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Abstract

Background: The coronavirus disease-2019 (COVID-19) pandemic is surging across Poland, leading to many direct deaths and under-
estimated collateral damage. We aimed to compare the influence of the COVID-19 pandemic on hospital admissions and in-hospital
mortality in larger vs. smaller cardiology departments (i.e., with >2000 vs. <2000 hospitalizations per year in 2019). Methods: We
performed a subanalysis of the COV-HF-SIRIO 6 multicenter retrospective study including all patients hospitalized in 24 cardiology de-
partments in Poland between January 1, 2019 and December 31, 2020, focusing on patients with acute heart failure (AHF) and COVID-19.
Results: Total number of hospitalizations was reduced by 29.2% in larger cardiology departments and by 27.3% in smaller cardiology
departments in 2020 vs. 2019. While hospitalizations for AHF were reduced by 21.8% and 25.1%, respectively. The length of hospital
stay due to AHF in 2020 was 9.6 days in larger cardiology departments and 6.6 days in smaller departments (p < 0.001). In-hospital
mortality for AHF during the COVID-19 pandemic was significantly higher in larger vs. smaller cardiology departments (10.7% vs.
3.2%; p < 0.001). In-hospital mortality for concomitant AHF and COVID-19 was extremely high in larger and smaller cardiology de-
partments accounting for 31.3% vs. 31.6%, respectively. Conclusions: During the COVID-19 pandemic longer hospitalizations and
higher in-hospital mortality for AHF were observed in larger vs. smaller cardiology departments. Reduced hospital admissions and
extremely high in-hospital mortality for concomitant AHF and COVID-19 were noted regardless of department size.

Keywords: acute heart failure; COVID-19; hospitalization; in-hospital mortality

1. Introduction 20]. Patients with AHF require urgent in-hospital diagnos-

tics and treatment, while those presenting with more ad-

The coronavirus disease-2019 (COVID-19) pandemic
has affected more than 458 million people worldwide. In
Poland, the total number of infected patients has reached
more than 6 million people accounting for more than 15%
of Polish population [1]. There were more than 116 thou-
sand COVID-19 deaths with mortality rate of about 1.9%.
The COVID-19 pandemic has become the most challeng-
ing public healthcare emergency of our times. Limited
availability of specialist care together with omnipresent fear
of getting infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) have contributed to reduction
in hospital admissions due to acute cardiovascular condi-
tions [2—8]. From the Polish perspective, there were reports
of decline in-hospital admissions due to various cardiovas-
cular emergencies, together with reduced number of coro-
nary angiographies, percutaneous coronary interventions,
both transthoracic and transesophageal echocardiographic
examinations, as well as electrotherapy and electrophysi-
ology procedures [9-16]. Postponing the seek for medical
attention due to various cardiovascular emergencies, such
as acute coronary syndrome or acute heart failure (AHF), is
associated with worse prognosis or can lead to death [17—

vanced symptoms (higher New York Heart Failure [NYHA]
class) have worse prognosis [21]. Clinical presentation of
AHF and COVID-19 includes acute dyspnea, bringing an-
other diagnostic challenge. Yet, the co-occurrence of AHF
and COVID-19 is associated with high mortality [22-25].

In our recently published Impact of COVID-19 pan-
demic on acute Heart Failure admissions and mortality:
multicentre COV-HF-SIRIO 6 study, we have found that
the COVID-19 pandemic has led to reduced hospital ad-
missions for AHF with a significantly lower number of self-
referred AHF patients and a higher number of AHF patients
brought by an ambulance [26]. Furthermore, the mortality
rate for AHF during the COVID-19 era was significantly
increased, particularly for concomitant AHF and COVID-
19.

