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Abstract

Background: Cardiac arrhythmias are significantly associated with
poor outcomes in coronavirus disease 2019 (COVID-19) patients.
Microvolt T-wave alternans (TWA) can be automatically quantified
and has been recognized as a representation of repolarization hetero-
geneity and linked to arrhythmogenesis in various cardiovascular dis-
eases. This study aimed to explore the correlation between microvolt
TWA and COVID-19 pathology.

Methods: Patients suspected of COVID-19 in Mohammad Hoesin
General Hospital were consecutively evaluated using Alivecor® Kar-
diamobile 6L.™ portable electrocardiogram (ECG) device. Severe
COVID-19 patients or those who are unable to cooperate in active
ECG self-recording were excluded from the study. TWA was detected
and its amplitude was quantified using the novel enhanced adaptive
match filter (EAMF) method.

Results: A total of 175 patients, 114 COVID-19 patients (polymer-
ase chain reaction (PCR)-positive group), and 61 non-COVID-19 pa-
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tients (PCR-negative group) were enrolled in the study. PCR-positive
group was subdivided according to the severity of COVID-19 pathol-
ogy into mild and moderate severity subgroups. Baseline TWA levels
were similar between both groups during admission (42.47 £26.52 uV
vs. 44.72 + 38.21 uV), but higher TWA levels were observed during
discharge in the PCR-positive compared to the PCR-negative group
(53.45 £ 34.42 uV vs. 25.15 £ 17.64 pnV, P = 0.03). The correlation
between PCR-positive result in COVID-19 and TWA value was sig-
nificant, after adjustment of other confounding variables (R? = 0.081,
P=0.030). There was no significant difference in TWA levels between
mild and moderate severity subgroups in patients with COVID-19,
both during admission (44.29 + 27.14 pV vs. 36.75 + 24.46 uV, P =
0.34) and discharge (49.47 +33.62 uV vs. 61.09 +35.99 uV, P=0.33).

Conclusions: Higher TWA values can be observed on follow-up ECG
obtained during discharge in the PCR-positive COVID-19 patients.

Keywords: T-wave alternans; COVID-19; Cardiac repolarization;
ECG device

Introduction

Coronavirus disease 2019 (COVID-19) is an ongoing global
pandemic caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). To date, there have been more than six
million total cases of COVID-19 in Indonesia with > 150,000
deaths reported [1, 2]. It has been shown that COVID-19 ef-
fects are not only limited to the lungs but also systemic con-
sequences including the cardiovascular system and beyond [3-
6]. Several studies have reported that the occurrence of cardiac
arrhythmias was significantly associated with an increased risk
of mortality and morbidity in COVID-19 [7, 8]. Furthermore,
cardiac arrhythmias, such as sinus tachycardia and atrial fi-
brillation, may manifest and persist as part of the long COV-
ID-19 syndrome, up to 12 months after the acute infection of
the SARS-CoV-2 virus [3]. Dysrhythmias in COVID-19 are
considered an interaction between direct tissue effects of the
virus and systemic illness, and several studies have highlighted
the exclusive association of heart repolarization abnormalities

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | www.cardiologyres.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 45

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/cr1458&domain=pdf&date_stamp=2023-01-14
https://orcid.org/0000-0002-2317-5212
https://orcid.org/0000-0002-9273-8832
https://orcid.org/0000-0002-8053-3530
https://orcid.org/0000-0001-7697-6593
https://orcid.org/0000-0003-2169-0971
https://orcid.org/0000-0002-0600-7305
https://orcid.org/0000-0002-9454-1961
https://orcid.org/0000-0003-0786-3856
https://orcid.org/0000-0002-2217-367X
https://orcid.org/0000-0002-9474-7046

TWA in COVID-19

Cardiol Res. 2023;14(1):45-53

with COVID-19 pathomechanism, aside from administered
drug effects [4, 7-10]. Although COVID-19 also affects atrial
repolarization, it seems that ventricular repolarization hetero-
geneity has a more obvious correlation with disease severity
[5, 11, 12]. Repolarization parameters measured with a surface
electrocardiogram (ECG) at admission may be able to predict
30-day and 1-year outcomes in COVID-19 patients, thus em-
phasizing their prognostic role [13, 14]. Nevertheless, the opti-
mal measurement and interpretation for manual ECG acquisi-
tion for some of these variables are still unknown and carry the
risk of interobserver variability [15].

