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Aims Viral-induced cardiac inflammation can induce heart failure with preserved ejection fraction (HFpEF)-like syndromes.
COVID-19 can lead to myocardial damage and vascular injury. We hypothesised that COVID-19 patients frequently
develop a HFpEF-like syndrome, and designed this study to explore this.
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Methods
and results

Cardiac function was assessed in 64 consecutive, hospitalized, and clinically stable COVID-19 patients from
April–November 2020 with left ventricular ejection fraction (LVEF) ≥50% (age 56± 19 years, females: 31%, severe
COVID-19 disease: 69%). To investigate likelihood of HFpEF presence, we used the HFA-PEFF score. A low (0–1

points), intermediate (2–4 points), and high (5–6 points) HFA-PEFF score was observed in 42%, 33%, and 25% of
patients, respectively. In comparison, 64 subjects of similar age, sex, and comorbidity status without COVID-19
showed these scores in 30%, 66%, and 4%, respectively (between groups: P= 0.0002). High HFA-PEFF scores were
more frequent in COVID-19 patients than controls (25% vs. 4%, P= 0.001). In COVID-19 patients, the HFA-PEFF
score significantly correlated with age, estimated glomerular filtration rate, high-sensitivity troponin T (hsTnT),
haemoglobin, QTc interval, LVEF, mitral E/A ratio, and H2FPEF score (all P< 0.05). In multivariate, ordinal regression
analyses, higher age and hsTnT were significant predictors of increased HFA-PEFF scores. Patients with myocardial
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injury (hsTnT ≥14 ng/L: 31%) vs. patients without myocardial injury, showed higher HFA-PEFF scores [median 5
(interquartile range 3–6) vs. 1 (0–3), P< 0.001] and more often showed left ventricular diastolic dysfunction (75%
vs. 27%, P< 0.001).
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Conclusion Hospitalized COVID-19 patients frequently show high likelihood of presence of HFpEF that is associated with cardiac
structural and functional alterations, and myocardial injury. Detailed cardiac assessments including echocardiographic
determination of left ventricular diastolic function and biomarkers should become routine in the care of hospitalized
COVID-19 patients.
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Introduction
Coronavirus disease 2019 (COVID-19) is known to lead to
myocardial damage and vascular injury in many patients. We
hypothesised that a substantial proportion of patients with
COVID-19 develop heart failure with preserved ejection fraction
(HFpEF), and designed this study for further investigation.

The clinical manifestations of COVID-19 disease range from
none or mild symptoms to acute respiratory distress syndrome and
death.1 Despite respiratory symptoms, patients also present with
chest pain, arrhythmias, palpitations, severe peripheral oedema
and acute heart failure.2,3 In particular, COVID-19 patients with
cardiac disease compared to patients without cardiac disease more
often have thromboembolic events4 and demonstrate a higher
mortality.5,6 In May 2020, Tavazzi et al.7 reported the first case of
acute cardiac injury with the finding of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) particles and low-grade
inflammation within the myocardium but not accompanied by
cardiomyocyte necrosis. Whether myocardial alterations are
caused by direct viral damage to the heart or vasculature or by
infection-related cytokine storm is still under debate.8 Principally,
viral-induced cardiac inflammatory alterations are known to be
able to trigger myocarditis-induced HFpEF and heart failure with
reduced ejection fraction.9 There is growing interest in identifying
COVID-19 patients at risk of developing viral-related heart failure
and cardiovascular (CV) impairments.10

Methods
Patients
From April to November 2020, we prospectively enrolled clinically
stable COVID-19 patients at one of our COVID-19 wards (at the
Department of Internal Medicine/Infectious Diseases and Pulmonary
Medicine, Charité – Universitätsmedizin, Campus Virchow-Klinikum,
Berlin, Germany) into the observational cohort study Pa-COVID-19.11

All patients gave written informed consent. The study was approved
by the ethics committee of the Charité – Universitätsmedizin Berlin
(EA2/066/20) and conducted in accordance with the Declaration of
Helsinki.

We consecutively recruited 71 clinically stable COVID-19 patients
in the first days following their admission to one of our COVID-19
wards at the Charité [average number of days since first symptoms until
echocardiography and biomarker assessment 11 days (interquartile ..
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.. range, IQR 5–16)]. Six patients were found to have a reduced systolic
left ventricular (LV) function [LV ejection fraction (LVEF) <50%, mean
LVEF 35± 6%] and were therefore excluded from this analysis. Three
patients had a transthoracic echocardiogram in the 12 months before
their SARS-CoV-2 infection, with one patient showing pre-existing
right ventricular dysfunction [tricuspid annular plane systolic excursion
(TAPSE) 12 mm, right ventricular systolic excursion velocity (RV S’)
0.06 m/s] with LVEF 50%, who was therefore excluded from the analy-
sis. The final study cohort reported on here consists of 64 COVID-19
patients with an LVEF ≥50% without prior known heart failure.

To compare the HFA-PEFF scores of the COVID-19 patients with
that of patients without COVID-19, we included a control group of 64
patients from the Massachusetts General Hospital Cardiopulmonary
Exercise Testing cohort. Controls were consecutive patients with
exertional dyspnoea and preserved ejection fraction (LVEF ≥50%)
but without a prior diagnosis of heart failure who were referred
for clinically-indicated cardiopulmonary exercise testing and also
had available echocardiographic and biomarker assessments to cal-
culate HFA-PEFF scores.12 From this sample of 121 individuals, we
group-matched 64 controls for sex (primary matching criterion), age,
and comorbidity distribution with the COVID-19 patient cohort.
All patients gave written informed consent. The study was approved
by the Massachusetts General Hospital’s institutional review board
(2010P001704) and conducted in accordance with the Declaration of
Helsinki.

