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Abstract

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can be associated with myocardial
injury. Identification of at-risk patients and mechanisms underlying cardiac involvement in COVID-19 remains
unclear. During hospitalization for COVID-19, high troponin level has been found to be an independent variable
associated with in-hospital mortality and a greater risk of complications. Electrocardiographic (ECG) abnormalities
could be a useful tool to identify patients at risk of poor prognostic. The aim of our study was to assess if specific
ECGs patterns could be related with in-hospital mortality in COVID-19 patients presenting to the ED in a European
country.

Methods: From February 1st to May 31st, 2020, we conducted a multicenter study in three hospitals in France. We
included adult patients (≥ 18 years old) who visited the ED during the study period, with ECG performed at ED
admission and diagnosed with COVID-19. Demographic, comorbidities, drug exposures, signs and symptoms
presented, and outcome data were extracted from electronic medical records using a standardized data collection
form. The relationship between ECG abnormalities and in-hospital mortality was assessed using univariate and
multivariable logistic regression analyses.

Results: An ECG was performed on 275 patients who presented to the ED. Most of the ECGs were in normal sinus
rhythm (87%), and 26 (10%) patients had atrial fibrillation/flutter on ECG at ED admission. Repolarization
abnormalities represented the most common findings reported in the population (40%), with negative T waves
representing 21% of all abnormalities. We found that abnormal axis (adjusted odds ratio: 3.9 [95% CI, 1.1–11.5],
p = 0.02), and left bundle branch block (adjusted odds ratio: 7.1 [95% CI, 1.9–25.1], p = 0.002) were significantly
associated with in-hospital mortality.
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Conclusions: ECG performed at ED admission may be useful to predict death in COVID-19 patients. Our data
suggest that the presence of abnormal axis and left bundle branch block on ECG indicated a higher risk of in-
hospital mortality in COVID-19 patients who presented to the ED. We also confirmed that ST segment elevation
was rare in COVID-19 patients.
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Background
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) can be associated with myocardial injury, which
have been described in various case reports, from acute
myocarditis to pseudo acute myocardial infarction [1–4].
Emergency departments (EDs) worldwide have been at
the epicenter of COVID-19 pandemic [5]. Early identifi-
cation of cardiac involvement in COVID-19 in patients
presenting to the Emergency Department (ED) is crucial.
Electrocardiogram (ECG), widely performed in the ED
and costless, could be a useful tool. Bertini et al. ana-
lysed COVID-19 patients who died or were treated with
invasive mechanical ventilation, and found that electro-
cardiogram (ECG) recorded at hospital admission was
abnormal in 93% of the patients, with signs of acute
right ventricular pressure overload (RVPO) in 30% of
the patients [6]. However, they did not compare these
ECG findings to those from patients with mild to mod-
erate forms of COVID-19. Mccullough and al. per-
formed a retrospective cohort study in patients with
COVID-19 who had an ECG at or near hospital admis-
sion in a large New York City teaching hospital. Using a
multivariable logistic regression model that included age,
ECG, and clinical characteristics, they found that the
presence of one or more atrial premature contractions, a
right bundle branch block or intraventricular block, is-
chemic T-wave inversion and nonspecific repolarization
increased the odds of death [7]. However, these findings
from a population with high incidence of cardiovascular
conditions may be of limited external validity. Thus, the
aim of our study was to assess if specific ECGs patterns
could be related to in-hospital mortality in COVID-19
patients presenting to the ED in a European country.

Methods
Study design and participants
From February 1st to May 31st, 2020, we conducted a
multicenter study in three hospitals in France: Nantes
University Hospital, La Roche sur Yon Hospital and Saint
Nazaire Hospital. We included adult patients (≥ 18 years
old) who presented to the ED during the study period,
with an ECG performed at ED admission, and diagnosed
with COVID-19. COVID-19 diagnosis was confirmed by a
positive reverse transcription-PCR (RT-PCR) targeting dif-
ferent genes of SARS-CoV-2 on nasopharyngeal swab [8].
All of the SARS-CoV2 PCR swabs were performed in ED.