For the last few decades, the microvolt T-wave alternans
(TWA) has been recognized and linked to arrhythmogenesis
as a representation of ventricular repolarization heterogeneity,
associated with both inducible and spontaneous ventricular
tachyarrhythmias linked to fatality in the setting of both cardi-
ovascular or non-cardiovascular diseases. It is characterized by
a beat-to-beat fluctuation in the morphology and amplitude of
the T-wave. Traditionally, TWA values can be obtained using
special algorithms embedded to exercise testing or ambulatory
electrocardiograms (AECG) recording apparatus, such as the
modified moving average (MMA) or spectral method [16, 17].

During the pandemic, efforts are made to minimize physi-
cal contact and the risk of infection transmission in routine
medical examinations [18, 19]. In this context, the use of port-
able and wearable digital ECG devices (also easily manage-
able by the patients themselves) may represent a solution. The
introduction of such devices for the detection and management
of arrhythmia has enabled new ways to analyze TWA in vari-
ous clinical conditions, including COVID-19 [18, 20]. Here
we conducted the first study aimed at investigating TWA as
a repolarization abnormality marker in COVID-19 patients
whose short ECG recordings were acquired using the Kardia-
mobile™ 6L portable device and analyzed using the enhanced
adaptive matched filter (EAMF) method [21].

Materials and Methods

Study population and design

This study was a single-center, prospective observational
study, performed at Mohammad Hoesin General Hospital,
Palembang, Indonesia. All patients admitted with clinical sus-
picion of COVID-19 from July 2020 to November 2021 were
consecutively enrolled. Patients were excluded if they had
missing PCR results or severe COVID-19 symptoms, or if they
were not able to follow instructions for portable ECG device
setup. The standard methodology of this study was reported
according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guideline [22].

Ethical issues

The current study protocol was approved by the Institution-
al Committee of Research and Ethics of Mohammad Hoesin
General Hospital (Ref: No. 28/kepkrsmh/2020).
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Data collection

The demographic characteristics of the study subjects, includ-
ing characteristics, comorbidities, and medication history, were
recorded from medical records. The diagnosis of COVID-19 was
confirmed using real-time polymerase chain reaction (RT-PCR)
nasopharyngeal swabs (Sansure MA-6000 RT PCR) with cutoff
cycle threshold (CT) value of > 40. If the initial PCR test result
was negative on admission day, the patient would be transferred
to isolation rooms and treated while waiting for a second swab
test on the next day to see if the patient turned out to be PCR-
positive. The degree of severity of confirmed COVID-19 cases
was categorized as mild, moderate, and severe, in concordance
with the American College of Emergency Physicians (ACEP)
guidelines [23]. Mild illness was defined as the presence of any
various signs and symptoms of COVID-19 (e.g., fever, cough,
sore throat, malaise, headache, muscle pain, nausea, vomiting, di-
arrhea, loss of taste and smell), without shortness of breath, dysp-
nea, or abnormal chest imaging. Moderate illness was defined as
the evidence of lower respiratory tract disease during clinical as-
sessment or imaging or having an oxygen saturation (SpO,) of >
94% on room air at sea level. Severe illness was diagnosed if the
following signs occurred: SpO, < 94% on room air at sea level, a
ratio of arterial partial pressure of oxygen to fraction of inspired
oxygen (PaO,/FiO,) < 300 mm Hg, respiratory frequency > 30
breaths per minute, or > 50% lung infiltrates on X-ray [24].

