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Abstract
Background The aim of the present study was to compare clinical and electrocardiographic characteristics of patients with 
COVID-19 pneumonia in Modena, Emilia Romagna, Italy.
Methods Patients admitted to the emergency department for suspected COVID-19 pneumonia from March the 16th to 
April the 15th were enrolled in the study. COVID-19 pneumonia was confirmed by positive nasopharyngeal swab. Primary 
endpoint was 30-day mortality.
Results 201 patients were diagnosed with COVID-19 pneumonia. Compared to survivors, patients who died were older 
(79.7 ± 10.8 vs 65.6 ± 14.1, p < 0.001), with a more complex cardiovascular history, including coronary artery disease (CAD, 
33.3% vs 13.3%, p = 0.004), atrial fibrillation (23.8 vs 8.8, p = 0.011) and chronic kidney disease (CKD 35.7% vs 7.0%, 
p < 0.001). 30-day mortality was 20,9% in these patients; atrial fibrillation (OR 12.74, 95% CI 3.65–44.48, p < 0.001), ST-
segment depression (OR 5.30, 95% CI 1.50–18.81, p = 0.010) and QTc-interval prolongation (OR 3.17, 95% CI 1.24–8.10, 
p = 0.016) at ECG admission were associated to an increased mortality risk. On the contrary, sinus rhythm (OR 0.08, 95% CI 
0.02–0.27, p < 0.001) and low-molecular weight heparin (LMWH) administration (OR 0.08, 95% CI 0.02–0.29, p < 0.001) 
were related to reduced mortality. At multivariate analysis, after adjustment for age, sex, diabetes, CAD, and MCA admis-
sion, sinus rhythm (HR 2.7, CI 95% 1.1–7.0, p = 0.038) and LMWH (HR 8.5, 95% CI 2.0–36.6, p = 0.004) were confirmed 
to be independent predictors of increased survival.
Conclusion Sinus rhythm at ECG admission in COVID-19 pneumonia patients was associated with greater survival as well 
as LMWH administration, which conferred an overall better outcome.
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Introduction

Coronavirus disease (COVID-19) with Severe Acute Respir-
atory Syndrome (SARS) due to a novel Coronavirus (CoV-2) 
has rapidly spread worldwide; as of today September the 
20th, World Health Organization has declared 30.6 millions 
confirmed cases of COVID-19, including 950.000 deaths 

[1]. COVID-19 pandemic outbroke in our regions at the 
end of Februry, and the majority of cases were registered in 
northern Italy, with a significant impact on cardiovascular 
hospitalization rate [2]. Clinical manifestations of infection 
are characterized by fever, cough and dyspnea, with severe 
case of infection and intensive care unit (ICU) admission 
up to 15% and 5% of case, respectively [3]. It is well known 
that COVID-19 may affect the cardiovascular system and 
several studies have described myocarditis, acute coronary 
syndrome or heart failure as clinical manifestation of the 
disease [4]. In this regard, electrocardiography (ECG) may 
be useful to discern acute myocardial injury or rhythm 
alterations in COVID-19 patients. ECG characteristics in 
COVID-19 pneumonia have been already described in previ-
ous studies, but their relations to outcomes are still debated 
[5–7]. The aim of the present study was, indeed, to explore 
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ECG abnormalities at admission in all-comer COVID-19 
patients admitted to the Emergency Department of Modena 
University Hospital.

Methods

All-comer patients admitted to the Emergency Department 
of Modena University Hospital with suspected COVID-19 
pneumonia from March the 16th to April the 15th 2020 were 
enrolled in the study. All patients with typical respiratory 
symptoms have been diagnosed with COVID-19 infection 
by positive nasopharyngeal swab and typical radiological 
features at chest X-ray. Clinical data, including outcome, 
were extracted from medical records. Venous and arterial 
blood samples for blood gas analysis were collected at the 
time of hospitalization and there after based on clinical indi-
cation. 12-lead ECG with 25 mm/s and 1 mV/cm calibration 
and 0.05–150 Hz filter setting. ECG traces were recorded 
and analyzed off-line. The following ECG parameters were 
considered: heart rate (HR), presence of ST-T abnormalities 
and corrected QT interval (ms), this latter measured as the 
time between the start of Q wave and the end of the T wave, 
corrected by HR according to Bazett’s formula. Rhythm and 
conduction alterations were also considered.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation (SD), while categorical data were expressed as 
absolute values and proportions. Variables were compared 
between patient survivors and non-survivors at 30  day 
using the Fisher exact test for categorical variables, and 
the t test or the Mann–Whitney U test, as appropriate, for 
continuous variables. Survival curves were plotted using 
the Kaplan–Meier method with log-rank test and COX-
regression model was applied. Analyses were performed 
with SPSS, Statistical Package for Social Science) software 
(v26, SPSS Inc., Chicago, IL, USA). For all the statistical 
analyses, p < 0.05 was considered significant.