Investigations
All patients received a standard blood sample from an antecubital vein,
and a 12-channel resting electrocardiogram (ECG) and a transthoracic
echocardiography (VIVID E95, GE Healthcare) were performed. Data
on patients’ clinical condition, comorbidities and drug therapy were
collected from all patients, directly from their history and medical
records. Myocardial injury was defined as a high-sensitivity troponin
T (hsTnT) value exceeding the 99th percentile of a normal reference
population (≥14 ng/L).13,14

Echocardiographic assessment
A complete standard echocardiographic examination, including
grey-scale images for two-dimensional strain analysis, was performed.
Offline analyses were conducted with a standard imaging software
(EchoPAC SW 203, GE Healthcare). LVEF was calculated using the
biplane Simpson’s method,15 left atrial end-systolic volumes were
obtained in the apical 4-chamber view according to Simpson’s method.
Post-processing analysis with speckle tracking was conducted in the
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apical 4-chamber, 2-chamber, and long-axis views at a frame rate of 50
to 70 frames/s using automated function imaging. Global longitudinal
strain was calculated as the mean of all segmental strain values in the
three apical views.

Linear LV measurements as well as LV mass calculation were per-
formed according to the recommendations of the American Society
of Echocardiography and the European Association of Cardiovascular
Imaging.16 LV mass index and left atrial index were obtained by adjust-
ment for body surface area according to DuBois formula.

Left ventricular diastolic function was evaluated using: (i) the ratio of
early transmitral flow velocity (E) to late transmitral flow velocity (A);
(ii) the mean (E/e′ mean) of transmitral E to early diastolic medial LV
tissue velocity (e′ septal) and the transmitral E to the early diastolic LV
tissue velocity of the lateral wall (e′ lateral). Right ventricular function
was defined by the measurement of TAPSE and RV S′.

Pulmonary artery systolic pressure was obtained from the peak
velocity of the tricuspid regurgitation jet derived by continuous wave
Doppler, using the modified Bernoulli equation, plus the estimated
right atrial pressure, obtained from the inferior vena cava size and its
collapsibility.

HFA-PEFF score
The HFA-PEFF score was calculated according to the Heart Fail-
ure Association (HFA) of the European Society of Cardiology (ESC)
recommendations.17 It is composed of four steps (pre-test assessment,
echocardiography and natriuretic peptide diagnostic score, functional
testing, and final aetiology). According to the HFA-PEFF score, the
patients were divided into three risk groups for HFpEF probability: low
(0–1 points, HFpEF unlikely), intermediate (2–4, HFpEF uncertain),
and high (5–6, HFpEF diagnosis).

H2FPEF score
The H2FPEF score was calculated according to Reddy et al.,18 and
derives from the integration of four clinical characteristics and two
echocardiographic parameters. According to this score, the diagnosis
of HFpEF is ruled out with 0–1 points and highly likely in patients with
6–9 points. The probability of HFpEF is intermediate when the score
is between 2–5 points.

Statistical analysis
For statistical analyses, we used IBM Statistical Package for the Social
Sciences (SPSS) version 26.0 (IBM Co., Armonk, NY, USA). The col-
lected data were presented as mean± standard deviation or num-
ber of patients and percentage. Where mean± standard deviation
was not appropriate to summarize the distributions, median and IQR
were reported. We used unpaired t-test/ANOVA as parametric and
Mann-Whitney U test/Kruskal–Wallis test as non-parametric hypoth-
esis tests. For the analysis of the contingency tables, we preferably
used Chi-square tests. If the contingency tables contained at least one
cell assignment smaller than five, the Fisher’s exact test was chosen.19

We correlated the HFA-PEFF score with clinical relevant parameters
from ECG, echocardiography, and blood parameters using rank-based
Spearman correlation (none of these clinical relevant parameters were
used to calculate the HFA-PEFF score). All significant parameters from
Spearman correlation analysis were included in a multivariate, ordinal
regression analysis with logit link. Prior to multivariate, ordinal regres-
sion analysis, six missing ‘mitral E/A ratios’ were imputed using the ..
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.. expectation maximization algorithm. For the two significant param-
eters from multivariate regression analysis (hsTnT and age) we con-
ducted receiver operating characteristics (ROC) analysis for predicting
a high HFA-PEFF score (5–6 points). The optimal cut-off value was cho-
sen by maximizing Youden’s index using the R package maxstat.20,21 A
P-value <0.05 was considered statistically significant in all analyses. To
compare the frequencies of HFA-PEFF scores (in the categories low,
middle and high as well as low/middle and high) in COVID-19 patients
and controls, Chi-square tests were used.

Results
The final study population included 64 COVID-19 patients. The
mean age was 56± 19 years and 20 (31%) patients were females.
Overall, 44 (69%) patients had severe COVID-19 pneumonia
according to the current World Health Organization definition.22

Detailed baseline characteristics are shown in Table 1.23 A total of
3 (5%) patients died during the hospitalization. All other patients
were discharged by 7 December 2020 at the latest, with a median
hospitalization duration of 10 days (IQR 5–15 days).