ECG signals were recorded on admission and discharge
using a portable ECG device (Kardiamobile™ 6L (AliveCor®,
Mountainview, California, USA)). Kardiamobile™ 6L (300
Hz sampling frequency and 14-bit resolution) can yield record-
ings from two primary leads. Data were extracted from lead II,
which represents the direction of the cardiac electrical vector.
Each patient was given a piece of detailed information on how
to perform acquisition using the Kardiamobile™ 6L recorder.
ECG acquisition duration was set to 3 min and recorded data
were wirelessly transmitted to a preinstalled smartphone-based
application (Alivecor® Kardia) to be simultaneously saved lo-
cally and into the cloud system.

EAMTF for microvolt TWA measurement

TWA was measured only in ECG recordings characterized by
a mean heart rate between 50 and 130 bpm, and heart-rate vari-
ability lower than 30% of the mean heart rate. Specifically, TWA
was measured by application of the EAMF method to ECG win-
dows containing 64 consecutive heartbeats recursively extracted
from the original tracing. Each ECG window was preprocessed
for baseline removal and T-wave localization (from J point to
T endpoint) and then tested to verify its suitability to be further
analyzed for TWA measurement [21]. An ECG window was
considered suitable if the number of ectopic or artifact-affected
heartbeats did not exceed five beats and RR-interval standard
deviation did not overcome 10% of the mean RR interval; oth-
erwise, it was discarded. Suitable ECG windows were enhanced
by setting to baseline all ECG waves but the T wave, and filtered
with a very narrow (0.12 Hz) pass band filter (sixth-order bidi-
rectional Butterworth filter) with the band centered at half heart
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Patients with clinical suspicion of
COVID-19 from July 2020 to
November 2021 (n = 207)

Excluded (n=32)

- Patients with severe COVID and/or
uncooperative (n = 11)

- Not consent to study (n=22)

Patients eligible to perform Kardia
measurement (n = 175)

Positive PCR Group
(n=114)

Negative PCR Group
(n=61)

Missing data (both
admission & discharge
TWA (n=38)

Missing data (both
admission & discharge
TWA (n=27)

Patients included in
analysis (n = 76)

Patients included in
analysis (n = 34)

Data Acquired for Analysis : Data Acquired for Analysis :
- 62 admission TWA - 24 admission TWA
- 38 discharge TWA - 20 discharge TWA

Figure 1. STROBE diagram of the study.

rate, by definition equal to the alternans frequency. Thus, the
signal at the output of the filter was a pseudo-sinusoidal signal,
the amplitude of which provided a measurement of the TWA
(uV) phenomenon characterizing the ECG window. If for an
ECG tracing there is more than one suitable ECG window, and
thus more than one TWA value, these are averaged to obtain a
single TWA measure for each ECG tracing [21].

Statistical analysis

The statistical analysis was done using STATA version 15 (Col-
lege Station, Texas, USA). Numerical data were described as
mean and standard deviations (SDs), while categorical data were
displayed as proportional numbers (%). Data distribution was
tested using one-sample Kolmogorov-Smirnov test. Continuous
variables with normal distribution were analyzed by an inde-
pendent #-test. The Chi-square test was used to compare categori-
cal variables. Z-test was implemented to analyze the significance
of TWA abnormality categories during admission and discharge.
Analysis of the correlation between PCR result and TWA was
determined by multivariate linear regression after adjusting for

comorbidities, electrolytes, and medications during hospitaliza-
tion. Statistical significance for all tests was set to 0.05.

