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Aims Our aim was to describe the electrocardiographic features of critical COVID-19 patients.
Methods We carried out a multicentric, cross-sectional, retrospective analysis of 431 consecutive COVID-19 patients hospi-
and results talized between 10 March and 14 April 2020 who died or were treated with invasive mechanical ventilation. This

project is registered on ClinicalTrials.gov (identifier: NCT04367129). Standard ECG was recorded at hospital ad-
mission. ECG was abnormal in 93% of the patients. Atrial fibrillation/flutter was detected in 22% of the patients.
ECG signs suggesting acute right ventricular pressure overload (RVPO) were detected in 30% of the patients. In
particular, 43 (10%) patients had the S1Q3T3 pattern, 38 (9%) had incomplete right bundle branch block (RBBB),
and 49 (11%) had complete RBBB. ECG signs of acute RVPO were not statistically different between patients with
(n = 104) or without (n=327) invasive mechanical ventilation during ECG recording (36% vs. 28%, P = 0.10). Non-
specific repolarization abnormalities and low QRS voltage in peripheral leads were present in 176 (41%) and 23
(5%), respectively. In four patients showing ST-segment elevation, acute myocardial infarction was confirmed with
coronary angiography. No ST-T abnormalities suggestive of acute myocarditis were detected. In the subgroup of
110 patients where high-sensitivity troponin | was available, ECG features were not statistically different when
stratified for above or below the 5 times upper reference limit value.

Conclusions The ECG is abnormal in almost all critically il COVID-19 patients and shows a large spectrum of abnormalities,
with signs of acute RVPO in 30% of the patients. Rapid and simple identification of these cases with ECG at hospi-
tal admission can facilitate classification of the patients and provide pathophysiological insights.
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What’s new?

® This is the first systematic analysis of electrocardiographic fea-
tures in critically ill COVID-19 patients.

® The vast majority of the patients had abnormal electrocardio-
gram at hospital admission.

® Signs of right ventricular pressure overload are present in 30%
of the patients. In patients mechanically ventilated, the values
of positive end-expiratory pressure used seem not to be re-
lated to signs of right ventricular pressure overload.

® The most frequent arrhythmias are atrial fibrillation/flutter (in
22% of the patients).

® ST-T abnormalities related to acute myocarditis or acute coro-
nary syndrome are rare.

® Long QT interval and non-specific repolarization abnormalities
are frequent even before starting specific drug therapy.

Introduction

Since the beginning of the COVID-19 pandemic, it was evident that
patients with cardiovascular risk factors or previous cardiovascular
disease had a poor outcome, as did patients with high values of tropo-
nin." In particular, increased troponin levels have been considered as
an expression of ‘myocardial injury or damage’, including cases of
acute coronary syndromes and myocardi‘cis.z'3 Despite the availability
of detailed descriptions of the clinical cardiovascular profile of
COVID-19 patients, data on standard electrocardiogram (ECG) are
scanty and today no detailed analysis of standard ECG in any cohort
of patients is available. The assessment of ECG abnormalities of
patients with COVID-19 could provide important prognostic infor-
mation and pathophysiological insights into this still scarcely under-
stood disease. ELCOVID is a large multicentre project aimed at
assessing the standard ECG features of a large cohort of critically ill
COVID-19 patients hospitalized in an endemic area of northern Italy.

Methods

This report is the first part of a three-step ongoing project on the acute
and long-term cardiac involvement in COVID-19 patients. It has been ap-
proved by the local Ethics Committee and involves 13 hospitals in the
Emilia Romagna region in northern Italy that has been heavily affected by
the pandemic. This project is registered on ClinicalTrials.gov (identifier:
NCT04367129).

We retrospectively analysed the ECG recorded at hospital admission
of consecutive, critically il COVID-19 patients, hospitalized from 10
March to 14 April 2020. Patients were considered ‘critically ill' whether
they died during hospitalization or underwent invasive mechanical ventila-
tion. The inclusion criteria were: age >18 years; COVID-19 confirmed by
severe acute respiratory syndrome coronavirus 2 RNA (SARS-CoV-2)
detection at pharyngeal swab performed at hospital admission or during
hospitalization; invasive mechanical ventilation or death during hospitali-
zation; and 12-lead surface ECG recorded at hospital admission.

The exclusion criteria were: uncertain COVID-19 diagnosis or unavail-
ability of 12-lead ECG.