We performed this subanalysis of the COV-HF-SIRIO
6 study aiming to compare the influence of the COVID-19
pandemic on hospital admissions and in-hospital mortality
in cardiology departments hospitalizing equal or more vs.
less than 2000 patients yearly.
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Fig. 1. Hospitalizations percentage change. (A) Reduction of all-cause hospitalizations during the COVID-19 pandemic in 2020
vs. 2019. (B) Reduction of acute heart failure hospitalizations during the COVID-19 pandemic in 2020 vs. 2019. * p < 0.05 for
the comparison 2020 vs. 2019 in larger cardiology departments; # p < 0.05 for the comparison 2020 vs. 2019 in smaller cardiology

departments. Statistical test used: Wilcoxon signed test.

2. Materials and Methods

The COV-HF-SIRIO 6 study was a retrospective anal-
ysis of hospital records of consecutive patients hospital-
ized in 24 cardiology departments in Poland in 2019 and
2020 [26]. We took under investigation all patients hos-
pitalized from January 1, 2019 to December 31, 2020 (in
pre-COVID-19 vs. COVID-19 eras). In this subanalysis
of the COV-HF-SIRIO 6 study, we arbitrary divided all
cardiology departments into two groups based on the to-
tal number of hospitalizations in 2019 (pre-COVID 19 era),
with smaller departments defined as those hospitalizing less
than 2000 patients, and larger departments—2000 patients
or more. We focused on patients hospitalized due to AHF
(International Statistical Classification of Diseases and Re-
lated Health Problems codes for heart failure 150.x), as well
as those with concomitant SARS-CoV-2 infection. The di-
agnosis of AHF was based on the definition provided by
the 2016 European Society of Cardiology guidelines for the
diagnosis and treatment of acute and chronic heart failure
[27]. The COV-HF-SIRIO 6 study was conducted in accor-
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dance with the Declaration of Helsinki and was approved
by the Local Ethics Committee (study approval reference
number KB 353/2021).

Statistical analysis was carried out using Statistica
13.0 (TIBCO Software Inc., California, USA). Continuous
variables were presented as means with standard deviations.
Due to non-normal distribution of the investigated data,
as demonstrated by the Shapiro-Wilk test, non-parametric
tests were used for statistical analysis. Comparisons of
continuous variables between two groups were performed
with the Mann-Whitney unpaired rank sum test. Compar-
isons between year 2019 and 2020 were performed with the
Wilcoxon signed test. Categorical variables are presented
as number and percentage and were compared using the x?
test. Results were considered significant at p < 0.05.

3. Results

A total of 101,433 patients were hospitalized in 24 car-
diology departments in Poland between January 1,2019 and
December 31, 2020. The study cohort was divided into two
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Fig. 2. The length of hospital stay. * p < 0.05 for the comparison larger vs. smaller cardiology departments in 2020. Statistical test

used: Mann-Whitney unpaired rank sum test.
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Fig. 3. Number of beds dedicated for COVID-19 patients in 2020.

subgroups including 69,019 patients hospitalized in larger
cardiology departments (n = 12) and 32,414 patients hos-
pitalized in smaller cardiology departments (n = 12). The
total number of hospitalizations was reduced by 29.2% (p
< 0.0001) in larger cardiology departments in 2020 as com-
pared with 2019, while smaller departments noted a 27.3%
decrease (p < 0.0001) in the number of admitted patients in
2020 as compared with 2019 (Fig. 1A).

The number of patients hospitalized for AHF was re-

p < 0.0001) (Fig. 2).

duced by 21.8% (p < 0.0001) in larger cardiology depart-

ments and by 25.1% (p < 0.0001) in smaller cardiology de-
partments (Fig. 1B). Interestingly, the reduction of hospi-
talizations due to AHF was more pronounced following the
waves of the pandemic in smaller cardiology centers, while
in larger ones it was more consistent throughout the year.
Duration of hospital stay due to AHF during the
COVID-19 pandemic in 2020 was significantly longer in
larger vs. smaller cardiology departments (9.6 vs. 6.6 days;
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Fig. 4. In-hospital mortality due to acute heart failure in patients with and without COVID-19 in larger cardiology departments.
* p < 0.05 for the comparison 2020 vs. 2019; # p < 0.05 for the comparison COVID-19 vs. non-COVID-19 in 2020. Statistical test

used: x? test.

