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A B S T R A C T

Background: . The electrocardiographic (ECG) changes which may occur during hospitalization for COVID-19
have not yet been comprehensively assessed.
Patients and methods: . We examined 50 patients admitted to hospital with proven COVID-19 pneumonia. At
entry, all patients underwent a detailed clinical examination, 12-lead ECG, laboratory tests and arterial blood gas
test. ECG was also recorded at discharge and in case of worsening clinical conditions.
Results: . Mean age of patients was 64 years and 72% were men. At baseline, 30% of patients had ST-T ab-
normalities, and 33% had left ventricular hypertrophy. During hospitalization, 26% of patients developed new
ECG abnormalities which included atrial fibrillation, ST-T changes, tachy-brady syndrome, and changes con-
sistent with acute pericarditis. One patient was transferred to intensive care unit for massive pulmonary em-
bolism with right bundle branch block, and another for non-ST segment elevation myocardial infarction. Patients
free of ECG changes during hospitalization were more likely to be treated with antiretrovirals (68% vs 15%,
p = 0.001) and hydroxychloroquine (89% vs 62%, p = 0.026) versus those who developed ECG abnormalities
after admission. Most measurable ECG features at discharge did not show significant changes from baseline (all
p>0.05) except for a slightly decrease in Cornell voltages (13±6 vs 11±5 mm; p = 0.0001) and a modest
increase in the PR interval. The majority (54%) of patients with ECG abnormalities had 2 prior consecutive
negative nasopharyngeal swabs. ECG abnormalities were first detected after an average of about 30 days from
symptoms’ onset (range 12–51 days).
Conclusions: . ECG abnormalities during hospitalization for COVID-19 pneumonia reflect a wide spectrum of
cardiovascular complications, exhibit a late onset, do not progress in parallel with pulmonary abnormalities and
may occur after negative nasopharyngeal swabs.

1. Introduction

Coronavirus Disease 2019 (COVID-19) is the clinical manifestation
of infection with Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) [1,2]. The clinical course of the infection is characterized
by respiratory symptoms (including fever, cough and fatigue) and may
progress to pneumonia, acute respiratory distress syndrome (ARDS) and
shock [1–3].

COVID-19 may exert an adverse impact on the heart and cardio-
vascular system. Some reports described acute cardiovascular syn-
dromes of COVID-19, including myocarditis, acute coronary syndromes,

and decompensated heart failure [4–7].
In this regard, standard electrocardiography (ECG) may represent a

crucial test in the diagnosis of myocardial injury or heart rhythm dis-
turbances in patients with SARS-CoV-2. Nonetheless, ECG features of
COVID-19 are still undefined, particularly during the acute phase of the
disease.

Thus, our main aim was to elucidate ECG abnormalities related to
cardiac involvement during hospitalization for COVID-19 pneumonia.
Furthermore, we explored the relationship between respiratory func-
tion and ECG signs of heart damage.
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2. Methods

In the setting of an ongoing registry of patients affected by COVID-
19, we analyzed data from patients consecutively hospitalized from
March 15 to April 15, 2020 in the Department of Internal Medicine of
the Maugeri Care and Research Institute of Tradate (VA), Italy. All the
patients were transferred from emergency or medical departments of
other hospitals for respiratory symptoms and radiological findings of
COVID-19 pneumonia [8]. The diagnosis of viral infection was con-
firmed in all patients by nasopharyngeal swab [8]. The hospital staff of
our Department included internists, cardiologists, and pneumologists.

At admission, the initial evaluation included a detailed clinical ex-
amination, 12-lead ECG, laboratory tests and arterial blood gas test. The
presence of comorbidities was defined according to documented med-
ical history, as collected by physicians at study site-level. This assess-
ment was performed by any physician during the clinical interview
with the patient and by searching through medical records.

For protocol, ECG was also recorded at discharge from hospital and
when worsening clinical conditions or significant changes in laboratory
tests occurred.

Laboratory parameters were assessed using standard techniques.
PaO2/FIO2 ratio was used to estimate the severity of respiratory dys-
function [9]. Arterial blood gas test was also performed at the time of
significant ECG changes or worsening clinical conditions.

ECG was recorded with 25 mm/s and 1 mV/cm calibration, and
0.05–150 Hz filter setting. ECG tracings were coded and were analyzed
off-line.

