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ABSTRACT

AIM: The aim of the current study was to evaluate the index of Cardiac Electrophysiological Balance (iCEB)
in hospitalized COVID-19 patients receiving Hydroxychloroguine / azithromycin (HCQ / AZ) combination
therapy to determine the susceptibility to ventricular arrhythmia among these patients.

METHOD: Sixty-seven COVID-19 patients admitted to the ward were included in the study.
Electrocardiograms (ECGs) were obtained from all patients before the initiation of treatment and on treatment
day 5. QT/QRS (iCEB) and QTc/QRS (iCEBc) ratios were calculated.

RESULTS: QRS, QT and QTc intervals were significantly prolonged on day 5 measurements compared to
pre-treatment period (p <0.05). Overall, mean iCEB was 3.6+0.4 before treatment and 3.8+0.4 on day 5

in the study population (p <0.001). Considering the iCEBc values, a significant increase was observed in
patients receiving HCQ/AZ treatment compared to pre-treatment period (4.1+0.5 vs 4.4+0.6; p <0.001).
CONCLUSIONS: To the best of our knowledge, this was the first study to investigate iCEB and iCEBc
parameters in patients with COVID-19 on HCQ/AZ therapy. In this study, we demonstrated significantly
increased iCEB and iCEBc values following HCQ/AZ treatment in COVID-19 patients. iCEB and iCEBc may
serve as a noninvasive, simple, and novel biomarker for detecting increased pro-arrhythmia risk in COVID-19

patients (Tab. 3, Fig. 3, Ref. 36). Text in PDF www.elis.sk

KEY WORDS: COVID-19, index of Cardiac Electrophysiological Balance (iCEB), Hydroxychloroquine,

azithromycin, ventricular arrhythmia.

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), commonly known as COVID-19, has become a global
pandemic. COVID-19 causes clinical manifestations associa-
ted with severe acute respiratory distress syndrome (ARDS) (1).
Several therapeutic strategies are currently investigated for the
management of the COVID-19 pandemic. Hydroxychloroquine
(HCQ), either as monotherapy or in combination with azithromy-
cin (AZ), is a promising treatment option for symptomatic CO-
VID-19 patients (2). Moreover, HCQ/AZ combination therapy has
become one of the most commonly used treatment modalities in
patients with moderate-to-severe COVID-19. The synergistic ef-
fect of HCQ/AZ combination results from the actions of these two
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drugs on different binding sites on SARS-CoV-2 and AZ therapy
enhances the effectiveness of HCQ. AZ is directed against the vi-
rus, whereas HCQ is directed against cellular adhesion cofactors
(3). However, HCQ and AZ drugs block potassium channels and
therefore, they may potentially prolong the QT interval (4, 5).
Ventricular arrhythmias may occur due to QT interval prolonga-
tion induced by HCQ and AZ, and cases of torsades de pointes
(TdP) have been reported with both drugs (6,7). QT prolongation
is more likely to occur in patients admitted to coronary intensive
care unit, those with electrolyte disturbances and those taking
other drugs that can prolong QT interval. The American Heart
Association (AHA) guidelines recommend electrocardiographic
(ECG) monitoring to detect QT prolongation in COVID-19 pa-
tients treated with HCQ and HCQ/AZ (8).

The QT interval is the most widely used ECG parameter to
detect ventricular arrhythmias (9). The index of Cardiac Electro-
physiological Balance (iCEB) is a novel noninvasive marker and
reflects the balance between depolarization and repolarization of
the cardiac action potential. iCEB is calculated by dividing QT
interval by QRS duration (QT/QRS). In animal models, iCEB was
shown to be a strong predictor of drug-induced cardiac arrhyth-
mias (10). Robyns et al showed that iCEB can be used to detect
increased arrhythmic risk in patients with supraventricular tachy-
cardia receiving sotalol and flecainide. They also reported that
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while increased iCEB predisposes to torsades de pointes (TdP),
decreased iCEB confers susceptibility to non-TdP mediated ven-
tricular tachycardia (VT)/ventricular fibrillation (11).

Both HCQ and AZ are classified as drugs that are associated
with a known risk of TdP (crediblemeds.org). HCQ/AZ combi-
nation therapy used for the treatment of COVID-19 may increase
the iCEB value by causing QT prolongation. Thus, these drugs
may have an indirect effect on the iCEB parameter. The aim of
the current study was to evaluate iCEB in hospitalized COVID-19
patients on HCQ/AZ combination therapy to determine the suscep-
tibility to ventricular arrhythmia among these patients. This is the
first study in the literature to assess iCEB in COVID-19 patients
receiving HCQ/AZ treatment.

