections can cause
inflammation and fluid buildup in the lungs, which can increase the workload on the heart
and worsen symptoms in patients with pre-existing heart failure.

Since its inception, the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
pandemic has resulted in substantial morbidity, mortality, and associated healthcare burden
across the globe [3]. SARS-CoV-2 has the tendency to affect multi-organ systems due to
its systemic hyperinflammatory nature [4]. Prior reported literature have suggested pre-
cipitation and worsening of underlying cardiovascular disease in COVID-19 patients [4,5].
The pathophysiology of COVID-19-related cardiac injury is likely multifactorial including
direct cytotoxicity, increased myocardial oxygen demand from hyperinflammatory state,
and prothrombotic state resulting in intravascular thrombosis [6-9]. COVID-19 is known to
lead to acute heart failure exacerbations (CHF), and frequently, heart failure exacerbation is
the presenting symptom of COVID-19 and is associated with worse outcomes [6,10-16]. In
a recent meta-analysis by Vakili et al. involving 6389 infected patients, prevalence of heart
failure was 11.50% (95% CI 3.45-22.83) [17].

We conducted our study by utilizing the National Inpatient Sample (NIS) database
and compared clinical outcomes in patients with acute congestive heart failure exacerbation
with or without concurrent COVID-19. We also assessed outcomes of patients with heart
failure with reduced ejection fraction (HFrEF) versus heart failure with preserved ejection
(HFpEF) in the setting of COVID-19.

2. Materials and Methods
2.1. Data Source

We performed a retrospective study utilizing the Agency for Healthcare Research
and Quality (AHRQ) 2020 NIS dataset based on hospitalizations from 1 January 2020 to
31 December 2020 [18]. We included all patients 18 years of age and older admitted to
the hospital with acute or acute on chronic heart failure exacerbation in the study. We
further divided this group based on concurrent diagnosis with COVID-19. We used the
International Classification of Diseases 10th—Clinical Modifications (ICD-10-CM) codes to
retrieve patient samples with comorbid conditions and ICD-10 procedure codes to identify
inpatient procedures. We have provided a detailed code summary in Supplementary
Table S1.

2.2. Covariates

The NIS data sample includes in-hospital outcomes, procedures, and other discharge-
related information. Variables were divided into patient level, hospital level, and
illness severity.

a. Patient-level: Age, race, sex, comorbidities, income in patient’s zip code, disposition,
insurance status.
. Hospital-level: Location, teaching status, bed size, and region.
C. Illness severity: Length of stay (LOS), mortality, hospitalization cost, Elixhauser
comorbidity score, in-hospital complications, vasopressor use ventilation, and circu-
latory support.

2.3. Study Outcomes

The primary outcome assessed was in-hospital mortality. Secondary outcomes were
(a) intubation rate, vasopressor use, sudden cardiac arrest, AKI (acute kidney injury)
requiring HD (hemodialysis), and cardiogenic shock, (b) length of stay, (c) financial burden
on healthcare, (d) disposition and resource utilization, and (e) in-hospital outcomes of
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COVID-19 positive patients with acute/acute on chronic heart failure with reduced ejection
fraction (HFrEF) vs. COVID-19 positive acute/acute on chronic heart failure with preserved
ejection fraction (HFpEF).

2.4. Statistical Methods

We utilized STATA 17 (StataCorp LLC, College Station, TX, USA) for statistical analysis.
The unweighted sample was 6.47 million observations, and the weighted sample was
around 32.3 million discharges for the year 2020. Patients who were admitted with acute
or acute on chronic heart failure exacerbation were retrieved with ICD-10 CM codes. We
further divided this group based on COVID-19 status. We used the chi-square test to
compare categorical variables and linear regression for continuous variables. We used
univariate logistic regression to calculate the unadjusted odds ratio for variables of interest
for the primary outcome. We used p values of <0.2 on univariate logistic regression to
build a multivariate logistic regression model to adjust for potential confounders. The
multivariate linear regression model was used for continuous variables (LOS and total
hospital discharge). A two-tailed p value of 0.05 was considered to be significant. Subgroup
analysis between COVID-19 positive acute/acute on chronic HFrEF vs. COVID-19 positive
acute/acute on chronic HFpEF was conducted with the method described above.