Data collection
Patients’ demographic details (age, gender), historical diag-
noses and comorbidities (diabetes, coronary artery disease,
history of cardiac heart failure, diabetes, arrhythmia, to-
bacco use, chronic obstructive pulmonary disease, chronic
kidney disease (eGFR < 60mL/min/m2), stroke, hyperten-
sion), current medication list (chronic oral anticoagulation,
chronic antiplatelet therapy, anti-arrhythmia agents), signs
and symptoms presented (blood pressure, heart rate, re-
spiratory rate, oxygen flow rate, oxygen saturation, and
chest pain), and outcome data were extracted from elec-
tronic medical records using a standardized data collection
form. We used International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision, codes
to define comorbidities in the population. Troponin T was
assessed using Elecsys, Roche©. Two physicians (HDC and
EM) checked the data extracted from said patients. Prior
ECGs were rarely available on emergency room admission,
which precluded comparison with ECGs performed on
emergency room admission.

Outcomes
The primary outcome was in-hospital mortality. We
ascertained death based on review of discharge summar-
ies and death notes in the electronic medical records.

ECGs interpretation
Available ECGs were interpreted by two independent
emergency physicians (Nantes University Hospital, Saint
Nazaire Hospital) or by one emergency physician and
one cardiologist (La Roche sur Yon Hospital) using a
standardized data collection form [7]. When interpret-
ation was discordant between the two physicians, an-
other interpretation was performed by another
independent cardiologist (DT). No formal testing of be-
tween- or within-reader variability of interpretation was
performed for this study. Data extracted from each ECG
included rhythm categorized as normal sinus rhythm or
atrial fibrillation/flutter, atrioventricular block, axis devi-
ation, intraventricular conduction block (IVB) (QRS dur-
ation of > 110 ms), right bundle branch block (RBBB),
left bundle branch block (LBBB), left or right ventricular
hypertrophy, ST segment or T-wave changes (localized
ST elevation or depression, localized T-wave inversion,
or other nonspecific repolarization abnormalities) and
presence of U wave.
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Statistical analysis
Categorical variables are shown as frequency rates and per-
centages, and continuous variables as mean (standard devi-
ation, SD). Relationship between ECG abnormalities and
in-hospital mortality was assessed using univariate and
multivariable logistic regression analyses, as described in
additional file 1. Variables with a p-value under 0.10 were
included for the multivariable model, and a backward re-
gression was performed. Odds Ratio (OR) are expressed
with 95% confidence interval. A two-sided α of less than
0.05 was considered statistically significant. Statistical ana-
lyses were done using the R software (version 3.6.0).

Ethics
The study was approved by the Ethics Committee
named Groupe Nantais d’Ethique dans le Domaine de la
Santé, which waived the informed consent. Due to its
retrospective nature on de-identified data, an informed

consent was waived (GNEDS 28-05-2020). In France, the
study is excluded from the legal requirements applicable
to research involving humans within the provisions of
the French Public Health Code. The sponsor of the
study is CHU de Nantes (Nantes University Hospital),
Delegation for Clinical Research and Innovation.

Results
Patient characteristics
A total number of 472 patients with COVID-19 were
screened. Upon admission at ED, an ECG was per-
formed on 275 patients who were further included in
the analysis. Patients’ characteristics are shown in
Table 1. The mean age was 70 ± 16 years old, of which
43% were women. Fifty-nine (21%) patients had chronic
kidney disease, and 35 (13%) had diabetes mellitus. His-
tory of cardiovascular disease was common among the
population: 42% had hypertension, 15% had congestive

Table 1 Characteristic of the studied population

Demographic characteristics Survived
(n = 238)

Died
(n = 37)

Overall
(n = 275)

Age, years (mean, SD) 68 ± 16 79 ± 10 70 ± 16

Male, n (%) 130 (55%) 27 (73%) 157 (56%)

Diabetes, n (%) 31 (13%) 4 (11%) 35 (13%)

Coronary artery disease, n (%) 33 (14%) 5 (14%) 38 (14%)

Heart failure, n (%) 37 (16%) 5 (14%) 42 (15%)

Atrial flutter and atrial fibrillation, n (%) 28 (12%) 11 (30%) 39 (14%)

Active smoker, n (%) 13 (5%) 2 (5%) 15 (5%)

Conduction disorders, n (%) 28 (12%) 4 (11%) 32 (12%)

Chronic kidney disease (eGFR < 60mL/min/m2), n (%) 52 (22%) 7 (19%) 59 (21%)

Chronic Obstructive Pulmonary Disease, n (%) 20 (8%) 1 (3%) 21 (8%)

Hypertension, n (%) 98 (42%) 18 (49%) 116 (42%)

