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Abstract
The Novel Coronavirus Disease 2019 (COVID-19) pandemic has transformed individual lives and societal framework on a
global scale, and in no other sector is this more evident than healthcare. Herein, we aim to describe the impact of the current
COVID-19 pandemic and its associated restrictions on heart failure (HF) admissions. In this retrospective cohort study, we
obtained administrative data for patients with a primary discharge diagnosis of HF (identified by ICD-10 code) with discharge
dates ranging from January 2019 to November 2020. The study is comprised of 2 distinct sub-cohorts: HF admissions during the
COVID-19 pandemic (case) period fromMarch 2020 to October 2020 and corresponding control period during the previous year
(March 2019 to December 2019). Primary outcome analysis involved comparison of total and daily HF admissions and second-
ary outcomes included hospital Length of Stay (LOS) and 30-day readmissions. The number of total HF admissions and average
daily admissions were significantly lower in 2020 compared to 2019 (774 vs. 864; p < 0.001 and 3.17 vs. 3.53 days; p < 0.001),
respectively. Average length of stay was significantly higher between March and October 2020 relative to the same months in
2019 (6.05 vs. 5.25 days; p < 0.001). Thirty-day readmission rates were also significantly higher in March–October 2020
compared to the same months in 2019 (20.6% vs. 19.1%; p < 0.001). During the pandemic, both readmission rates and length
of stay for HF-related admissions were significantly impacted. The COVID-19 pandemic significantly impacted HF-related
admissions as well as associated LOS and 30-day readmissions. High-risk patients should be identified carefully, and timely and
appropriate treatment should be provided.
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Introduction

The Novel Coronavirus Disease 2019 (COVID-19) quickly
developed into the largest global public health crisis in recent
times. Thought to have originated in Wuhan, China, in late
2019 due to initial bat-to-human transmission, the virus

quickly reached pandemic status, reaching epidemic status in
early 2020 [1]. ByMarch 2020, many countries began to issue
major public health restrictions such as quarantines and mask
mandates in an attempt to control viral spread [2]. Another
such measure carried out by many major hospitals in the
USA was decreasing the number of elective medical proce-
dures performed during the pandemic, as well as limiting out-
patient visits to either a Telemedicine format or to patients
who needed immediate medical attention [3]. During the pan-
demic, the primary focus of many hospitals shifted, out of
necessity, from a wide breadth of medical care to treating
the morbidity and mortality of COVID-19 patients, with mul-
tiple studies demonstrating this phenomenon with decreased
inpatient admissions for non-COVID-19-related problems, in-
cluding asthma, atrial fibrillation, acute Coronary Syndrome
(ACS), and influenza [3–7]. The COVID-19 pandemic has
been shown to similarly impact hospital admissions for heart
failure (HF), with the most robust data originating from major
tertiary centers in Europe and the UK [7, 8]. Data on the
COVID-19 pandemic’s impact on US HF admissions remains
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limited to observational data fromMississippi and Tennessee,
with a particular lack of data from the Northeast USA, which
was hit disproportionately hard during the first wave of the
pandemic [9, 10]. This study aims to demonstrate the impact
of the COVID-19 pandemic on heart failure admissions in a
major urban health center in North Philadelphia.

Methods

We performed a retrospective cohort study analyzing HF ad-
missions in a single urban hospital in North Philadelphia
throughout a study period between January 2019 and
November 2020. Admission data was collected by obtaining
administrative data from the hospital for patients with a pri-
mary discharge diagnosis of HF, identified by ICD-10 code,
with discharge dates falling within the prespecified study pe-
riod as outlined above. HF admission data was then split into
two distinct time periods based on the time period correlating
to the COVID-19 pandemic in the USA as well as the admin-
istrative data regarding active inpatient COVID-19 cases dur-
ing these time periods. The control, or non-COVID, period
inclusively ranged from March 2019 to October 2019 while
the case, or COVID, period inclusively ranged from
March 2020 to March 2020, with an inter-period duration of
approximately 5 months to ensure equal duration of the two
periods as well as lack of clarity regarding the exact start of the
pandemic locally. The primary outcome measured in this
study was HF admissions between the two periods, while
secondary outcomes included total hospital length of stay
(LOS) and 30-day readmission rates during these time pe-
riods. Where applicable, sample means were calculated for
continuous data, which were compared using a two-sample
T-test, and P-values less than 0.05 were found to be statisti-
cally significant. Statistical analysis was performed using
SPSS.