3. Results
3.1. Demographics and Baseline Comorbidities

We identified 2,101,980 patients with acute congestive heart failure (CHF) between
1 January to 31 December 2020. Out of these patients, 75,215 had a diagnosis of COVID-19
(3.6%). COVID-19 patients with acute congestive heart failure were noted to be signifi-
cantly older (62.1% of patients were above the age of 70 years vs. 57.7%, p < 0.001), had
a greater proportion of Hispanics (13.7% vs. 7.2%, p < 0.001) and African-Americans
(20.3% vs. 18.2%, p < 0.001), and were more likely to have household incomes below USD
50,000 (35.8% vs. 32.2%, p < 0.001) when compared to non-COVID-19 patients (Table 1).

Table 1. COVID-19 and Acute Congestive Heart Failure (CHF): Unmatched Patient-level characteristics.

Acute CHF without Acute CHF with

Characteristics COVID-19 COVID-19 p-Value
n=2,101,980 n = 2,026,765 (96.4%) n = 75,215 (3.6%)
Sex (Female) 46.68% 44.54% <0.001
Mean age years (SD) <0.001
Male 69.01 (13.8) 70.3 (14)
Female 72.96 (13.6) 73.9 (13)
Age Groups <0.001
>18-29 0.61% 0.67%
3049 7.06% 6.37%
50-69 34.67% 30.84%
>70 57.66% 62.12%
Race <0.001
Caucasians 68.8% 59.59%
African-American 18.24% 20.34%
Hispanics 7.77% 13.69%
Asian or Pacific Islander 2.15% 2.32%
Native American 0.58% 0.8%
Others 2.47% 3.27%
Median Household Income <0.001
<USD 49,999 32.82% 35.85%
USD 50,000-64,999 27.88% 27.68%
USD 65,000-85,999 22.03% 21.35%

>USD 86,000 17.28% 15.12%
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Table 1. Cont.

Characteristics Acute CHF without Acute CHF with p-Value
COVID-19 COVID-19
n = 2,101,980 1 = 2,026,765 (96.4%) n = 75,215 (3.6%)
Insurance Status <0.001
Medicare 72.7% 74.49%
Medicaid 11.3% 10.27%
Private 13.07% 13.43%
Self-pay 2.93% 1.81%
Hospital Division <0.001
New England 4.83% 4.05%
Middle Atlantic 12.75% 12.9%
East North Central 16.48% 18.13%
West North Central 6.41% 6.87%
South Atlantic 22.26% 20.29%
East South Central 7.54% 7.05%
West South Central 11.95% 13.47%
Mountain 4.86% 5.72%
Pacific 12.92% 11.52%
Hospital Bed Size 0.321
Small 22.41% 23.21%
Medium 28.75% 28.48%
Large 48.84% 48.31%
Hospital Teaching Status 0.383
Rural 9.15% 8.81%
Urban Non-teaching 18.89% 19.45%
Urban Teaching 71.96% 71.74%
Elix Sum 6.3 (+/—1.9) 6.3 (+/—1.9) 0.545
Pulmonary Circulation 22.18% 16.64% <0.001
Disorder
Chronic Pulmonary Disease 40.12% 35.45% <0.001
Diabetes Uncomplicated 10.36% 10.86% 0.053
Diabetes Complicated 38.34% 43.7% <0.001
Hypothyroidism 18.01% 16.51% <0.001
Chronic Kidney Disease 23.8% 29.26% <0.001
Peptic Ulcer Disease o o
(excluding bleeding) 0.65% 0.32% <0.001
Lymphoma 1.23% 1.06% 0.070
Metastatic Cancer 1.81% 1.02% <0.001
Solid Tumor Without 4.03% 2.45% <0.001
Metastasis
Rheumatoid o o
Arthritis/Collagen Vascular 3.67% 349% 0-267
Obesity 28.07% 27.68% 0.333
Drug Abuse 5.87% 3.73% <0.001
Hypertension 1.23% 1.51% 0.002
PAD ? 0.46% 3.36% <0.001
OSAP 15.6% 13.1% <0.001
Liver Disease 6.63% 5.01% <0.001
Alcohol 417% 2.69% 0.095
Smoking 41.64% 9.91% <0.001
History of PCI ¢ 1.26% 1.02% 0.010
History of CABG 4 10.72% 10.05% 0.012
Previous MI € 13.75% 11.16% <0.001
Coronary Artery disease 50.88% 45.02% <0.001

Abbreviations:  PAD: Peripheral Arterial disease; b OSA: obstructive sleep apnea;  PCI: Percutaneous Coronary
Intervention; ¢ CABG: Coronary Artery Bypass Graft; ¢ MI: Myocardial infarction.

