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Aims: The frontal QRS-T (fQRS) angle has been investigated in the general population, including healthy people
and patients with heart failure. The fQRS angle can predict mortality due to myocarditis, ischaemic and non-
ischaemic cardiomyopathies, idiopathic dilated cardiomyopathy, and chronic heart failure in the general popula-
tion. Moreover, no studies to date have investigated fQRS angle in coronavirus disease 2019 (COVID-19) patients.
Thus, the purpose of this retrospective multicentre study was to evaluate the fQRS angle of COVID-19 patients to
predict in-hospital mortality and the need for mechanical ventilation.
Methods and results: An electrocardiogram was performed for 327 COVID-19 patients during admission, and the
fQRS angle was calculated. Mechanical ventilation was needed in 119 patients; of them, 110 died in the hospital.
The patients were divided into two groups according to an fQRs angle >90° versus an fQRS angle ≤90°. The per-
centages of mortality and the need for mechanical ventilation according to fQRS angle were 67.8% and 66.1%, re-
spectively, in the fQRs >90° group and 26.1% and 29.9% in the fQRS ≤90°group. Heart rate, oxygen saturation,
fQRS angle, estimated glomerular filtration rate, and C-reactive protein level were predictors of mortality on
the multivariable analysis. The mortality risk increased 2.9-fold on the univariate analysis and 1.6-fold on the
multivariate analysis for the fQRS >90° patient group versus the fQRS ≤90° group.
Conclusion: In conclusion, awide fQRS angle>90°was a predictor of in-hospitalmortality and associatedwith the
need for mechanical ventilation among COVID-19 patients.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Coronavirus disease 2019 (COVID-19) mainly causes viral pneumo-
nia, but it can also affectmany organs, including the heart, liver, and kid-
neys [1]. The myocardial effects of COVID-19 include acute coronary
syndromes, myocarditis, decompensated heart failure, pulmonary em-
bolisms, and arrhythmias. These effects show a wide spectrum of elec-
trocardiogram (ECG) abnormalities. ST-T changes can be observed in
COVID-19 patients alongwith atrial fibrillation, sinus tachycardia, atrio-
ventricular (AV) block, QT interval prolongation, and new bundle
branch block. Atrial fibrillation, sinus tachycardia, ST-T changes, and
left bundle branch block were reportedly independent risk factors for
in-hospital death and ventilator use in COVID-19 patients [2-4].

QRS-T angle is another ECG parameter. There are two different
methods for calculating QRS-T angle: spatial and frontal. The spatial
).
QRS-T angle is complex and is unlikely to be obtained via ordinary
ECG devices; Rather, a software is necessary to calculate it. The frontal
QRS-T (fQRS) angle is the difference between the frontal plane QRS
axis (ventricular depolarisation) and the T axis (ventricular
repolarisation). The fQRS-T angle shows cardiac depolarisation–
repolarisation heterogeneity. Automatic reports of many 12‑lead ECG
devices can be obtained and are readily interpretable [2].

In the previous studies, the fQRS angle was investigated in the gen-
eralpopulation, includinghealthypeople andpatientswithheart failure.
Although COVID-19 is a disease with high mortality, its predictive
markers of mortality are very few. The fQRS angle can predict mortality
due tomyocarditis, ischaemic and non-ischaemic cardiomyopathies, id-
iopathic dilated cardiomyopathy, and chronic heart failure in thegeneral
population [3-8]. However, its usefulness in COVID-19 patients has not
yet been reported. This retrospective multicentre study aimed to evalu-
ate the fQRS angle as a parameter for survival and indication for theneed
formechanical ventilation (MV) amonghospitalised COVID-19 patients.
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Fig. 1. Flow diagram of the study profile.
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2. Methods

The studywas conducted at theMerkezefendi State Hospital and the
Faculty of Medicine at Celal Bayar University. The patients enrolled in
this retrospective study were diagnosed with COVID-19 and were con-
firmed by RNA detection using reverse transcription polymerase chain
reaction (RT-PCR). The study was conducted between July 2020 and
December 2020 at two different hospitals.

This retrospective study was approved by the ethical committee of
the Faculty of Medicine at Celal Bayar University as well as the Turkish
Ministry of Health (no. 2020–06-05T11_26_30).