Results

Patients baseline characteristics are resumed in Table 1. 
Mean age was 68.5 ± 14.7  years; women represented 
35.8% of the study population. Fever (92.5%) was the most 
prevalent symptom at admission; dyspnea (68.7%), cough 
(49.8%) and gastrointestinal symptoms (19.4%) were also 
detected although in lower percentage. Only six patients 
have complained chest pain. Vital parameter measure-
ment at admission revealed a systolic blood pressure of 
132.5 ± 21.9  mmHg, heart rate (HR) 91.1 ± 17.0  bpm, 

respiratory rate (RR) 21.3 ± 7.5 apm and  SO2 92.7 ± 4.6%. 
Hypertension (56.2%) was the most prevalent comorbidity. 
Diabetes, coronary artery disease (CAD), chronic kidney 
disease (CKD) and history of atrial fibrillation (AF) were 
present in 18.4, 17.4, 12.9 and 11.9% of patients respec-
tively; of these latter, only 42% were already on anticoagu-
lant treatment. Baseline ECG features (Table 2) were char-
acterized by sinus rhythm (63.7%) in the vast majority of 
cases. ST-T abnormalities accounted for 15.9% of patients, 
atrial fibrillation for 7.0%; QTc interval was 449.7 ± 29.5 ms 
at admission. Cardiovascular (CV) comorbidities did not dif-
fer in patients with or without ECG alterations. Chronic ther-
apy with antiplatelet therapy or anticoagulant has been found 
in 22.9% and 8.9% of cases. Intensive care unit admission 
was necessary in 15.9% of study population; seven patients 
(3.5%) underwent cardio-pulmonary resuscitation (Fig. 1). 
Most of the patients were admitted to internal medicine (IM, 
47.3%), while another consistent part (31.3%) were treated 
in medical critical area (MCA, Fig. 2).

30-day overall mortality, provided by electronic medi-
cal record, was 20.9%. Compared to survivors, patients who 
died were older (79.7 ± 10.8 vs 65.6 ± 14.1, p < 0.001), with 

Table 1  Baseline characteristics

COPD, chronic obstructive pulmonary disease; CAD, coronary artery 
disease; PAD, peripheral artery disease; CKD, chronic kidney dis-
ease; RR, respiratory rate; HR, heart rate;  SO2, oxygen saturation; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; MCA, 
medical critical area; LMWH, low molecular weight heparin

Dead (n = 42) Alive (n = 159) p

Age 79.7 ± 10.8 65.6 ± 14.1 < 0.001
Female sex 40.5 34.6 0.297
Hypertension 64.3 54.4 0.166
Diabetes 26.2 16.5 0.113
Dyslipidemia 16.7 18.4 0.501
COPD 4.9 7.0 0.475
Smoking 4.8 5.7 0.583
CAD 33.3 13.3 0.004
Atrial fibrillation history 23.8 8.8 0.011
PAD 11.9 7.0 0.225
CKD 35.7 7.0 < 0.001
Cancer 16.7 8.9 0.123
Fever 95.1 93.0 0.475
Cough 42.9 51.9 0.193
Dyspnea 81.0 66.2 0.047
RR 23.3 ± 4.9 20.7 ± 8.0 0.001
HR 90.3 ± 18.2 91.3 ± 16.6 0.221
SO2 91.3 ± 5.6 93.1 ± 4.2 0.057
SBP 132.4 ± 23.4 132.5 ± 21.4 0.860
DBP 80.3 ± 21.3 75.6 ± 10.1 0.175
MCA 28.8 32.6 0.407
LMWH 7.5 48.7 < 0.001
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a more complex cardiovascular history, including CAD 
(33.3% vs 13.3%, p = 0.004), AF (23.8 vs 8.8, p = 0.011) and 
CKD (CKD 35.7% vs 7.0%, p < 0.001). AF (OR 12.74, 95% 

CI 3.65–44.48, p < 0.001), ST-segment depression (OR 5.30, 
95% CI 1.50–18.81, p = 0.010) and QTc-interval prolonga-
tion (OR 3.17, 95% CI 1.24–8.10, p = 0.016) at ECG admis-
sion were also associated to an increased mortality risk. On 
the contrary, sinus rhythm (OR 0.08, 95% CI 0.02–0.27, 
p < 0.001) and LMWH administration at admission (OR 
0.08, 95% CI 0.02–0.29, p < 0.001) were associated with bet-
ter survival. Laboratory parameters (Table 3) did not differ 
between the two groups, except for baseline TnI (62.7 ± 56.4 
vs 21.0 ± 22.3, p < 0.001).