Materials and methods

This study was designed as a retrospective and observational
cohort study. Sixty-seven COVID-19 patients hospitalized in the
ward between June 2020 and July 2020 were enrolled in the study.
According to the World Health Organization (WHO) recommen-
dation, the diagnosis was confirmed through the identification
of the specific viral nucleic acid on nasal and pharyngeal swabs
(real-time fluorescent, RT-PCR). Electrocardiograms (ECGs) were
obtained from all patients before the initiation of treatment and on
day 5. HCQ was given orally at a dose of 400 mg BID for one day
(loading dose) followed by 200 mg BID for 4 days. Azithromycin
was given orally at a dose of 500 mg daily for 5 days. Exclusion
criteria were as follows: drug allergy, severe electrolyte imbalance,
chronic kidney failure, chronic liver failure, malignancies or in-
flammatory diseases, cardiac pacemakers, atrial fibrillation, atrial
flutter, severe structural heart disease (left ventricular ejection frac-
tion [ejection fraction] <30 %), presence of other ECG abnormality
such as left ventricular hypertrophy, bifascicular block, complete
left bundle branch block, second or third degree atrioventricular
block, or pathological Q waves.

Drugs that could potentially cause QT prolongation were dis-
continued before initiation of treatment. Patients’ demographics,
clinical history, and medications were obtained from detailed
chart review. Laboratory findings were retrieved from the hospi-
tal database. Hypertension (HT) was defined as a systolic blood
pressure >140 mmHg, a diastolic blood pressure >90 mmHg,
or requirement for antihypertensive medication. Type 2 diabetes
mellitus (DM) was diagnosed according to the American Diabe-
tes Association criteria. Written informed consent was obtained
from all patients before enrollment in the study. This study was
performed in accordance with the principles set forth in the Dec-
laration of Helsinki and approved by the local Ethics Committee
of our institution.

ECG recordings were obtained using standard 12-lead ECG.
12-lead ECG recordings (ECG 2550, Nihon Kohden, Japan) were
performed after 30 min of rest, at room temperature. All ECGs
(filter range 0.5-150 Hz, AC filter 60 Hz, 25 mm/s, 10 mm/mV)
were reviewed by two independent clinicians who were blinded
to the study design and clinical data. During the ECG recordings,
all of the participants were in sinus rthythm. Resting heart rate was

measured using the ECG data. All ECG recordings were scanned
and the data was transferred to a personal computer to reduce
possible errors. Adobe Photoshop software was used for 400%
magnification. The measurements were performed on lead Il and
lead V5, and the longest QT interval was used for the analyses.

The QT interval was measured from the beginning of the
QRS complex to the end of the T wave, and the QT interval
was corrected for heart rate using the Bazett formula, QTc =
QT V (R-R interval). The QRS duration was the interval between
the first deflection of the QRS complex and the returning point to
the baseline. The RR interval was measured as the distance between
two consecutive R waves. Using these measurements, QT/QRS
(iCEB) and QTc/QRS (iCEBc) ratios were calculated. Prolonged
QTc was defined as an increase in QTc intervals of more than 60
milliseconds (AQTc >60 milliseconds) compared with baseline
or as a QTc of 500 milliseconds or greater (4). Continuous tele-
metry monitoring was used for patients with a QTc greater than 470
msec. In patients with a QTc prolongation of >500 msec, reduced
doses were administered or treatment was stopped. Patients with
a baseline QTc greater than 500 msec were not started on treat-
ment. Ejection fraction (EF) values were obtained before treatment
from all patients at the time of admission using echocardiography.
Hypokalemia and hypomagnesemia are associated with increased
risk of serious arrhythmia. Therefore, correction of hypokalemia
to a level >4 mEq/L and hypomagnesemia to a level of >2 mg/dL
was performed when necessary.

Statistical analyses

Data were analyzed using the SPSS software version 25.0 for
Windows (SPSS Inc, Chicago, Illinois). The Kolmogorov-Smirnov
test was used to verify that continuous variables were normally
distributed. Normally distributed variables were expressed as mean
+standard deviation (SD), while non-normally distributed vari-
ables were expressed as median with interquartile range (IQR).
The categorical variables were presented as percentages. Dif-
ferences between two groups were analyzed using the Student’s
unpaired t-test or the Mann—Whitney U test for the parameters
with a normal or non-normal distribution. The paired t-test and
Wilcoxon signed-rank test was used to detect differences between
paired measurements. The frequencies of nominal variables were
compared using the Fisher’s exact test or chi-square test. Statisti-
cal significance was defined as p < 0.05.