Stroke, n(%) 21 (9%) 6 (16%) 27 (10%)

Chronic oral anticoagulation, n(%) 39 (16%) 9 (24%) 48 (17%)

Chronic Antiplatelet therapy, n(%) 55 (23%) 9 (24%) 64 (23%)

Anti-Arrhythmia Agents, n(%) 19 (8%) 6 (16%) 25 (9%)

Vital signs, mean ± SD

Systolic blood pressure, (mmHg) 135 ± 22 131 ± 26 134 ± 23

Diastolic blood pressure, (mmHg) 76 ± 14 73 ± 12 75 ± 14

Heart rate, (/min) 86 ± 16 84 ± 18 85 ± 16

Respiratory rate, (/min) 24 ± 6 27 ± 7 24 ± 6

Oxygen flow rate, (l/min) 1 ± 3 4 ± 5 1.5 ± 6

Oxygen saturation (%) 96 ± 3 96 ± 3 95 ± 3

Heart related symptoms, n (%)

Chest pain 35 (15%) 0 (0%) 35 (13%)

Palpitations 6 (3%) 0 (0%) 6 (2%)

Outcome, n(%)

In-hospital mortality 0 (0%) 37 (100%) 37 (14%)
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heart failure, and 14% had coronaropathy. We also
found that 13% of the patients presented to the ED with
chest pain, and 2% reported palpitations. Troponin was
measured in 171 (62%) patients, with a mean level of
33 ± 59 ng/L. A Troponin level over 52 ng/L was found
in 23 (8.4%) patients of whom 13 with a previous history
of cardiac pathology.
Overall, eighty-seven (32%) patients received oxygen.

In-hospital mortality was 14% (n = 37).

Electrocardiographic findings
All 275 ECGs were interpreted by two emergency physi-
cians or by an emergency physician and a cardiologist. A
discordant interpretation between the two physicians
was found in 41 (14.9%) ECGs. ECG findings are shown
in Table 2. Baseline electrocardiographic characteristics
included a mean heart rate of 85 ± 16 bpm, with a mean
PR interval of 160 ± 40ms and a mean QRS interval of
98 ± 29ms. Most of the ECGs were in normal sinus
rhythm (87%), and 26 (10%) patients had atrial

fibrillation/flutter on ECG at ED admission. Abnormal
axis was rare (n = 16, 6%), with 5% having left axis devi-
ation and 1% a right axis deviation. Abnormal intraven-
tricular conduction was found in 16% of the patients,
with RBBB in 5% and LBBB in 4%. Repolarization abnor-
malities represented the most common findings reported
in the population (40%), with negative T waves repre-
senting 21% of all abnormalities. Importantly, ST seg-
ment elevation was rare (n = 6%). When comparing
patients with repolarization abnormalities to patients
without, troponin levels were not significantly different
(39 vs 31 ng/L, p = 0.45).

Relationship between electrocardiographic findings and
outcomes
Univariate and multivariate logistic regression analyses
were then performed (Table 3). Variables with a p-value
under 0.10 in the univariate analysis were included for
the multivariable model (sinus rhythm, Abnormal axis,
IVB, LBBB), and a backward regression was performed,

Table 2 ECG findings in the study population

Survived
(n = 238)

Died
(n = 37)

Overall
(n = 275)

Sinus Rhythm, n (%) 211 (89%) 28 (12%) 239 (87%)

Abnormal axis, n (%) 11 (4%) 5 (14%) 16 (6%)

Heart rate, mean ± eSD 86 ± 16 84 ± 18 85 ± 16

Atrial fibrillation, n (%) 30 (13%) 5 (14%) 26 (10%)

Left atrial enlargement, n (%) 2 (1%) 1 (3%) 3 (1%)

Left ventricular hypertrophy, n (%) 3 (1%) 0 3 (1%)

Pacemaker rhythm, n (%) 3 (1%) 3 (8%) 6 (2%)

PR interval, mean ± SD 152 ± 46 181 ± 66 160 ± 40

QRS interval, mean ± SD 95 ± 27 106 ± 33 98 e± 29

Pathological Q wave, n (%) 29 (12%) 4 (11%) 33 (12%)

Any repolarization abnormality, n (%) 64 (27%) 8 (22%) 72 (26%)

Giant T wave, n (%) 14 (6%) 0 (0%) 14 (5%)

Pathological negative T wave, n (%) 52 (22%) 7 (19%) 59 (21%)

