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Abstract: Background. Cardiac involvement in coronavirus SARS-CoV-2 infection (COVID-19) has
been reported in a sizeable proportion of patients and associated with a negative outcome; furthermore,
a pre-existing heart disease is associated with increased mortality in these patients. In this prospective
single-center case-control study we investigated whether COVID-19 patients present different rates
and clinical implications of an abnormal electrocardiogram (ECG) compared to patients with an
acute infectious respiratory disease (AIRD) caused by other pathogens. Methods. We studied
556 consecutive patients admitted to the emergency department of our hospital with symptoms of
AIRD; 324 were diagnosed to have COVID-19 and 232 other causes of AIRD (no-COVID-19 group).
Standard 12-lead ECG performed on admission was assessed for various kinds of abnormalities,
including ST segment/T wave changes, atrial fibrillation, ventricular arrhythmias, and intraventricular
conduction disorders. Results. ECG abnormalities were found in 120 (37.0%) and 101 (43.5%)
COVID-19 and no-COVID-19 groups, respectively (p = 0.13). No differences in ECG abnormalities
were found between the 2 groups after adjustment for clinical and laboratory variables. During a
follow-up of 45 + 16 days, 51 deaths (15.7%) occurred in the COVID-19 and 30 (12.9%) in the
no-COVID-19 groups (p = 0.39). ST segment depression > 0.5 mm (p = 0.016), QRS duration
(p = 0.016) and presence of any ECG abnormality (p = 0.027) were independently associated with
mortality at multivariable Cox regression analysis. Conclusion. Among patients hospitalized
because of AIRD, we found no significant differences in abnormal ECG findings between COVID-19
vs. no-COVID-19 patients. The ECG on admission was helpful to identify patients with increased risk
of death in both groups of patients.

Keywords: acute infectious respiratory disease; SARS-CoV-2 infection; COVID-19; electrocardiogram;
clinical outcome

1. Introduction

SARS-CoV-2 is a novel coronavirus that is causing a pandemic outbreak of respiratory disease
from the end of 2019 (COVID-19) [1,2]. Bilateral interstitial pneumonia is the most typical manifestation
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of COVID-19 and can be complicated by acute respiratory distress syndrome, multiorgan failure and
death in up to 30% in high-risk patients [3,4].

The risk of severe complications and death has been found to be increased in male elderly
subjects, in particular in presence of underlying co-morbidity, including hypertension, diabetes and
cardiovascular disease [5-7]. Importantly, a few studies have shown that COVID-19 is associated
with myocardial injury in about 20-30% of hospitalized patients, which portends an increased risk of
negative outcome [8-14]. However, it is not known whether the prevalence of cardiac involvement is
increased in COVID-19 as compared to other acute infectious respiratory diseases (AIRDs), which have
also been reported to be associated with myocardial injury in a sizeable proportion of patients [15,16].

The electrocardiogram (ECG) is the most simple and available method to screen for the
possible presence of cardiac abnormalities. Of note, in a recent study we found that the ECG
performed on admission predicted 30 day mortality in COVID-19 patients [17]. To the best of our
knowledge, however, no previous study assessed the prognostic value of ECG in AIRDs unrelated to
SARS-CoV-2 infection.

In this study we aimed to: (1) Evaluate whether patients with a diagnosis of COVID-19 present a
different rate of ECG abnormalities, suggesting cardiac involvement, compared to patients with other
causes of AIRD; (2) assess the prognostic implications of ECG in patients hospitalized because of an
AIRD, as well as whether there are differences in the prognostic implications of ECG in patients with
or without COVID-19.

2. Materials and Methods

We studied consecutive patients with age >20 years admitted to the Emergency Department of our
University Hospital (Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy) because of
symptom of AIRD and suspicion of COVID-19, between the 1 March and 15 April 2020. All patients had
been referred because of fever unresponsive to anti-pyretic drugs and symptoms possibly consistent
with COVID-19 (e.g., cough, dyspnea, tachypnea, sputum production).

COVID-19 testing was based on the protocol released by the World Health Organization (WHO) [18].
Nasopharyngeal swab specimens were collected in all patients and SARS-CoV-2 RNA was detected
by reverse-transcription polymerase chain reaction (RT-PCR). Chest X-ray and, when indicated,
thoracic computerized tomography (CT) scan were performed to confirm the diagnosis.

Patients were divided in 2 groups based on the diagnosis of the AIRD: (1) COVID-19 group and
(2) no-COVID-19 group, including all patients with any other infectious cause of the AIRD. Patients in
the COVID-19 group were those included in our recent study on the prognostic value of the ECG in
these patients [17], for whom an extended follow-up is reported in the present study.

The demographic characteristics (age and sex), clinical data and laboratory findings on admission
were acquired from our Institutional database. When available, cardiac troponin I (cTnl) and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) serum levels were also acquired. The upper normal level
for cTnl for our laboratory was 39 ng/L, whereas the upper normal level for NT-proBNP was 450 pg/mL.

A history of known heart disease included any evidence of coronary artery disease (previous
myocardial infarction, coronary revascularization and/or documented obstructive coronary stenosis
at angiography), heart failure, moderate to severe valvular heart disease or cardiomyopathy;,
as documented in patients’ clinical reports. The presence of pre-existing comorbidities, including
chronic obstructive pulmonary disease (Gold stage 3-4), severe renal failure (stage 4-5), stroke in the
previous 12 months, chronic inflammatory disease, and neoplasia, was also recorded. The study
was approved by the Ethics Committee of our Institution. All patients admitted to the Emergency
Department signed a comprehensive ethical agreement for the collection of blood samples and clinical
data, for bio-bank and research purposes.
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2.1. ECG Analysis and Definitions

Twelve-lead standard ECGs were recorded on admission with a Mortara ELI 350 ECG machine
(Mortara Instrument Europe, Bologna, Italy). The ECGs were retrieved by our dedicated Institutional
ECG storage server (Mortara X-scribe; Mortara S.p.A. Bologna, Italy) and independently analyzed by
two trained fellows in cardiology (A.D.V., S.E.R.). Discordances were solved by consensus, with the
supervision of the senior expert in electrocardiography (G.A.L.). The ECGs were analyzed before
proceeding with assessment of clinical outcome, which was therefore unknown to the ECG readers.

