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Abstract

Aims The coronavirus disease-2019 (COVID-19) pandemic has changed the landscape of medical care delivery worldwide.
We aimed to assess the influence of COVID-19 pandemic on hospital admissions and in-hospital mortality rate in patients with
acute heart failure (AHF) in a retrospective, multicentre study.

Methods and results From 1 January 2019 to 31 December 2020, a total of 101 433 patients were hospitalized in 24 Cardi-
ology Departments in Poland. The number of patients admitted due to AHF decreased by 23.4% from 9853 in 2019 to 7546 in
2020 (P < 0.001). We noted a significant reduction of self-referrals in the times of COVID-19 pandemic accounting 27.8%
(P < 0.001), with increased number of AHF patients brought by an ambulance by 15.9% (P < 0.001). The length of hospital
stay was overall similar (7.7 £ 2.8 vs. 8.2 £ 3.7 days; P = not significant). The in-hospital all-cause mortality in AHF patients
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was 444 (5.2%) in 2019 vs. 406 (6.5%) in 2020 (P < 0.001). A total number of AHF patients with concomitant COVID-19 was
239 (3.2% of AHF patients hospitalized in 2020). The rate of in-hospital deaths in AHF patients with COVID-19 was extremely
high accounting 31.4%, reaching up to 44.1% in the peak of the pandemic in November 2020.

Conclusions  Our study indicates that the COVID-19 pandemic led to (i) reduced hospital admissions for AHF; (ii) decreased
number of self-referred AHF patients and increased number of AHF patients brought by an ambulance; and (iii) increased

in-hospital mortality for AHF with very high mortality rate for concomitant AHF and COVID-19.
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Introduction

The coronavirus disease-2019 (COVID-19) pandemic has dra-
matically changed the health care landscape worldwide. The
heavy burden of reallocation of resources to fight the pan-
demic brought the shortcomings in treatment of other medi-
cal conditions. Acute heart failure (AHF) is a life-threatening
emergency requiring urgent in-hospital diagnostics and treat-
ment. It is usually a consequence of decompensation of a
chronic heart failure (HF).! The main underlying causes of
AHF include acute coronary syndrome, myocarditis, valvular
disease, arrhythmia, uncontrolled hypertension, generalized
infection (including COVID-19), and non-adherence to ther-
apy. Patients presenting with more severe symptoms [in
higher class of New York Heart Association (NYHA) classifica-
tion] have worse prognosis.” The prevalence of HF is 1-2%
of adult population, while according to the ESC-HF pilot study,
the 12 months of hospitalization rates are 32-44%.3 Since the
beginning of the COVID-19 pandemic, the rate of hospital ad-
missions due to various cardiovascular causes declined
significantly.*”” Data from many countries report reduced
number of admitted AHF patients presenting with more
severe symptoms as compared with previous years.®*
Co-occurrence of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection and HF together with older
age and lung disease create so-called ‘deadly quartet’ associ-
ated with very poor prognosis.*®

We aimed to assess the influence of COVID-19 pandemic
on hospital admissions and in-hospital mortality rate in
patients with AHF in a retrospective, multicentre study in
Poland.

Methods

We performed a retrospective analysis of hospital records of
consecutive patients hospitalized in 24 Cardiology Depart-
ments (Supporting Information, Table SZ) in Poland in 2019
and 2020. Out of total number of hospitalizations, we ex-
tracted patients admitted due to AHF (International Statisti-
cal Classification of Diseases and Related Health Problems

codes for HF 150.x) from 1 January 2019 to 31 December
2020 (pre-COVID-19 vs. COVID-19 eras). The AHF was defined
accordingly to 2016 European Society of Cardiology guide-
lines for the diagnosis and treatment of AHF and chronic HF
as rapid onset or worsening of symptoms and/or signs of
HF.! We confronted the number of AHF hospitalizations,
modes of admission, baseline characteristics, and in-hospital
mortality rate in patients hospitalized due to AHF during
the pandemic in 2020 vs. 2019. We also retrieved data on
concomitant presence of SARS-CoV-2 infection and evaluated
its influence on in-hospital mortality. The study was con-
ducted in accordance with the Declaration of Helsinki and
was approved by the local ethics committee (study approval
reference number KB 353/2021).