ST segment depression, n (%) 15 (6%) 1 (3%) 16 (6%)

ST segment elevation, n (%) 6 (3%) 0 (0%) 6 (2%)

First degree atrioventricular block, n (%) 14 (6%) 0 (0%) 14 (5%)

Left anterior hemiblock, n (%) 8 (3%) 3 (8%) 11 (4%)

Left Ventricular Hypertrophy, n (%) 3 (1%) 0 (0%) 3 (1%)

Delta wave, n (%) 2 (1%) 0 (0%) 2 (0.7%)

IVB, n (%) 32 (13%) 11 (30%) 43 (16%)

RBBB, n (%) 11 (5%) 2 (5%) 13 (5%)

LBBB, n (%) 6 (3%) 5 (14%) 11 (4%)

Ventricular extrasystoles, n (%) 11 (5%) 0 (0%) 11 (4%)

U waves, n (%) 14 (6%) 1 (3%) 15 (6%)

Poor R wave progression, n (%) 8 (3%) 0 (0%) 8 (3%)

ECG Electrocardiogram, IVB Intraventricular conduction block, LBBB Left bundle branch block, RBBB Right bundle branch block
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as detailed in the Additional file 1. We found that abnor-
mal axis (adjusted odds ratio: 3.9 [95% CI, 1.1–11.5],
p = 0.02), and LBBB (adjusted odds ratio: 7.1 [95% CI,
1.9–25.1], p = 0.002) were significantly associated with
in-hospital mortality (Final model: Akaike Information
Criterion: 206.5; Bayesian Information Criterion: 221.0;
LROC: 0.64).

Discussion
Our multicenter study of the ECGs performed at ED ad-
mission in 275 COVID-19 patients found that repolari-
zation abnormities were frequent, whereas ST segment
elevation was rare, as previously reported [7]. In our co-
hort, the patients were older than in another Asian co-
hort [9], and our patients had lower prevalence rates of
cardiovascular comorbidities than the North American
cohorts [8, 10]. However, the baseline characteristics of
COVID-19 patients reported here were consistent with
those observed in French EDs during the first wave of
COVID-19 pandemic [11]. Compared to a cohort of pa-
tients with community-acquired pneumonia (CAP), our
population had similar age but with less cardiovascular
risk factors [12]. Nonetheless, the comparison should be
made with caution, regarding the impact of cardiovascu-
lar comorbidities in both COVID-19 and CAP.
In our multivariable logistic regression model, the

presence of abnormal axis and LBBB were associated
with in-hospital mortality. Finding early signs of cardiac
impairment is extremely valuable in prioritizing ED pa-
tients, and our results suggest that ECG, widely per-
formed in the ED and at no cost, is a useful tool in the
ED assessment of COVID-19 patients. Mccullough and
al. previously reported that ischemic T-wave inversion
was associated with an increased risk of death in patients

with COVID-19 who had a ECG at or near hospital ad-
mission [7]. Moreover, Lombardi et al. reported that ele-
vated troponin was an independent variable associated
with in-hospital mortality and a greater risk of complica-
tions during hospitalization for COVID-19 [13]. Myocar-
dial involvement in COVID-19 is supported by
pathological finding of interstitial inflammatory mono-
nuclear cells in heart tissue during autopsy [14]. But the
specific involvement of SARS-CoV2 is unclear in the
underlying cardiac pathogenicity. Importantly, similar
patterns have been found in CAP, where cardiovascular
disease (CVD) events have been reported to be frequent
[15–17] and ECG changes are often seen, with frequent
ST segment or T-wave abnormalities [18]. Hypoxia,
hypotension or decreased cardiac output could be one of
the non-specific explanotary factors. Animal models
have previously suggested that bacterial infections may
lead to apoptosis of cardiomyocytes through direct and
indirect toxicity of S. pneumoniae [19]. Violi et al. sug-
gested that Nox2 related oxidative stress could explain
myocardial damage [20]. Complex interactions through
direct cardiomyocyte invasion and indirect
inflammatory-mediated damage could explain cardiac
involvement in COVID-19 [21]. Myocardial injuries have
been described in various case reports, from acute myo-
carditis to pseudo acute myocardial infarction [1–4, 22],
and several studies highlight an association between car-
diac injuries and mortality [23–26]. Other studies sug-
gested that abnormal heart rhythms are common [7, 13,
27]. But relationship between these findings and
COVID-19 infection should be made with caution, as in
an unselected population of healthy adults, inverted T
waves in the anterior and lateral leads have been shown
to be associated with long-term risk of mortality from