Results

Patients’ characteristics

During the study period, there were 207 patients admitted
with a clinical diagnosis of COVID-19. Of these, 11 patients
were excluded due to severe COVID-19 and/or uncoopera-
tive, while 22 patients did not give consent to participate in the
study. As a result, 175 patients were eligible to perform Kardia
measurement, with 114 patients categorized into the PCR-pos-
itive group and 61 patients in the PCR-negative control group
according to their swab test results. Overall, 76 patients and
34 patients were analyzed in PCR-positive and PCR-negative
groups, respectively. In total, 86 admission TWA data and 58
discharge TWA were acquired from available portable ECG
data signals, while the rest missed either admission or dis-
charge ECG recording (Fig. 1).
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Table 1. Baseline Characteristics of Study Population

COVID-19 (n = 76) Non-COVID-19 (n = 34) P value

Clinical variables

Age (mean = SD) 41.70 £ 13.80 38.35+13.30 0.236

Sex

Male (n, %) 33 (43.42) 11 (32.35) 0.274
Female (n, %) 43 (56.58) 23 (67.65)

BMI (mean + SD) 24.35 +3.56 23.74 + 4.54 0.5697

SBP (mm Hg) 122.17 £ 15.82 130.31 £25.84 0.0478

DBP (mm Hg) 77.79 £ 11.13 81.09+11.76 0.1689

D-dimer (mean + SD) 1.32+£2.22 1.18£1.20 0.8109

CRP (mean + SD) 43.39 £ 57.01 50.12 £51.99 0.7637

Na (mean + SD) 140.02 +22.60 132.26 +28.33 0.2013

K (mean + SD) 4.01+0.73 433+£1.29 0.1661

Ca (mean = SD) 8.52+1.89 83+ 1.08 0.6529

LOS (mean + SD) 12.46 + 6.76 8.77+7.39 0.0151
Comorbidities

Hypertension 0 (0) 0(0) N/A

CAD 14 (18.42) 3(8.82) 0.198

CKD (GFR < 60 mL/min/1.73 m?) 4(5.26) 0 (0) 0.173

Type 2 DM 7(9.21) 3(8.82) 0.948
Medication

Favipiravir 10 (13.16) 5(14.70) 0.827

Azithromycin 20 (26.31) 9 (26.47) 0.986

Levofloxacin 1(1.32) 0(0) 0.502

BMI: body mass index; Ca: calcium, CAD: coronary artery disease; CKD: chronic kidney disease; DBP: diastolic blood pressure; DM: diabetes mel-
litus; GFR: glomerular filtration rate; K: potassium; LOS: length of stay; Na: natrium; N/A: not applicable; SBP: systolic blood pressure; SD: standard

deviation; COVID-19: coronavirus disease 2019.

The baseline characteristics of the study population are
summarized in Table 1. Patients included in the study were
categorized based on PCR results into PCR-positive group
and PCR-negative group; in turn, the PCR-positive group was
sub-categorized into mild and moderate severity subgroups. In
general, there was no significant difference in baseline charac-
teristics between both groups in respect of age, gender, blood
pressure, and body mass index (BMI). No differences were
found in the mean value of inflammatory marker C-reactive
protein (CRP) and electrolytes level in the COVID-19 group
from the control group. Comorbidities such as hypertension,
coronary artery disease (CAD), chronic kidney disease (CKD),
and diabetes mellitus (DM), were evenly distributed between
the two groups. Patients in both groups were treated equally

with standard medications such as levofloxacin, azithromycin,
and favipiravir. Standard favipiravir doses were also adminis-
tered for 5 days to some of the patients in the PCR-negative
group, based on clinical suspicion of COVID-19 while wait-
ing for the PCR result. However, none of the patients took
hydroxychloroquine. The average length of hospital stay was
significantly longer in the PCR-positive group.

