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Abstract

Aims The Covid‐19 pandemic affects care for cardiovascular conditions, but data on heart failure (HF) are scarce. This study
aims to analyse HF care and in‐hospital outcomes during the pandemic in Germany.
Methods and results A total of 9452 HF admissions were studied using claims data of 65 Helios hospitals; 1979 in the study
period (13 March 30 April 2020) and 4691 and 2782 in two control periods (13 March to 30 April 2019 and 1 January to 12
March 2020). HF admissions declined compared with both control periods by 29–38%. Cardiac resynchronization therapy
was implanted in 0.55% during the study period, 0.32% [odds ratio (OR) 1.66, 95% confidence interval (CI) 0.68–4.04,
P = 0.27] in the previous year and 0.43% (OR 1.35, 95% CI 0.64–2.84, P = 0.43) in the same year control. Intensive care treat-
ment was 6.22% during the study period, 4.49% in the previous year (OR 1.46, 95% CI 1.13–1.89, P < 0.01), and 5.27% in the
same year control (OR 1.19, 95% CI 0.96–1.49, P = 0.12). Length of hospital stay was 7.0 ± 5.0 days in the study and 7.8 ± 5.6
(P < 0.01) and 7.3 ± 5.1 days (P = 0.07) in the control periods. In‐hospital mortality was 7.0% in the study and 5.5% in both
control periods (P < 0.05).
Conclusions During the early phase of the Covid‐19 pandemic in Germany, HF treatment pathways seem not to be affected,
but hospital stay shortened and in‐hospital mortality increased. As the pandemic continues, this early signal demands close
monitoring and further investigation of potential causes.
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The Covid‐19 pandemic affects also medical care for cardio-
vascular conditions. For instance, a reduction of hospital ad-
missions for acute coronary syndrome1–4 with a parallel
increase in fatality and complication rates4 has been observed
during the pandemic. Very recently, a small single‐centre US
study in heart failure (HF) patients also showed a decrease
in acute HF admissions.5 The authors suggested ‘analyses of
international heart failure registries would facilitate compari-
sons of national and regional hospital admission trends. Un-
derstanding the extent of reduced AHF hospitalization rates
will be critical for the care of patients with HF in the
Covid‐19 era’.5 By following up on this, this research letter
aims to provide an up‐to‐date overview of emergency admis-
sions for HF cases during the pandemic in Germany.

We performed a retrospective analysis of claims data of 65
hospitals in Germany serving about 10% of the German
population.6 Consecutive completed cases with an emer-
gency hospital admission for HF between 13 March and 30
April 2020 (study period; protection stage according to the
German pandemic plan), 13 March and 30 April 2019 (previ-
ous year control), and 1 January and 12 March 2020 (same
year control) were studied. Hospitalizations were selected
on the basis of primary diagnosis according to International
Statistical Classification of Diseases and Related Health Prob-
lems [ICD‐10‐GM (German Modification)] codes (I42.x; I43.x;
I50.x). Patients (n = 15) with concomitant Covid‐19 were ex-
cluded. Implantation of devices for cardiac resynchronization
therapy (CRT; 5‐377.4, 5‐377.7) and intensive care treatment
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(8‐980, 8‐98f) were defined according to the German proce-
dure classification (‘Operationen und Prozedurenschlüssel’).
Charlson co‐morbidity index (CCI) was calculated as described
previously.6

Data were stored in a pseudonomymized form, and data
use was approved by the Helios hospitals’ data protection
authority.

Incidence rates for HF admissions were calculated by divid-
ing the number of cumulative admissions by the number of
days for each time period. Incidence rate ratios comparing
the study period with both control periods were calculated
using Poisson generalized linear mixed models (GLMMs) to
model the number of hospitalizations per day. Inferential sta-
tistics analysing age, sex, HF aetiology, New York Heart Associ-
ation (NYHA) class, CCI, and hospital volume were based on
GLMMs specifying hospitals as random factor. For the com-
parison of selected therapies (CRT implants and intensive
care) and univariable and multivariable analyses of
in‐hospital mortality, logistic GLMMs and for length of stay lin-
ear GLMM were used. A subset of cases (5.7%, n = 541) was
unclassified with respect to NYHA. Multivariate imputation
by chained equations (Mice) was used for imputations of miss-
ing data and was based on age, sex, HF aetiology, and CCI. We
used logistic regression with bootstrap and 10 iterations.