In our study, we found that 42% of COVID-19 patients (n= 27)
had a low HFA-PEFF score, 33% (n= 21) an intermediate score,
and 25% (n= 16) a high HFA-PEFF score (Figure 1). All COVID-19
patients with a high HFA-PEFF score [n= 16 (25%), 5–6 points] had
arterial hypertension and six of these patients had atrial fibrillation
(Table 1). Patients with high HFA-PEFF score (5–6 points) had
higher levels of hsTnT (+400% vs. 0–1 points on the HFA-PEFF
score and +213% vs. 2–4 points on the HFA-PEFF score, ANOVA
P-value <0.001), lower levels of haemoglobin (−12% vs. 0–1

points’ and −6% vs. 2–4 points, ANOVA P-value =0.032), lower
estimated glomerular filtration rate (eGFR) (−31% vs. 0–1 points
and −20% vs. 2–4 points, ANOVA P-value <0.001), lower LVEF
(−5% vs. 0–1 points and −3% vs. 2–4 points, ANOVA P-value
=0.014), and more often severe COVID-19 disease, diastolic
dysfunction or right ventricular dysfunction.

Among the 64 controls with mean age 59±16 years and 39%
female, 19 (30%) showed a low HFA-PEFF score, 42 (66%)
had an intermediate score, and 3 (4%) had a high HFA-PEFF
score (Figure 1). The frequency distribution of low/middle/high
HFA-PEFF scores was different between COVID-19 patients
and controls (Chi-square P-value= 0.0002) and high HFA-PEFF
scores were more frequent in COVID-19 patients than controls
(25% vs. 4%, Chi-square P-value= 0.001). Additionally, COVID-19
patients showed higher N-terminal pro B-type natriuretic peptide
(NT-proBNP) values (+101%, P= 0.002), and lower LVEF (−3%,
P= 0.013) (Table 2).

Spearman correlation analysis showed a positive association
between the HFA-PEFF score and the following clinical parame-
ters: age, eGFR, hsTnT, haemoglobin, leucocytes, QTc interval,
LVEF, mitral E/A ratio, and additionally with the H2FPEF score.
None of these parameters were used for the calculation of the
HFA-PEFF score (Table 3). In multivariate ordinal regression anal-
yses, including the aforementioned significant clinical parameters,
age and hsTnT were significant predictors of the HFA-PEFF score
(Table 4, Figure 2). If one of these parameters increased by one unit,
the HFA-PEFF score increased by 0.06 points (age) or 0.13 points

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline characteristics of COVID-19 patients

Baseline characteristics COVID-19
patients
(n= 64)

HFA-PEFF
0–1 points
(n= 27, 42%)

HFA-PEFF
2–4 points
(n= 21, 33%)

HFA-PEFF
5–6 points
(n=16, 25%)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 56±19 46±15### 53±16### 76± 11 <0.001

Female sex 20 (31) 6 (22) 7 (33) 7 (44) 0.33
BMI (kg/m2) 27.1± 4.7 26.1± 4.4 28.3± 5.8 27.3± 3.5 0.29
Systolic blood pressure (mmHg) 126± 16 124±14# 122±19# 135±14 0.041

Diastolic blood pressure (mmHg) 76±11 75±10 76±12 76± 14 0.96
Severe disease according to WHO 44 (69) 16 (59)# 13 (62)# 15 (94) 0.044
Dyspnoea 38 (59) 15 (56) 11 (52) 12 (75) 0.33
Peripheral oedema 6 (9) 2 (7) 3 (14) 1 (6) 0.64
Length of hospitalization (days) 10 (5–15) 8 (4–11) 11 (7–19) 13 (8–21) 0.021

Medical history
Arterial hypertension 28 (44) 5 (19)### 7 (33)### 16 (100) <0.001

Atrial fibrillation 8 (13) 0## 2 (10)# 6 (38) <0.001

Coronary artery disease 8 (13) 0## 2 (10)# 6 (38) <0.001

Myocardial infarction 3 (3) 0# 0# 3 (19) 0.009
Diabetes mellitus type 2 9 (14) 2 (7) 3 (14) 4 (25) 0.28
Chronic obstructive pulmonary disease 7 (11) 1 (4) 3 (14) 3 (19) 0.26
Chronic kidney disease ≥G4 (KDIGO)23 0 0 0 0 1.00
Cardiovascular medications
ACE inhibitors 7 (11) 0## 1 (5)# 6 (38) <0.001

ARBs 8 (13) 1 (4) 3 (14) 4 (25) 0.12
Beta-blockersa 18 (28) 3 (11)### 4 (19)## 11 (69) <0.001

Diureticsb 8 (13) 0### 0### 8 (50) <0.001

Blood parameters
Sodium (mmol/L) 137± 3 138± 4 137± 3 136± 4 0.19
Potassium (mmol/L) 3.8± 0.4 3.8± 0.3 3.8± 0.4 3.8± 0.4 0.96
eGFR (mL/min) 93.9± 24.4 107.1±18.1*,### 92.4± 25.3## 73.8±18.4 <0.001

hsTnT (ng/L) 8 (5–16) 5 (4–7)### 8 (6–12)## 25 (15–29) <0.001

NT-proBNP (ng/L) 153 (73–509) 74 (21–126)**,### 162 (92–498)## 977 (265–2817) <0.001