Results

Demographic and clinical characteristics of the study patients
are shown in Table 1. The mean age of the participants was 45.3
+17.3 years and 65 % were male (n=44). Regarding comorbidi-
ties of the patients, the rates of HT, DM, coronary artery disease
and chronic obstructive pulmonary disease were low (<20 %).
Corticosteroid therapy was administered to 25 % of the patients
during hospitalization. On biochemical analyses, sodium, potas-
sium and creatinine values were within normal range. However,
ferritin, C-reactive protein and troponin values were significantly
elevated. Hematologic analysis showed normal white blood cell
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Tab. 1. The demographic and clinical data of the study population.

Age (years) 45.3+£17.3
Male n (%) 44(65)
Hypertension n (%) 12(18)
Diabetes mellitus n (%) 7(10)
Coronary artery disease n (%) 5(7)
COPD n (%) 6(9)
Sodium (mEq/L) 138.8+3.1
Potassium (mEq/L) 4.3+0.4
Creatine (mg/dl) 0.94+0.2
White blood cell count (10*/mm?) 7.3+3.2
Hemoglobin (g/dL) 14.6+2.1
Platelet count (103/mm?) 230.0+83.0

D-Dimer (ng/mL)
Ferritin (ng/mL)

380(610-1280)
189(78-605)

C-reactive protein (mg/L) 21(6-74)
Troponin (ng/mL) 2(1-5)
ACE inhibitors/ARB n (%) 11(16)
Dihydropyridine CCB n (%) 4(6)
Corticosteroid n (%) 17(25)

COPD — Chronic obstructive pulmonary disease; ACE — Angiotensin-converting
enzyme; ARB — Angiotensin receptor blocker; CCB — Calcium channel blocker.

count, hemoglobin and platelet count but increased D-Dimer
levels (380[610-1280] ng/mL).

ECG data of all patients are shown in Table 2. No signifi-
cant difference was detected in heart rate measurements on day
5 compared to baseline (p >.05). However, QRS, QT and QTc
were significantly increased on day 5 versus pre-treatment pe-
riod (p <0.05). Overall, the mean iCEB value was 3.6+0.4 at
baseline and 3.8+0.4 on treatment day 5 (p <0.001). There was a
significant increase in iCEBc values in patients receiving HCQ/
AZ treatment compared to pre-treatment (4.1+0.5 vs 4.4+0.6; p
<0.001) (Fig. 1). At the end of 5 days, AQT and AQTc values were
20 (10-40) and 23 (8-45) msec, respectively, in patients receiv-
ing HCQ/AZ treatment.

Tab. 2. Electrocardiographic data of the study population.

Admission Fifth day p-value
Heart rate (bpm) 82.0+16.3 79.7£17.2 0.19
QRS (ms) 100.0£8.7 101.2£9.9 0.02
QT (ms) 355.5+£36.9 383.7+41.5 <0.001
QTc (ms) 409.9+21.2 436.6+33.0 <0.001
iCEB 3.6+0.4 3.8+0.4 <0.001
iCEBc 4.1+0.5 4.4+0.6 <0.001
AQT (ms) 20(10-40)
AQTc (ms) 23(8-45)

iCEB — QT/QRS; iCEBc — QTc/QRS; AQT — change in QT interval; AQTc — change
in corrected QT interval.

Tab. 3. Electrocardiographic data of the female and male patients.

Female patients
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p < 0.001
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Fig. 2. iCEB and iCEBc measurements of female patients at baseline
and on treatment day 5.
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46
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Fig. 1. The index of Cardiac Electrophysiological Balance (iCEB) and
iICEBc values at baseline and on treatment day 5 for all patients.

A comparison of ECG changes after HCQ/AZ treatment be-
tween females and males is shown in Table 3. ECG recordings on
day 5 showed that there was no significant change in heart rate and
QRS but QT and QTc were significantly increased in both female
and male patients. Increases in QT and QTc were greater in female
patients than in male patients. iCEB and iCEBc values were also
increased on day 5 versus pre-treatment in both female and male
patients (p < 0.001). Female patients showed greater increases in
iCEB and iCEBc values compared to male
patients (Fig 2 and 3). Despite these find-
ings, none of the patients experienced ar-

Female Male rhythmic events.