At multivariate analysis, after adjustment for age, sex, 
diabetes, CAD, resuscitation and MCA admission, sinus 
rhythm (HR 2.7, CI 95% 1.1–7.0, p = 0.038) and LMWH 
(HR 8.5, 95% CI 2.0–36.6, p = 0.004) were confirmed to be 
independent predictors of increased survival (Fig. 3).

Discussion

This is the first study describing clinical and ECG charac-
teristics and 30-day outcome in all-comer patients with a 
history of COVID-19 pneumonia. In this retrospective real-
world cohort of COVID-19 patients we confirmed a high 
short-term mortality, particularly in patients with a more 
complex CV history and we obtained the following novel 
key findings: (1) ECG abnormalities at admission are quite 
common in COVID-19 infection and related to a higher risk 
of mortality; (2) sinus rhythm at admission has been associ-
ated with a lower mortality even after adjustment for con-
founding factors such as age, sex, diabetes, CAD, ICU and 
resuscitation; (3) LMWH has been related, as already shown 
in other studies [8–11], to lower mortality and furtherly 
improved survival particularly in patients with sinus rhythm 
at ECG admission; (4) myocardial biomarkers resulted sig-
nificantly higher in non-survivors compared to survivors, as 
expression of a more severe disease with multi-organ failure 
manifestation.

Poor clinical outcomes in COVID-19 pneumonia patients 
may be partially explained by underlying severe comorbidi-
ties, such as pre-existing CV-conditions [12]. The cytokine 
storm with hyperinflammation, typical of COVID-19 

Table 2  Baseline ECG characteristics

AF, atrial fibrillation;  AVBI, atrio-ventricular block I; RBBB, right 
bundle branch block; LBBB, left bundle branch block

Dead (n = 42) Alive (n = 159) p

Sinus rhythm 16.4 83.6 < 0.001
AF 32.3 3.6 < 0.001
AVBI 3.2 5.4 0.524
RBBB 16.1 9.9 0.250
LBBB 19.4 9.0 0.102
ST-elevation 3.3 1.8 0.518
ST-depression 20.0 4.5 0.012
T wave inversion 3.3 15.3 0.066
Prolonged QTc 75.0 48.6 0.010
QTc 466.2 ± 23.6 445.4 ± 29.4  < 0.001

Fig. 1  Support and treatment of COVID19 patients. MCA medi-
cal critical area, CPR cardio-pulmonary resuscitation, LMWH low- 
molecular weight heparin

Fig. 2  Destination of COVID-19 patients after admission to the 
Emergency Department; IM, internal medicine; MCA, medical criti-
cal area; ID, infectious diseases; ICU, intensive care unit

Table 3  Laboratory parameters at admission

TnI, troponin I; WBC, white blood cells; N/L, neutrophil to lympho-
cyte; CRP, C-reactive protein; LDH, lactate dehydrogenase

Dead (n = 42) Alive (n = 159) p

TnI 62.7 ± 56.4 21.0 ± 22.3 < 0.001
WBC 7.8 ± 3.8 6.8 ± 3.6 0.102
N/L ratio* 11.6 ± 8.9 8.0 ± 5.2 0.018
CRP 10.9 ± 8.0 9.9 ± 9.9 0.283
LDH 1089.3 ± 1821.7 613.9 ± 328.2 0.010
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infection, leads to multiorgan failure that seems to be the 
main responsible of high-mortality in this setting [13]. 
Inflammatory markers are, indeed, elevated in COVID-19 
disease and recent acquisitions, suggest a primary role of 
the endothelium in mediating rheological response between 
blood compartment and tissues [14].

ECG alterations have been described during hospitali-
zation for COVID-19, reflecting several CV complications 
ranging from ST-T changes to acute coronary syndrome 
(ACS), acute peri-myocarditis, pulmonary embolism or 
rhythm disorders [15–19]. Although these findings confirm 
that ECG changes during hospitalization may express a 
wide broad of CV complications with a potential signifi-
cant clinical impact on outcome, our results highlighted the 
importance of ECG abnormalities at admission to stratify 
mortality risk for COVID-19 patients, deserving a closer 
monitoring and dedicated therapies.

As of today, arrhythmic manifestation associated with 
COVID-19 have been only limited described. Atrial fibril-
lation seems to be the most reported arrhythmia in COVID-
19 patients, with a prevalence up to 50% in those needing 
intensive care [20]. COVID-19 patients affected by more 
severe infection with ICU admission have been described to 
develop atrial arrhythmias, as recently reported by Univer-
sity of Alabama at Brimingham [21].