Regardless of department size, the number of self-
referrals was lower in 2020 vs. 2019, with significantly
more patients brought by an ambulance (Table 1). How-
ever, this trend of decreased number of self-referrals and
increased number of patients brought by an ambulance, in
smaller cardiology wards visibly followed the peaks of the
pandemic, having more random distribution in larger cardi-
ology departments.

The total number of patients with concomitant AHF
and COVID-19 was 160 (4.1% of AHF patients hospital-
ized in 2020) for larger vs. 79 (2.2% of AHF patients hos-
pitalized in 2020) for smaller cardiology departments.

Additional beds dedicated for patients with COVID-
19 were created in the majority of hospitals, however
smaller departments provided more extra beds to treat
COVID-19 patients as compared with larger cardiology de-
partments (675 vs. 481 beds) (Fig. 3).

In-hospital mortality rate for AHF was significantly
higher during the COVID-19 era vs. pre-COVID-19 era,
amounting to 10.7% vs. 8.1% (p = 0.0004) in larger cardi-
ology departments. The mortality peaks closely followed
peaks of the pandemic, with the maximum value of 18.1%
in the very peak of the pandemic in November 2020 (Fig. 4).
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Interestingly, the mortality rate for AHF in smaller
cardiology departments did not differ significantly in
COVID-19 vs. pre-COVID-19 eras (3.2% vs. 2.9%, p =
0.47) (Fig. 5).

In-hospital mortality for AHF during the COVID-19
pandemic was substantially higher in larger vs. smaller car-
diology departments (10.7% vs. 3.2%; p < 0.0001) (Ta-
ble 2).

In-hospital mortality rate for concomitant AHF and
COVID-19 was extremely high both in larger and smaller
cardiology departments, accounting for 31.3% vs. 31.6%,
respectively (Table 2). In-hospital mortality was highest
in the very peaks of the pandemic, reaching the highest
value of 56.3% in November 2020 in smaller cardiology
wards (the reported mortality rate of 100% is a single pa-
tient death, thus should be interpreted with caution).

4. Discussion

The COVID-19 pandemic is still surging across the
globe. Although we do not know whether the pandemic is
with us here to stay and if some temporary solutions become
permanent, we need to learn how to function in this new
reality and provide the best possible care for all patients.
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Fig. S. In-hospital mortality due to acute heart failure in patients with and without COVID-19 in smaller cardiology departments.
* p < 0.05 for the comparison 2020 vs. 2019; # p < 0.05 for the comparison COVID-19 vs. non-COVID-19 in 2020. Statistical test

used: x? test.

One of the first reports on heart failure management in Pol-
ish medical centers during the COVID-19 pandemic came
from Lelonek ef al. [28] showing reduced hospitalizations,
domination of teleconsultations over in-person visits and e-
prescriptions widespread use during the first three months
of the COVID-19 pandemic in both academic and non-
academic centers. We went one step further and according
to our knowledge performed the largest multicentre study
including more than 100,000 patients aiming to assess the
influence exerted by the COVID-19 pandemic on hospital
admissions and in-hospital mortality, and the first study so
far confronting larger cardiology departments hospitalizing
>2000 patients a year vs. smaller cardiology departments
hospitalizing <2000 patients a year. Based on our results,
the COVID-19 pandemic seems to hit equally smaller and
larger, even academic, cardiology departments—we found
a reduction in the total number of hospitalizations, as well
as hospitalizations due to AHF in 2020 vs. 2019.