The non-COVID-19 cohort had a higher proportion of patients with cardiac co-
morbidities including coronary artery disease (50.9% vs. 45%, p < 0.001), previous MI
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(13.8% vs. 11.2%, p < 0.001), history of prior PCI (1.3% vs. 1%, p = 0.010), and his-
tory of CABG (10.7% vs. 10.1%, p = 0.012). There was no difference between non-
COVID-19 patients and COVID-19 patients regarding uncomplicated diabetes mellitus
(10.4% vs. 10.9%, p = 0.05) or obesity (28.1% vs. 27.7%, p = 0.33). Patients with conges-
tive heart failure and COVID-19 had higher proportions of complicated diabetes mellitus
(43.7% vs. 38.3%, p < 0.001), chronic kidney disease (29.3% vs. 23.8%, p < 0.001), hyper-
tension (1.5% vs. 1.2%, p = 0.002), and peripheral artery disease (3.4% vs. 0.5%, p < 0.001)
(Table 1).

There was no difference between the COVID-19 with CHF vs. non-COVID CHF
cohorts in terms of the geographic distribution of the patients, admission to teaching vs.
non-teaching, and urban vs. rural hospital status. Moreover, the COVID-19 cohort had a
higher proportion of Medicare beneficiaries (74.5% vs. 17.7%, p < 0.001) when compared to
the non-COVID-19 cohort (Table 1).

3.2. In-Hospital Mortality

After multivariate adjustment, patients who presented with acute CHF and COVID-
19 infection were associated with significantly higher in-hospital mortality compared to
the acute CHF cohort without COVID-19 infection (25.8% vs. 5.5%, adjusted OR 6.3,
95% CI 6.05-6.62, p < 0.001) (Table 2). We also examined subgroup mortality and found
that among the COVID-19 with acute CHF presentation, Hispanics (15.6% vs. 7.42%,
p <0.001) and African Americans (18.1% vs. 13.7%, p < 0.001) had an increased in-hospital
mortality when compared to the non-COVID-19 cohort. Conversely, a higher proportion of
Caucasians in the non-COVID-19 group had a higher inpatient mortality compared to the
COVID-19 group (75.7% vs. 62.5%, p < 0.001). Patients with age > 70 years hospitalized
with acute CHF exacerbation with COVID-19 also had higher mortality when compared to
patients in similar age groups without COVID-19 (71% vs. 67.6%, p < 0.001) (Table 3).

Table 2. In-hospital outcomes of Acute Congestive Heart Failure (CHF) in COVID-19 Positive and
Negative Patients.

Variable Acute CHF with COVID-19 Acute CHF without COVID-19 p-Value
In-hospital Mortality 25.78% 5.47% <0.001
(n =130,310) Adjusted odds ratio ! 6.3 (95% CI 6.05-6.62) ’
4.87% 2.54%
Vasopressor Use Adjusted odds ratio ! 2.06 (95% CI 1.86-2.27) <0.001
. - 31.26% 17.14%
Mechanical Ventilation Adjusted odds ratio ! 2.3 (95% CI 2.25-2.44) <0.001
. 5.73% 2.88%
Sudden Cardiac Arrest Adjusted odds ratio ! 1.95 (95% CI 1.79-2.12) <0.001
. . 5.56% 2.94%
Acute Kidney Injury on HD Adjusted odds ratio ! 1.92 (95% CI 1.77-2.09) <0.001
. . 4.17% 4.80%