Table 3 Univariate and Multivariate logistic regression analysis of predictors of in-hospital mortality in hospitalized patients

Survived (n = 238) Died (n = 37) Unajusted OR for in-hospital
mortality, OR (95% CI); P value

Adjusted OR for in-hospital
mortality, OR (95% CI); P value

sinus rhythm, n (%) 211 (89%) 28 (76%) 0.9 (0.8–1.0); 0.07 0.4 (0.2–1.2); 0.08

Abnormal axis, n (%) 11 (4%) 5 (14%) 1.21 (1.02–1.44); 0.03 3.9 (1.1–11.5); 0.02

Right atrial enlargement, n (%) 2 (1%) 1 (3%) 1.23 (0.83–1.80); 0.3

Left atrial enlargement, n (%) 2 (1%) 1 (3%) 1.23 (0.83–1.80); 0.3

Left ventricular hypertrophy, n (%) 3 (1%) 0 0.87 (0.64–1.18); 0.38

Left anterior hemiblock, n (%) 8 (3%) 3 (8%) 1.13 (0.93–1.38); 0.22

IVB, n (%) 32 (13%) 11 (30%) 1.16 (1.04–1.29); 0.008

RBBB, n (%) 11 (5%) 2 (5%) 1.02 (0.85–1.24); 0.81

LBBB, n (%) 6 (3%) 5 (14%) 1.4 (1.14–1.71); 0.001 7.1 (1.9–25.1); 0.002

Pathological Q waves, n (%) 29 (12%) 4 (11%) 0.99 (0.87–1.12); 0.85

ST segment changes, n (%) 21 (9%) 1 (3%) 0.91 (0.79–1.05); 0.19

Pathological negative T waves, n (%) 52 (22%) 7 (19%) 0.98 (0.89–1.08); 0.75

Giant T wave, n (%) 14 (6%) 0 0.87 (0.73–1.04); 0.14

ECG Electrocardiogram, IVB Intraventricular conduction block, LBBB Left bundle branch block, RBBB Right bundle branch block
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CVD event [28]. A prospective cohort of patients with
COVID-19 infection and ECG abnormalites should
assess long-term cardiovascular consequences of
COVID-19.
Our study has some limitations. First, because of its

retrospective design, data were missing in both biological
data and comorbidities, especially regarding troponin
level which was available in only 171 patients. As symp-
toms onset was also unknown, this prevented us from
doing any survival curve analysis. Since ECGs were not
performed in every patient, it is possible that more se-
vere patients had ECG analyses, therefore inducing a se-
lection bias explaining the high mortality rate in our
patients. Second, when the ECG was abnormal, it was
not possible to determine if those abnormalities were re-
lated to the COVID-19 infection or to a previous un-
known cardiopathy. Third, the ECG were interpreted by
two emergency physicians or an emergency physician
and a cardiologist, it is possible that some subtle ECG
findings have been missed. However, previous studies
suggested that most ED misinterpretations were deter-
mined unlikely to have clinical significance [29, 30].
Moreover, centralized ECG reading by cardiologists is
not feasible in most hospitals. Fourth, echocardiography
or cardiovascular magnetic resonance were not per-
formed in all included patients for evaluation of heart
involvement.

Conclusions
In a multicenter study, we reported that ECG performed
at ED admission may be useful to predict severity and
death in COVID-19 patients. Our data suggest that the
presence of abnormal axis and LBBB on ECG at ED ad-
mission indicated a higher risk of death. We also con-
firmed that ST segment elevation at ED presentation
was rare in COVID-19 patients. A prospective study
should be performed to evaluate the monitoring of ECG
in COVID-19 prognosis, and if ECG abnormalities de-
tected during COVID-19 infection is a risk factor for
subsequent CVD event.

Abbreviations
ECG: electrocardiogram; IVB: intraventricular conduction block; LBBB: left
bundle branch block; RBBB: right bundle branch block

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12873-021-00539-8.

Additional file 1. Details of the multivariate model performed

Acknowledgements
The authors thank the members of the Nantes University Hospital research
team for enabling this study.