All ECGs recorded at hospital admission were performed on patients
during invasive ventilation, during non-invasive ventilation, or during high-
flow oxygen support. Clinical data and high-sensitivity troponin | (Hs-Tnl)

values (when available) were also collected (Table 7). Cardiovascular dis-
ease, defined as a group of disorders of the heart and blood vessels (coro-
nary heart disease, cerebrovascular disease, and peripheral arterial
disease), was collected from medical record. Furthermore, we evaluated
the medical therapy during hospitalization. ECG analysis was indepen-
dently performed by two experienced cardiologists according to stan-
dard definitions and diagnostic criteria.* All the parameters reported in
Table 2 were assessed. For patients already in invasive mechanical ventila-
tion at the time of ECG recording, positive end-expiratory pressure
(PEEP) parameters were collected.

Statistical analysis

Comparison was performed with 2 test (Yates correction) between cat-
egorical variables, with Student’s test between continuous variables with
normal distribution, and Kruskal-Wallis test between continuous varia-
bles with non-normal distribution. A P-value <0.05 was considered signifi-
cant. Statistical analyses were performed with SPSS Statistics version 25.0
(IBM Corporation).

Results

A total of 431 consecutive patients were included. Demographic and
clinical characteristics are summarized in Table 1. ECG features are
summarized in Table 2. A total of 296 (69%) patients were male and
200 patients (46%) died during hospitalization. In 104 patients, ECG
was recorded during invasive mechanical ventilation and PEEP range
from 7.5 to 20 cmH,O {median value 10 [interquartile range (IQR)
8-12] cmH,0O}. A total of 153 patients received non-invasive me-
chanical ventilation during ECG recording, and PEEP values were
constantly less than 10 cmH,O. The remaining 174 patients received
high-flow oxygen support.

Based on the median age (74 years), two subgroups were com-
pared for the main clinical and ECG characteristics (Tables 1 and 2).
No differences in clinical characteristic were observed in the two
subgroups of patients, except for hydrocloroquine that was more
frequently used in younger patients (71% vs. 61%, P = 0.029).

ECG was abnormal in 93% of the patients and in 99% of those >74
years old. Atrial fibrillation or flutter was detected in 96 (22%)
patients and was more frequent in those >74 years old (31% vs. 15%,
P < 0.001). History of atrial fibrillation/flutter was presentin 9 (9%) of
the patients with atrial fibrillation/flutter. QRS interval >120 ms was
found in 19% and pathological Q waves in 9% of the patients; both
these characteristics were statistically more frequent in the more el-
derly subgroup. Left ventricular hypertrophy (LVH), right ventricular
hypertrophy, and left anterior hemiblock (LAH) were diagnosed in 2,
1, and 7% of the patients, respectively. Only LAH was more frequent
in those >74 years old (11% vs. 4%, P= 0.01). S1Q3T3 pattern, in iso-
lation or associated with right bundle branch block (RBBB), or iso-
lated RBBB (complete or incomplete) were considered signs of acute
right ventricular pressure overload (RVPO), and 130 (30%) patients
had ECG signs of acute RVPO. In particular, 43 patients (10%) had an
isolated S1Q3T3 pattern (Figure 1), 38 (9%) incomplete RBBB, and
49 (11%) complete RBBB. Complete RBBB, but not S1Q3T3 pattern,
was more prevalent in patients >74 years old (16% vs. 8%, P = 0.007).
RBBB associated with S1TQ3T3 pattern (Figure 2) was more frequent
in patients >74 years old (7% vs. 1%, P = 0.002) whereas RBBB associ-
ated with LAH was not different between the subgroups. Finally,
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Table I Demographic and clinical characteristics

Overall (431)
Male, n (%) 296 (69)
Age, years (IQR) 74 (64-82)
Deaths, n (%) 200 (46)
Hs-Tnl, ng/L (IQR) 22 (10-84)
Hypertension, n (%) 194 (45)
Dyslipidaemia, n (%) 57 (13)
Cigarette smoking, n (%) 44 (10)
Diabetes, n (%) 86 (20)
Previous cardiovascular disease, n (%) 76 (18)
Chronic kidney disease (eGFR <60 mL/min/m?), n (%) 69 (16)
Chronic obstructive pulmonary disease, n (%) 36 (8)
History of atrial fibrillation/flutter, n (%) 21 (5)
Medication during hospitalization
Heparin, n (%) 216 (50)
Hydroxychloroquine, n (%) 286 (66)
Antiviral drug, n (%) 276 (64)
Tocilizumab, n (%) 27 (6)

Age <74 (228) Age >74 (203) P-value
169 (74) 128 (63) 0.01
65 (56-71) 82 (79-87) NA