Cardiogenic Shock Adjusted odds ratio ! 0.84 (95% CI 0.77-0.93) 0.001
Mechanical Circulatory Support 0.71% 1.51% <0.001
(LVAD 2 or pVAD 3 or ECMO %) Adjusted odds ratio ! 0.44 (95% CI 0.34-0.55) ’

e USD 141,496 96,346
Mean Total Hospitalization Charge (USD) Adjusted total charge ! USD 45,018 higher <0.001
114 6.9
Mean Length of Say (days) Adjusted length of stay ! 4.5 day higher <0.001
Disposition <0.001
Home/Routine 36.62% 46.93%
SNF 5/LTAC ¢ /Nursing Home 7 37.79% 22.08%
Home Health 23.96% 29.07%
AMA7 1.64% 1.91%

1 Adjusted for age, sex, race, income level, insurance status, discharge quarter, Elixhauser co-morbidities, hospital
location, teaching status, and bed size. 2 LVAD: Left Ventricular Assist Device; 3 pVAD: Percutaneous Ventricular
Assist Device; * ECMO: Extracorporeal Membrane Oxygenation; 5 SNF: Skilled Nursing Facility; 6 LTAC: Long-
Term Acute Care Facility; 7 AMA: Against Medical Advice.
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Table 3. Mortality in Acute Congestive Heart Failure (CHF) in COVID-19 Positive and Negative Patients.

Characteristics Acute CHF with Acute CHF p-Value
COVID-19 without COVID
Gender 0.180
Male 56.5% 55.33%
Female 43.5% 44.67%
Race <0.001
Caucasians 62.51% 75.68%
African American 18.13% 13.68%
Hispanics 15.59% 7.42%
Asian or Pacific Islander 2.63% 2.55%
Native American 1.2% 0.7%
Age Groups (years) <0.001
>18-29 0.31% 0.48%
3049 2.63% 3.9%
50-69 26.03% 28.01%
>70 71.03% 67.61%

Moreover, to account for the month-to-month variability in COVID-19 disease burden
and the logistical challenges during the early pandemic, we examined monthly mortal-
ity among CHF patients with and without COVID-19 (Table 4). The acute CHF and
COVID-19 infection were associated with significantly higher in-hospital mortality in the
early months of the pandemic in the US (March 2020) compared to the acute CHF cohort
without COVID-19 infection adjusted OR 10, 95% CI 8.0-12.5, p < 0.001, and lowest in
the month of December 2020 adjusted OR 5, 95% CI 4.5-6, p < 0.001. The mortality odds
downtrended each month as seen in Table 4. Notably, while the earliest reported COVID-19
cases in the US were in late January 2020, we restricted our analysis to March 2020 on-
wards, since our study relies on ICD-10 codes, which were not reliably available during the
early pandemic.

Table 4. Monthly Mortality Adjusted Odds Ratio of Acute CHF with COVID-19 compared to Acute
CHEF patients without COVID-19.

Month Adjusted Odds Ratio * p-Value
March 10 (8.04-12.53) <0.001
April 8.48 (7.38-9.74) <0.001
May 6.41 (5.41-7.60) <0.001
June 6.74 (5.73-7.93) <0.001
July 5.64 (4.93-6.46) <0.001
August 6.18 (5.31-7.20) <0.001
September 5.61 (4.74-6.65) <0.001
October 5.86 (5.09-6.74) <0.001
November 5.32 (4.79-5.90) <0.001
December 5.0 (4.50-5.56) <0.001

* Adjusted for age, sex, race, income level, insurance status, Elixhauser co-morbidities, hospital location, teaching
status, and bed size.

3.3. In-Hospital Complications

Patients who presented with COVID-19 with acute CHF exacerbation required more
mechanical ventilation (31.3% vs. 17.1%, adjusted OR: 2.3 (95% CI 2.25-2.44, p < 0.001))
and had higher vasopressors use (4.9% vs. 2.5%, adjusted OR: 2.06 (95% CI 1.86-2.27,
p < 0.001)) despite the non-COVID-19 group having higher rates of cardiogenic shock
(4.8% vs. 4.2%, adjusted OR: 0.86 (95% CI 0.77-0.93, p < 0.001)) and need for mechanical
circulatory support (1.5% vs. 0.7%, adjusted OR: 0.44 (95% CI 0.34-0.55, p < 0.001)). Patients
with COVID-19 and acute CHF exacerbation also had significantly higher rates of acute
kidney injury requiring hemodialysis (5.6% vs. 2.9%, adjusted OR: 1.92 (95% CI 1.77-2.09,
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p <0.001)) and sudden cardiac arrest (5.7% vs. 2.9%, adjusted OR: 1.95 (95% CI 1.79-2.12,
p < 0.001)).