Heart failure was found to be an independent risk
factor for death in COVID-19 patients [29]. The re-
ported in-hospital mortality for concomitant heart failure

and COVID-19 was extremely high, accounting for 49% in
the very beginning of the pandemic (March-May 2020) in a
large cardiology center in the USA. In our study, the highest
mortality rate for co-existing AHF and COVID-19 in larger
departments was 41.7% at the beginning of the pandemic
in April 2020. In a systematic review and meta-analysis
by Yonas ef al. [30], in a group of 21,640 COVID-19 pa-
tients from 18 studies heart failure was associated with poor
outcome (odds ratio [OR] 2.86; 95% confidence interval
[CI]2.07-3.95; p < 0.001). Patients with co-existing heart
failure and COVID-19 had a higher likelihood of mortality
(OR 3.46; 95% CI 2.52-4.75; p < 0.001). From the Polish
perspective, data coming from the public hospitals of Sile-
sian Province showed in-hospital mortality from concomi-
tant heart failure and COVID-19 to be 35.8% as compared
with 25.1% in patients without heart failure [31]. In our
nationwide study, we also reported concomitant AHF and
COVID-19 to be associated with extremely high mortality
rates, independently of the size of the department, account-
ing for 31.3% in larger vs. 31.6% in smaller cardiology
departments.
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Table 1. Modes of hospital admissions.

Ss3id dNI

Self-reffered Brought by an ambulance
Month Larger cadiology departments Smaller cadiology departments Larger cadiology departments Smaller cadiology departments
2019 2020 2019 2020 2019 2020 2019 2020
N % N % P N % N % P N % N % P N % N % P

Jan 131 455 150 505 0.22 261 623 309 669 0.15 154 535 145 488 0.26 111 265 109 236 0.32
Feb 136 504 145 507 0.94 239 629 280 678 0.15 134 496 140 490 0.87 89 234 106 257 0.46
Mar 167 494 86 422 0.10 241  6l1.6 213 64.0 0.52 171 506 117 574 0.12 117 299 96 28.8 0.75
Apr 148  51.6 47 38.8 0.02 282 639 69 51.9 0.01 139 484 73 603  0.03 110 249 51 38.3 0.003
May 150  51.0 92 479 0.50 267 674 163 66.8 0.87 138 469 97 50.5 044 92 23.2 65 26.6 0.86
Jun 119 469 97 41.1 0.20 241 639 206 615 0.50 132 520 124 525 090 98 26.0 88 26.3 0.02
Jul 161 555 105 449 0.02 248 617 252 63.6 0.57 126 434 125 534  0.02 105  26.1 89 22.5 0.23
Aug 136 47.6 95 459 0.72 257 641 235 642 0.97 148 517 111 536  0.68 105 262 100 273 0.72
Sep 131 51.6 108 47.8 0.41 247 637 244 674 0.28 120 472 117 51.8 0.32 99 25.5 90 249 0.84
Oct 188 60.6 104 498 0.01 321 68.6 156 52.0 <0.001 121 390 105 502 0.01 101 216 117 390 <0.001
Nov 155 534 106 477 0.20 263 66.6 46 40.0 <0.001 132 455 115 518 0.16 102 258 44 38.3 0.009
Dec 135 521 131  50.0 0.63 243 64.8 77 484  <0.001 121 467 128 489  0.63 108 28.8 63 39.6 0.01

Year 1757 514 1266 47.0 <0.001 3110 643 2250 62.2 0.04 1636  47.8 1397 51.8 0.002 1237 256 1018 28.1 0.009

Statistical test used: x? test.

Table 2. In-hospital mortality due to acute heart failure in 2020 in larger vs. smaller cardiology departments.

Mortality rate in AHF patients without COVID-19 Mortality rate in AHF patients with concomitant COVID-19
Month Larger cardiology departments ~ Smaller cardiology departments Larger cardiology departments ~ Smaller cardiology departments
N % N % b N % N %