CRP (mg/L) 27 (8–86) 36 (9–99) 12 (5–60) 25 (10–90) 0.36
Haemoglobin (g/dL) 12.5± 2.0 13.2± 2.1## 12.3±1.8 11.6± 1.8 0.032
Leucocytes (/nL) 7.3± 3.1 6.6± 3.2 8.0± 3.1 7.7± 2.9 0.30
Thrombocytes (/nL) 280±117 259±113 315±139 268± 86 0.24
Resting ECG parameters
Sinus rhythm 58 (91) 27 (100)## 21 (100)## 10 (63) <0.001

Atrial fibrillation 4 (6) 0## 0# 4 (25) 0.002
Heart rate (bpm) 76±14 74±12 78±19 74± 12 0.74
QRS interval (ms) 100± 16 99± 9 97± 6 107± 30 0.14
QTc (ms) 432± 28 423± 20 437± 25 441± 38 0.073
QTc ≥440 ms 23 (36) 5 (19)*,# 10 (48) 8 (50) 0.046
Echocardiographic parameters
LV ejection fraction (%) 65± 4 66± 3## 65± 3 63± 4 0.014
Global longitudinal strain (%) −16.3± 5.7 −16.7± 7.8 −17.4± 2.1 −14.0± 2.8 0.28
HFA-PEFF score (points) 2 (1–5) 1 (0–1)**,### 3 (2–4)# 5 (5–6) <0.001

H2FPEF score (points) 1 (0–3) 1 (0–1)### 1 (1–2)## 4 (2–7) <0.001

LV wall thickness (mm) 10.6± 1.6 9.9±1.2### 10.5±1.6### 11.8± 1.5 <0.001

LV mass index (g/m2) 97± 28 85± 20### 97± 23# 115± 37 0.003
Relative wall thickness 0.42± 0.09 0.39± 0.07### 0.42± 0.11# 0.47± 0.06 0.006
Left atrial volume index (mL/m2) 22.9±10.8 18.9± 6.1### 22.7± 7.2# 29.9±16.6 0.004
Mitral E/A ratio 1.1± 0.4 1.3± 0.4*,## 1.0± 0.5 0.8± 0.3 0.008
Diastolic dysfunction (n,%) 27 (42) 3 (11)***,### 11 (52) 13 (81) <0.001

Grade 1 (E/A<1 + E/e′ mean<10) 19 (30) 3 (11)***,# 10 (48) 6 (38) 0.017
Grade 2 (E/A≥ 1 + E/e′ mean 10–14) 4 (6) 0# 1 (5) 3 (19) 0.046
Grade 3 (E/A>=1 + E/e′ mean>14) 4 (6) 0## 0# 4 (25) 0.002

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 (Continued)

Baseline characteristics COVID-19
patients
(n= 64)

HFA-PEFF
0–1 points
(n= 27, 42%)

HFA-PEFF
2–4 points
(n= 21, 33%)

HFA-PEFF
5–6 points
(n= 16, 25%)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RV dysfunction (TAPSE <18 mm and/or RV S′ <0.10 m/s) 6 (9) 1 (4)## 0## 5 (31) 0.008
Septal e′ (cm/s) 8.7± 2.8 10.1± 2.7### 8.8± 2.4### 6.3±1.7 <0.001

Lateral e′ (cm/s) 11.1± 3.5 12.9± 3.2### 11.2± 2.2### 8.3± 2.7 <0.001

TR velocity (m/s) 2.38± 0.42 2.24± 0.23### 2.29± 0.29### 2.70± 0.59 0.001

Pulmonary artery systolic pressure (mmHg) 28± 8 26± 4### 26± 6### 33±11 0.010

Normal distributed variables are presented as mean ± standard deviation, non-parametric variables as median (interquartile range), and nominal variables as n (%).
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CRP, C-reactive protein; e′ , mitral annulus early diastolic velocity; E/A,
early filling velocity (E) and late filling velocity (A) ratio through the mitral annulus; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; hsTnT, high-sensitivity
troponin T; LV, left ventricular; NT-proBNP, N-terminal pro B-type natriuretic peptide; RV, right ventricular; RV S′ , right ventricular systolic excursion velocity; TAPSE, tricuspid
annular plane systolic excursion, TR, tricuspid regurgitation; WHO, World Health Organization.
*P< 0.05 vs. HFA-PEFF 2–4 points.
**P< 0.01 vs. HFA-PEFF 2–4 points.
***P< 0.001 vs. HFA-PEFF 2–4 points.
#P< 0.05 vs. HFA-PEFF 5–6 points.
##P< 0.01 vs. HFA-PEFF 5–6 points.
###P< 0.001 vs. HFA-PEFF 5–6 points.
a16 (89%) of 18 patients already used beta-blockers before hospital admission.
b7 (88%) of 8 patients already used diuretics before hospital admission.

Figure 1 HFA-PEFF score distribution in COVID-19 patients and controls. Comparing the HFA-PEFF scores in the categories low,
intermediate and high (low/intermediate and high) between COVID-19 patients and controls results in P= 0.0002 (P= 0.001).