Authors’ contributions
Emmanuel Montassier (EM), Hugo De Carvalho (HDC), Lucas Leonard-Pons
(LLP) and Quentin Le Bastard (QLB) conceived the study. EM, HDC and QLB
developed the analysis plan. HDC, LLP, Julien Segard (JS), Guillaume Cattin
(GC), Severin Tiberghien (ST), Nicolas Goffinet (NG), Simon Ribes (SR), Marc
Trotignon (MT), François Javaudin (FJ), Arnaud Martinage (AM), Fabien Ara-
bucki (FA) and Dylan Therasse (DT) collected the data. DT reviewed all dis-
cordant ECG interpretations and gave the final interpretations of ECG. EM
and HDC undertook the main analysis. HDC wrote the first draft of the paper,
with all other authors making important critical revisions. All authors have
read and approved the final version of the manuscript.

Funding
No funding received for this work.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee named Groupe Nantais
d’Ethique dans le Domaine de la Santé (GNEDS 28-05-2020), which waived
the informed consent. In France, the study is excluded from the legal re-
quirements applicable to research involving humans within the provisions of
the French Public Health Code. The sponsor of the study is CHU de Nantes
(Nantes University Hospital), Delegation for Clinical Research and Innovation.
Overall, all methods were carried out in accordance with relevant guidelines
and regulations.

Consent for publication
NA

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Emergency Medicine SAMU44, 44000 Nantes, France.
2Department of Emergency Medicine, SAMU85, CHD La Roche Sur Yon,
85000 La Roche Sur Yon, France. 3Department of Emergency Medicine,
SAMU44, 44600 Saint Nazaire, France. 4Cardiology, Centre Laroiseau, 56000
Vannes, France. 5Department of Cardiology, CHD La Roche Sur Yon, 85000 La
Roche Sur Yon, France.

Received: 2 February 2021 Accepted: 3 November 2021

References
1. Loghin C, Chauhan S, Lawless SM. Pseudo acute myocardial infarction in a

young COVID-19 patient. Case Rep. 2020;2(9):1284–8. https://doi.org/10.101
6/j.jaccas.2020.04.015.

2. Doyen D, Moceri P, Ducreux D, Dellamonica J. Myocarditis in a patient with
COVID-19: a cause of raised troponin and ECG changes. Lancet. 2020;
395(10235):1516. https://doi.org/10.1016/S0140-6736(20)30912-0.

3. Kim I-C, Kim JY, Kim HA, Han S. COVID-19-related myocarditis in a 21-year-
old female patient. Eur Heart J. 2020;41(19):1859. https://doi.org/10.1093/
eurheartj/ehaa288.

4. Bangalore S, Sharma A, Slotwiner A, Yatskar L, Harari R, Shah B, Ibrahim H,
Friedman GH, Thompson C, Alviar CL, Chadow HL, Fishman GI, Reynolds HR,
Keller N, Hochman JS ST-segment elevation in patients with Covid-19 — a
case series. N Engl J Med; 2020;382:2478–2480, 25, Massachusetts Medical
Society, https://doi.org/10.1056/NEJMc2009020.

5. Tuominen J, Hällberg V, Oksala N, Palomäki A, Lukkarinen T, Roine A. NYU-
EDA in modelling the effect of COVID-19 on patient volumes in a Finnish
emergency department. BMC Emerg Med. 2020;20(1):97. https://doi.org/1
0.1186/s12873-020-00392-1.

6. Bertini M, Ferrari R, Guardigli G, Malagù M, Vitali F, Zucchetti O, et al.
Electrocardiographic features of 431 consecutive, critically ill COVID-19
patients: an insight into the mechanisms of cardiac involvement. Europace.
2020;22(12):1848–54. https://doi.org/10.1093/europace/euaa258.

De Carvalho et al. BMC Emergency Medicine          (2021) 21:141 Page 6 of 7

https://doi.org/10.1186/s12873-021-00539-8
https://doi.org/10.1186/s12873-021-00539-8
https://doi.org/10.1016/j.jaccas.2020.04.015
https://doi.org/10.1016/j.jaccas.2020.04.015
https://doi.org/10.1016/S0140-6736(20)30912-0
https://doi.org/10.1093/eurheartj/ehaa288
https://doi.org/10.1093/eurheartj/ehaa288
https://doi.org/10.1056/NEJMc2009020
https://doi.org/10.1186/s12873-020-00392-1
https://doi.org/10.1186/s12873-020-00392-1
https://doi.org/10.1093/europace/euaa258


7. Mccullough SA, Goyal P, Krishnan U, Choi JJ, Safford MM, Okin PM.
Electrocardiographic findings in coronavirus Disease-19: insights on
mortality and underlying myocardial processes. J Card Fail; 2020;26:626–632,
7, Elsevier, https://doi.org/10.1016/j.cardfail.2020.06.005.