As previously described [17], the ECGs were analyzed for the following parameters: rhythm,
presence of atrio-ventricular blocks, complete right (RBBB) or left (LBBB) bundle branch block,
ST-segment and/or T wave abnormalities suggesting myocardial ischemia or injury, abnormal Q/QS
waves typical of a previous myocardial infarction. The presence of premature supraventricular (PSVCs)
and ventricular (PVCs) complexes was also recorded.

The PR and QT intervals and QRS duration were derived from the automatic measurements of the
Mortara X-Scribe software, after checking for their reliability. Patients with LBBB were excluded from
ST-segment and T wave analyses, whereas in patients with RBBB, only leads V1-V4 were excluded
from ST-segment and T wave analysis.

ST segment depression (5TD) was diagnosed when a horizontal or downsloping displacement of
the ST segment below the isoelectric line > 0.5 mm, persisting at 0.08 s from the ] point, was detectable
in at least two contiguous leads. A separate analysis was also conducted considering as abnormal an
STD > 1 mm. ST-segment elevation (STE) was diagnosed when the ] point was elevated by >1 mm and
morphology was judged to be compatible with an ischemic or pericarditis origin. An abnormal T wave
was diagnosed in case of T wave inversion > 1 mm in at least two contiguous leads (except V1 and
aVR). The combined presence of STD > 0.5 mm and/or T wave inversion (STDy 5/T changes) and STD
> 1 mm and/or T wave inversion (STD1 o/T changes) was also considered.

The QT interval was corrected for heart rate (cQT) using Bazett’s formula (cQT = QT(ms)/y/RR(s)).
In patients with QRS duration > 120 ms, however, the cQT was calculated using the formula validated
by Rautaharju et al.:

cQTRrr_ors = QT — 155 X (60/HR — 1) — 0.93 X (QRS — 139) + k 1)

where k = —22 ms for men and —34 ms for women, respectively [19].

The presence of any ECG abnormality was defined as the presence of one or more of the following
abnormalities: Non-sinus rhythm; >II degree atrio-ventricular block; QRS duration > 110 ms, STD or
STE, negative T wave, cQT > 460 in women or >450 in men [20]; pathologic Q/QS wave; presence of
PSVCs or PVCs.

2.2. Clinical Outcome

The vital status of patients was determined on 10th of May 2020 by consulting the clinical database
of our hospital and, in case of patient discharge, by telephone call.

2.3. Statistical Analysis

Data are reported as mean and standard deviation for continuous variables and number
and proportions for discrete variables. Continuous variables were compared by analysis of
variance, whereas proportions were compared by Fisher exact test or chi-square test, as indicated.
Differences between the 2 groups in ECG variables were adjusted for clinical and laboratory
variables that showed a significant or borderline (p < 0.1) statistical difference between the 2 groups,
using multivariable logistic regression for discrete variables and a generalized linear model for
continuous variables.

Univariable and multivariable survival analyses for global mortality were performed by Cox
regression. Only variables with a p-value < 0.1 at univariable analysis were included in the multivariable
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models. Multivariable analysis was first performed on clinical and laboratory variables. ECG variables
were then individually added to the identified independent clinical/laboratory variables to assess
whether they maintained a significant association with mortality. Survival curves were derived with
the Kaplan-Meier method and compared by log-rank test.

Since cTnl and NT-proBNP were available for 16.4% and 20.7% of patients only, they were not
included in the general survival analyses. However, the association of increased levels of cTNI and
NT-proBNP with death was assessed in the subgroups with available data; furthermore, we tested
whether predictive ECG variables maintained an independent association with death after adjustment
for elevated cInl and NT-proBNP levels using multivariable Cox regression.

A p < 0.05 was always required for statistical significance. Data were analyzed by the SPSS
21.0 statistical software (SPSS Italia, Inc., Florence, Italy).

3. Results

3.1. General Findings

A flow-chart of patients’ enrolment is shown in Figure 1. Overall, 1061 patients, referred to
our Emergency Department because of an AIRD, were considered for the study. The diagnostic
workout confirmed the diagnosis of COVID-19 in 502 patients (47.3%), whereas the other 559 patients
(52.7%) were diagnosed to have other causes of AIRD. Standard ECG on admission was available
for 576 patients, 330 (57.3%) in the COVID-19 group and 246 (42.7%) in the no-COVID-19 group.
Six patients (1.8%) of COVID-19 group and 14 patients (5.7%) of no-COVID-19 group were excluded
because of a pacemaker rhythm, which precluded a reliable assessment of spontaneous cardiac electrical
activity. Thus, the study population eventually included 324 COVID-19 patients and 232 no-COVID-19
patients. The main clinical characteristics of the 2 groups of patients are summarized in Table 1.
COVID-19 patients were younger (p = 0.033) and included a higher proportion of male (p = 0.008)
compared to no-COVID-19 patients. Peripheral capillary oxygen saturation (SpO;) was significantly
lower in COVID-19 patients (p < 0.001), but a history of heart disease (p = 0.021) and co-morbidity
(p < 0.001) were significantly more frequent in the no-COVID-19 group. Among patients with available
data, NT-pro-BNP levels were higher in no-COVID-19 patients (p = 0.008), whereas no difference was
observed in cTnl levels (p = 0.22).