3.4. In-Hospital Quality Measures and Disposition

Patients with COVID-19 and acute CHF exacerbation had increased mean length of
stay (11.4 days vs. 6.9 days, adjusted length of stay of 4.5 days higher, p < 0.001) compared
to acute CHF patients without COVID-19. They had higher mean total hospitalization cost
(USD 141,496 vs. USD 96,346, adjusted total cost USD 45,018 higher p < 0.001). Of those
patients who survived, fewer patients in the COVID-19 with acute CHF cohort were able to
return home (36.6% vs. 46.9%, p < 0.001) and required skilled nursing or long-term acute
care compared to the non-COVID-19 cohort (37.8% vs. 22.1%, p < 0.001) (Table 2). The
Kaplan—-Meier method was used to report length of stay and the survival curve (Figure 1).
The Kaplan—-Meier survival graph clearly illustrates that the survival probability of AHF
patients with COVID-19 is lower than that of those without COVID-19 (Figure 1). The two
curves start to diverge shortly after admission, with the COVID-19 group experiencing a
sharper decline in survival probability.

Kaplan—-Meier survival estimates

100 200 300 400
Length of stay

Acute HF without COVID 19 ACute HF with COVID 19

Figure 1. Kaplan—-Meier survival analysis of mortality and length of stay.

3.5. Sub-Group Analysis of HFpEF vs. HFrEF Outcomes

We further analyzed outcomes in COVID-19 positive HFrEF vs. HFpEF patients.
(Table 5) Patients with HFrEF had higher incidence of in-hospital mortality
(26.87% vs. 24.5%, adjusted OR 1.26 (95% CI 1.16-1.36)). The HFrEF group also had
higher risk of vasopressor use (5.65% vs. 3.97%, adjusted OR 1.34 (95% CI 1.11-1.62)),
sudden cardiac arrest (6.84% vs. 4.43%, adjusted OR 1.46 (95% CI 1.25-1.72)), cardiogenic
shock (6.86% vs. 1.04%, adjusted OR 6.59 (95% CI 4.96-8.79)), and need for mechanical
circulatory support (1.2% vs. 0.13%%, adjusted OR 8.27 (95% CI 3.66—-18.66)). There was
no significant difference between the two groups regarding mechanical ventilation needs
(32.54% vs. 29.77%, adjusted OR 1.06 (95% CI 0.98-1.14)) and acute kidney injury requiring
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hemodialysis (5.81% vs. 5.28%, adjusted OR 0.94 (95% CI 0.80-1.1)). The HFrEF group had
shorter length of stay when compared to the HFpEF group (11.2 days vs. 11.5, adjusted
length of stay 0.8 days lower, p < 0.001) but there was no significant difference between
mean total hospitalization charge (USD 146,910 vs. USD 135,172, adjusted total charge USD
4411 lower, p = 0.282).

Table 5. In-hospital outcomes in COVID-19 Positive patients with Heart Failure with Reduced
Ejection Fraction.

Variable HFrEF with COVID-19 HFpEF with COVID-19 p-Value
COVID-19 Positive with Acute Heart Failure (n = 75215) 53.9% 46.1%
In-hospital Mortality 26.87% 24.50% <0.001
(n =130,310) Adjusted odds ratio 1 1.26 (95% CI 1.16-1.36) ’
5.65% 3.97%
Vasopressor Use Adjusted odds ratio ! 1.34 (95% CI 1.11-1.62) 0.002
. o 32.54% 29.77%
Mechanical Ventilation Adjusted odds ratio ! 1.06 (95% CI 0.98-1.14) 0.138
. 6.84% 4.43%
Sudden Cardiac Arrest Adjusted odds ratio ! 1.46 (95% CI 1.25-1.72) <0.001
. . 5.81% 5.28%
Acute Kidney Injury on HD Adjusted odds ratio ! 0.94 (95% CI 0.80-1.1) 0467
. . 6.86% 1.04%