Admission  Fifth day p Admission  Fifth day p
Heart rate (bpm)  86.0+15.3  81.8+20.5 0.17 79.9+16.6  78.6+15.3 0.55 Discussion
QRS (ms) 98.8£8.2  100.3+10.0 0.14 100.6+9.0  101.7£9.9 0.09
QT (ms) 347.0£34.3 382.6+£37.9 <0.001 360.0+£37.7 384.3+43.6 <0.001 . L. R
QT (ms) 41124240 44074310 <0.001  409.3£19.8 43454341 <0.001 In this study, we showed significant in-
iCEB 3.5+0.4 3.840.5 <0.001 3.6+0.4 3.840.4  <0.001 creases in iCEB and iCEBc values, reflect-
iCEBc 4.2+0.5 4.5+0.7 <0.001 4.1+0.5 4.3+0.6 <0.001 1ng predisposition to ventricular arrhythmia,

iCEB - QT/QRS; iCEBc — QTc/QRS
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Male patients
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Fig. 3. ICEB and iCEBc measurements of male patients at baseline
and on treatment day 5.

treatment. Thus, based on increased iCEB values, we were able
to demonstrate that COVID-19 patients on HCQ/AZ combina-
tion therapy were more susceptible to ventricular arrhythmia and
particularly TdP. Furthermore, greater increases in iCEB and
iCEBc values among female patients than in male patients sug-
gest that HCQ/AZ treatment confers a greater risk of arrhythmia
in female patients.

iCEB is a simple, cost-effective, new and easily measured
non-invasive biomarker to predict drug-induced cardiac arrhyth-
mias than the current biomarkers (i.e., T-wave transmural dis-
persion and QT interval instability). The iCEB value derived
from ECG is equivalent to the cardiac wavelength A [A = Ef-
fective refractory period (ERP) x conduction velocity (CV)])
value obtained in an invasive electrophysiology laboratory. ERP
represents changes in QT, whereas CV represent changes in
QRS (10). Thus, iCEB can provide information about both the
depolarization and repolarization phases of the cardiac action
potential. Changes in iCEB may reflect an imbalance in elec-
trophysiology and are thought to predict arrhythmias in corre-
lation with A. Arrhythmias predicted by iCEB include TdP and
non-TdP-like ventricular tachycardia (VT) / ventricular fibrilla-
tion (VF). The main potential benefit of iCEB is the detection
of both increased risk for TdP and non-TdP mediated VT/VF
and therefore, iCEB might be a universal marker for ventricular
arrhythmias. Antiarrhythmic drugs that shorten QRS interval
or prolong QT interval are associated with an increase in iCEB
and iCEBc, hence an increased risk for TdP. In contrast, antiar-
rhythmic drugs that prolong QRS interval or shorten QT inter-
val decrease iCEB and iCEBc and lead to an increased risk for
non-TdP-like VT/VF.

Drug-induced long QT and its risk for TdP are now well-
known. Drugs that only slightly increase or decrease iCEB may be
safe, while drugs markedly increasing or decreasing iCEB could
potentially be pro-arrhythmic. However, large changes in the de-
polarization or repolarization of the action potential significantly

change iCEB and may result in cardiac arrhythmic conditions.
There is no standard cutoff value established for iCEB and studies
should be conducted to determine this value. Nevertheless, a
previous study identified the normal iCEB value as 4.24+5.24.
Studies in animal models have demonstrated that iCEB is a po-
tential marker to predict drug-induced arrhythmias (10). A former
study suggested that iCEB may offer a non-invasive and readily
measurable marker to detect increased arrhythmic risk in pa-
tients with long QT syndrome (LQTS) or Brugada syndrome (11).
Another study showed that the administration of dofetilide resulted
in increased QT, Tp-e intervals and iCEB, causing TdP in rabbit
ventricular wedge samples. In addition, they showed that encainide
had no effect on QT and Tp-e intervals, reduced the iCEB values
and resulted in non-TdP-like VT (10).