‘ 1061 patients ’
suspected COVID-19

502 patients 559 patients
confirmed COVID-19 } negative for COVID-19
172 patients 313 patients
discharged home discharged home
or hospitalized - EE— or hospitalized
but no ECGon but no ECGon
admission admission
330 patients ' 246 patients
hospitalized with } { hospitalized with ’
ECG on admission ECG on admission

6 patients ¢ 14 patients
PM rhythm PM rhythm

‘ 324 patients ’ ‘ 232 patients
COVID-19 group no-COVID-19 group

Figure 1. Flow-chart of patients’ enrolment. COVID-19 = coronavirus disease 2019; ECG = electrocardiogram;
PM = pacemaker.
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Table 1. Main clinical characteristics of the 2 groups of patients.

COVID-19 Group No-COVID-19 Group

(n = 329) (n=1232) p-Value
Age (years) 659 + 15 68.9 +18 0.033
Male sex (%) 214 (66.0) 127 (54.7) 0.008
Known heart disease (%) 67 (20.7) 68 (29.3) 0.021

Co-morbidity (%) 102 (31.5) 157 (67.7) <0.001
Hypertension (%) 169 (52.2) 122 (52.6) 0.93
Diabetes mellitus (%) 37 (11.4) 33 (14.2) 0.37
Dyslipidemia (%) 67 (20.7) 45 (19.4) 0.75
Smoking (%) 86 (26.5) 60 (25.9) 0.92

Hemoglobin (g/dL) 13.8+1.7 122+24 <0.001
Creatinine (mg/dL) 121+13 1.28+1.3 0.51
C-reactive protein (mg/L) * 77.3 (26.6-152.3) 78.7 (17.2-160.0) 0.42
NT-proBNP (pg/mL) *,t 799 (258-1759) 2360 (514-5511) 0.008
Elevated NT-proBNP (%) *,* 34 (51.5) 32 (65.3) 0.18
Cardiac TnI (ng/L) *,{ 9 (3.0-34.0) 8 (3.0-78.3) 0.22
Elevated cardiac Tnl (%) *,1 9 (20.9) 16 (33.3) 0.24
Heart rate (bpm) 82.4 +18 86.8 + 21 0.010
Systolic blood pressure 127.1 21 126.1 + 24 0.59

(mmHg)
Diastolic blood pressure 763 + 13 745 4 14 011
(mmHg)
SpO, (%) 919+7 942 +4 <0.001

NT-proBNP = N-Terminal Pro-B-Type Natriuretic Peptide; SpO, = peripheral capillary oxygen saturation.
Tnl = troponin I; * = Median (interquartile range); t = Data available for 66 COVID-19 and 49 no-COVID-19
patients only; § = Data available for 43 COVID-19 and 48 no-COVID-19 patients only.

3.2. ECG Findings

The main ECG findings of the 2 groups of patients are summarized in Table 2. As shown,
any ECG abnormality was found in 120 COVID-19 patients (37%) and in 101 (43.5%) patients with
other AIRD diagnoses (p = 0.13). Most individual ECG abnormalities were similar in the 2 groups,
including ST-segment and T wave changes, a QRS > 110 ms, a prolonged cQT interval and the rate of
ventricular arrhythmias. In particular, while no patient showed pathologic STE, the rate of STD did
not significantly differ between the 2 groups, either when a cut-off level > 0.5 mm (p = 0.68) or > 1 mm
(p = 0.13) was considered.

COVID-19 patients, compared to no-COVID-19 patients showed a lower rate of atrial fibrillation
(p = 0.021), LBBB (p = 0.011) and PSVCs (p = 0.029), as well as a lower cQT interval (p = 0.03).
These differences, however, lost statistical significance after adjustment for the main clinical/laboratory
variables (Table 2).

3.3. ECG Findings and Clinical Outcome

During a follow-up of 45 + 16 days (range 1-70), 81 deaths (14.6%) occurred in the whole population
of AIRD patients, 51 (15.7%) in the COVID-19 group and 30 (12.9%) in the no-COVID-19 group (HR 1.22;
95% C10.77-1.91; p = 0.39). Many clinical and ECG variables were significantly associated with death
at univariate analysis (Table 3). Clinical and laboratory variables independently associated with death
at multivariable analysis, however, included age, co-morbidity, SpO;, and creatinine and C-reactive
protein (CRP) serum levels. The ECG variables that remained associated with death when individually
added to these variables included QRS duration (p = 0.016), STD > 0.5 mm (p = 0.016) and the presence
of any abnormality on the ECG (p = 0.002; Figure 2) (Table 4).
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Table 2. Main ECG findings of COVID-19 and no-COVID-19 patients.

COVID-19 Group No-COVID-19 Group

(1 = 324) (= 232) p-Value p-Value *
Rhythm 0.021 0.91
Sinus rhythm (%) 304 (93.8) 204 (87.9)
Atrial fibrillation/flutter (%) 20 (6.2) 28 (12.1)
PR interval (ms) 160.0 + 31 163.8 + 39 0.24 -
QRS duration (ms) 99.1 £ 18 99.9 + 19 0.62 -
cQT interval 407.2 + 29 401.8 + 28 0.030 0.23
Prolonged cQT interval (%) 18 (5.6) 9 (3.9) 043 -
Atrio-ventricular conduction
First-degree AV block (%) 21 (6.9) 22 (10.8) 0.14 -
Intra-ventricular conduction
LBBB (%) 6 (1.9) 14 (6.0) 0.011 1.00
RBBB (%) 25(7.7) 26 (11.2) 0.18 -
QRS > 110 ms (%) 58 (17.9) 51 (22.0) 0.24 -
PSVCs (%) 11 (3.6) 17 (8.3) 0.029 0.59
PVCs (%) 13 (4.0) 13 (5.6) 0.42 -
ST-segment/T wave
abnormalities
STD > 0.5 mm (%) 17 (5.3) 9(4.1) 0.68 -
STD > 1 mm (%) 4 (1.3) 7(3.2) 0.13 -
T-wave inversion (%) 13 (4.1) 9(4.1) 1.00 -
STDy 5/T changes (%) 28 (8.8) 16 (7.3) 0.63 -
STD1 o/T changes (%) 17 (5.3) 14 (6.4) 0.71 -
Abnormal Q/QS waves (%) 14 (4.4) 14 (6.4) 0.33 -
Any ECG abnormality (%) 120 (37.0) 101 (43.5) 0.13 -