A 10-s 12‑lead ECG (MAC 2000, GE Medical Systems Information
Technologies, Inc., MI, USA) was performed at admission with the pa-
tient in the supine positionwith a paper speed of 25mm/s and a voltage
of 10 mm/s.

Heart rate and rhythm, fQRS angle, QT interval, corrected QT (QTc),
and QRS duration were recorded on admission. The fQRS angle was de-
fined as the difference between the QRS complex and the T wave. The
fQRS angle, QRS complex, and T wave were obtained via ECG devices
as automatic reports. When the angle exceeded 180°, the frontal QRS-
T angle was calculated as 360° minus the absolute value of the differ-
ence between the frontal plane QRS axis and the T axis [2]. Additionally,
QRS duration, QT, and QTc data were evaluated blindly by two cardiolo-
gists using software after ×400 magnification.

QTwasmeasured from the beginning of the QRS complex to the end
of the T wave. QTc was calculated using the Bazett formula (QTc = QT/
√R−R) [9]. We split the patients into two groups according to the fQRS
angle (>90° versus ≤90°). The fQRs >90° group was labelled as wide
and fQRS ≤90° group as narrow, as an fQRs>90°was reportedly a signif-
icant predictor ofmortality inmany studies, including theDEFINITE trial
[10,11].

The demographic characteristics of all patients reported with the
values of weight, height, body mass index, standard blood testing in-
cluding D-dimer, troponin I (cTnI), C-reactive protein (CRP), estimated
glomerular filtration rate (eGFR), lymphocyte count, neutrophil count,
and lymphocyte-to-neutrophil ratio as well as computed tomography,
oxygen saturation (SO2), at the time of admission. In addition, all
patients' symptoms (fever, cough, malaise, cough, dyspnoea,
headache, sore throat) and clinical features including hypertension,
congestive heart failure, diabetes mellitus, and chronic obstructive
pulmonary disease were recorded using patients' anamnesis or
historical electronic medical records. The medications that were taken
prior to admission, including anti-arrhythmic drugs and those adminis-
tered in the hospital, were recorded.

We excluded patients who had ECG findings of Wolf-Parkinson-
White syndrome, pacemaker rhythm, complete left or right bundle
branch block (QRS ≥ 120 ms), or ventricular tachycardia.

2.1. Follow-up

Patients were followed up from hospital admission to discharge or
in-hospital death. The primary endpoints for follow-up were
in-hospital mortality and MV support requirement.

2.2. Statistical analysis

Statistical analysis of this retrospective study was performed using
SPSS Statistics for Windows version 25.0 (IBM, Armonk, NY, USA; and
R Studio). The assumption of normality for continuous variables was
tested using the Kolmogorov-Smirnov/Shapiro-Wilk test. Normally dis-
tributed continuous variables are presented asmean and standard devi-
ation, while non-normally distributed variables are presented as
median, minimum, and maximum values. The chi-square statistic was
used to test relationships between categorical variables. Independent
samples t-test or Mann Whitney U test was used to compare the
means of two mutually exclusive groups of people. Receiver operating
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characteristic curve analysis was used to determine the optimal cut-
off value (optimal decision threshold) of the fQRS angle. The relation-
ship between independent variables and time to event was compared
using Kaplan-Meier survival analysis and the log rank test. The multi-
variable analysis was performed using Cox regression (Backward-LR
method) modelling to determine the risk factors for in-hospital mortal-
ity and the need for MV support. Hazard ratios and their confidence in-
tervals are reported for the univariate and multivariate models. A two-
sided p-value ≤0.05, was considered statistically significant.
3. Results

We screened 788 hospitalised patients; of them, 493 had confirmed
COVID-19 by RT-PCR analysis.We excluded 166 patients due to the lack
of ECG information and for having a QRS >120 ms (left bundle block or
right bundle block) and pacemaker rhythm (Fig. 1). The number of pa-
tients enrolled was 327; of them, 119 needed MV support, among
whom 110 died in the hospital.