Results

Through the inclusion criteria outlined above, a total of 1638
patients were included in this study, 864 (53%) in the non-
COVID group and 774 (47%) in the COVID group. The pri-
mary outcome of total HF admissions and daily HF admis-
sions was significantly lower in the case period compared to
the control period (774 vs. 864; p < 0.001 and 3.17 vs. 3.53
days; p < 0.001, respectively) (Fig. 1A, B; Table 1). Within
the case period, total HF admissions were lowest in April
2020 (n = 59), which corresponded to the month in which
the number of COVID-positive admissions were highest (n
= 423) (Fig. 1A). Furthermore, total HF admissions were low-
er during the beginning of the case period, specifically through
March to June 2020 compared to the same months in the

control period (Fig. 1A, B). Similarly, in months of the case
period corresponding to relatively lower numbers of COVID-
positive admissions, differences in total and daily HF admis-
sions between the two periods, while still statistically signifi-
cant, were less pronounced in magnitude compared to months
with high rates of COVID-positive admissions (Fig. 1A, G).

Regarding secondary outcome analysis, average hospital
LOS was significantly longer in the case period compared to
the control period (6.05 vs. 5.25 days; p < 0.001) (Fig. 1C, D;
Table 1). Thirty-day readmission rates were also significantly
higher in in the case period (20.6% vs. 19.1%; p < 0.001) (Fig.
1E, F; Table 1). The number of HF admissions who tested
positive for COVID was negligible (Fig. 1G).

Discussion

The COVID-19 pandemic has created an unprecedented glob-
al health pandemic which has been implicated in the loss of
over 1 million lives worldwide by the end of 2020 [1, 2]. Due
a justified focus on the morbidity and mortality associated
with the virus itself, many other chronic medical conditions
and their associated health implications were given less atten-
tion. From an infectious disease standpoint, the increased fo-
cus on public health measures such as hand hygiene, social
distancing, and proper face and eye protection have under-
standably led to a reduction in other notable communicable
diseases, such as influenza and pneumococcal disease [6, 11].
Perhaps more interesting is the current data suggesting a trend
towards reduced hospital admissions for diagnoses other than
COVID-19, including other cardiac conditions such as ACS
and new-onset atrial fibrillation [3, 5]. Early studies from
Europe and the UK have described reductions in HF admis-
sion and readmissions during the COVID-19 pandemic [3, 8,
12–15]. Currently, robust prospective and retrospective data
regarding the impact of the COVID-19 pandemic on HF ad-
mission in the USA remain limited. Retrospective data in the
forms of Editorials, in which patient selection and data collec-
tion were performed through either admission or discharge
diagnoses, as well as one Letter to the Editor, sum up the
current US data pool on the topic [9, 10, 16].

In one such study, Hall et al. examined HF-related hospi-
talization trends between January and April 2020, compared
to a similar period in 2019, in a large, tertiary academic med-
ical center in Mississippi; patients were selected using elec-
tronic health record (EHR) and hospital discharge databases
based on ICD-10 codes [9]. Despite week-to-week variability,
a statistically significant trend towards reduced HF-related
hospitalizations occurred in March and April 2020 regardless
of heart failure subtype (reduced, preserved, or mid-range
ejection fraction). This decline in HF admissions also coincid-
ed with the pandemic reaching emergency status in the state,
with a declaration of emergency in Mississippi on March 14,
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2020 [9]. Further data from an accepted manuscript from Cox,
Lai, and Lindenfield noted a decline in HF hospitalization of
62% ± 7% between March 22nd and April 20th, 2020, com-
pared to the same calendar days the previous year (11% ± 12
% vs −46% ± 16%, p = 0.0012) [10]. This single center study
was conducted at a major academic medical center in
Nashville, Tennessee, with patients being recruited according
to a validated algorithm including factors such as ICD-10 code
diagnosis, basic natriuretic peptide (BNP) level, and adminis-
tration of IV diuretic therapy [17]. The study also noted sim-
ilar admission systolic blood pressure, sodium and creatinine
levels, and patient ages, between the two time periods [10].
Finally, Barghash and Pinney describe a dramatic reduction in
HF-related admissions in metropolitan New York in the form
of a Letter to the Editor, particularly coinciding with the man-
datory stay-at-home mandate for non-essential workers issued
on March 22nd, 2020 [16]. Unfortunately, exact data

regarding the magnitude of decline in HF admissions was
not provided given the nature of the publication, limiting its
clinical utility.