AV = atrioventricular; ECG = electrocardiogram; LBBB = left bundle branch block; RBBB = right bundle branch
block; cQT = corrected QT interval; PSVCs = premature supraventricular complexes; PVCs = premature ventricular
complexes; STD = ST-segment depression. p-value * = p-values adjusted for age, sex, known heart disease,
co-morbidity, hemoglobin, heart rate, and SpO5.

Table 3. Main clinical and ECG findings of dead and alive patients in the whole population of acute
infectious respiratory disease (AIRD) patients.

Dead Alive

(1 = 81) (1 = 475) HR 95% C.I. p-Value

COVID-19 diagnosis (%) 51 (63.0) 273 (57.5) 1.22 0.77-1.91 0.39

Clinical findings

Age, years 792+ 9 65.1 +16 1.07 1.05-1.09 <0.001

Male sex (%) 57 (70.4) 284 (59.8) 1.53 0.95-2.46 0.082
Known heart disease (%) 37 (45.7) 98 (20.6) 2.84 1.83-4.40 <0.001
Co-morbidity (%) 57 (70.4) 202 (42.5) 3.00 1.86-4.84 <0.001
Hypertension (%) 62 (76.5) 229 (48.2) 3.23 1.93-5.41 <0.001

Diabetes mellitus (%) 13 (16.0) 57 (12.0) 1.38 0.76-2.50 0.28

Dyslipidemia (%) 26 (32.1) 86 (18.1) 2.04 1.28-3.25 0.003

Smoking (%) 23 (28.4) 123 (25.9) 1.10 0.68-1.78 0.71

Hemoglobin, g/dL 12.6 £2.3 13.2+22 0.90 0.82-0.99 0.039
Creatinine, mg/dL 1.79+15 1.14+13 1.18 1.09-1.27 <0.001
C-reactive protein, mg/L * 153 (90-193) 62 (19-146) 1.01 1.00-1.01 <0.001
Heart rate, bpm 91.1+26 83.1+18 1.02 1.01-1.03 <0.001

Systolic BP, mmHg 119.8 + 25 1279 + 22 0.98 0.97-0.99 0.003
Diastolic BP, mmHg 702 + 14 764 + 13 0.97 0.95-0.98 <0.001
SpOy, % 87.7+10 93.8+5 0.93 0.91-0.94 <0.001
NT-proBNP, pg/mL *,+ 2012 (1055-7814) 613 (195-2380)  1.00 1.00-1.00 <0.001

Elevated NT-proBNP (%) *,t 29 (85.3) 37 (45.7) 5.30 2.05-13.7 0.001

Cardiac Tnl, ng/ mL* 1 66.0 (17.0-228.0) 7.0 (3.0-34.8) 1.00 1.00-1.00 0.41

Elevated cardiac Tnl (%) *,1 8 (61.5) 17 (21.8) 4.87 1.59-14.9 0.006
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Table 3. Cont.
Dead Alive o
(@ = 81) (n = 475) HR 95% C.I. p-Value
ECG findings

Atrial fibrillation (%) 13 (16.0) 35(7.4) 2.25 1.24-4.07 0.007
PR interval, ms 173.0 = 36 159.8 + 34 1.01 1.01-1.01 0.003
LBBB (%) 5(6.2) 15 (3.2) 1.99 0.81-4.93 0.13
RBBB (%) 12 (14.8) 39(8.2) 1.88 1.02-3.47 0.044

QRS, ms 107.2 + 24 98.1 +17 1.02 1.01-1.03 <0.001
QRS > 110 ms (%) 26 (32.1) 83 (17.5) 2.13 1.33-3.39 0.002
cQT interval, ms 404.5 + 36 405.0 + 28 1.00 0.99-1.01 0.83
Abnormal cQT (%) 7 (8.6) 20 (4.2) 1.91 0.88-4.14 0.10
PSVCs (%) 7 (10.3) 21 (4.8) 2.28 1.04-4.99 0.039
PVCs (%) 6(7.4) 20 (4.2) 1.75 0.76-4.01 0.19

STD > 0.5 mm (%) 14 (18.4) 12 (2.6) 5.85 3.27-104 <0.001
STD > 1 mm (%) 6(7.9) 5(1.1) 5.26 2.28-12.1 <0.01
T-wave inversion (%) 5 (6.6) 17 (3.7) 1.78 0.72-4.41 0.21

STDy 5/T changes (%) (%) 17 (22.4) 27 (5.9) 3.89 2.27-6.68 <0.001
STD1 o/T changes (%) (%) 10 (13.2) 21 (4.6) 2.78 1.43-5.41 0.003
Abnormal Q/QS wave (%) 9 (11.8) 19 (4.1) 2.95 1.47-5.92 0.002

Any ECG abnormality (%) 58 (71.6) 163 (34.3) 4.34 2.67-7.03 <0.001

Survival

BP = blood pressure; cQT = corrected QT; ECG = electrocardiogram; LBBB = left bundle branch block; NT-proBNP
= N-Terminal pro-B-type natriuretic peptide; PSVCs = premature supraventricular complexes; PVCs = premature
ventricular complexes; RBBB = right bundle branch block; SpO, = peripheral oxygen saturation; STD = ST-segment
depression; Tnl = troponin I. * = Median (interquartile range); t = Data available for 34 dead and 81 alive patients,
respectively; 1 = Data available for 13 dead and 78 alive patients, respectively.
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Figure 2. Kaplan—Meier survival curves of patients with and without the presence of any electrocardiogram

abnormality in the whole population of patients hospitalized because of an acute infectious respiratory
disease (A) and in the COVID-19 (B) and no-COVID-19 (C) groups. ECG = electrocardiogram; HR = hazard
ratio (with 95% confidence interval).
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Table 4. Main results of multivariable survival Cox regression analysis in the whole population.