Cardiogenic Shock Adjusted odds ratio ! 6.59 (95% CI 4.94-8.79) <0.001
Mechanical Circulatory Support 1.2% 0.13% <0.001
(LVAD 2 or pVAD 3 or ECMO *) Adjusted odds ratio ! 8.27 (95% CI 3.66-18.66) ‘

Mean Total Hospitalization Charge (USD) A djugest?t(l)fclfllgcigrge 1 Ug[s)lz 4113,15i2)3vzer 0.282
11.2 115
Mean Length of Stay (days) Adjusted length of stay ! 0.8 day lower <0.001
Disposition <0.001
Home/Routine 40.9% 31.81%
SNF ®/LTAC ¢ /Nursing Home 34.4% 41.6%
Home Health 22.51% 25.58%
AMA7 2.19% 1.01%

1 Adjusted for age, sex, race, income level, insurance status, discharge quarter, Elixhauser co-morbidities, hospital
location, teaching status, and bed size. 2 LVAD: Left Ventricular Assist Device; 3 pVAD: Percutaneous Ventricular
Assist Device; * ECMO: Extracorporeal Membrane Oxygenation; ° SNF: Skilled Nursing Facility; ® LTAC: Long-
Term Acute Care Facility; 7 AMA: Against Medical Advice.

4. Discussion

In this retrospective analysis, we assessed outcomes of patients with acute conges-
tive heart failure exacerbation with and without concomitant coronavirus disease-19
(COVID-19) infection. We identified 2,101,980 patients hospitalized with the diagnosis of
acute congestive heart failure exacerbation (CHF) between 1 January to 31 December 2020.
Of these, 75,215 (3.6%) were COVID-19 positive.

To date, most of the prevailing literature has described outcomes of COVID-19 patients
with baseline heart failure. To our knowledge, our study is the largest study comparing
the outcomes of AHF-COVID+ with AHF-COVID— patients. The prevalence of HF ex-
acerbation among COVID-19 patients stems from studies with limited sample sizes. A
meta-analysis by Younas et al. reported pooled prevalence of HF in COVID-19 as 9%,
which includes studies comprising patients with known HF and new onset HF with
COVID-19 [19]. We report the prevalence of AHF-COVID+ as 3.5% which corresponds to
prior reported studies by Rey et al. and Kerolos et al. as 2.5% and 2.9%, respectively [20,21].
Similarly, AHF-COVID+ predominantly affected African-Americans, Medicare beneficia-
ries, and the elderly population (mean age > 70 years) with baseline comorbidities such as
diabetes and kidney disease, which is consistent with prior reported literature [20,22,23].
These disparities can be explained due to lower socio-economic status, inequalities in access
to healthcare, and lack of trust in the healthcare system as a whole [24].
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Heart failure exacerbation is associated with increased mortality by up to 3.2%, hence
a concomitant COVID-19 is likely to worsen the outcomes further [11]. Mehra et al. re-
ported that COVID-19 patients with baseline heart failure had in-hospital mortality of
15.3% vs. 5.6% without heart failure, likely due to poor cardiopulmonary reserve in the
setting of hyperinflammatory state seen in HF-COVID+ patients [25]. We report in-hospital
mortality of 25.7% in AHF-COVID+ compared to 5.4% in AHF without COVID-19 along
with lower survival probability of AHF-COVID+ patients compared to AHF without
COVID-19. Bhatt et al. evaluated 8383 AHF-COVID+ patients and reported in-hospital
mortality as 24.2%, which is consistent with our study [22]. In contrast, Rey et al. reported
in-hospital mortality to be 46.8% in the AHF-COVID+ group [20]. Such a difference is likely
explained by our study’s larger sample size and power [20]. The higher mortality in AHF-
COVID+ patients is likely attributed to multiple factors such as poor baseline functional
status, higher comorbidities, multiorgan dysfunction precipitated by COVID-19 disease
(acute respiratory distress syndrome, acute kidney injury, myocarditis, cytokine storm,
venous and arterial prothrombotic events), and sociodemographic factors [26]. Moreover,
the lack of compliance with guideline-directed medical therapy (GDMT) leads to worse
outcomes [20]. Early in the pandemic, it was hypothesized that angiotensin convertase
enzyme (ACE) inhibitors might lead to worse outcomes [27,28]. However, further studies
demonstrated a low mortality risk with ACE inhibitor and angiotensin receptor blocker
use [29,30]. Hence, the American College of Cardiology and the American Heart Associa-
tion recommended continuing these medications in the absence of evidence of clinical harm.
Additionally, mortality associated with AHF-COVID+ could have been mitigated with
steroid use and vaccine administration, which were available after June and December 2020,
respectively [31,32]. COVID-19 was associated with significant morbidity and mortality
at the onset of the pandemic. As noted, the odds of mortality were highest in March 2020,
progressively decreasing over the months. The US government took mass-level measures
in late March and April 2020, including announcing nationwide emergency mandated
masking, social distancing, and restricting unnecessary travel [33]. It was followed by
improvement in therapeutics for COVID-19, such as approval of Remdesivir and steroids
for emergent use in April and September 2020, respectively. Outpatient treatment and
prevention of COVID-19 were aided by the approval of monoclonal antibodies and vaccines
in December 2020 [33]. This progressive improvement in the treatment modalities explains
the decline in COVID-19 mortality over the months.