We measured the following ECG parameters: heart rate (HR), cor-
rected QT interval (msec), Cornell voltage (mm), and presence of ST-T
abnormalities (Yes vs No). The QT interval was measured as the time
between the start of the Q wave and the end of the T wave and cor-
rected by HR according to the Bazett's formula. Measures of PR (in-
terval between the beginning of the P wave and the end of the R wave)
and QRS (interval from the beginning of the Q wave to the end of the S
wave), were also included. Presence and type of arrhythmias was also
taken into account.

We computed the Cornell voltage as the sum of the amplitudes of S
wave in V3 and R wave in aVL [10]. ST-T changes were analyzed ac-
cording to the Minnesota Coding [11]. Criteria for ST-T changes were
any of the following: (1) coexistence, in any leads I, II, aVL or V3-V6 of
ST-segment horizontal or downward sloping depression ≥ 0.05 mV
(code 4–1 or 4–2) plus T-wave asymmetric inversion (code 5–1 or 5–2);
(2) ST-J depression 〈0.05 mV with ST-segment downward sloping and
segment or T-wave nadir 〉 0.05 mV below P-R baseline, in any of leads
I, II, aVL or V2–V6 (code 4–3); (3) ST-J depression of ≥ 0.10 mV and
ST-segment upward sloping or U-shaped, in any of leads I, II, aVL or V2-
V6 (code 4–4); (4) T-wave amplitude zero (flat), negative or diphasic
(negative–positive type only) with < 0.10 mV negative phase in lead I,
II, V3–V6, or in lead aVL when R-wave amplitude is ≥ 0.5 mV (code
5–3): (5) T-wave amplitude positive and T- to R-wave amplitude ratio
< 1:20 in any of leads I, II, aVL or V3-V6 when R-wave amplitude in the
corresponding leads is ≥ 1.0 mV (code 5–4) [11].

To detect left ventricular (LV) hypertrophy at ECG we used the body
mass index (BMI)-corrected Perugia score [12]. For computation of the
BMI-corrected Perugia score, the Cornell voltage was amplified pro-
portionally to BMI, thereby providing a simple correction for voltage
attenuation at the skin surface [12]. Thus, ECG LV hypertrophy was
defined by a Cornell-BMI product ([R wave amplitude in lead aVL + S
wave depth in lead V3] x BMI) > 604 mm∙kg/m2 or typical strain
pattern (as defined by a ≥ 0.5 mm depression of the J point, T-wave
inversion with asymmetric branches and rapid return to baseline) [13].
Main ECG changes related to cardiovascular (CV) complications were
classified according to current Guidelines [14–16].

We used STATA 15 (StataCorp, USA) and R software version 3 (R
Foundation for Statistical Computing, Vienna, Austria. URL http://
www.R-project.org) for data analysis.

We present data as mean± standard deviation (SD) for continuous
variables and proportions for categorical variables. We analyzed dif-
ferences in proportions between groups using the χ2 test. Mean values
of variables were compared by paired or independent sample t-test.
Logistic regression model tested the relationship between the demo-
graphic, clinical and laboratory findings with the occurrence of ECG
abnormalities. In 2-tailed tests, p values <0.05 were considered sta-
tistically significant

3. Results

Overall, we studied 50 patients with complete clinical data, la-
boratory tests and 12-lead ECGs.

Table 1 shows the main characteristics of patients. Mean age was 64
years. The most prevalent comorbidity was hypertension (50%). Cur-
rent smokers were 10%. Baseline BP was 126/80 mmHg. Overall, 49
patients showed sinus rhythm at baseline and mean HR was 75 ± 17
b.p.m.

Table 1 also summarizes measured ECG parameters at baseline. ST-
T abnormalities were relatively common (30%) and prevalence of LV
hypertrophy was 33%.

During hospitalization, 13 patients (26%) developed new ECG ab-
normalities which included atrial fibrillation (6%), brady-tachy syn-
drome (2%), persistent ST-T changes not associated with raise in

Table 1
Baseline main characteristics of study population according to ECG abnormal-
ities documented during hospitalization for COVID-19 pneumonia.