Hazard Ratio  95% Confidence Interval p-Value

Age 1.07 1.05-1.09 <0.001
C-reactive protein 1.01 1.00-1.01 <0.001
Creatinine 1.22 1.08-1.38 0.001

SpO, 0.94 0.91-0.96 <0.001
Co-morbidity 1.82 1.08-3.06 0.024
QRS duration 1.01 1.00-1.02 0.016
STD > 0.5 mm 2.26 1.17-4.40 0.016
Any ECG abnormality 2.34 1.36-4.02 0.002

ECG = electrocardiogram; SpO, = peripheral capillary oxygen saturation; STD = ST-segment depression.

In a subgroup analysis of 91 patients with measurement of ¢cTnl serum levels, including 13 deaths
(14.3%), elevated cTnl was associated with increased mortality (p = 0.006; Table 3). STD > 0.5 mm
(HR 4.27; 95% CI1 1.11-16.4; p = 0.034) and STD;5/T changes (HR 8.02; 95% CI 2.46-26.2; p = 0.001)
remained independently associated with mortality after adjustment for elevated cTnl levels.

Furthermore, among 115 patients with NT-proBNP serum levels, including 34 deaths (29.6%),
elevated NT-proBNP was associated with increased mortality (p = 0.001; Table 3). STD > 0.5 mm
(HR 3.28; 95% CI 1.48-7.26; p = 0.003), STDg5/T changes (HR 3.66; 95% CI 1.73-7.73; p = 0.001),
QRS duration (HR 1.02; 95% CI 1.01-1.03; p = 0.005) and QRS duration > 110 ms (HR 2.26; 95% CI
1.12-4.52; p = 0.022) remained independently associated with mortality after adjustment for elevated
NT-proBNP serum levels.

A separate multivariable Cox regression analysis in COVID-19 and no-COVID-19 groups
revealed some differences between the 2 groups in the ECG variables independently associated
with death. LBBB (p = 0.023), QRS duration (p = 0.003), QRS duration > 110 ms (p = 0.044) and STDg 5/T
wave abnormality (p = 0.034) emerged as independent predictors of death in the COVID-19 group,
whereas only the presence of STD, both > 0.5 mm (p = 0.004) or > 1.0 mm (p = 0.010), emerged as an
independent predictor of negative outcome in the no-COVID-19 group (Table 5). The presence of any
abnormality on the ECG, however, remained associated with death at multivariable analysis both in
the COVID-19 (p = 0.022) and the no-COVID-19 (p = 0.037) group (Table 5 and Figure 2).

Table 5. Main results of survival multivariable survival Cox regression analysis in the 2 groups

of patients.
COVID-19 No-COVID-19
Hazard 95% Confidence Val Hazard 95% Confidence Val
Ratio Interval p-Value  patio Interval p-vatue
Age 1.08 1.05-1.11 <0.001 1.09 1.04-1.13 <0.001
C-reactive protein 1.01 1.00-1.01 0.005 1.01 1.00-1.01 0.002
Creatinine 1.27 1.11-1.45 <0.001 - - -
SpO, 0.94 0.91-0.96 <0.001 - - -
Co-morbidity 2.08 1.14-3.80 0.017 - - -
LBBB 3.78 1.20-11.9 0.023 - - -
QRS duration 1.02 1.01-1.03 0.003 - - -
QRS > 110 ms 1.85 1.02-3.35 0.044 - - -
STD > 0.5 mm 1.79 0.81-3.93 0.15 4.64 1.61-13.3 0.004
STD > 1.0 mm 2.85 0.65-12.4 0.16 451 1.44-14.1 0.010
STDg5/T changes 2.16 1.06-4.42 0.034 1.64 0.59-4.56 0.34
STDj o/T changes 2.20 0.89-5.43 0.086 1.38 0.464.14 0.57
Any ECG abnormality 2.16 1.12-4.20 0.022 2.83 1.06-7.53 0.037

ECG = electrocardiogram; LBBB = left bundle branch block; SpO, = peripheral capillary oxygen saturation;
STD = ST-segment depression.
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4. Discussion

The main data emerging from our study can be summarized as follows: (1) Patients with AIRD
symptoms hospitalized because of COVID-19 did not show significantly different rates of ECG
abnormalities on admission as compared to patients with AIRD caused by other pathogens; (2) the
ECG on admission was helpful to identify patients at increased risk of a negative clinical outcome
in the whole population of patients hospitalized because of an AIRD, as well as in the COVID-19
and no-COVID-19 subgroups, separately; and (3) there were some differences in the individual ECG
variables associated with a negative outcome in patients with COVID-19 as compared with those with
other forms of AIRD, suggesting some possible different type of cardiac involvement of the 2 groups.

SARS-CoV-2 infectious disease (COVID-19) is causing a dramatic pandemia, with clusters of
elevated mortality related to diffuse acute interstitial pneumonia and severe respiratory distress
syndrome [2-6,21]. However, some studies have suggested that 20 to 30% of COVID-19 patients
have evidence of cardiac injury, as assessed by increased cInl serum levels and arrhythmias, and that
this is associated with a worse clinical outcome [8-11,22-24]. Of note, a localization of the virus
RNA in myocardial cells has been found in a sizeable proportion of deceased COVID-19 patients [25].
However, whether COVID-19 is associated with an increased rate of cardiac involvement, as compared
to other kinds of AIRDs, is unknown.