58 (25) 142 (70) <0.001
13 (8-75) 67 (21-103) 0.10
111 (49) 83 (41) 0.10
34 (15) 23 (11) 0.27
27 (12) 17 (8) 0.23
44 (19) 42 (21) 0.71
40 (18) 36 (18) 0.95
36 (16) 33 (16) 0.89
23 (10) 13 (6) 0.16
12 (5) 94 0.69
121 (53) 95 (47) 0.19
162 (71) 124 (61) 0.029
153 (67) 123 (61) 0.16
17 (8) 10 (5) 0.27

eGFR, estimated glomerular filtration rate (Chronic Kidney Disease Epidemiology Collaboration); Hs-Tnl, high-sensitivity troponin [; IQR, interquartile range; NA, not

applicable.

ECG signs of acute RVPO were not statistically different between
patients with (n = 104) or without (n = 327) invasive mechanical ven-
tilation during ECG recording (36% vs. 28%, P = 0.10). Of note, in the
subgroup of patients with ECG recording during invasive mechanical
ventilation, no differences in PEEP values were present between
patients with and without ECG signs of RVPO (Figure 3).

Pathological negative T waves and QT-corrected interval (QTc)
>460 ms were present in 62 (14%) and 166 (38%) patients, respec-
tively, both more frequent in patients >74 years old. Non-specific re-
polarization abnormalities and low QRS voltage in peripheral leads
were present in 176 (41%) and 23 (5%), respectively, without differ-
ences between the subgroups (Table 2). Four patients showed ST-
segment elevation suggesting ST elevation acute myocardial infarc-
tion (anterior in one patient, anterolateral in one patient, and inferior
in the other two patients), that was confirmed with coronary angiog-
raphy. No ST-T abnormality suggestive of acute myocarditis was
detected.

Hs-Tnl was available in 110 patients, with a median value of 22 ng/
L. Two subgroups were considered according to the value of 5 times
upper reference limit (Hs-Tnl <100 ng/L and Hs-Tnl >100 ng/L).
ECG features were not different between the subgroups (Table 3).

Discussion

This is the first study that describes the ECG features of a large series
of critically ill COVID-19 patients.

The main and unexpected finding is the high frequency of ECG
signs suggesting acute RVPO (Figures 1 and 2) and the low prevalence
of repolarization abnormalities suggesting acute myocarditis. This
finding is consistent with other echocardiographic reports of smaller

series recently published>® In particular, about one-third of the
patients had the S1Q3T3 pattern, in isolation or associated with a
RBBB. Notably the prevalence of RBBB in the general age-matched
population is <4%.” We interpret these abnormalities as related to
an acute RVPO, similarly to those recorded in ‘classic’ pulmonary em-
bolism.? The high frequency of atrial fibrillation or atrial flutter (22%)
as compared with the general population could have similar interpre-
tation.” The most plausible substrate for this ECG evidence of acute
RVPO is thrombotic microvascular pulmonary occlusion, possibly
due to diffuse endothelial damage or, in some cases, true, albeit unap-
preciated, venous thrombo-embolic events.'® These findings are in
line with similar hypotheses generated by the evidence of increased
coagulation markers in selected critically ill COVID-19 patients and
by recent autoptic descriptions.'®"® Of course hypoxaemia-induced
vasoconstriction of pulmonary vessels cannot be excluded in se-
lected cases.