In line with current data, our study redemonstrates a signif-
icant decline in HF-related hospitalizations during the period
correlating to the COVID-19 pandemic, with the lower daily
admission rates occurring during periods where the COVID-
19 inpatient census was the highest. However, unlike data
obtained by Cox, Lai, and Lindenfield, hospital LOS was
noted to be significant higher during the COVID-19 pandemic
period in our study, suggesting larger retrospective data will
be needed to clarify this discrepancy. Thirty-day readmission
rates, which were not commented upon by the above studies,
were significantly higher in our study. The increase in LOS for
HF patients can be explained by a delay in routine cardiac
care and the late presentation of many patients, as previously
postulated by the studies above [9, 10, 16]. This is partially

Table 1 Number of total admissions, average daily admission, average length of stay, and readmissions from March to October in 2019 and 2020

March–October 2020 March–October 2019 p-value

Total admission (n) 774 864

Daily admissions 3.17 (2.61–3.74) 3.53 (3.11–3.94) < 0.001

LOS (days) 6.05 (5.52–6.59) 5.25 (4.96–5.55) < 0.001

Readmissions (%) 20.6 (18.5–22.8) 19.1 (15.2–0.23) < 0.001
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Fig. 1 Number of heart failure admissions, length of stay, 30-day
readmission, and number of COVID-19 admissions. A The number of
total admissions during March–November 2019 and 2020. Gray line
indicates the number of COVID-19 admissions from March–November
2019.BRepresentative graph demonstrating total admissions in 2019 and
2020. C Average length of stay for HF admissions during March–
November 2019 and 2020. Gray line indicates the number of COVID-

19 admissions from March–November 2019. D Representative graph
demonstrating average length of stay in 2019 and 2020. E
Representative graph demonstrating 30-day readmission in 2019 and
2020. F 30-day readmission for HF patients during March–November
2019 and 2020. Gray line indicates the number of COVID-19
admissions from March–November 2019. G Number of HF who were
admitted with COVID-19. *** p-value <0.001
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the result of implementing certain hospital policies to de-
crease the potential risk of inadvertent exposure to the virus
and maintain hospital capacity to keep up with expected
COVID-19 admission surges, such as limiting inpatient stud-
ies such as echocardiograms, canceling elective outpatient
procedures, and performing COVID swabs on all admitted
patients. As stated by Hall et al. as well as Cox, Lai, and
Lindenfield, registry and ICD-10 code-based patient enroll-
ment is particularly difficult in HF patient where the diagno-
ses are primary clinical andmaynot be immediately apparent
on hospital admission [9, 17]. This is a limitation shared by
our study and may be exacerbated during the COVID-19
pandemic by shared respiratory complains in patients with
COVID-19 pneumonia, as well as policies in place in certain
institutions to perform COVID-19 PCR testing on all admit-
ted patients. Notably, the 30-day readmission rate during the
study period was higher compared with the prior year. This
suggests that the pandemic impacted the level of the care
delivered duringHFadmissions aswell as the outpatient care
following the hospitalization of those patients. One possible
explanation from an inpatient standpoint was an ongoing
pressure to maintain high patient turnover and rapid dis-
charges to ensure availability to the ever-growing number
of COVID-19 hospitalizations. This was compounded by
the need for airborne and respiratory isolation precautions
in confirmed and suspectedCOVID-19 patients, eliminating
the possibility of them being admitted to double-rooms; this
created significant barriers from an administrative perspec-
tive, and significantly lowered the total available bed count
of the hospital. From an outpatient perspective, many pa-
tients choose to have telehealth follow-ups instead of tradi-
tional in-person visits. Given that heart failure is a clinical
diagnosis driven by the need for accurate volume assess-
ment, telehealth visits by their very nature limit the capacity
for accurate clinical assessments and may hinder the ability
to adjust diuretic therapy in an effective manner. Finally, the
decrease in rate of HF admissions during the pandemic may
be attributable to apprehension of seeking medical attention
during the national lockdown, a finding that has been hy-
pothesized in similar studies [9, 10, 16].

This study has inherent limitations related to its observa-
tional nature and relatively small sample size. In addition to
the accuracy issues outlined above, the registry-based patient
collection method based on ICD-10 code limits further data
acquisition and extrapolation, including the use of important
clinical biomarkers such as BNP, as well as information re-
garding the severity illness (e.g., NYHA Classification of
symptoms on arrival) and cardiovascular and overall mortali-
ty. Nonetheless, the findings raise awareness of the impor-
tance of securing timely and appropriate treatment of all dis-
eases during a pandemic, and demonstrate the need for further
retrospective and prospective data to investigate and rectify
these trends.

Conclusion

The COVID-19 pandemic has profoundly impacted the US
healthcare system in a number of ways, including a necessity-
based focus on major health complications related to the virus
itself. As such, perhaps due to this excessive focus and par-
tially from a hesitance of the general public to receive routine
medical care, hospital admissions for reasons outside of
COVID-19 pneumonia decreased dramatically, including car-
diovascular diseases such as heart failure. Our study confirms
a significant drop in HF admissions during the COVID-19
pandemic, in line with limited retrospective data from other
regions in the USA, while also showing prolonged LOS and
30-day readmission rates leading to concern about the level of
inpatient care and quality of subsequent outpatient follow-up.
It will be important for more robust retrospective data to clar-
ify these associations to ensure quality of cardiovascular care
is not compromised during these unprecedented times.
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