(hsTnT). Nagelkerke’s R Square24 was 0.60, indicative for a substan-
tial goodness-of-fit of the multivariate model according to Cohen.25

A chi-square was performed to test the difference between the −2
log-likelihood for the intercept-only model and the final model. The
statistically significant chi-square statistic (P< 0.0001) indicates that
the final model gives a significant improvement over the baseline
intercept-only model. Correlation coefficient between predicted
response category and measured HFA-PEFF score was 0.72 (Spear-
man’s rho). According to Landis and Koch,26 this is a substantial
agreement. ..
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. For the two significant parameters from multivariate regression
analysis (age and hsTnT), we conducted ROC analysis for calcu-
lating the best cut-offs for predicting a high HFA-PEFF score [5–6
points; age: area under the curve 0.93 (0.87–1.00); hsTnT: area
under the curve 0.94 (0.89–1.00), P< 0.001]. The best cut-off for
predicting a high HFA-PEFF score regarding age was≥62 years (sen-
sitivity 94%, specificity 79%) and for hsTnT ≥10 ng/L (sensitivity
100%, specificity 79%) (Figure 3).

Patients with vs. without myocardial injury had higher HFA-PEFF
scores [median 5 (IQR 3–6) vs. 1 (IQR 0–3), P< 0.001], elevated
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Table 2 Analysis of COVID-19 patients vs. controls

Baseline characteristics COVID-19 patients (n= 64) Controls (n= 64) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 56±19 59±16 0.38
Female sex 20 (31) 25 (39) 0.36
NT-proBNP (ng/L) 153 (73–509) 76 (36–133) 0.002
Sinus rhythm 58 (91) 49 (77) 0.032
Medical history
Arterial hypertension 28 (44) 36 (56) 0.16
Atrial fibrillation 8 (13) 15 (23) 0.11

Coronary artery disease 8 (13) 10 (16) 0.61

Myocardial infarction 3 (5) 1 (2) 0.31

Diabetes mellitus type 2 9 (14) 7 (11) 0.59
Chronic obstructive pulmonary disease 7 (11) 5 (8) 0.54
Chronic kidney disease ≥G4 (KDIGO) 0 0 1.00
Echocardiographic parameters
LV ejection fraction (%) 65± 4 67± 6 0.013
LV wall thickness (mm) 10.5±1.6 10.2± 2.2 0.33
LV mass index (g/m2) 97± 28 83± 26 0.006
Relative wall thickness 0.42± 0.09 0.44± 0.11 0.36
Mitral E/A ratio 1.1± 0.4 1.2± 0.4 0.47
Septal e′ (cm/s) 8.7± 2.8 7.3± 2.0 0.002
Lateral e′ (cm/s) 1.1± 3.5 1.0± 3.0 0.048
TR velocity (m/s) 2.38± 0.42 2.51± 0.38 0.087
Pulmonary artery systolic pressure (mmHg) 29± 9 35± 8 <0.001

Normal distributed variables are presented as mean ± standard deviation, non-parametric variables as median (interquartile range), and nominal variables as n (%).
e′ , mitral annulus early diastolic velocity; E/A, early filling velocity (E) and late filling velocity (A) ratio through the mitral annulus; LV, left ventricular; NT-proBNP, N-terminal
pro B-type natriuretic peptide; TR, tricuspid regurgitation.

levels of NT-proBNP (+455%, P< 0.001), eGFR (−30%, P< 0.001)
(Table 5). In echocardiographic examination, patients with myocar-
dial injury demonstrated lower LVEF, more often diastolic dysfunc-
tion, and right ventricular dysfunction.

Discussion
In this study, we describe for the first time using the HFA-PEFF
score that a substantial proportion of COVID-19 patients showed
higher risk of HFpEF. The prevalence of a high HFA-PEFF score
was increased in COVID-19 patients in comparison to controls.
In multivariate, ordinal regression analyses, age, and hsTnT were
significantly associated with a raised HFA-PEFF score. Amongst
patients with biochemical evidence for myocardial injury, HFA-PEFF
score was higher and LV diastolic dysfunction and reduced global
longitudinal strain were more prevalent. Based on these results
using the HFA-PEFF algorithm during the acute phase of infection
may facilitate the identification of COVID-19 patients with acute
cardiac abnormalities compatible with HFpEF-like syndrome, as is
also known for other inflammatory viral diseases.27

In the last months, great efforts have been made to accomplish
better characterization of the CV profile of COVID-19 patients,
to define which factors may reveal CV complications, and how to
manage CV care of these patients.28 So far, CV risk factors like
advanced age, male sex, arterial hypertension, and previous coro-
nary artery disease have been frequently reported in COVID-19 ..
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. patients admitted to hospital.29–31 The presence of arterial hyper-

tension in 43% of our patients is slightly higher than in other
large, multicentre studies conducted in China and the United States
where hypertension was observed in 24%1 and 35%32 of patients
with COVID-19.

HFpEF is a severe medical problem with currently limited ther-
apeutic options. The HFA-PEFF score was recently developed to
improve the diagnosis of HFpEF.17 It has been validated in two
different independent cohorts of 228 and 459 HFpEF patients,33

describing a specificity of 93% and positive predictive value of 98%
to rule in HFpEF with a high score, and a sensitivity of 99% and
a negative predictive value of 73% to rule out HFpEF with a low
score. The diagnostic accuracy in patients with ≥5 points was 0.90
(0.84–0.96, area under the ROC curve). Accordingly, we reason-
ably hypothesized the score might be helpful in the assessment of
HFpEF like-syndrome in COVID-19 patients.