In this study we found that the prevalence of ECG abnormalities was similar in COVID-19 patients
and those with a similar AIRD clinical presentation, requiring hospitalization, but negative COVID-19
tests. This concerned both ECG abnormalities compatible with either acute coronary syndromes,
such as regional ST-segment elevation or depression [26], or myocardial inflammatory involvement,
such as diffuse ST-T wave changes, as well as ventricular arrhythmias and conduction disorders [27].
Thus, our data suggest that, at least in the early phase of the disease, COVID-19 is unlikely to be
associated with an increased rate of myocardial suffering or injury, as compared to AIRDs caused by
other agents.

The lack of significant differences in an acute cardiac involvement between the 2 groups of AIRD
patients was also supported, in our study, by the lack of differences in cardiac troponin I levels,
although the latter were obtained only in a selected subgroup of patients. Accordingly, this finding
suggests that myocardial injury in these patients depends more on the severity than on the cause of the
infectious disease [28].

Of note, among patients who underwent measurement of NT-proBNP levels, elevated concentrations
were also found in a similar proportion of COVID-19 and no-COVID-19 patients, although median
levels were higher in the no-COVID-19 population, likely because of a higher prevalence of pre-existing
cardiac diseases.

Importantly, the presence of ECG abnormalities predicted a worse clinical outcome in our patients,
both in the whole population, as well as, separately, in the COVID-19 and no-COVID-19 cohorts.
Of note, ST/T wave abnormalities remained predictors of death independently of increased ¢Tnl and
NT-BNP levels when survival analyses were performed in the subgroups of patients with available
measurements of these 2 markers of cardiac injury/suffering.

We have already reported that ECG predicted short-term clinical outcome in the same population
of COVID-19 patients included in this study [17], and this finding is confirmed by the present study
in which clinical follow-up was prolonged, on average, from 31 to 45 days. Notably, by extending
the follow-up duration, STD > 0.5 mm and/or T-wave inversion (>1 mm), that previously failed to
achieve a significant association with outcome at multivariable analysis [17], were now found to be
independent predictors of death in the COVID-19 cohort. Of note, to the best of our knowledge,
our study is the first one that reports on the prognostic value of admission ECG in patients with AIRD
caused by other microbial agents.

Interestingly, while the presence of any ECG abnormality was an independent predictor of death
both in COVID-19 and no-COVID-19 patients, we found some differences between the 2 groups
in the individual ECG variables associated with mortality. Intraventricular conduction disorders,
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as indicated by a prolonged QRS duration or a typical LBBB, were the strongest ECG variable associated
with mortality in the COVID-19 patients, in agreement with our previous report [17]. In contrast,
intraventricular conduction delay did not emerge as a predictive variable in the no-COVID group,
in which the presence of STD, suggesting an acute ischemic injury, was, instead, the only ECG
variable independently associated with death. However, whether this difference between the 2 groups
indicates true different prognostically relevant involvement of the intraventricular conduction system
in COVID-19 patients, as compared to no-COVID patients, or it is merely related to chance remains to
be clarified.

5. Limitations of the Study

Some limitations of our study should be acknowledged. First, we did not have previous ECGs of
patients and, therefore, we could not distinguish between new-onset vs. chronic ECG abnormalities;
however, there was no individual ECG finding that showed an increased prevalence in COVID-19
patients, including those more likely related to an acute cardiac involvement (e.g., ST-segment/T wave
changes, ventricular arrhythmias, conduction disorders). Second, our data only refer to patients
admitted to hospital who underwent an ECG recording on admission. Thus, they may not reflect
findings in the whole population of both groups of patients, as it is likely that patients who underwent
ECG recording had more severe forms of the disease. Third, we only assessed ECGs on admission;
thus, we cannot exclude that a later cardiac involvement with subsequent ECG changes might have
been resulted in some differences between the 2 groups. Fourth, we included in the no-COVID-19 group
any AIRD not attributable to SARS-CoV-2 infection; therefore, we cannot establish whether differences
exist in the rate of ECG abnormalities among this heterogeneous group of patients according to the
microbial agent responsible for the AIRD. Finally, we did not have detailed data about pharmacological
therapy of our patients and, therefore, we could not establish how treatment influenced ECG findings
and clinical outcome [29,30].

6. Conclusions

In conclusion, our data show that among patients presenting with fever and symptoms suggesting
an AIRD and requiring hospitalization, standard ECG does not seem to show significant differences
between those with or without COVID-19. Importantly, The ECG on admission seems helpful to
identify patients at increased risk of death among the whole population of AIRD patients as well as,
separately, in the groups of COVID-19 and no-COVID-19 patients.

Author Contributions: Conceptualization and methodology, A.D.V. and G.A.L,; validation, G.A.L., FF. and FC,;
formal analysis, A.D.V. and G.A.L.; investigation and data curation, A.D.V,,S.E.R.,, M.C. and O.L.; writing—original
draft preparation, A.D.V. and G.A.L.; writing—review and editing, G.A.L., FF. and F.C.; supervision, G.A.L.
All authors have read and agreed to the published version of the manuscript.

Funding: The authors received no specific funding or financial support for this work.

Conflicts of Interest: The authors declare that no competing interests exist.