A total of 9452 HF admissions were studied; 1979 in the
study period and 4691 and 2782 in the two control periods.
HF admissions declined in the study compared with both con-
trol periods, which was consistent across age, sex, NYHA
class, HF aetiology, co‐morbidities, and hospital volume (Ta-
ble 1). These declines corresponded with key Covid‐19‐
related events, national and state guidance, and with a rise
in cumulative confirmed cases of Covid‐19 in Germany. As
of 30 April 2020, there were 159 119 confirmed cases and
6288 deaths attributed to Covid‐19 (Figure 1).

CRT was implanted in 0.55% during the study period,
which was numerically higher but statistically not different
to 0.32% [odds ratio (OR) 1.66, 95% confidence interval (CI)
0.68–4.04, P = 0.27] in the previous year and 0.43% (OR
1.35, 95% CI 0.64–2.84, P = 0.43) in the same year control. In-
tensive care treatment was 6.22% during the study period,
4.49% in the previous year (OR 1.46, 95% CI 1.13–1.89,
P < 0.01), and 5.27% in the same year control (OR 1.19,
95% CI 0.96–1.49, P = 0.12).

Length of hospital stay was 7.0 ± 5.0 days in the study and
7.8 ± 5.6 (P < 0.01) and 7.3 ± 5.1 days (P = 0.07) in the control
periods.

In‐hospital mortality was 7.0% in the study and 5.5% in
both control periods. With the use of univariable and

Table 1 Hospital admissions per day (cumulative admissions/days in period) and incidence rate ratios in relevant patient groups

Admissions per day Same year control Previous year control

Group
Study
period

Same year
control

Previous year
control

Incidence rate
ratio (95% CI)

P Value P for interaction
Incidence rate
ratio (95% CI) P for interaction

Total 40.4 65.2 56.8 0.62 (0.59–0.65)
<0.01

— 0.71 (0.67–0.76)
<0.01

—

Age
≤64 years 4.5 7.1 6.6 0.63 (0.54–0.74) 0.68 (0.58–0.81)
65–74 years 6.3 10.6 9.3 0.60 (0.52–0.68) 0.58 0.68 (0.59–0.78) 0.95
≥75 years 29.8 47.4 40.8 0.63 (0.59–0.67) 0.95 0.73 (0.68–0.78) 0.48

Sex
Male 19.6 31.2 26.4 0.63 (0.58–0.68) 0.74 (0.68–0.80)
Female 20.8 34.0 30.3 0.61 (0.57–0.66) 0.61 0.69 (0.63–0.75) 0.19

HF aetiology
Ischaemic 15.7 24.6 22.4 0.64 (0.58–0.69) 0.70 (0.64–0.77)
Non‐ischaemic 24.7 40.5 34.4 0.61 (0.57–0.65) 0.45 0.72 (0.67–0.77) 0.62

NYHA classa

NYHA class I/II 2.9 5.2 5.4 0.57 (0.47–0.69) 0.55 (0.45–0.67)
NYHA class III/IV 35.2 56.3 48.0 0.63 (0.59–0.66) 0.33 0.73 (0.69–0.78) <0.01

NYHA classb

NYHA class I/II 3.1 5.5 5.8 0.56 (0.47–0.68) 0.54 (0.44–0.65)
NYHA class III/IV 37.3 59.7 51.0 0.63 (0.59–0.66) 0.30 0.73 (0.69–0.78) <0.01

Charlson co‐morbidity index
<4 20.9 36.2 30.8 0.58 (0.54–0.62) 0.68 (0.63–0.73)
≥4 19.4 29.0 25.9 0.67 (0.62–0.72) <0.01 0.75 (0.69–0.82) 0.09

Hospital volumec

Low 4.6 7.3 7.7 0.63 (0.54–0.74) 0.60 (0.51–0.71)
Intermediate 12.7 21.9 19.2 0.58 (0.53–0.63) 0.34 0.66 (0.60–0.73) 0.36
High 23.1 36.0 29.9 0.64 (0.60–0.69) 0.83 0.77 (0.72–0.84) <0.01

a541 cases with missing NYHA class.
bWith imputation of missing NYHA class data.
cBased on tertiles of average admissions in same year control period, i.e. low <48, intermediate 48–90, and high volume >90 admissions.
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multivariable analyses, several clinical characteristics and
Covid‐19 study period were associated with in‐hospital
mortality (Table 2 and Table S1 with imputation of missing
NYHA class).