Variable Overall New ECG changes p
(N = 50) No (N = 37) Yes (N = 13)

Age (years) 64±15 64±12 65±20 0.776
Sex (male,%) 72 68 85 0.239
BMI (Kg/m2) 26.8 ± 4.4 27.4 ± 4.2 25.4 ± 4.7 0.157
Systolic BP (mmHg) 126±19 126±19 126±18 0.957
Diastolic BP (mmHg) 80±12 82±11 74±11 0.051
Pulse pressure (mmHg) 46±14 44±14 49±15 0.300
Hypertension (%) 50 46 62 0.333
Current smoker (%) 10 8 15 0.705
Diabetes (%) 12 14 8 0.578
Coronary artery disease

(%)
10 8 15 0.452

Heart failure (%) 6 3 15 0.098
COPD (%) 2 3 0 0.549
Antiretroviral (%) 54 68 15 0.001
Hydroxychloroquine

(%)
82 89 62 0.026

Macrolides (%) 56 57 54 0.856
Enoxaparin (%) 76 78 69 0.506
RAS blockers (%) 18 19 15 0.081
PaO2/FIO2 ratio

(mmHg)
346±111 349±121 336±77 0.708

pH 7.44±0.03 7.45± 0.02 7.44± 0.04 0.437
Hemoglobin (g/dl) 12.6 ± 1.3 12.7 ± 1.2 12.3 ± 1.6 0.414
White blood cell count

(x103)
7.0 ± 2.9 7.2 ± 2.8 6.3 ± 3.0 0.328

Creatinine (mg/dl) 0.83±0.22 0.80± 0.15 0.90± 0.3 0.063
Potassium (mEq/l) 4.3 ± 0.4 4.3 ± 0.5 4.3 ± 0.4 0.806
CRP (mg/dl) 3.1 ± 3.8 3.0 ± 3.8 3.5 ± 3.8 0.639
HS-troponin I (pg/ml) 8.04±9.45 7.18± 8.32 10.72±12.38 0.264
Blood urea nitrogen

(mg/dl)
35.2 ± 18.5 33.9 ± 16.9 38.2 ± 22.6 0.513

Heart rate (/min) 75±17 76±16 73±21 0.547
PR interval (msec) 164± 26 161±18 173±41 0.178
QRS duration (msec) 99±13 98±12 101±16 0.532
QTc (msec) 428± 26 427±23 432±36 0.533
ST-T abnormalities (%) 30 27 38 0.439
LV hypertrophy (%) 33 31 40 0.318

Legend: ECG=electrocardiographic; BMI=body mass index; BP=blood pres-
sure; COPD=chronic obstructive pulmonary disease; RAS=renin-angiotensin
system; CRP=C-reactive protein; HS=high sensitivity; LV=left ventricular.
Normal value of HS-troponin I<15.6 pg/ml.
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troponin I levels nor pericardial effusion (2%, Fig. 1) and persistent ST-
T changes associated with acute pericarditis (12%, Fig. 2). Two patients
(4%) were transferred to an intensive care unit (ICU) for the develop-
ment of right bundle branch block due to massive pulmonary embolism
and ST-T ischemic changes for non-ST elevation myocardial infarction.

In the overall cohort, 41 patients (82%) were treated with hydro-
xychloroquine (including 1 of the 2 patients transferred to an ICU), 27
(54%) with antiretrovirals, and 28 (56%) with macrolides.

Patients without new ECG changes during hospitalization were
more likely to receive treatment with antiretrovirals (68% vs 15%,
p = 0.001) and hydroxychloroquine (89% vs 62%, p = 0.026) than
those who developed ECG abnormalities and, more importantly, treat-
ments with these agents were associated with significant reduced odds
of presenting ECG abnormalities during the hospital phase (odds ratios
0.20 and 0.10, respectively, all p<0.01) regardless of age, sex, and
presence of comorbidities or cardiovascular risk factors (all p>0.05).

Mean duration of treatment with hydroxychloroquine was not sig-
nificantly different between patients with or without new ECG ab-
normalities (13 vs 12 days, p = 0.349). Similar results were also ob-
tained for treatment with antiretrovirals (14 vs 12 days, p = 0.169).

The distribution of other concomitant treatment (including en-
oxaparin, renin-angiotensin system blockers, and macrolides) was not
dissimilar between the two groups. Gender distribution, BP values,

PaO2/FIO2 ratio, serum markers of inflammation, troponin I levels, and
prevalence of comorbidities were also similar (all p>0.05, Table 1).
The measured ECG parameters (including QTc, HR, QRS duration and
PR interval) did not differ between the two groups (all p>0.05,
Table 1).