Our study showed that 31% of patients with AHF-COVID+ required mechanical venti-
lation compared to 17% in the AHF-COVID— group. Although, the part difference is likely
attributed to COVID-19-associated ARDS as prior studies have reported rates of invasive
mechanical ventilation from 29-89% [34]. Garcia et al. reported increased mechanical
ventilation up to 22.8% in COVID-19 patients with baseline heart failure compared to
11.9% in COVID-19 without heart failure [30]. Hence, baseline cardiac dysfunction, often
accompanied by comorbidities such as kidney dysfunction, increases the risk of respiratory
failure necessitating mechanical ventilation.

A multitude of pathological processes can result in a shocking state in COVID-19
such as hypovolemia, vasodilatory state (septic shock, deep sedation, cytokine storm),
mechanical ventilation with high positive end-expiratory pressure, pulmonary thromboem-
bolism, and myocarditis [35]. In our cohort, the AHF-COVID+ group was noted to have
a higher prevalence of shock requiring vasopressors 4.8% vs. 2.5% in the AHF-COVID—
group. However, cardiogenic shock was more prevalent (4.8%) in the HF-COVID— group.
Goyal et al. also reported a higher incidence of shock in HF-COVID patients at 15.7% and
cardiogenic shock at up to 2.2% [23]. As prior literature reported similar outcomes in regard
to shock, hence, we attribute the difference in incidence to the power of our study [23].
Moreover, sudden cardiac arrest is notably higher in our cohort of AHF-COVID+ (5.7%)
vs. 2.8% in AHF-COVID—, which is attributed to the higher frequency of shock (pri-
marily vasodilatory and obstructive) [36]. The higher incidence of cardiogenic shock in
AHF-COVID~ patients can be explained by a higher prevalence of previous myocardial



Viruses 2023, 15, 600

10 0f 13

infarction, coronary artery disease, and prior coronary artery bypass graft; hence, they
required more mechanical circulatory support up to 2.2% vs. 0.71% in AHF-COVID+ group.

Acute kidney injury (AKI) can be seen with COVID-19 due to cytokine storm-mediated
free radical injury, microthrombi in glomerular capillaries, hypovolemia, and cardiac
dysfunction [36]. Chatrath et al. reported that COVID-19 patients with HF developed AKI
up to 45% vs. 24% in patients without HF [37]. Similarly, Tomasoni et al. and Emad et al.
reported the incidence of AKI in COVID-19 patients as 28% and 30%, respectively [38,39].
We report the incidence of AKI as 5.56% in the AHF-COVID+ group vs. 2.9% in the AHF-
COVID— group. The difference in reported incidences is again driven by the large sample
size and concomitant AHF in our cohort. We hypothesize the higher degree of AKI in HF is
attributed to the pathologic processes related to COVID-19.