Echocardiography is an important and non-invasive part of CV
examinations in COVID-19 patients.28 In 1216 COVID-19 patients
assessed with echocardiography, severe cardiac disease was evident
in 15%. Myocardial infarction was present in 3%, myocarditis in 3%,
and Takotsubo cardiomyopathy in 2%.34 Szekely et al.35 observed in
a prospective study of 100 COVID-19 patients (29% with severe,
10% with critical, 61% with mild/moderate COVID-19 disease) that
LV diastolic dysfunction was present in 16% of patients, whereas
we detected diastolic dysfunction in our cohort (69% of patients
with severe COVID-19 disease) to be present in 42% of patients
with LVEF ≥50%. Hence, LV diastolic dysfunction might be present
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Table 3 Spearman correlation for the HFA-PEFF
score vs. clinical relevant parameters

Measurement rs (95% CI) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 0.64 (0.45, 0.78) <0.001

BMI (kg/m2) 0.16 (−0.09, 0.40) 0.22
Systolic blood pressure

(mmHg)
0.24 (−0.01, 0.45) 0.056

Diastolic blood pressure
(mmHg)

0.13 (−0.09, 0.35) 0.32

H2FPEF score (points) 0.61 (0.41, 0.77) <0.001

Sodium (mmol/L) −0.23 (−0.47, 0.04) 0.070
Potassium (mmol/L) 0.06 (−0.20, 0.31) 0.63
eGFR (mL/min) −0.59 (−0.73, −0.41) <0.001

hsTnT (ng/L) 0.73 (0.57, 0.84) <0.001

NT-proBNP (ng/L) 0.77 (0.65, 0.85) <0.001

CRP (mg/L) −0.10 (−0.36, 0.14) 0.42
Haemoglobin (g/dL) −0.34 (−0.57, −0.08) 0.007
Leucocytes (/nL) 0.27 (0.03, 0.47) 0.033
Thrombocytes (/nL) 0.15 (−0.09, 0.39) 0.23
Heart rate (bpm) −0.01 (−0.23, 0.22) 0.95
QRS interval (ms) −0.04 (−0.30, 0.25) 0.73
QTc (ms) 0.35 (0.08, 0.56) 0.005
LV ejection fraction (%) −0.30 (−0.52, −0.06) 0.017
Mitral E/A ratio −0.54 (−0.71, −0.32) <0.001

BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; E/A, early
filling velocity (E) and late filling velocity (A) ratio through the mitral annulus;
eGFR, estimated glomerular filtration rate; hsTnT, high-sensitivity troponin T;
LV, left ventricular; NT-proBNP, N-terminal pro B-type natriuretic peptide.

Table 4 Multivariate ordinal regression analyses

Estimatea SE P-value 95% CI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 0.06 0.02 0.007 0.02, 0.11

eGFR (mL/min) 0.01 0.02 0.59 −0.02, 0.04
hsTnT (ng/L) 0.13 0.04 0.001 0.05, 0.20
Haemoglobin (g/dL) 0.05 0.16 0.78 −0.27, 0.37
Leucocytes (/nL) 0.09 0.08 0.29 −0.07, 0.25
QTc (ms) 0.01 0.01 0.63 −0.02, 0.03
LV ejection

fraction (%)
−0.06 0.08 0.44 −0.22, 0.10

Mitral E/A ratio −0.60 0.74 0.42 −2.05, 0.85

Link function: Logit. Correlation coefficient between predicted response cate-
gory and measured HFA-PEFF score: 0.72 (Spearman’s rho).
CI, confidence interval; E/A, early filling velocity (E) and late filling velocity (A)
ratio through the mitral annulus; eGFR, estimated glomerular filtration rate;
hsTnT, high-sensitivity troponin T; LV, left ventricular; SE, standard error.
aThe estimate gives the increase or decrease of the HFA-PEFF score, if the given
parameter increased by one unit.

more often in patients with severe COVID-19 disease, compared
to patients with mild or moderate disease.

In comparison, the H2FPEF score was retrospectively derived
and validated36 to discriminate patients with HFpEF from patients
with non-cardiac dyspnoea, which is often difficult in clinical
practice. Other non-cardiac causes of dyspnoea include: chronic ..
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.. obstructive pulmonary disease, COVID-19 and other pneumonia,
bronchial asthma, cancer, trauma, angioedema, vocal cord dysfunc-
tion, and many others. Up to 25% of all ambulatory patients show
dyspnoea37 and therefore the HFA-PEFF and H2FPEF score are
important clinical tools in examining patients with unknown causes
of dyspnoea. In this study, the HFA-PEFF score and H2FPEF score
correlated well, even though both scores are very different. While
the HFA-PEFF score includes a variety of echocardiographic param-
eters and laboratory values, the H2FPEF score incorporates more
clinical characteristics of the patients and fewer echocardiographic
parameters. Nonetheless, an intermediate risk for HFpEF accord-
ing to the H2FPEF score was found in 36% of the COVID-19
patients while 13% of patients were categorized in the high-risk
group.