Excluding the two patients transferred to ICU, main ECG features
recorded at discharge and related to ventricular depolarization and
repolarization did not show significant changes from baseline (all
p>0.05, Table 2). The time from the depolarization of the sinus node to
the onset of ventricular depolarization (PR interval) exhibited a pro-
longation when compared to admission. There was also a slight de-
crease in the Cornell voltage (13± 6 vs 11± 5 mm, p = 0.0001). At
discharge, only 1 patient exhibited a prolonged QTc interval (≥ 500
msec with a QRS ≤120 milliseconds) and 4 patients had a PR interval
> 200 msec (ranging from 205 to 215 msec). Of note, none of the two
patients transferred to an ICU showed prolonged QTc at the time of the
cardiovascular event (for the patient with pulmonary embolism, we
corrected QTc for new right bundle branch block [17]).

The development of ECG abnormalities during hospitalization was
unrelated to the severity of respiratory function. In particular, the
average PaO2/FIO2 ratio at the time of development of ECG changes
was significantly increased from baseline (mean difference +51,
p = 0.013). To further elucidate the relationship between the

Fig. 1. An healthy 23-year old white man without previous history of cardiovascular disease. At admission he reported fever, cough, and severe fatigue.
Anteroposterior chest radiograph showed vague hazy densities and lung opacities (A). After recovery (day 22 from admission), he developed T inversion at 12-leads
ECG (B). There was no pericardial effusion, nor left ventricular systolic dysfunction. High-sensitivity troponin I levels were persistently normal.
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respiratory function and the new development of ECG abnormalities we
grouped patients using categories of PaO2/FIO2 ratio [9]. During the
development of ECG abnormalities, 5 patients (38%) were reclassified
to a higher category, 7 patients (54%) to the same category, and only 1
patient (8%) to a lower category of PaO2/FIO2 ratio when compared to
admission evaluation.

Furthermore, among patients with new ECG changes, abnormal
serum levels of HS-troponin I were recorded in the 38% of cases.

The development of ECG abnormalities significantly affected the
length of in-hospital stay. ECG abnormalities occurred after averages of
30 and 20 days from onset of COVID-19 symptoms (range 12–51 days)
and admission to hospital (range 2–29 days), respectively. Notably, a
large proportion (54%) of patients with ECG abnormalities had two 2
prior negative nasopharyngeal swabs.

4. Discussion

The classical clinical picture of COVID-19 is characterized by a flu-
like syndrome of mild severity in most cases, but in about 15% of cases
it is complicated by interstitial pneumonia with a variable degree of
respiratory failure [18]. Nonetheless, some case reports and systematic
reviews drawn attention to the CV adverse effects associated with
COVID-19 [4–7], [20–23]. Specifically, COVID-19 has been associated
with complete hart block, acute coronary syndromes, myocarditis, de-
compensated heart failure, and pulmonary embolisms [5,6,20,22,23].
Despite the important role of ECG in diagnosing CV complications
during the acute phase, to our knowledge there are no studies focused
on ECG features and their changes during hospitalization for COVID-19
pneumonia. In this regard, we analyzed data from 50 patients con-
secutively admitted to hospital for proven COVID-19 pneumonia. Re-
sults of our analysis offer some key issues which deserve to be men-
tioned.

First, ECG abnormalities developed during hospitalization for
COVID-19 pneumonia reflect a wide spectrum of cardiovascular com-
plications including acute coronary syndromes, rhythm disorders, ST-T
ischemic changes (Fig. 1), acute pericarditis (Fig. 2), and pulmonary
embolism. These findings support the notion that ECG abnormalities
developed during hospitalization may have a relevant clinical impact
on the course of the disease and that COVID-19 infection may also be
linked with an increased long-term cardiovascular risk.

Fig. 2. Pulmonary and cardiac involvement in a 79-year-old white woman. Computed tomographic (CT) images at middle level recorded at admission (A) and after
24 days (B). Despite a significant improvement in respiratory function detected by PaO2/FiO2 ratio and CT images, the patient developed chest pain and ECG signs of
acute pericarditis (new widespread concave ST elevation and reciprocal ST depression in aVR). At day 26 the patient showed significant pericardial effusion.

Table 2
Changes in main ECG features between admission and pre-discharge.