Jan 35 10.9 10 2.2 <0.001 0 0 0 0 N/A
Feb 29 9.5 18 44 0.006 0 0 0 0 N/A
Mar 30 13.6 10 3.0 <0.001 0 0 0 0 N/A
Apr 20 16.4 6 4.7 0.002 5 41.7 1 20.0 0.60
May 13 6.5 12 49 0.46 3 333 0 0 N/A
Jun 21 8.3 13 3.9 0.01 1 12.5 0 0 N/A
Jul 19 7.7 9 2.3 0.001 0 0 1 100 N/A
Aug 18 8.2 5 1.4 <0.001 1 25.0 0 0 N/A
Sep 24 10.3 9 2.5 <0.001 2 333 0 0 N/A
Oct 29 14.6 10 3.8 <0.001 7 21.2 12 30.8 0.36
Nov 35 18.1 4 4.0 <0.001 17 39.5 9 56.3 0.25
Dec 20 8.4 7 49 0.20 14 41.2 2 12.5 0.09
Year 293 10.7 113 32 <0.001 50 31.3 25 31.6 0.95

Abbreviations: AHF, acute heart failure; N/A, not applicable. Statistical test used: x?2 test.
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There are loads of data documenting increased mor-
tality rates for concomitant AHF and COVID-19, how-
ever very few reports focus on the collateral damage of the
COVID-19 pandemic. We found increased mortality rates
for AHF in 2020 as compared with 2019, but only in larger
cardiology departments. A single center Italian study by
Colivicchi et al. [19] performed in a large volume hospital
reported a 17.2% in-hospital mortality rate for AHF in the
beginning of the pandemic in 2020 as compared with 6.3%
in the time-matched period of 2019. Data arriving from two
referral hospitals in London, UK, also documented signifi-
cantly higher in-hospital mortality rates for AHF in 2020 vs.
2019 [32]. Studies confronting data from larger/academic
hospitals with smaller/district cardiology wards are lacking.
In the Danish nationwide cohort study presenting data of all
patients hospitalized in Danish hospitals between January
1, 2019 and March 31, 2020 due to heart failure, there was
no statistically significant increase in the mortality rates in
the COVID-19 era vs. pre-COVID-19 times [33]. In our
study, we did not find any differences in in-hospital mor-
tality rates in smaller departments in 2020 vs. 2019. Sev-
eral arguments may serve as potential explanation of the ob-
served phenomenon of higher in-hospital mortality in larger
vs. smaller cardiology departments. Firstly, cardiology
departments defined as larger in our study were very of-
ten academic centers offering the highest level of reference
and very often providing care for severely-ill patients trans-
ferred from smaller, non-academic (provincial, regional or
district) hospitals. Secondly, patients with AHF with respi-
ratory failure, requiring mechanical ventilation are usually
directly admitted to larger cardiology centers. Thirdly, the
mean length of hospital stay was longer in larger vs. smaller
cardiology department which indirectly indicates that pa-
tients hospitalized in larger cardiology departments might
have been more severely ill.

Our analysis on modes of hospital admissions showed
an increased number of patients brought by emergency
teams and a decreased number of self-referrals in 2020 vs.
2019. However, worth underlining is the fact that although
inthe COVID-19 era patients were more frequently brought
by an ambulance than self-referred, the total number of pa-
tients brought by emergency teams was lower in 2020 than
in 2019. These observations are in line with reports from
the very beginning of the pandemic, presenting a decline
in the number of interventions of emergency medical teams
[34-36].

Limitations

There are some limitations of our study, such as its ret-
rospective character. Moreover, data included in the analy-
sis were derived from hospital electronic databases lacking
clinical characteristics of patients or results of additional
work-up, thus they were unavailable for the assessment.
Worth adding is, that only patients with COVID-19 requir-
ing hospitalization were included in the analysis, thus we do

not know if asymptomatic COVID-19 would also influence
the prognosis in AHF patients.

5. Conclusions

In our subanalysis of the COV-HF-SIRIO 6 multi-
center study comparing influence of the COVID-19 pan-
demic on hospital admissions and mortality rate in larger
vs. smaller cardiology departments we found: (1) similarly
reduced hospital admissions; (2) higher in-hospital mortal-
ity for AHF; (3) longer hospital stays for AHF; (4) similar
and extremely high in-hospital mortality for concomitant
AHF and COVID-19.
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