The statistical analysis was carried out using the Statistica
13.0 package (TIBCO Software Inc, California, USA). Continu-
ous variables were presented as means with standard devia-
tions. The Shapiro-Wilk test demonstrated non-normal
distribution of the investigated data. Therefore, for
comparison of continuous variables between 2019 and
2020, non-parametric Wilcoxon signed rank test was used.
Categorical variables were expressed as the number and the
percentage. Categorical variables were compared using the
% test. Results were considered significant at P < 0.05.

Results

From 1 January 2019 to 31 December 2020, a total of 101 433
of patients were hospitalized in 24 Cardiology Departments in
Poland (Supporting Information, Table S1). The total number
of hospitalizations in 2019 was 59 175, while in 2020 it
was 42 258, accounting a decrease of 28.6% (P < 0.001)
[Figure 1(A)].

The number of patients admitted due to AHF decreased by
23.4% from 9853 in 2019 to 7546 in 2020 (P < 0.001). The re-
duction of hospitalizations rate due to AHF was the most vis-
ibly pronounced at the beginning of the pandemic in Poland
during the first public lockdown from March to May
2020 and during its peak from October to November 2020
[Figure 1(B)].
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Figure 1 Number of hospitalizations: total (n = 101 433) (A), due to acute heart failure (n = 17 399) (B), and due to acute heart failure with concom-
itant COVID-19 (n = 239) (C). *P < 0.05.
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Interestingly, the total number of self-referred patients 2020 as compared with the time-matched period in 2019.
was reduced by 27.8% (P < 0.001) with significantly lower In the same timeframe, the number of patients brought by
rates achieved during the first public lockdown in April 2020 an ambulance was significantly higher in 2020 vs. 2019 with
and in the peak of the pandemic in the fourth quarter of an increase of 15.9% (P < 0.001) (Table 1).
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The length of hospital stay ranged from 7 to 9 days and
was significantly longer only in the very peak of pandemic
in November 2020 vs. November 2019 (8.9 + 4.0 vs.
7.3 = 2.8 days; P = 0.026) (Table 2). Patients hospitalized
due to AHF during the pandemic vs. 2019 were of similar
age (Supporting Information, Table S1).

A total number of AHF patients with concomitant
COVID-19 was 239 (3.2% of AHF patients hospitalized in
2020), and the vast majority of them were hospitalized during
the peak of the pandemic in Poland from October to Decem-
ber 2020 [Figure 1(C)].

The in-hospital all-cause mortality in AHF patients was 406
(6.5%) in 2020 vs. 444 (5.2%) in 2019 (P < 0.001) (Table 3).
The in-hospital mortality rates were highest at the beginning
of the pandemic in Poland during the public lockdown in
March 2020 and during its peak in November 2020 as com-
pared with 2019 (Figure 2).

Table 1 Modes of hospital admissions

The rate of in-hospital deaths in concomitant AHF and
COVID-19 patients was extremely high accounting 31.4%,
reaching up to 44.1% in the very peak of the pandemic in
November 2020 (Table 3).

In majority of the Cardiology Departments included in the
analysis, the total number of beds available during the pan-
demic was decreased as compared with 2019 (Table 4). Addi-
tional beds available for COVID-19 patients were created with
the highest number reaching 264 in November 2020.

Discussion

The COVID-19 pandemic has undoubtedly put a heavy burden
on health care systems all around the globe. All efforts cur-
rently focus on delivering the highest standard of care for

Self-referred

Brought by an ambulance

2019 2020 2019 2020

Number
Month of sites N % N % P N % N % P
1 22 392 55.4 459 60.5 ns 265 37.5 254 335 ns
2 22 375 57.7 425 60.8 ns 223 343 246 35.2 ns
3 22 408 56.0 299 55.7 ns 288 39.5 213 39.7 ns
4 22 430 59.1 116 45.7 <0.001 249 34.2 124 48.8 <0.001
5 22 417 60.4 255 58.5 ns 230 333 162 37.2 ns
6 22 360 57.1 303 53.1 ns 230 36.5 212 37.1 ns
7 22 409 59.1 357 56.7 ns 231 334 214 34.0 ns
8 22 393 57.2 330 57.6 ns 253 36.8 211 36.8 ns
9 22 378 58.9 352 59.9 ns 219 34.1 207 35.2 ns
10 22 509 65.4 260 51.1 <0.001 222 28.5 222 43.6 <0.001
11 22 418 61.0 152 451 <0.001 234 34.2 159 47.2 <0.001
12 22 378 59.6 208 49.4 0.001 229 36.1 191 45.4 0.003
Year 22 4867 59.0 3516 55.8 <0.001 2873 34.8 2415 38.2 <0.001
ns, not significant.
Table 2 The length of hospitalization due to acute heart failure