Feature Admission Pre-discharge p

HR (/min) 75± 17 72±13 0.151
PR interval (msec) 161± 19 167±20 0.009
QRS duration (msec) 98± 12 96±11 0.163
QTc (msec) 426± 25 420±39 0.291
ST-T abnormalities (%) 29 13 0.235
Cornell voltage (mm) 13±6 11±5 0.0001

Legend: HR=heart rate.
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The most common manifestation was ECG signs of acute pericarditis
as diagnosed by new widespread concave ST elevation and PR de-
pression throughout most of the limb (I, II, III, aVL, aVF) and precordial
(V2-V6) leads, reciprocal ST depression and PR elevation in aVR, and a
ST segment/T wave ratio> 0.25 [14]. COVID-19 induced pericarditis
might reflect the expression of ACE2 receptors in epicardial adipocites,
mediating the cell entry of SARS-CoV-2 [24–26], and possibly trig-
gering local inflammation.

In this context, it is worth mentioning that epicardial fat has been
linked to atrial electrical remodeling and the progression of atrial fi-
brillation [27], [28]. Although it is likely that atrial fibrillation may be
related to COVID-19 infection (systemic hyperinflammation, fever,
hypoxia, adrenergic tone), the involvement of epicardial adipocites (as
demonstrated by ECG signs of pericarditis and development of peri-
cardial effusion) during SARS-CoV-2 infection could predispose also to
the development of atrial fibrillation. Taken together, these findings
reinforce the recommendation to carefully re-asses the therapeutic
choices of anticoagulation, balancing thromboembolic and bleeding
risk.

In our cohort, 5 patients also exhibited a prolonged QT interval or a
delayed conduction of the sinoatrial nodal impulse to the ventricle. The
prolongation of PR interval observed in 4 patients did not exert a
clinically significant effect because of a PR interval at discharge not
exceeding 215 msec. The observation at discharge of a prolonged QTc
(>500 msec) in only 1 patient suggests that current therapeutic ap-
proaches for COVID-19 [19] may exert limited effects on ventricular
depolarization and repolarization [29]. More specifically, the use of
hydroxychloroquine, which are structurally similar to quinidine and
have QT-prolonging effects by blocking activation of the potassium
channel IKr [30], does not appear to adversely affect QTc in COVID-19,
although this was not among the primary aims of the present study.

More complex to understand is the observation of the reduction
from baseline to discharge in Cornell voltages (13±6 vs 11±5 mm,
p = 0.0001). This phenomenon might reflect the presence of pleural or
pericardial effusions, [31], [32] epicardial edema, [33], or electric or
conduction alternans associated with tachyarrhythmias.

Second, patient characteristics, previous vascular events, co-
morbidities and baseline ECG features had an insufficient dis-
criminatory power to identify subjects at increased risk for the devel-
opment of new ECG changes (including ST-T abnormalities, cardiac
rhythm disturbances, clinically significant atrioventricular and inter-
ventricular delays, and ventricular depolarization and repolarization
prolongations). Demographics and clinical characteristics, respiratory
function, serum biomarkers of inflammation and myocardial injury,
presence of comorbidities or previous vascular events, and baseline
ECG features showed a similar distribution between patients with or
without ECG changes recorded during hospitalization (all p>0.05,
Table 1).

However, patients without new ECG changes during hospitalization
were more likely to receive treatment with antiretrovirals and hydro-
xychloroquine and, more importantly, treatment with these agents were
associated with a significant reduction in the risk of developing new
ECG abnormalities during the hospital phase.

Finally, ECG abnormalities showed a late onset from hospitalization
and initiation of COVID-19 symptoms. In our cohort, the average time
for development of ECG abnormalities was 20 and 30 days from ad-
mission and onset of symptoms, respectively. Of note, a large propor-
tion of patients (54%) experienced ECG abnormalities immediately
before the scheduled discharge from hospital and after 2 consecutive
negative nasopharyngeal swabs.

The present study should be interpreted in the context of its lim-
itations. One, because 96% of our patients were Caucasians, we cannot
extend the conclusions to different ethnic groups. Two, the period of
observation in our cohort was limited to the hospital phase.

In conclusion, despite the evidence of multi-organ involvement in
COVID-19, our observations suggest that the evolution of ECG

abnormalities is independent from the severity of pulmonary tract in-
fection. The ECG abnormalities exhibit a late onset, reflect a wide
spectrum of cardiovascular complications and frequently occur after
negative nasopharyngeal swabs.
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