Myocardial injury defined as increased values of hsTnT has
been observed in about 20% of COVID-19 patients.6 It has
been shown that higher concentrations of cardiac biomark-
ers (NT-proBNP, hsTnI, hsTnT) correlate with severity of
infection.38,39 A non-specific increase of cardiac enzymes in
COVID-19 patients may reveal not only a predisposition of these
patients to cardiac injury,40 but also other cardiac dysfunctions.41

In our study, hsTnT was observed as a strong predictor of higher
HFA-PEFF score. Accordingly, increased hsTnT in COVID-19
patients may help identifying COVID-19-induced cardiac diastolic
aberrations.

Whether myocardial injury is only temporary is unclear and
therefore clinical follow-up studies of patients with myocardial
injury are needed. Cardiac magnetic resonance and endomy-
ocardial biopsy studies showed that in some COVID-19 or
post-COVID-19 patients an ongoing cardiac inflammation can be
detected.42–44 This is in agreement with several echocardiographic
parameters, detectable in those patients.45,46

The time for cardiac depolarization and repolarization (QTc
interval) was prolonged in COVID-19 patients with an interme-
diate or high HFA-PEFF score. In general, a QTc prolongation is
associated with a higher risk for ventricular arrhythmias and sud-
den cardiac death.47 Arrhythmias and QTc prolongation are known
to occur in COVID-19 patients.48 Our finding does not necessar-
ily belong directly to key features of LV diastolic dysfunction in
COVID-19-induced HFpEF, but could be an indicator of cardiac
damage due to COVID-19-induced cardiac inflammatory stress
responses as known for myocarditis and ischaemia, respectively.49

Guo et al.50 have shown in 187 hospitalized COVID-19 patients that
malignant arrhythmias occurred in 7% of patients and were more
frequently in patients with vs. without myocardial injury (12% vs.
5%, P< 0.001). Hence, the HFA-PEFF score could also be useful
and important in detecting COVID-19 patients more vulnerable to
malignant arrhythmias.

In this COVID-19 cohort, the in-hospital mortality rate was at
5% (3/64 patients). There are several reasons for this low mortality:
first of all, the overall mortality rate during the study period in
patients in Germany with a SARS-CoV-2 infection was also low
at about 2–5%.51 Secondly, even though all our patients were
hospitalized, we only included clinically stable patients on a normal
COVID-19 ward and examined no patients in an intermediate or
intensive care unit. Lastly, as explained in the methods section, six
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Figure 2 Scatter plot of the HFA-PEFF score vs. high-sensitivity troponin T (hsTnT) and age.

Figure 3 Receiver operating characteristic (ROC) curves for
high-sensitivity (hs) troponin T and age for predicting a high
HFA-PEFF score (5–6 points).

patients with LVEF <50% and one patient with previously known
right ventricular dysfunction were excluded from the study (two of
these seven patients died during hospitalization). If these patients
would have been included in the analysis, the in-hospital mortality
rate would have been at 7%. This in-hospital mortality rate is
comparable to that found by others in Germany,52 when looking
at hospitalized COVID-19 patients not treated in an intensive care
unit (156 deaths in 1856 patients, i.e. 8%).

Limitations
The main limitation of this study is the relatively small sample size
of 64 COVID-19 patients, but all patients were included prospec-
tively and with detailed echocardiography assessment, which is
more complicated to perform in COVID-19 patients than usual,
due to the required protection measures for the investigator. Only ..
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. few patients had ever received an echocardiogram before their
current COVID-19 hospitalization (n= 3) and hence a comparison
to previous echocardiograms was not possible. The reason for this
is that in none of the included 64 COVID-19 patients, HFpEF had
ever been suspected or diagnosed before. We could only apply step
2 of the HFA-PEFF algorithm in all patients. Since the HFA-PEFF
score has not been used in COVID-19 patients before, we did not
rule out patients with step 1 (i.e. pre-test assessment), and could
not apply step 3 (i.e. stress echocardiography for patients with
intermediate scores to secure a final diagnosis of HFpEF) and step 4
(i.e. identify the specific aetiology for HFpEF). The HFA-PEFF score
algorithm was assessed during the acute phase of COVID-19 infec-
tion. For this setting, the score has not been originally developed.
Nevertheless, we believe that our results are representative for
the CV profile of clinically stable COVID-19 patients treated in a
normal COVID-19 ward despite the small sample size. We cannot
know for sure from our analysis whether HFpEF and COVID-19
are truly related and whether some of the COVID-19 patients
already had an elevated HFA-PEFF score before their COVID-19
infection, also given that patients with high HFA-PEFF score were
older and all suffered from arterial hypertension, but compared
to our control group (with similar age, sex, and comorbidity
status), a high HFA-PEFF score was seen more often in COVID-19
patients than controls. It is possible that patients had undiagnosed
HFpEF before their SARS-CoV-2 infection. Although the control
group was carefully matched for relevant potential confounders,
the presence of some residual confounding cannot be excluded
entirely. To establish whether the HFA-PEFF score could be useful
in predicting long-term cardiac dysfunction and whether HFpEF is
related or even caused by the SARS-CoV-2 infection, larger studies
with long-term follow-up and comprehensive echocardiographic
studies of COVID-19 patients are warranted.