Number 2019 2020
Month of sites Mean hospitalization length (days) SD Mean hospitalization length (days) SD P
1 23 7.57 2.53 7.49 2.05 ns
2 23 7.77 2.75 7.95 2.83 ns
3 23 7.26 2.77 7.79 3.32 ns
4 23 8.50 3.39 8.87 3.72 ns
5 23 7.65 2.31 8.42 4.33 ns
6 23 8.15 4.15 8.74 3.76 ns
7 23 7.88 2.85 7.29 3.32 ns
8 23 7.41 2.45 8.36 4.33 ns
9 23 7.42 2.44 7.65 3.79 ns
10 23 7.54 2.35 7.97 4.18 ns
11 23 7.30 1.95 8.91 4.02 0.026
12 23 8.02 3.07 8.84 4.37 ns
Year 24 7.70 2.77 8.18 3.68 ns

ns, not significant; SD, standard deviation.
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Table 3 The in-hospital mortality for acute heart failure
In-hospital mortality for AHF In-hospital mortality for AHF
without COVID-19 with COVID-19
Number 2019 2020 2020

Month of sites N % N % N % P? PP

1 23 54 7.3 45 5.7 0 — ns —

2 23 40 5.9 47 6.6 0 — ns —

3 23 44 5.8 40 7.3 0 0.0 ns ns

4 23 35 4.6 26 10.4 6 35.3 <0.001 0.002
5 23 28 3.9 25 5.6 3 333 ns 0.007
6 23 31 4.8 34 5.8 1 12.5 ns ns

7 23 35 4.8 28 4.4 1 16.7 ns ns

8 23 37 5.2 23 3.9 1 25.0 ns ns

9 23 37 5.6 33 5.6 2 333 ns 0.044
10 23 26 3.2 39 8.5 19 26.4 <0.001 <0.001
1 23 40 5.6 39 134 26 441 <0.001 <0.001
12 23 37 5.6 27 71 16 32.0 ns <0.001
Year 23 444 5.2 406 6.5 75 31.4 <0.001 <0.001

AHF, acute heart failure; COVID-19, coronavirus disease-2019; ns, not significant.

°For the comparison of 2019 and 2020 without coexisting COVID-19.

°For the comparison of 2020 without coexisting COVID-19 and with coexisting COVID-19.

COVID-19 patients. To the best of our knowledge, this is the
largest multicentre study published so far including more
than 100 000 patients hospitalized in 24 Cardiology Depart-
ments in Poland. Comparing pre-COVID-19 vs. COVID-19
eras, we found reduced total number of hospitalizations, as
well as hospitalizations due to AHF with significantly
increased in-hospital mortality in AHF patients with and
without concomitant SARS-CoV-2 infection. The reduction of
hospital admissions is consistent with data coming from
mostly single-centre reports from the UK?2 Italy’
Germany,’® the USA,* Canada,*? and Australia.'® These find-
ings, together with our results, represent a global trend of re-
duced AHF hospitalizations during the COVID-19 pandemic. It
is speculated that the reasons for this phenomenon could in-
clude avoidance or delaying to seek the medical care in fear
of exposure to SARS-CoV-2; reduced HF decompensation
rates due to, for example, self-isolation and social distancing
related to reduced energy expenditure or lower risk of get-
ting other respiratory tract infections; and improved medica-
tion and dietary adherence.*>**

Our report on modes of hospital admissions gives some
novel insight into better understanding of the observed re-
duction in AHF hospital admissions. Studies published so
far did not distinguish whether the patients were
self-referred or brought by emergency teams. In our analysis,
we found less self-referred patients and more patients
brought by an ambulance during the pandemic vs. 2019,
which was even more pronounced during the peak of the
pandemic. The reluctance to seek for medical care reflects
the fear of getting COVID-19 infection during hospitalization.
Some studies suggested that delayed seeking for medical at-
tention until symptoms are critical was responsible for
higher percentage of patients with NYHA Ill or IV symptoms

during COVID-19 vs. non-COVID-19 era.®*® However, it did
not directly translate into longer hospital stay. We observed
longer hospital stay only in the peak of the pandemic in
November 2020.