TWA profile in patients with COVID-19

TWA profiles characterizing COVID-19 patients at hospi-
tal admission and discharge are summarized in Table 2. The
results indicate that TWA values were similar between PCR-

Table 2. TWA Profile on Admission and Discharge According to PCR Swab Result*

PCR result Admission, mean + SD (unV) P value Discharge, mean = SD (nV) P value
PCR-positive (n = 76) 42.47 +26.52 0.757 53.45+34.42 0.030
PCR-negative (n = 34) 44,72 + 38.21 25.15+ 17.64

*Independent t-test. TWA: T-wave alternans; PCR: polymerase chain reaction; SD: standard deviation.
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Table 3. COVID-19 Patients Disease Severity and TWA

Disease severi n (%) admis- Admission TWA P value n (%) dis- Discharge TWA P value
ty sion, n = 62 (nV), mean £+ SD charge, n =38 (nV), mean £+ SD
Mild illness 47 (75.80) 4429 +27.14 0.3418 25 (65.79) 49.47 £33.62 0.3303
Moderate illness 15 (24.19) 36.75 +24.46 13 (34.21) 61.09 +35.99
COVID-19: coronavirus disease 2019; TWA: T-wave alternans; SD: standard deviation.
Coeff (95% Cl) P value

Levofloxacin

-14.9 (-79.91-50.03) 0.638

Azitromisin

3.28 (-25.95-32.51) 0.818

Favipiravir

-13.5 (-46.47-19.46)  0.405

CKD .

-14.4 (-65.58-36.58) 0.652

DM

3.39 (-30.29-37.07) 0.838

HHD

. 5.34 (-47.55-58.24) 0.836

CAD

PCR

Na A

203 (-55.18-14.58) 0.24
288 (436-5332)  0.023
044 (-0.89-0.02)  0.061

K
Ca

-0.23 (-1.59-1.13) 0.727

-1.19 (-7.57-5.19) 0.703

Figure 2. Initial regression model of TWA at discharge and clinical variables. TWA: T-wave alternans.

positive and PCR-negative group during admission (42.47 +
26.52 pV versus 44.72 +38.21 pV, P=0.757). On the contrary,
TWA values of PCR-positive group were higher at discharge
compared to PCR-negative group (53.45 + 34.42 nuV versus
25.5+17.64 pV, P=0.030) (Table 2).

TWA and COVID-19 severity

The relation between TWA and COVID-19 illness severity
is summarized in Table 3. In the PCR-positive group, 76 pa-
tients were analyzed, yielding 62 admission TWA and 38 dis-
charge TWA recordings. On admission, there were 75.80% of
patients categorized into mild severity subgroup and 24.19%
of patients into moderate severity subgroup. Despite the ten-
dency of higher TWA during discharge in the moderate sever-
ity subgroup, there was no statistically significant variability
in TWA values during admission (44.29 + 27.14 pV versus
36.75 + 24.46 nV, P =0.341) or discharge (49.47 + 33.62 uV
versus 61.09 +35.99 uV, P =0.330) between mild and moder-
ate COVID-19 severity subgroups.

Correlation of positive PCR and TWA at discharge

A linear regression analysis (Fig. 2) shows that PCR result is a
variable that has a significant correlation with TWA (P < 0.05),

compared to other clinical variables such as medications, comor-
bidities and electrolytes. After adjustment of confounding varia-
bles, a final multivariate model showed that in patients with con-
firmed COVID-19 at admission, an increment of 18.298 (1.02
- 34.93) points in microvolt TWA at discharge was observed,
with a P-value of 0.030 and R square of 0.0810 (Table 4).

Discussion

This is the first study that addresses the correlation between
COVID-19 and TWA as a repolarization heterogeneity marker.
Prior data have shown that patients infected with SARS-CoV-2
are more vulnerable to atrial and ventricular arrhythmias. Ar-
rhythmias were present in approximately 44% of patients and
associated with poor outcomes and higher mortality [7]. Hy-
poxia caused by direct viral effects on the lungs and cardiac
tissues (myocarditis), myocardial ischemia, abnormal host
immune response, and electrolyte imbalances are proposed as
potential arrhythmogenesis mechanisms in COVID-19 [10].
The use of proposed COVID-19 medications such as hy-
droxychloroquine, levofloxacin, azithromycin, etc., results in
a concern to monitor QTc prolongation to avoid torsades de
pointes (TdP) or other fatal ventricular arrhythmias [25, 26].
However, prolongation of QTc interval also occurs in COV-
ID-19 patients without medication, and a finding by Rubin
et al suggested that COVID-19 infection was an independent