Conclusions
We have found evidence of cardiac structural and functional alter-
ations compatible with HFpEF which are associated with presence
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Table 5 Analysis of COVID-19 patients according to myocardial injury (high-sensitivity troponin T >99% upper limit
of normal/>14 ng/L)

Baseline characteristics No myocardial
injury (n= 44, 69%)

Myocardial
injury (n= 20, 31%)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 50±16 70±17 <0.001

Female sex 11 (25) 9 (45) 0.11

BMI (kg/m2) 26.8± 4.5 27.8± 5.3 0.45
Systolic blood pressure (mmHg) 124±17 131±14 0.14
Diastolic blood pressure (mmHg) 76±12 76±11 0.88
Severe disease according to WHO 29 (66) 15 (75) 0.47
Dyspnoea 25 (57) 13 (65) 0.54
Peripheral oedema 4 (9) 2 (10) 0.91

Length of hospitalization (days) 9 (5–14) 13 (9–21) 0.016
Medical history
Arterial hypertension 14 (32) 14 (70) 0.004
Atrial fibrillation 2 (5) 6 (30) 0.009
Coronary artery disease 3 (7) 5 (25) 0.096
Myocardial infarction 1 (2) 2 (10) 0.23
Diabetes mellitus type 2 2 (5) 7 (35) 0.003
Chronic obstructive pulmonary disease 3 (7) 4 (20) 0.19
Chronic kidney disease ≥G4 (KDIGO) 0 0 1.00
Cardiovascular medications
ACE inhibitors 2 (5) 5 (25) 0.026
ARBs 4 (9) 4 (20) 0.24
Beta-blockers 7 (16) 11 (55) 0.001

Diuretics 0 8 (40) <0.001

Blood parameters
Sodium (mmol/L) 138± 3 136± 3 0.017
Potassium (mmol/L) 3.8± 0.4 3.8± 0.4 0.86
eGFR (mL/min) 102.9± 20.2 74.4± 21.6 <0.001

hsTnT (ng/L) 6 (5–8) 22 (16–29) <0.001

NT-proBNP (ng/L) 97 (33–191) 538 (234–2414) <0.001

CRP (mg/L) 24 (7–84) 32 (9–92) 0.45
Haemoglobin (g/dL) 13.0±1.7 11.4± 2.3 0.002
Leucocytes (/nL) 7.0± 3.1 8.0± 3.2 0.23
Thrombocytes (/nL) 273± 127 293± 94 0.54
Resting ECG parameters
Sinus rhythm 44 (100) 14 (70) 0.001

Atrial fibrillation 0 4 (20) 0.008
Heart rate (bpm) 75±13 77±17 0.61

QRS interval (ms) 98± 9 106± 26 0.23
QTc (ms) 428± 23 440± 34 0.085
QTc ≥440 ms 13 (30) 10 (50) 0.11

Echocardiographic parameters
LV ejection fraction (%) 66± 3 63± 4 0.013
Global longitudinal strain (%) −16.6± 6.4 −15.5± 3.0 0.53
HFA-PEFF score (points) 1 (0–3) 5 (3–6) <0.001

H2FPEF score (points) 1 (0–2) 3 (1–7) <0.001

LV wall thickness (mm) 10.2±1.5 11.3±1.6 0.007
LV mass index (g/m2) 92± 23 108± 35 0.031

Relative wall thickness 0.41± 0.09 0.45± 0.07 0.061

Left atrial volume index (mL/m2) 20.6± 6.9 27.9±15.5 0.055
Mitral E/A ratio 1.2± 0.5 0.8± 0.3 0.004
Diastolic dysfunction 12 (27) 15 (75) <0.001

Grade 1 (E/A<1 + E/e′ mean<10) 10 (23) 9 (45) 0.071

Grade 2 (E/A≥1 + E/e′ mean 10–14) 2 (5) 2 (10) 0.58
Grade 3 (E/A>=1 + E/e′ mean>14) 0 4 (20) 0.008
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Table 5 (Continued)

Baseline characteristics No myocardial
injury (n= 44, 69%)

Myocardial
injury (n= 20, 31%)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RV dysfunction (TAPSE <18 mm and/or RV S′ <0.10 m/s) 0 6 (30) 0.001

Septal e′ (cm/s) 9.4± 2.7 7.2± 2.5 0.004
Lateral e′ (cm/s) 12.1± 3.2 9.4± 3.6 0.004
TR velocity (m/s) 2.28± 0.27 2.59± 0.57 0.030
Pulmonary artery systolic pressure (mmHg) 26± 5 31± 11 0.028

Normal distributed variables are presented as mean ± standard deviation, non-parametric variables as median (interquartile range), and nominal variables as n (%).
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CRP, C-reactive protein; e′ , mitral annulus early diastolic velocity; E/A,
early filling velocity (E) and late filling velocity (A) ratio through the mitral annulus; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; hsTnT, high-sensitivity
troponin T; LV, left ventricular; NT-proBNP, N-terminal pro B-type natriuretic peptide; RV, right ventricular; RV S′ , right ventricular systolic excursion velocity; TAPSE, tricuspid
annular plane systolic excursion, TR, tricuspid regurgitation; WHO, World Health Organization.

of myocardial injury in hospitalized COVID-19 patients, detectable
by both recently established diagnostic HFpEF algorithms. Per def-
inition they may belong to the group of viral-induced HFpEF-like
syndromes, where aetiology, treatment and probably prognosis
differ from classical HFpEF scenarios induced by established risk
factors like hypertension or diabetes mellitus. We suggest that an
assessment of cardiovascular status including NT-proBNP, hsTnT
and LV diastolic function testing by echocardiography is useful to
assess the disease status of hospitalized COVID-19 patients.
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