The mean fQRS angle was 27.5° ± 20.5° in the fQRS ≤90° group and
122.0° ± 22.8° in the fQRs >90° group (Fig. 2). The baseline



Fig. 2. The median fQRS angle was in fQRS ≤90°group and in fQRS >90° group.
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demographics, clinical, electrocardiographic, and laboratory character-
istics of all patients and by fQRS angle are summarised in Table 1. A
total of 268 patients (81.9%) had an fQRS ≤90°, while 59 patients
(18.9%) had an fQRS >90°. Patients with an fQRS >90° were older and
had a faster heart rate, lower SO2 and eGFR, and higher cTnI, CRP, and
D-dimer levels. The primary follow-up endpoints were in-hospital mor-
tality and the need for MV support, which affected 40 of 110 patients
(36.3%) and 39 of 119 patients (32.8%), respectively, in the fQRs >90°
group and 70 of 110 patients (63.7%) and 80 of 119 patients (67.2%)
in the fQRS ≤90° group. Variables that were significant in univariate
analysis were used in the Cox regression model (Table 1).

The rates of mortality and need for MV support according to fQRS
anglewere 67.8% and 66.1%, respectively, in the fQRs>90° group versus
26.1% and 29.9% in the fQRS ≤90°group (Fig. 3). In-hospital mortality
rate of the fQRs >90° group was higher than that of the fQRS ≤90°
group. Comparisonsweremadewith Kaplan-Meier survival analysis ac-
cording to fQRS angle (Fig. 4). Patients who had higher fQRS angles
tended to be non-survivors, need MV support, have higher cTnI levels,
and have higher CRP values (Fig. 5).

Univariate logistic regression analysis indicated that age, heart rate,
SO2, fQRS, eGFR, cTnI, CRP, and D-dimer levels were significantly associ-
ated with in-hospital mortality. Subsequently, multivariate logistic re-
gression analysis identified that heart rate, SO2, fQRS, eGFR, and CRP
were predictors of mortality. Mortality risk was increased 2.9-fold on
the univariate analysis and 1.6-fold on the multivariate analysis for
the fQRS >90° patient group versus the fQRS ≤90° group (Table 2).
4. Discussion

The fQRS angle is an observer-independent ECG parameter with a
range of 45–60° under normal conditions [12]. The cut-off values for
fQRS angles were identified from different clinical studies in the litera-
ture.

Non-ischaemic cardiomyopathy, myocarditis, acute coronary syn-
drome, and acute decompensated heart failure were predictive of mor-
tality for >90°, >100°, >104°, and >114° values in the literature
[3,5,11,13,14].We evaluated all of these angle values, including the nor-
mal range (45–60°) to predict mortality and need for MV support in
COVID-19 patients. The best predictive value of the fQRS angle in our
study was >90°.

An fQRS >90° was a significant predictor of death, appropriate im-
plantable cardioverter-defibrillator shock, or resuscitated cardiac arrest
in non-ischaemic cardiomyopathy patients in the DEFINITE trial [11]. In
another study,May et al. [10] showed that fQRS>90°was a strong inde-
pendent predictor of all-cause mortality and myocardial infarction in a
68
diabetic population. Hence, here we categorised patients into fQRS
>90° and fQRS ≤90° groups.

The mean fQRS angle in the fQRS >90°and fQRS ≤90° groups was
122° ± 22.8° and 27.5° ± 20.5°, respectively. Many clinical conditions,
including ischaemic conditions, heart failure, diabetes mellitus, hyper-
tension, myocarditis, chronic renal failure, and older age, may lead to
changes in ventricular depolarisation and repolarisation axes. A wider
fQRS angle was observed in these clinical conditions more frequently
[2,12,15]. We found that the fQRS >90° group had older patients with
a higher incidence of hypertension, diabetes mellitus, lower eGFR, and
higher cTnI.

Themortality rate andneed forMVwere 63.7% and77.3% in the fQRS
>90° group and 26.1% and 29.9% in the fQRS ≤90° group. Depending on
the direction of the ventricular depolarisation and repolarisation axes, a
narrow angle has been determined in healthy individuals. Furthermore,
a wider angle was associated with higher mortality in heart failure, dia-
betes mellitus, myocardial ischaemia, and myocarditis [3,10,11]. Wider
angles were also associated with higher mortality in COVID-19 patients
in our study.

Higher abnormal cTnI, higher CRP, and lower SO2 were observed in
the fQRS >90° group. Inflammation, hypoxia, and ischaemia can
damage the myocardium in patients with COVID-19, and this damage
can be measured by troponin elevation. Myocardial damage causes in-
homogeneous areas in the myocardium. Normally, ventricular
depolarisation and repolarisation axes occur in a similar direction in
themyocardium, which can cause a sharp QRs axis. Myocardial damage
causes depolarisation and repolarisation abnormalities, forming inho-
mogeneous areas in the myocardium. These areas can lead to a widen-
ing fQRS angle.