8. Goyal P, Choi JJ, Pinheiro LC, Schenck EJ, Chen R, Jabri A, et al. Clinical
characteristics of Covid-19 in new York City. N Engl J Med. 2020;382(24):
2372–4. https://doi.org/10.1056/NEJMc2010419.

9. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, 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(10229):1054–62. https://doi.
org/10.1016/S0140-6736(20)30566-3.

10. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, et al. Presenting characteristics, comorbidities, and outcomes among
5700 patients hospitalized with COVID-19 in the New York City area. JAMA.
2020;323(20):2052–9. https://doi.org/10.1001/jama.2020.6775.

11. De Carvalho H, Richard MC, Chouihed T, Goffinet N, Le Bastard Q, Freund Y,
et al. Electrolyte imbalance in COVID-19 patients admitted to the
emergency department: a case-control study. Intern Emerg Med. 2021;16(7):
1945–50. https://doi.org/10.1007/s11739-021-02632-z.

12. Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R, Mattingly WA, et al.
Adults hospitalized with pneumonia in the United States: incidence,
epidemiology, and mortality. Clin Infect Dis. 2017;65(11):1806–12. https://doi.
org/10.1093/cid/cix647.

13. Lombardi CM, Carubelli V, Iorio A, Inciardi RM, Bellasi A, Canale C, et al.
Association of Troponin Levels with Mortality in Italian patients hospitalized
with coronavirus disease 2019: results of a multicenter study. JAMA Cardiol.
2020;5(11):1274–80. https://doi.org/10.1001/jamacardio.2020.3538.

14. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings
of COVID-19 associated with acute respiratory distress syndrome. Lancet
Respir Med. 2020;8(4):420–42. https://doi.org/10.1016/S2213-2600(20)30076-X.

15. Musher DM, Rueda AM, Kaka AS, Mapara SM. The association between
pneumococcal pneumonia and acute cardiac events. Clin Infect Dis. 2007;
45(2):158–65. https://doi.org/10.1086/518849.

16. Aliberti S, Tobaldini E, Giuliani F, Nunziata V, Casazza G, Suigo G, et al.
Cardiovascular autonomic alterations in hospitalized patients with
community-acquired pneumonia. Respir Res. 2016;17(1):98. https://doi.org/1
0.1186/s12931-016-0414-8.

17. Corrales-Medina VF, Alvarez KN, Weissfeld LA, Angus DC, Chirinos JA, Chang
C-CH, et al. Association between hospitalization for pneumonia and
subsequent risk of cardiovascular disease. JAMA. 2015;313(3):264–74. https://
doi.org/10.1001/jama.2014.18229.

18. Stein PD, Matta F, Ekkah M, Saleh T, Janjua M, Patel YR, et al.
Electrocardiogram in pneumonia. Am J Cardiol. 2012;110(12):1836–40.
https://doi.org/10.1016/j.amjcard.2012.08.019.

19. Reyes LF, Restrepo MI, Hinojosa CA, Soni NJ, Anzueto A, Babu BL, et al.
Severe pneumococcal pneumonia causes acute cardiac toxicity and
subsequent cardiac remodeling. Am J Respir Crit Care Med. 2017;196(5):
609–20. https://doi.org/10.1164/rccm.201701-0104OC.

20. Violi F, Pastori D, Pignatelli P, Cangemi R. SARS-CoV-2 and myocardial injury:
a role for Nox2. Intern Emerg Med. 2020;15(5):755–8. https://doi.org/10.1
007/s11739-020-02348-6.

21. Babapoor-Farrokhran S, Gill D, Walker J, Rasekhi RT, Bozorgnia B, Amanullah
A. Myocardial injury and COVID-19: possible mechanisms. Life Sci. 2020;253:
117723. https://doi.org/10.1016/j.lfs.2020.117723.

22. Sgura FA, Arrotti S, Cappello CG, Boriani G. Complicated myocardial
infarction in a 99-year-old lady in the era of COVID-19 pandemic: from the
need to rule out coronavirus infection to emergency percutaneous
coronary angioplasty. Intern Emerg Med. 2020;15(5):835–9. https://doi.org/1
0.1007/s11739-020-02362-8.