An alternative explanation may be that invasive mechanical ventila-
tion in a context of ‘atypical acute respiratory distress syndrome
(ARDS)’ such as COVID-19 pneumonia induces these ECG abnor-
malities."” This, anyhow, seems less probable, at least in the majority
of cases. It is known that invasive mechanical ventilation with elevated
PEEP can eventually determine transient echocardiographic signs of
acute RVPO in patients with ARDS."®' However, in COVID-19
pneumonia, lung compliance is higher and PEEPs used in the majority
of cases are definitely lower.”® Unfortunately, ECG data during inva-
sive mechanical ventilation in ARDS and in COVID-19 pneumonia
are lacking in the literature. In our study, the prevalence of ECG signs
of acute RVPO was not statistically different between patients with
or without invasive mechanical ventilation during ECG recording. In
particular, in the subgroup of patients with ECG recording during
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Table2 Electrocardiographic characteristics
Overall (431) Age <74 (228) Age >74 (203) P-value
Abnormal electrocardiogram, n (%): 401 (93) 201 (88) 200 (99) <0.001
Atrial fibrillation/flutter, n (%) 96 (22) 33 (15) 63 (31) <0.001
Heart rate, b.p.m. (SD) 87+24 88 + 26 87122 0.09
Low QRS voltage peripheral leads, n (%) 23 (5) 8 (4) 15 (7) 0.07
PR interval, ms (SD) 161 £33 158 £33 164 £ 34 0.37
QRS interval, ms (SD) 99 +£23 95+ 19 103 £26 <0.001
QRS >120 ms, n (%) 81 (19) 29 (13) 52 (26) <0.001
Pathological Q waves, n (%): 38 (9) 13 (6) 25 (12) 0.02
Anterior/anterolateral, n (%): 19 (4) 7(3) 12 (6) 0.15
Inferior/inferolateral, n (%): 28 (6) 10 (4) 18 (9) 0.06
Left ventricular hypertrophy, n (%) 7(2) 3(M 4(2) 0.59
Right ventricular hypertrophy, n (%) 3(M 3(M 0(0) 0.10
Isolated S1Q3T3 pattern, n (%) 43 (10) 28 (12) 15 (7) 0.09
Left anterior hemiblock, n (%) 32(7) 10 (4) 22 (11) 0.01
Incomplete RBBB, n (%) 38 (9) 23 (10) 15(7) 0.32
RBBB, n (%) 49 (11) 17 (8) 32 (16) 0.007
+Left anterior hemiblock, n(%) 6(2) 2(1) 4(2) 0.33
+S1Q3T3,n (%) 18 (5) 3(M 15(7) 0.002
LBBB, n (%) 18 (4) 94 9(4) 0.80
Pathological negative T waves, n (%) 62 (14) 25 (11) 37 (18) 0.03
Anterior T waves, n (%) 22 (5) 7(3) 15 (7) 0.04
Inferior T waves, n (%) 24 (5) 12 (5) 12 (6) 0.77
QTc, ms (SD) 449 + 47 443+ 41 456 £ 52 0.03
QTc >460 ms, n (%) 166 (38) 74 (33) 92 (45) 0.006
Non-specific RA, n (%) 176 (41) 96 (42) 75 (40) 0.27

Hs-Tnl, high sensitivity troponin I; IQR, interquartile range; LBBB, left bundle branch block; QTc, QT interval corrected with Bazett formula; RA, repolarization abnormalities;

RBBB, right bundle branch block; SD, standard deviation.

invasive mechanical ventilation, median PEEP was 10 cmH,O and
only one patient had a high PEEP value of 20 cmH,O. Finally, the
PEEP values between patients with and without ECG signs of RVPO
were similar (Figure 3). Therefore, the hypothesis that elevated PEEP
during invasive mechanical ventilation contributed to ECG signs of
RVPO is unlikely.

Many considerations need to be taken into account regarding our
patient population in order to correctly interpret the results. First,
our patients were older than those previously reported in Chinese
and Italian cohorts.2"** Age could partially explain why ECG was ab-
normal in the vast majority (>90%) of the patients. Other possible
reasons could be the co-existence of previous ECG abnormalities. In
the absence of a pre-hospitalization ECG (unavoidable limitation in
this context of an emergency and ‘protected’ access to the emer-
gency room), it is difficult to distinguish between pre-existing and
new-onset COVID-19-related abnormalities. Nevertheless, it is rea-
sonable to consider LVH, LAH, and pathological Q waves as pre-
existing. Non-specific repolarization abnormalities and mild QTc pro-
longation were the single most frequent findings (41% and 38%, re-
spectively) and can be attributed to critical illness and hypoxaemia.
Notably, all the ECGs were recorded at hospital admission, before
starting any drug potentially affecting coagulation and ECG parame-
ters, including repolarization and QT.

Our study also shows the heterogeneity and therefore the elusive-
ness of the concept of acute ‘myocardial injury’ often used in recent
COVID-19 literature to interpret the high troponin values. No ST-T
wave abnormalities suggestive of acute myocarditis were present,
and the main ECG abnormalities were equally distributed among
patients with high and low Hs-Tnl values. Low QRS voltages in the
peripheral leads were detected in 5% of the patients. This non-
specific finding could be the expression of myocardial oedema or
pre-existing chronic pulmonary disease, or could be related to inva-
sive mechanical ventilation. Histological studies are needed to accu-
rately characterize the meaning of these alterations. Pending these
studies, it is worth recalling that in the majority of reported cases, the
diagnosis is based on clinical criteria, while the use of more robust di-
agnostic tools such as cardiac magnetic resonance or endomyocardial
biopsy tended to be avoided in order to maintain spread of infection
as low as possible among workers and other patients. This awareness
must also guide cardiological follow-up after discharge.