References

1.  Hui, D.S; Azhar, EI; Madani, TA.; Ntoumi, F; Kock, R,; Dar, O.; Ippolito, G.; McHugh, T.D.;
Memish, Z.A.; Drosten, C.; et al. The continuing 2019-nCoV epidemic threat of novel coronaviruses
to global health—The latest 2019 novel coronavirus outbreak in Wuhan, China. Int. J. Infect. Dis. 2020,
91, 264-266. [CrossRef]

2. Chen, N,; Zhou, M.; Dong, X.;; Qu, J.; Gong, F; Han, Y,; Qiu, Y., Wang, J.; Liu, Y.; Wei, Y,; et al.
Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: A descriptive study. Lancet 2020, 395, 507-513. [CrossRef]

3. Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]


http://dx.doi.org/10.1016/j.ijid.2020.01.009
http://dx.doi.org/10.1016/S0140-6736(20)30211-7
http://dx.doi.org/10.1016/S0140-6736(20)30183-5

J. Clin. Med. 2020, 9, 3647 11 0f12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Wang, D.; Hu, B.; Hu, C.; Zhu, E; Liu, X,; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al.
Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in
Wuhan, China. JAMA 2020, 323, 1061. [CrossRef] [PubMed]

Zhou, F; Yu, T,; Du, R;; Fan, G.; Liu, Y,; Liu, Z,; Xiang, J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study.
Lancet 2020, 395, 1054-1062. [CrossRef]

Yang, X.; Yu, Y.;; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y,; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course
and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered,
retrospective, observational study. Lancet Respir. Med. 2020, 8, 475-481. [CrossRef]

Wu, Z.; McGoogan, J.M. Characteristics of and important lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: Summary of a report of 72314 cases from the Chinese Center for Disease
Control and Prevention. JAMA J. Am. Med. Assoc. 2020, 323, 1239-1242. [CrossRef]

Shi, S.; Qin, M.; Shen, B.; Cai, Y,; Liu, T,; Yang, F.; Gong, W.; Liu, X,; Liang, J.; Zhao, Q.; et al. Association of
Cardiac Injury With Mortality in Hospitalized Patients With COVID-19 in Wuhan, China. JAMA Cardiol.
2020, 5, 802. [CrossRef]

Guo, T,; Fan, Y,; Chen, M.; Wu, X,; Zhang, L.; He, T.; Wang, H.; Wan, J.; Wang, X; Lu, Z. Cardiovascular
Implications of Fatal Outcomes of Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020,
5, 811-818. [CrossRef]

Lala, A.; Johnson, K.W.; Januzzi, ].L.; Russak, A.].; Paranjpe, L; Richter, F.; Zhao, S.; Somani, S.; Van Vleck, T.;
Vaid, A.; et al. Prevalence and Impact of Myocardial Injury in Patients Hospitalized With COVID-19 Infection.
J. Am. Coll. Cardiol. 2020, 76, 533-546. [CrossRef]

Nie, S.-F;; Yu, M,; Xie, T.; Yang, F.; Wang, H.-B.; Wang, Z.-H.; Li, M,; Gao, X.-L.; Lv, B.-].; Wang, S.-] ; et al.
Cardiac Troponin I is an Independent Predictor for Mortality in Hospitalized Patients with Coronavirus
Disease 2019. Circulation 2020, 142, 608-610. [CrossRef]

Clerkin, K.J.; Fried, J.A.; Raikhelkar, J.; Sayer, G.; Griffin, ].M.; Masoumi, A.; Jain, S.S.; Burkhoff, D.;
Kumaraiah, D.; Rabbani, L.; et al. Coronavirus Disease 2019 (COVID-19) and Cardiovascular Disease.
Circulation 2020, 141, 1648-1655. [CrossRef] [PubMed]

Zheng, Y.Y.; Ma, Y.T,; Zhang, ].Y.; Xie, X. COVID-19 and the cardiovascular system. Nat. Rev. Cardiol. 2020,
17,259-260. [CrossRef] [PubMed]

Madjid, M.; Safavi-Naeini, P; Solomon, S.D.; Vardeny, O. Potential Effects of Coronaviruses on the
Cardiovascular System. JAMA Cardiol. 2020, 5, 831. [CrossRef] [PubMed]

Frencken, ].E; Van Baal, L.; Kappen, T.H.; Donker, D.W.; Horn, ]J.; Van Der Poll, T.; Van Klei, W.A.; Bonten, M.J.;
Cremer, O.L.; De Beer, EM.; et al. Myocardial Injury in Critically Ill Patients with Community-acquired
Pneumonia. A Cohort Study. Ann. Am. Thorac. Soc. 2019, 16, 606—-612. [CrossRef]

Paddock, C.D.; Liu, L.; Denison, A.M.; Bartlett, ] H.; Holman, R.C.; DeLeon-Carnes, M.; Emery, S.L.;
Drew, C.P; Shieh, W.-].; Uyeki, TM.; et al. Myocardial Injury and Bacterial Pneumonia Contribute to the
Pathogenesis of Fatal Influenza B Virus Infection. J. Infect. Dis. 2012, 205, 895-905. [CrossRef]

Lanza, G.A.; De Vita, A.; Ravenna, S.E.; D"Aiello, A.; Covino, M.; Franceschi, F; Crea, F. Electrocardiographic
findings at presentation and clinical outcome in patients with SARS-CoV-2 infection. EP Europace
2020, euaa245. [CrossRef]

World Health Organization. Clinical Management of Severe Acute Respiratory Infection when
Novel Coronavirus (nCoV) Infection is Suspected: Interim Guidance. 2020. Available online:
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-
novelcoronavirus-(ncov)-infection-is-suspected (accessed on 27 May 2020).