Myocardial damage in the presence or absence of pre-existing car-
diovascular disease is associated with a greater need for MV support
and higher mortality rates among COVID-19 patients [3,16]. Hence,
here we found a relationship among higher fQRS angle, mortality rate,
need for MV support, and higher troponin and CRP values. In addition,
the mortality risk among patients with fQRS >90° was 2.6-fold higher
on the univariate analysis and 1.6-fold higher on the multivariate anal-
ysis.

Moreover, we found that abnormal cTnI, CRP, and D-dimer levels at
the time of admission and age were associated with mortality among
COVID-19 patients. The independent predictors for in-hospital mortal-
ity among COVID-19 patients were an SO2 <90%, abnormal CRP and
eGFR, heart rate >100 bpm, and fQRS >90° on ECG upon admission.
Elias et al. [17] explored ECG parameters as prognostic factors for
COVID-19 patients in whom an ECG was taken during emergency ser-
vice. Abnormal respiratory vital signs including an SO2 ≤95%, atrial
fibrillation or flutter, right ventricular hypertrophy or SIQIIITIII, and
any ST elevation or depression in two contiguous leads in emergency
service ECG were prognostic factors for in-hospital mortality. Wang
et al. [18] found that atrial fibrillation and sinus tachycardia were inde-
pendent predictors of in-hospital mortality and MV need among pa-
tients with COVID-19. We found that an SO2 <90%, heart rate >100,
and fQRS >90° were prognostic markers of mortality. However, in our
study, atrial fibrillation was not a predictor of in-hospital mortality
among COVID-19 patients [17,18].

The fQRS angle changes with age, and comorbidities, including dia-
betes mellitus, hypertension, sex, CRP, pre-existing and concurrent car-
diovascular diseases, and myocardial injury (measured by elevated
troponin increase), are associated with in-hospital mortality and dis-
ease severity among COVID-19 patients [1]. Therefore, a wider fQRS
angle is a result of acute myocardial injury and clinical comorbidities.
According to these results, fQRS angle widening might be a prognostic
marker for in-hospital mortality and the need for MV support. ECG ab-
normalities in COVID-19 patients include ST-T changes, QT prolonga-
tion, conduction disturbances, and ventricular arrhythmia. Conduction
disturbances including high-degree AV block, new-onset complete AV
block, bradyarrhythmia, new-onset complete bundle branch block,



Table 1
The baseline demographics, clinical, electrocardiographic and laboratory characteristics all patients and as well as according to fQRS.

ALL patients fQRS ≤900 fQRS >900 P value

Age 61.0 [18.0–95.0] 57 [18–95] 70 [38–94] <0.001
Sex male 195 (59.6) 162 (60.4) 33 (55.9)

0.522
Sex female 132 (40.4) 106 (39.6) 26 (44.1)
BMI (kg/m2)a 25.7 [18.4–48.2] 25.63 [19.53–48.24] 26.03 [18.37–40] 0.960

Symptoms in admission
Symptoms in admission dispne 168 (33.0) 126 (30.1) 42 (46.7)

–Symptoms in admission fever 102 (20.0) 91 (21.7) 11 (12.2)
Symptoms in admission weakness 59 (11.6) 53 (12.6) 6 (6.7)

Comorbidities
Hypertension 139 (42.5) 102 (38.1) 37 (62.7) 0.001
Diabetes mellitus 88 (26.9) 62 (23.1) 26 (44.1) 0.001
Coronary artery disease 44 (13.5) 31 (11.6) 13 (22.0) 0.033
Heart failure 16 (4.9) 8 (3.0) 8 (13.6) 0.003
COPDb 44 (13.5) 32 (11.9) 12 (20.3) 0.087
Hyperlipidaemia 26 (8.0) 18 (6.7) 8 (13.6) 0.106

Vital Signs
Heart rate (b.p.m) 87.0 [44.0–188.0] 84 [44–160] 100 [55–188] <0.001
Hearth rate >100 83 (25.4) 55 (20.5) 28 (47.5) <0.001
SO2

c 95.0 [52.0–100.0] 95 [60–100] 89 [52–98] <0.001
SO2 (≥90) 236 (72.2) 209 (78.0) 27 (45.8)