Table 4. Final Regression Model of TWA at Discharge and PCR Result

TWA (discharge) Coefficient Standard error P>t 95% CI
PCR 18.298 8.234 0.030 1.802 - 34.793
Constants 35.152 6.667 0.000 21.800 - 48.504

TWA: T-wave alternans; PCR: polymerase chain reaction; Cl: confidence interval.

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™
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predictor and significantly associated with the likelihood of
prolonged QTc interval (> 500 ms) compared to COVID-19
negative counterparts [27, 28].

Previously, viral infection and inflammatory diseases have
been reported to affect repolarization ECG markers [29-31].
Emerging evidence supports the possibility of Ca?" and K*
channels dysregulation in cardiomyocytes by SARS-CoV-2
genes, resulting in decreased cardiac contractility and height-
ened susceptibility to arrhythmias, and thus termed viral chan-
nelopathies. The interplay between ion channels and the virus
is modulated further by excessive inflammation (interleukin-6,
interleukin-1, and tumor necrosis factor-o) leading to inflam-
matory cardiac channelopathies [32]. However, the implemen-
tation of manual measurement of repolarization ECG markers
in the clinical setting is prone to variability by intra- or inter-
observer bias. In addition, differences in determining QTc inter-
val measurement exist in various published studies, such as the
heart-rate correction methods by Bezett or Framingham [33].

On the other hand, there is still no universal consensus to
measure T-peak to T-end (TpTe), despite the widely accepted
tangential method [34]. Furthermore, the global pandemic fur-
ther complicated cardiology services as COVID-19 eventually
emerged as an airborne disease, and physical distancing had
been carried out to prevent the spread of infection. Therefore,
attempts were made to use portable ECG devices to minimize
exposure and disease transmission [18, 35].

TWA has been recognized as an established marker of re-
polarization heterogeneity at a cellular level and recommended
in guidelines as an additional prognostic marker of TdP or ven-
tricular arrhythmias for various cardiovascular disease settings
and non-cardiovascular diseases alike [16, 36]. Some studies
also highlighted the existence of TWA in channelopathies such
as long QT syndrome [37] and early repolarization syndrome
[38]. Up to date, there is still no study that specifically assesses
the utility of TWA in the context of COVID-19, although sev-
eral case reports indicate that TWA may exist in infectious dis-
orders, such as Chagas disease and inflammatory illness like
systemic lupus erythematosus (SLE) [39, 40].

Our study introduced a method to overcome both meas-
urement subjectivity and disease transmission issue, hence
being the first study to evaluate TWA in COVID-19 patients
automatically using the novel EAMF method to minimize in-
dividual bias while keeping recording time short, by wireless
ECG self-acquisition in cooperative patients. Previously, TWA
measurement in the clinical setting is traditionally performed
by algorithms such as the spectral method and MMA method,
mostly integrated into continuous ambulatory ECG (Holter)
monitor or stress exercise testing, which are not always suita-
ble in certain situations, such as the COVID-19 pandemic [17].

By using the EAMF method in our study, the recursive
extraction of ECG windows allowed the rejection of only some
extracted windows in case of the presence of noisy parts with-
out discarding the entire ECG recording and without compro-
mising the reliability of results [21].

The core preprocessing phase of the method is represented
by the enhancement phase that implies cancellation of any pos-
sible reciprocal influence among other alternans types (such as
P-wave alternans (PWA) or QRS-complex alternans), which
could bias TWA measurement. Additionally, EAMF method

50 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

can measure TWA in many different conditions because it ad-
justs the alternans frequency according to the local heart rate.
Eventually, the method filters out the ECG signal components
around alternans frequency, resulting in robustness against in-
terferences and noises in most frequency bands, useful in case
of ECG acquired by portable or wearable devices and shorter
acquisition period as short as 30 s of recording [21].