Rautaharju, PM.; Zhang, Z.-M.; Prineas, R.; Heiss, G. Assessment of prolonged QT and JT intervals in
ventricular conduction defects. Am. J. Cardiol. 2004, 93, 1017-1021. [CrossRef]

Rautaharju, PM.; Surawicz, B.; Gettes, L.S.; Bailey, ].].; Childers, R.; Deal, B.].; Gorgels, A.; Hancock, EW.;
Josephson, M.; Kligfield, P.; et al. AHA/ACCF/HRS recommendations for the standardization and
interpretation of the electrocardiogram: Part IV: The ST segment, T and U waves, and the QT interval:
A scientific statement from the American Heart Association Electrocardiography and Arrhythmias Committee,
Council on Clinical Cardiology; the American College of Cardiology Foundation; and the Heart Rhythm
Society. Endorsed by the International Society for Computerized Electrocardiology. J. Am. Coll. Cardiol. 2009,
53,982-991.


http://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
http://dx.doi.org/10.1001/jama.2020.2648
http://dx.doi.org/10.1001/jamacardio.2020.0950
http://dx.doi.org/10.1001/jamacardio.2020.1017
http://dx.doi.org/10.1016/j.jacc.2020.06.007
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048789
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.046941
http://www.ncbi.nlm.nih.gov/pubmed/32200663
http://dx.doi.org/10.1038/s41569-020-0360-5
http://www.ncbi.nlm.nih.gov/pubmed/32139904
http://dx.doi.org/10.1001/jamacardio.2020.1286
http://www.ncbi.nlm.nih.gov/pubmed/32219363
http://dx.doi.org/10.1513/AnnalsATS.201804-286OC
http://dx.doi.org/10.1093/infdis/jir861
http://dx.doi.org/10.1093/europace/euaa245
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novelcoronavirus-(ncov)-infection-is-suspected
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novelcoronavirus-(ncov)-infection-is-suspected
http://dx.doi.org/10.1016/j.amjcard.2003.12.055

J. Clin. Med. 2020, 9, 3647 12 0of 12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wang, L.; He, W,; Yu, X; Hu, D.; Bao, M,; Liu, H.; Zhou, J.; Jiang, H. Coronavirus disease 2019 in elderly
patients: Characteristics and prognostic factors based on 4-week follow-up. J. Infect. 2020, 80, 639-645.
[CrossRef]

Szekely, Y.; Lichter, Y.; Taieb, P.; Banai, A.; Hochstadt, A.; Merdler, I.; Oz, A.G.; Rothschild, E.; Baruch, G.;
Peri, Y.; et al. Spectrum of Cardiac Manifestations in COVID-19. Circulation 2020, 142, 342-353. [CrossRef]
[PubMed]

Rath, D.; Petersen-Uribe, A.; Avdiu, A.; Witzel, K.; Jaeger, P.; Zdanyte, M.; Heinzmann, D.; Tavlaki, E.;
Miiller, K.; Gawaz, M.P. Impaired cardiac function is associated with mortality in patients with acute
COVID-19 infection. Clin. Res. Cardiol. 2020, 14, 1-9. [CrossRef] [PubMed]

Haseeb, S.; Gul, E.E.; Cinier, G.; Bazoukis, G.; Alvarez-Garcia, J.; Garcia-Zamora, S.; Lee, S.; Yeung, C.; Liu, T.;
Tse, G.; et al. Value of electrocardiography in coronavirus disease 2019 (COVID-19). J. Electrocardiol. 2020,
62,39-45. [CrossRef] [PubMed]

Lindner, D.; Fitzek, A.; Brauninger, H.; Aleshcheva, G.; Edler, C.; Meissner, K.; Scherschel, K.; Kirchhof, P.;
Escher, F.; Schultheiss, H.-P; et al. Association of Cardiac Infection With SARS-CoV-2 in Confirmed COVID-19
Autopsy Cases. JAMA Cardiol. 2020. [CrossRef]

Bangalore, S.; Sharma, A.; Slotwiner, A.; Yatskar, L.; Harari, R.; Shah, B.; Ibrahim, H.; Friedman, G.H.;
Thompson, C.; Alviar, C.L.; et al. ST-Segment Elevation in Patients with Covid-19—A Case Series. N. Engl.
J. Med. 2020, 382, 2478-2480. [CrossRef]

Mishra, A K,; Sahu, K.K.; George, A.A.; Lal, A. A review of cardiac manifestations and predictors of outcome
in patients with COVID-19. Heart Lung 2020, 49, 848-852. [CrossRef]

Alexander, B.; Baranchuk, A. COVID-19 and myocardial injury. Can. Med. Assoc. ]. 2020, 192, E812-E813.
[CrossRef]

Mishra, A.K.; Sahu, K.K.; Lal, A. Reporting of all cardiac medications and their outcome in COVID-19.
J. Med. Virol. 2020, 92, 1419-1420. [CrossRef]

Goldstein, M.R.; Poland, G.A.; Graeber, C.W. Are certain drugs associated with enhanced mortality in
COVID-19? QJM 2020, 113,509-510. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.jinf.2020.03.019
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047971
http://www.ncbi.nlm.nih.gov/pubmed/32469253
http://dx.doi.org/10.1007/s00392-020-01683-0
http://www.ncbi.nlm.nih.gov/pubmed/32537662
http://dx.doi.org/10.1016/j.jelectrocard.2020.08.007
http://www.ncbi.nlm.nih.gov/pubmed/32805546
http://dx.doi.org/10.1001/jamacardio.2020.3551
http://dx.doi.org/10.1056/NEJMc2009020
http://dx.doi.org/10.1016/j.hrtlng.2020.04.019
http://dx.doi.org/10.1503/cmaj.201230
http://dx.doi.org/10.1002/jmv.25843
http://dx.doi.org/10.1093/qjmed/hcaa103
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	ECG Analysis and Definitions 
	Clinical Outcome 
	Statistical Analysis 

	Results 
	General Findings 
	ECG Findings 
	ECG Findings and Clinical Outcome 

	Discussion 
	Limitations of the Study 
	Conclusions 
	References