Limitations

In this retrospective cross-sectional study dealing with critically ill
patients hospitalized in an emergency, a single ECG was collected at
hospital admission without data on ECG follow-up. Furthermore,
previous ECG was not available to discriminate new-onset and pre-
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Figure | Spectrum of electrocardiogram abnormalities associated with right ventricular pressure overload: presence of STQ3T3 pattern and sinus
rhythm.
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Figure 2 Spectrum of electrocardiogram abnormalities associated with right ventricular pressure overload: presence of the STQ3T3 pattern asso-
ciated with right bundle branch block and atrial flutter.

existing abnormalities. Data on troponin were not systematically col- Conclusions
lected. The selection of critically ill COVID-19 patients precludes

evaluation of the prognostic role of clinical and ECG variables. This This is the first systematic analysis of standard ECG in critically ill

should be explored in future studies on this topic. COVID-19 patients. The ECG of these patients is rarely normal and
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Figure 3 No differences in positive end-expiratory pressure (PEEP) values between patients with and without ECG signs of right ventricular pres-

sure overload (RVPO).

Table 3 Hs-Tnl subgroups

Overall (110)

Hs-Tnl <5 URL
(100 ng/L) (86)

Hs-Tnl >5 URL
100 ng/L) (24)

P-value

Male, n (%)

Age, years (IQR)

Deaths, n (%)

Hs-Tnl, ng/L (IQR)

Abnormal electrocardiogram, n (%):

Atrial fibrillation/flutter, n (%)

Heart rate, b.p.m. (SD)

Low QRS voltage peripheral leads, n (%)

PR interval, ms (SD)

QRS interval, ms (SD)

QRS >120 ms, n (%)

Pathological Q waves, n (%):
Anterior/anterolateral, n (%):
Inferior/inferolateral, n (%):

Left ventricular hypertrophy, n (%)

Right ventricular hypertrophy, n (%)

Isolated STQ3T3 pattern, n (%)

Left anterior hemiblock, n (%)

Incomplete RBBB, n (%)

RBBB, n (%)
+Left anterior hemiblock, n (%)
+51Q3T3, n (%)

LBBB, n (%)

Pathological negative T waves, n (%)|
Anterior T waves, n (%)
inferior T waves, n (%)

QTc, ms (SD)

QTc >460 ms, n (%)

Non-specific RA, n (%)

80 (73)
69 (60-78)
38 (35)

22 (10-84)
97 (88)

18 (16)

89 + 27
3(3)

162 + 34
99 + 26

21 (19)

7 (6)

4(4)

7(6)

4(4)

NA

11 (10)

7 (6)

10 (9)

11 (10)
0(0)

3(3)

6 (6)

18 (16)

6 (6)

4(4)

386 + 62
49 (46)

50 (46)

64 (74)
68 (60-78)
28 (33)

15 (9 — 41)
75 (87)
11.(13)

88 + 26
2(2)

162 + 36
99 + 26

16 (19)
6(7)

3(4)

6(7)

3(4)

NA

8(9)

6(7)

9 (10)

10 (12)
0(0)

2(2)

2(2)

14 (16)
3(3)

4 (5)

456 + 45
38 (44)

43 (50)

16 (67)
71 (59-76)
10 (42)
331 (152-671)
22 (92)

7 (29)
92432
1(4)

163 £25
99 + 26
521)
1(4)

1(4)

1(4)

1(4)

NA

3(13)
1(4)

1(4)

1(4)

0(0)

1(4)
4(17)
4(17)
3(12)
0(0)

447 + 41
11 (46)

7 (29)

0.55
0.055
0.58
0.60
0.92
0.98
0.81
0.62
0.87
0.62
0.87
NA
0.64
0.62
0.34
0.28
NA
0.62
0.006
0.96
0.086
0.28
0.36
0.89
0.070

Hs-Tnl, high-sensitivity troponin I; IQR, interquartile range; LBBB, left bundle branch block; QTc, QT interval corrected with Bazett formula; RA, repolarization abnormalities;

RBBB, right bundle branch block; SD, standard deviation, URL, upper reference limit.
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shows a large spectrum of abnormalities. Signs of acute RVPO are ev-
ident in 30% of the patients. Rapid and simple identification of these
cases with ECG at hospital admission can facilitate classification of the
patients and provide pathophysiological insights.
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