As reported by the Statistics Poland, the global death
rates in Poland increased by 16.5% from 409 709 in 2019
to 477 355 in 2020.%° Interestingly, there were 41 422
deaths due to COVID-19 accounting for 61.2% of the
difference in death rates in 2019 vs. 2020. According to
our observations, the COVID-19 pandemic has brought an in-
crease of in-hospital mortality for both SARS-CoV-2 positive
and negative AHF patients as compared with 2019. The
two-centre analysis by Cannata et al. compared 578 patients
hospitalized for HF between January and June 2020 with 794
patients from a corresponding period of 2019.%” The study
reported a significantly higher mortality rate among HF
patients in 2020 compared with 2019, with only nine re-
ported COVID-19 cases. Similarly, Frankfurter et al. noticed
a trend towards higher mortality in the COVID-19 era vs.
time-matched 2019 cohort.”> A single-centre study by
Colivicchi et al. analysed AHF patients admitted to an emer-
gency department during the first Italian lockdown, excluding
those with any evidence of SARS-CoV-2 infection.’ They re-
ported 17.2% all-cause in-hospital mortality in February—April
2020 vs. 6.3% in the corresponding period of 2019. Yet, a
Danish nationwide cohort study conducted by Andersson
et al. concluded that on the population-based level, mortality
in HF patients has not been impacted by the national
lockdown.*® Interestingly, in some studies from the USA and
Australia, the in-hospital mortality rates did not differ in
COVID-19 vs. non-COVID-19 eras, despite reporting decreased
hospital admissions with patients presenting in higher NYHA
class. 13
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Figure 2 In-hospital mortality due to acute heart failure in patients with and without COVID-19. *P < 0.05. AHF, acute heart failure; COVID-19, coro-

navirus disease-2019.

44%

42%

40%

38%

36%

34%

32%

31.4%

30%

28%

26%

24%

22%

20%

Mortality rate (%)

18%

16%

14%

12%

10%

8%

6% -

-~
B EEERT
0l M

M Mortality rate due to AHF in 2019

May Jun Jul Aug Sep

M Mortality rate due to AHF without COVID in 2020

o
a

ov Dec

Mean

Month
W Mortality rate due to AHF with COVID in 2020

It was postulated by Calcaterra et al. that concomitant
COVID-19 infection and HF together with older age and lung
disease create the deadly quartet.’® This combination was
responsible for a very high mortality rate in Northern Italy
accounting 31% in the city of Bergamo. In the Cardio-
COVID-Italy multicentre, retrospective, observational study
including 692 COVID-19 patients, the in-hospital mortality
rate was two times higher in patients with both COVID-19
and HF as compared with patients with no HF history, which
were 41.1% vs. 20.9%, respectively.’® This is consistent with
an extremely high mortality of 31.4% among patients with
coexisting COVID-19 and AHF observed in our study. How-
ever, the recently published nationwide Danish cohort study
did not find single cardiovascular morbidity to influence prog-

nosis in men, with only modestly increased risk of severe
COVID-19 infection in women with HF.?°

Limitations

Several limitations of our study should be acknowledged.
Firstly, it is a retrospective study. Secondly, analysed data
were derived from hospital electronic databases not provid-
ing detailed characteristics of patients or additional test re-
sults; thus, they were not available for the assessment.
Thirdly, any clinical information including cause, percentage
of new onset AHF, clinical trajectory, or severity of the dis-
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Table 4 Number of beds available

Total number of beds

Number Number of beds dedicated to COVID-19 patients
Month of sites 2019 2020 2020
1 24 887 876 0
2 24 887 876 0
3 24 882 849 66
4 24 882 851 920
5 24 882 849 104
6 24 882 870 74
7 24 882 880 55
8 24 882 880 26
9 24 882 855 59
10 24 882 887 164
11 24 882 846 264
12 24 882 830 254
Average monthly 24 883 862 96

COVID-19, coronavirus disease-2019.

ease is also missing. Fourthly, although we found that con-

Funding

comitant COVID-19 worsen the prognosis in AHF patients,

we did not document COVID-19 to be a direct cause of AHF.

Conclusions

Our study indicates that the COVID-19 pandemic led to (i) re-
duced hospital admissions for AHF during the pandemic; (ii)

The study received no external funding.

Supporting information

decreased number of self-referred AHF patients and in-

creased number of AHF patients brought by an ambulance

during the pandemic; and (iii) increased in-hospital mortality
for AHF with very high mortality rate for concomitant AHF
and COVID-19.
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