T-wave inversion as well as repolarization abnormalities 
have been associated to increased risk of mortality in the 
general population and described in COVID-19 together 
with myocardial biomarkers increase [22, 23], confirmed 
also at univariate analysis in our study.

ST-segment elevation, described as an important CV 
complication of COVID19 infection [24], was rare at admis-
sion, but promptly treated with modified diagnostic and 
treatment algorithm, even a reduction of hospitalization for 
myocardial infarction has been registered in the COVID-19 
era [25, 26].

Right bundle branch block (RBBB) has been described 
in COVID-19 patients as the expected result of an acute 
right ventricular dysfunction secondary to respiratory fail-
ure and associated with worse survival [27].

QT interval prolongation is a dreaded complication of 
COVID-19 patients and has been described particularly 
in association with treatment with hydroxychloroquine/
azithromycin [28]. In our cohort, a not negligible por-
tion of patients (36.8%) presented a prolonged QTc at 
admission, underscoring the potential benefit of a greater 
attention to ECG abnormalities, which may otherwise be 
overlooked in favor of other less common findings, prior 
to establishing potential harmful therapeutic regimens. 
Unfortunately, data regarding drugs administration dur-
ing hospitalization were not available for our analysis 
because of the study design, that was focused on patients 
admission.

Concave ST elevation and PR depression with recipro-
cal ST depression and PR elevation in avR as expression of 
acute pericarditis have been also described in COVID-19 
patients as a common manifestation [29]. In our analysis, 
we did not detect, indeed, a significant number of acute peri-
carditis cases.

In-hospital treatment with anticoagulant therapy has 
been associated to better prognosis in severe COVID-19 
patients, particularly in case of markedly elevated D-dimer 
[8]. Thrombo-embolic events in COVID-19 patients are 
not uncommon and probably favored by the exaggerated 
inflammatory response typical of a considerable portion of 
COVID-19 infection [30]. Alterations in coagulation param-
eters, with markedly elevated D-dimer have been associated 
with worse outcomes and decreased survival in COVID-19 
patients [31]. Although anticoagulation was not routinely 
performed in all patients, it is conceivable that a wider use of 
anticoagulation at admission, at least at prophylactic dosage, 
may be related to better outcomes in COVID-19 [8].

Fig. 3  Cumulative survival of sinus rhythm patients (a) and LWMH administration (b)
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Increased levels of cardiac biomarkers, particularly 
troponin, has been described in a considerable portion of 
COVID-19 patients, as expression of myocardial involve-
ment in multi-organ failure characterized of COVID-19 
infection and associated with increased mortality [32]. Tro-
ponin seem to be a useful marker for prognosis of COVID-
19 patients, and has been associated with favorable outcome 
even in patients with previous CV disease [24].

Mortality in our cohort was higher than reported in 
China, but in line with data from other regions of Italy [3, 8, 
33]. Several conditions (i.e. history of AF, CAD or CKD), 
laboratory abnormalities (i.e. increased TnI at admission), 
instrumental alterations (i.e. ECG abnormalities) and of 
course older age have been associated with poor outcomes. 
Older age has been consistently shown to be a major risk 
factor for poor outcomes [34]. Hypertension and CAD are 
usually more frequent in non-survivors and hypertension has 
been related to a higher rate of acute respiratory distress 
syndrome (ARDS) [35].

The retrospective characteristic of the study and patient 
selection may have influenced our results, but the strength 
of our work lies in describing a real-world cohort of all-
comer patients admitted to the emergency department for 
suspected COVID-19 infection, therefore confirmed by 
routine analyses. Thus, the primary cause of hospitalization 
had no relation to the CV background presentation of our 
patients, not affecting, consequently, ECG characteristics. 
Our data underline the clinical impact of ECG abnormalities 
at admission on outcome in COVID-19 patients.

Limitations

The main limitation of our study is the relatively small size 
of study population, that limited the statistical power of our 
analyses. Moreover, given the logistical limitation at the 
onset of the pandemic infection, some laboratory data and 
ECG at admission were not collected in all patients. Echo-
cardiography was not routine performed in these patients. 
The study was designed considering COVID-19 patients 
at admission; thus data regarding drugs administration or 
modality of data are lacking. Although data from larger mul-
ticenter registries are desirable, are data represent a real-
world picture of COVID-19 outbreak in Italy, in one of the 
most severely affected area as Emilia-Romagna.

Conclusion

Sinus rhythm at ECG admission in COVID-19 infection 
was associated with better survival, furtherly improved 
by LMWH administration, which conferred, moreover, an 
overall better outcome. Our findings highlight the potential 

prognostic role of ECG at admission, before respiratory 
failure manifestations, on outcome. Better prevention of 
COVID-19 and possibly better evidence-based treatment of 
COVID-19 is warranted in these patients.
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