<0.001
SO2 (<90) 91 (27.8) 59 (22.0) 32 (54.2)
CT Nornal

d 50 (15.3) 48 (17.9) 3 (5.1)
0.037CT (Ground glass or viral pnomonia) 253 (77.6) 203 (75.7) 50 (84.7)

CT Aytpic 23 (7.1) 17 (6.3) 6 (10.2)

ECG
Rhythm

26 (8.0) / 301 (92) 14 (5.2) / 254 (94.8) 12 (20.3) /47 (79.7) <0.001
Atrial fibrillation/ Sinus
PR Duration 140 [80.0–300.0] 140 [80–254] 140 [90–300] 0.565
P wave 96.0 [40.0–148.0] 94 [44–146] 100 [40–148] 0.013
QRS duration (ms) 84.0 [58.0–128.0] 82 [58–128] 92 [58–118] <0.001
QT interval (ms) 370.0 [210.0–614.0] 372 [258–614] 342 [210–480] 0.004
QTc (ms) 436.0 [293–678] 433.5 [347–678] 451 [293–540] 0.031
fQRS axis (°) 23.0 [−86.0–184.0] 23 [0–90] 119 [93–180] <0.001
T axis (°) 35.0 [−103.0–270.0] 34 [−103–265] 70 [−91–270] 0.120

Laboratory Tests
Fasting Glucose 115 [50–882] 110[50–882] 140[72–356] <0.001
ASTe 30 [10–1464] 28[10–1464] 40[14–281] <0.001
ALTf 25.9 [2.0–437] 25 [2.0–437] 23[5–165] 0.897
Lymphocyte count uL 0.56 [0.03–3.35] 0.53[0.03–3.35] 0.74[0.17–2.83] 0.001
Neutrophil count uL 5.61 [1.23–30.07] 5.10 [1.23–30.07] 8.25[1.72–26.44] <0.001
Lymphocyte/neutrophil ratio 0.10 [0.0–1.88] 0.106 [0.00–1.88] 0.083 [0.01–0.99] 0.108
Hemoglobin (g/dL) 12.53 ± 2.05 12.67 ± 2.01 11.89 ± 2.14 0.008
Creatine 0.88 [0.15–12] 0.85[0.33–12] 1.2 [0.15–9.24] <0.001
eGFR (mL/min/m2)g 90 [3.0–158] 94 [3.0–142] 56 [4–158] <0.001
eGFR (mL/min/m2)(≥90)-normal 164 (50.2) 148 (55.2) 16 (27.1)

<0.001
eGFR (mL/min/m2)(<90) 163 (49.8) 120 (44.8) 43 (72.9)
cTnIh (ng/mL) 0.0 [0.0–25] 0.002 [0.00–25] 0.01[0.002–10] <0.001
cTnI (ng/mL) (≤0.02)normal 282 (86.2) 251 (93.7) 31 (52.5)

<0.001
cTnI (ng/mL) (>0.02) 45 (13.8) 17 (6.3) 28 (47.5)
CRP (mg/L)i 46.1 [0.50–622] 25.60[0.50–622] 123.4[6–546] <0.001
CRP (mg/L) (0−10)normal 107 (32.9) 106 (39.7) 1 (1.7)

<0.001
CRP (mg/L) (>10) 218 (67.1) 161 (60.3) 57 (98.3)
D-dimer ng/mL 211 [1.48–3828] 192[10–3828] 600[1.48–3597] 0.001
D-dimer ng/mL (0–250)normal 188 (57.5) 165 (61.6) 23 (39.0)

0.001
D-dimer ng/mL (>250) 139 (42.5) 103 (38.4) 36 (61.0)

Medications
Enoxaparin 259 (79.4) 202 (75.7) 57 (96.6) <0.001
Hydroxychloroquine 219 (67.0) 187 (69.8) 32 (54.2) 0.022
Azithromycin 125 (38.2) 110 (41.0) 15 (25.4) 0.025
Favipiravir 208 (63.6) 156 (58.2) 52 (88.1) <0.001
Oseltamivir 45 (13.8) 40 (14.9) 5 (8.5) 0.193
Tocilizumab 24 (7.3) 18 (6.7) 6 (10.2) 0.406