We report higher hospital length of stay (LOS) in AHF with COVID-19. Alvarez-
Garcia et al. reported median hospital LOS in COVID-19 patients with baseline HF as
8 vs. 6 days as compared to COVID-19 patients without HF [30]. Our study includes the
whole cohort of COVID-19 hospitalization with varying disease severities which explains
the impact of concomitant HF and COVID-19 disease on hospital LOS. Greater disease sever-
ity and prolonged hospital LOS increase physical debility and require placement in skilled
facilities to improve functionality. This overall creates a substantial financial burden on
healthcare systems.

HFrEF is typically associated with an increased risk of heart failure readmissions
and mortality compared to HFpEF [40]. Chiocel et al. reported 1-year mortality in HFrEF
as 8.8% compared to 6.3% in HFpEF and, notably, a higher prevalence of an underlying
ischemic etiology in the former [41]. In our study, subgroup analysis revealed a higher
in-hospital mortality in the HFrEF (26.8%) vs. the HFpEF (24.5%) cohort. The higher
prevalence of ischemic heart disease in the HFrEF vs. HFpEF group can confer an increased
mortality. Our results indicate higher absolute mortality in COVID-19 patients with HFpEF
and HFrEF as compared to COVID-19 negative HFrEF and HFpEF patients; the excess
mortality is likely attributed to concomitant COVID-19. However, the absolute difference
in mortality between COVID-19 patients with HFrEF and HFpEF remains the same, which
is consistent with prior reported literature. The incidence of cardiogenic shock was higher
in HFrEF patients. Moreover, we report a higher need for mechanical circulatory support,
and the incidence of sudden cardiac arrest in the HFrEF subgroup. Similar to our study,
Garcia et al. described the rate of cardiogenic shock as 7.8% in COVID-19 patients with
HFrEF vs. 2% in HFpEFE. Though, no difference in LOS, ICU care, mechanical ventilation, or
kidney injury was found between either group, which is also similar with our findings [30].
Bocchi et al. reported that HFrEF patients required higher doses of ionotropic support and
mechanical circulatory support in the setting of COVID-19 disease [42]. These findings
are explained by poor cardiac contractility to tolerate neurohormonal stress mounted by
COVID-19 [26].

Vaccinations against COVID-19 in patients with heart failure are recommended by
the major cardiology societies from the USA and Europe [43,44] as they can help reduce
morbidity and mortality in this vulnerable population. Jonson et al., in a study consisting
of 7094 patients with heart failure, noted a lower likelihood of all-cause hospitalization and
mortality in a graded fashion with lower hospitalization and mortality rates in vaccine-
boosted individuals and worst in unvaccinated individuals [45]. Future research should
include vaccination’s role in influencing outcomes in patients with COVID-19 infection and
heart failure.

Limitations

Data from our retrospective study were collected via the National Inpatient Sample
database, which likely has come with inherent selection bias. Acute CHF is a clinical
diagnosis and presents similar to acute COVID-19 pneumonia infection, it is a very likely
possibility that acute CHF was over/under-diagnosed depending on the provider making
the diagnosis. Data from the NIS also does not capture outpatient mortality, so mortality
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from acute CHF with concurrent COVID-19 infection may be underestimated. Vaccination
likely did not affect our results as the first COVID-19 vaccine was made available via
EUA on 11 December 2020. It is likely that vaccination for COVID-19 would alter the
number of patients with acute CHF and COVID-19, but the prevalence has yet to be studied.
Additionally, the NIS does not include lab values and imaging data, so our team had to rely
on discharge diagnosis alone. The NIS database also lacks information regarding specific
treatment administered to the patients. Acute CHF included in our study is based on
ICD-10 codes and is prone to errors; however, larger sample size mitigates the potential
coding errors.

5. Conclusions

Acute heart failure with COVID-19 is associated with higher in-hospital mortality,
lower survival probability, longer hospital stays, and increased healthcare costs com-
pared to patients without COVID-19. Prompt recognition and aggressive management of
COVID-19 and heart failure exacerbation is crucial to ensure better outcomes. The ap-
proach to treating heart failure in COVID-19 patients remains similar to treatment without
COVID-19, however, closer monitoring may be warranted after discharge. Patients with a
history of heart failure should be vaccinated and receive optimal heart failure management
to prevent hospitalizations. Further prospective studies are needed to identify ways to
reduce in-hospital death and improve outcomes in these patients.
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