To the best of our knowledge, this report is the largest
sample of emergency HF hospitalizations showing a signifi-
cant decrease in the German Helios hospital network during
the Covid‐19 pandemic. While treatment pathways seem

Figure 1 Emergency heart failure hospitalizations at Helios hospitals, Covid‐19 cases, and key public health measures in Germany.

Table 2 In‐hospital mortality rates, univariable and multivariable analyses

Univariable analysis Multivariable analysis

Variable Proportion (n/N) OR (95% CI) P value OR (95% CI) P value

Age
≤64 years 2.2% (23/1057)
65–74 years 2.5% (39/1532) 1.18 (0.70–1.98) 0.54 1.12 (0.65–1.92) 0.69
≥75 years 7.1% (490/6863) 3.46 (2.27–5.28) <0.01 3.09 (1.97–4.83) <0.01

Sex
Male 5.5% (246/4500)
Female 6.2% (306/4952) 1.14 (0.96–1.35) 0.14 0.96 (0.79–1.15) 0.65

HF aetiology
Ischaemic 5.4% (196/3637)
Non‐ischaemic 6.1% (356/5815) 1.14 (0.95–1.37) 0.15 1.20 (0.99–1.45) 0.07

NYHA classa

NYHA class I/II 0.8% (6/780)
NYHA class III/IV 6.3% (516/8131) 8.97 (4.00–20.11) <0.01 7.66 (3.41–17.24) <0.01

Charlson co‐morbidity index
<4 5.1% (264/5141)
4 6.7% (288/4311) 1.33 (1.12–1.58) <0.01 1.21 (1.01–1.45) 0.04

Hospital volume
Low 6.7% (75/1127)
Intermediate 6.2% (196/3137) 0.93 (0.69–1.26) 0.64 0.96 (0.70–1.32) 0.82
High 5.4% (281/5188) 0.80 (0.60–1.06) 0.13 0.79 (0.59–1.08) 0.14

Period
Study period 7.0% (138/1979)
Same year control 5.5% (260/4691) 0.78 (0.63–0.97) 0.02 0.79 (0.64–0.99) 0.04
Previous year control 5.5% (154/2782) 0.78 (0.61–0.99) 0.04 0.80 (0.63–1.03) 0.08

For the inclusion of variables into a multivariable analysis of in‐hospital mortality, we defined P value < 0.15 as a criterion. All factors met
the criterion and were hence used in a multivariable logistic GLMM.
a541 cases with missing NYHA class. In‐hospital mortality analysis using imputed NYHA class can be found in Table S1.
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not to be affected, hospital stay shortened and in‐hospital
mortality increased by ~20%.

Reduction in HF hospitalizations is in agreement with more
recent studies in different countries and settings (Table
S2).4,5,7–10 Fear of contagion at the hospital and deferral of
less severe cases may explain reduced hospitalizations. Our
study extends those findings by showing a consistent reduc-
tion across several key patient groups.

In addition, length of stay was reduced during the pan-
demic, which is similar to one US study in acute cardiovascu-
lar conditions including 40.8% HF cases.10 It can be
speculated that early discharge is enforced to reduce
Covid‐19 exposure in health care settings. In addition,
suspension of non‐urgent medical procedures may reduce
wait times for certain necessary procedures.

While there are only few data on in‐hospital mortality show-
ing inconsistent results (Table S2), none of those studies have
analysed potential associations with mortality. We have found
several clinical characteristics and the Covid‐19 study period to
associate with hospital mortality, but other important predic-
tors linked with case severity such as laboratory values or ejec-
tion fraction11 cannot be investigated using claims data.
Therefore, analysis of possible differential effects in HF with

reduced and preserved ejection fraction is not possible. Al-
though we have excluded confirmed Covid‐19 cases from this
analysis, we cannot rule out undetected Covid‐19 cases as ad-
ditional contributor to increased mortality.

As the pandemic continues, this early signal demands close
monitoring and further investigation of potential causes.
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Supporting information

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

Table S1. In‐hospital mortality rates, uni‐ and multivariable
analysis (using imputation for missing NYHA data).
Table S2. Literature review of heart failure care during
Covid‐19 pandemic.
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