Our study revealed the dynamics of TWA in patients with
suspected COVID-19, indicating increased repolarization het-
erogeneity during disease progression in the PCR-positive
group. Even though the baseline TWA levels were similar be-
tween both groups during admission (42.47 + 26.52 uV vs.
44.72 + 38.21 pV), higher TWA levels were observed during
discharge in the PCR-positive compared to the PCR-negative
group (53.45+34.42 uV vs. 25.15 + 17.64 uV, P=0.03). Fur-
thermore, there was a significant correlation between positive
PCR result and TWA value, after adjustment of other con-
founding variables (R? = 0.081, P = 0.030). This finding is in
agreement with earlier meta-analyses that have described the
effect of COVID-19 on various ECG indicators of repolariza-
tion heterogeneity [5, 15].

ECG markers that reflect repolarization abnormalities
such as TpTe interval, TpTe/QTc ratio, and index of cardiac
electrophysiology balance (iCEB) tend to increase significant-
ly in COVID-19 patients [5]. The escalation of iCEB indicated
that patients with COVID-19 are predisposed to TdP-mediated
ventricular tachycardia or ventricular fibrillation, emphasizing
the role of repolarization disturbance in its arrhythmogenesis
[41, 42]. A meta-analysis has demonstrated that initial ECG
on admission, including QTc prolongation is associated with
short-term, in-hospital poor outcome [43]. Our study suggests
that serial evaluation of ECG markers is also important, rather
than taking a single ECG recording during admission. Repo-
larization abnormalities, contributed by the viral infection may
happen during the natural course of COVID-19 progression,
only to be noticeable at patient discharge from the hospital.
Another study by Vandenberk et al corresponds to this find-
ing that repolarization marker abnormalities at discharge may
predict mortality and re-admission for up to 1-year follow-
up [14]. Although TWA increment at discharge was evident
in COVID-19 patients, our study did not find any significant
difference in TWA levels between mild and moderate sever-
ity subgroups in patients with COVID-19, both during admis-
sion (46.95 + 31.35 uV vs. 38.25 £ 22.1 pV, P = 0.45) and
discharge (46.89 + 32.98 puV vs. 69.90 + 33.91 uV, P=0.14).
Another study by Koc et al demonstrated that other ventricu-
lar repolarization parameters such as TpTe interval, TpTe/QT
ratio, and TpTe/QTc ratio were more prominently increased in
the COVID-19 subgroup complicated by severe pneumonia,
which is a scenario involving critical illness and other causes
of inflammation and comorbidities [44]. Our study discovered
evidence that repolarization abnormalities may ensue even in
mild to moderate COVID-19 clinical severity, adding to the
possibility of a direct viral channelopathy effect.

Study limitations

Several limitations of this study should be considered. First-
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ly, this is a single-center study with a relatively small sample
size. Albeit not statistically significant, some heterogeneities
such as the imbalance usage of medications that may prolong
QT interval in the COVID-19 group, can become a potential
confounder for this study. Secondly, our study did not include
patients with severe COVID-19 subgroup. Further studies of
TWA in a wider spectrum of COVID-19 patients by analyz-
ing other ECG acquisition data system may be able to collect
signals more passively, compared to patient-activated com-
mercial portable ECG devices [45]. Follow-up of patients with
elevated TWA and the correlation with subsequent arrhythmias
and other adverse events can also become point of interests
in future studies for the involvement of cardiac repolarization
abnormalities in long COVID-19 syndrome.

Conclusions

Our study shows that TWA value is significantly increased on
follow-up ECG obtained during patient discharge in the PCR-
positive group. Repolarization heterogeneity as represented by
TWA can occur even in mild and moderate severity of COV-
ID-19, albeit without significant relationship between severity
and TWA in these subgroups.
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