(continued on next page)
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Table 1 (continued)

ALL patients fQRS ≤900 fQRS >900 P value

Primary Endpoint
MVj support 119 (36.4) 80 (29.9) 39 (66.1) <0.001*
Death 110 (33.6) 70 (26.1) 40 (67.8) <0.001*

a Body Mass Index (BMI).
b Chronic Obstructive Pulmonary Disease (COPD).
c Oxygen saturation (SO2).
d Computed tomography normal (CT).
e Aspartat aminotransferase (AST).
f Alanin aminotransferase (ALT).
g Estimated Glomerular Filtration Rate (eGFR).
h Troponin I (cTnI).
i C Reactive Protein(CRP).
j Mechanical Ventilation(MV).

Fig. 3.Mortality and requirement for MV percentage according to fQRS.
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atrial fibrillation, and Torsade de Pointes due to QT prolongation can re-
sult fromCOVID-19medications or illness. Atrialfibrillation, ST segment
and T wave changes, sinus tachycardia, QRS duration >110, and left
bundle branch blockwere associated withmortality in previous studies
[17-19]. However, fQRS has not yet been investigated in COVID-19 pa-
tients. To our knowledge, this is the first study to evaluate the risk for
Fig. 4. Kaplan-Meier survival analysis
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in-hospital mortality and need for MV support among patients with
COVID-19 based on fQRS angle. We found that ECG parameters such
as heart rate >100/min and fQRS >90° on hospital admission were ad-
ditional prognostic factors in COVID-19 patients. When COVID-19 pa-
tients are admitted to the hospital, their ECG values should be
recorded and fQRS angle calculated. Patients with an fQRS angle >90°
were at higher risk for mortality and need for MV support versus
those in the fQRS ≤90°group.

Since fQRS can be calculated very easily fromECG, it can be easily ap-
plied in emergency services. If the fQRS angle is standardized as a result
of more comprehensive studies, it can guide the hospitalization of high-
risk patients and discharge of low-risk patients. It can be used in patient
triage in the emergency department during a pandemic.

5. Conclusion

In conclusion, SO2 <90%, heart rate >100/min, and fQRS >90° are
prognostic markers of mortality. On the other hand, a wide fQRS angle
(>90°) was an independent predictor of in-hospital mortality and asso-
ciated with need for MV support in COVID-19 patients.

5.1. Limitations

There are some limitations to our study. First, it was retrospective in
nature, and data including ECG parameters were based on electronic
medical record retrieval. Second, the cardiac functions of every patient
were not evaluated using echocardiography. Hence, we could not
show the relationship between the fQRS angle and echocardiography
parameters. Third, the dataset that we analysed included only
according to baseline fQRS angle.



Fig. 5. The relationship fQRS angle and in-hospital mortality, need MV, cTnI, CRP.

Table 2
Univariable and multivariable predictors of in-hospital mortality.

Univariate model Multiple model

p-value Hazard ratio (HR) 95% CI for HR p-value Hazard ratio (HR) 95% CI for HR

Lower Upper Lower Upper

Age <0.001 1.033 1.019 1.046
Heart rate (b.p.m) <0.001 3.072 2.102 4.488 0.003 1.802 1.214 2.675
SO2 <0.001 3.858 2.597 5.731 0.001 2.001 1.321 3.033
fQRS angle (°) 90 <0.001 2.917 1.970 4.319 0.017 1.643 1.092 2.471
eGFR(mL/min/m2) <0.001 2.839 1.826 4.415 0.032 1.649 1.044 2.604
cTnI (ng/mL) <0.001 2.400 1.587 3.627
CRP (mg/L) <0.001 13.498 4.276 42.607 0.002 6.188 1.901 20.144
D- dimer <0.001 2.215 1.493 3.287

Age: Continuous variable, Heart rate ≤100: reference, SO ≥90: reference, fQRS angle ≤90°: reference, eGFR ≥90: reference, cTnI(〈0,02)normal: reference, CRP (0–10) normal: reference,
D-dimer (0–250) normal: reference.
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hospitalised COVID-19 patients. Furthermore, we evaluated these pa-
tients for in-hospital mortality, not long-term mortality. And finally,
myocardial injury was measured by cTnI in our hospital because we
did not have the ability to measure high-sensitivity troponin.
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