23. Santoso A, Pranata R, Wibowo A, Al-Farabi MJ, Huang I, Antariksa B. Cardiac
injury is associated with mortality and critically ill pneumonia in COVID-19: a
meta-analysis. Am J Emerg Med. 2020;44:352–7. https://doi.org/10.1016/j.a
jem.2020.04.052.

24. Cipriani A, Capone F, Donato F, Molinari L, Ceccato D, Saller A, et al. Cardiac
injury and mortality in patients with coronavirus disease 2019 (COVID-19):
insights from a mediation analysis. Intern Emerg Med. 2020;16(2):1–9.
https://doi.org/10.1007/s11739-020-02495-w.

25. Aikawa T, Takagi H, Ishikawa K, Kuno T. Myocardial injury characterized by
elevated cardiac troponin and in-hospital mortality of COVID-19: an insight
from a meta-analysis. J Med Virol. 2020;93(1):51–5. https://doi.org/10.1002/
jmv.26108.

26. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri M, et al.
The association between cardiac injury and outcomes in hospitalized
patients with COVID-19. Intern Emerg Med. 2020;15(8):1–10. https://doi.
org/10.1007/s11739-020-02466-1.

27. Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac troponin I in patients with
coronavirus disease 2019 (COVID-19): evidence from a meta-analysis. Prog
Cardiovasc Dis. 2020;63(3):390–1. https://doi.org/10.1016/j.pcad.2020.03.001.

28. Istolahti T, Lyytikäinen L-P, Huhtala H, Nieminen T, Kähönen M, Lehtimäki T,
et al. The prognostic significance of T-wave inversion according to ECG lead
group during long-term follow-up in the general population. Ann
Noninvasive Electrocardiol. 2021;26(1):e12799. https://doi.org/10.1111/a
nec.12799.

29. Westdrop EJ, Gratton MC, Watson WA. Emergency department
interpretation of electrocardiograms. Ann Emerg Med. 1992;21(5):541–4.
https://doi.org/10.1016/S0196-0644(05)82521-1.

30. Snoey ER, Housset B, Guyon P, ElHaddad S, Valty J, Hericord P. Analysis of
emergency department interpretation of electrocardiograms. J Accid Emerg
Med. 1994;11(3):149–53. https://doi.org/10.1136/emj.11.3.149.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

De Carvalho et al. BMC Emergency Medicine          (2021) 21:141 Page 7 of 7

https://doi.org/10.1016/j.cardfail.2020.06.005
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1007/s11739-021-02632-z
https://doi.org/10.1093/cid/cix647
https://doi.org/10.1093/cid/cix647
https://doi.org/10.1001/jamacardio.2020.3538
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1086/518849
https://doi.org/10.1186/s12931-016-0414-8
https://doi.org/10.1186/s12931-016-0414-8
https://doi.org/10.1001/jama.2014.18229
https://doi.org/10.1001/jama.2014.18229
https://doi.org/10.1016/j.amjcard.2012.08.019
https://doi.org/10.1164/rccm.201701-0104OC
https://doi.org/10.1007/s11739-020-02348-6
https://doi.org/10.1007/s11739-020-02348-6
https://doi.org/10.1016/j.lfs.2020.117723
https://doi.org/10.1007/s11739-020-02362-8
https://doi.org/10.1007/s11739-020-02362-8
https://doi.org/10.1016/j.ajem.2020.04.052
https://doi.org/10.1016/j.ajem.2020.04.052
https://doi.org/10.1007/s11739-020-02495-w
https://doi.org/10.1002/jmv.26108
https://doi.org/10.1002/jmv.26108
https://doi.org/10.1007/s11739-020-02466-1
https://doi.org/10.1007/s11739-020-02466-1
https://doi.org/10.1016/j.pcad.2020.03.001
https://doi.org/10.1111/anec.12799
https://doi.org/10.1111/anec.12799
https://doi.org/10.1016/S0196-0644(05)82521-1
https://doi.org/10.1136/emj.11.3.149

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and participants
	Data collection
	Outcomes
	ECGs interpretation
	Statistical analysis
	Ethics

	Results
	Patient characteristics
	Electrocardiographic findings
	Relationship between electrocardiographic findings and outcomes

	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