A previous study suggested that decreases in A by shortening
the QT interval are related to the initiation and maintenance of re-
entry, which lead to re-entrant VT or fibrillation (12). Robyns et
al suggested that sotalol administration increases iCEB, whereas
flecainide usage decreases iCEB in patients with paroxysmal su-
praventricular arrhythmias. In the same study, the authors showed
that compared to control group, iCEB was increased in patients
with LQTS but decreased in patients with Brugada syndrome
(11). In addition, it has been reported that iCEB was shortened
due to prolonged QRS duration in patients with heart failure and
patients with Brugada syndrome, which led to an increased risk
of'sudden cardiac death (13, 14). In our previous study, we evalu-
ated iCEB and iCEBc in AF patients receiving propafenone and
amiodarone. In that study, we observed the lowest iCEB among
AF patients using propafenone compared to amiodarone users
and control groups. Additionally, amiodarone group showed the
highest iCEBc value and propafenone group showed the lowest
iCEBc value (15).

Studies in different patient populations reported that iCEB
indicates the susceptibility to developing malignant ventricular
arrhythmia (15-17). Sivri et al assessed iCEB before and after
hemodialysis in 52 patients with end-stage renal disease (ESRD).
Before hemodialysis, ESRD group had a higher iCEB compared
to control group. In addition, iCEB value increased after hemo-
dialysis in ESRD patients and elevated iCEB was associated
with an increased risk of TdP-mediated ventricular arrhythmia.
Increases in iCEB and iCEBc after hemodialysis session resulted
from QRS changes and no significant changes were reported for
QT and QTc (16). Another contemporary study found that high
iCEB values in the group undergoing imaging using computerized
tomographic angiography due to suspected coronary artery dis-
case were associated with increased pericardial fat volume (18).
Yumurtaci et al evaluated iCEB as an indicator of ventricular ar-
rhythmia in patients with acute myocarditis. The authors reported
that iCEB values were significantly higher in the arrhythmia group
compared to the non-arrhythmia group (17).

Hydroxychloroquine has been used for the treatment of rheu-
matic diseases and malaria for a long time and has been reported
to be a potential therapeutic agent in the COVID-19 pandemic
(19). HCQ inhibits viral infection by altering endosomal pH re-
quired for viral fusion and by affecting the glycosylation of host
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cell receptors by SARS-CoV-2 during its entry into the cell (20).
In addition, in vitro studies have shown that HCQ effectively in-
hibits SARS-CoV-2 replication (21). The safety profile of HCQ
is favorable, although cardiovascular side effects are known,
including bradycardia, hypotension, refractory ventricular ar-
rhythmia, QRS widening and QT interval lengthening (22). Since
HCQ affects QT interval, it has a potential to cause TdP (23). The
proposed arrhythmic mechanism is the blockade of the delayed
rectifier potassium channel in the myocardial cells, which results
in prolongation of ventricular repolarization and QT interval
(24). This effect of hydroxychloroquine can be more pronounced
when used with other drugs that prolong QT interval. Azithro-
mycin is a macrolide antibiotic which is effective in ARDS (25).
Cardiovascular effects of azithromycin have been investigated
in previous studies (26). Azithromycin is known to induce QT
prolongation, but its use is rarely associated with adverse car-
diac events like ventricular arrhythmias. Azithromycin exerts is
proarrhythmic effects by affecting cardiac sodium channels and
increasing intracellular sodium concentration (27).

HCQ/AZ combination may cause ventricular arrhythmias by
prolonging the QT interval and concerns have been raised regard-
ing the use of this combination due to arrhythmic potential. ECG
monitoring is recommended to detect QT prolongation that may
occur with the use of HCQ/AZ combination. These two drugs
are being widely used to treat COVID-19 despite the known
risk of QT interval prolongation. It is important to determine
the proarrhythmic risk and significant QTc-prolonging effect of
HCQ/AZ combination therapy in COVID-19 patients. In addi-
tion, guidelines recommend discontinuation of these drugs at a
QTc >500 msec or when QTc is prolonged by more than 60 msec
(28). Some publications in the literature have reported that HCQ/
AZ combination therapy prolongs QT duration in patients with
COVID-19 (29). Moreover, HCQ/AZ combination results in a
greater increase in QTc interval compared to chloroquine or HCQ
monotherapy (30). Maraj et al showed that QTc prolongation was
present in one in four hospitalized COVID-19 patients. There-
fore, the authors suggested that HCQ/AZ combination therapy
should not be administered without continuous telemetry moni-
toring. They also reported that older age, impaired renal function,
baseline QTc > 460 msec, and concurrent use of other high-risk
QTec-prolonging drugs were predictors of QTc prolongation (31).
In a separate study, among 53 patients receiving HCQ/AZ com-
bination therapy, 11 patients had a QT prolongation exceeding
500 msec which led to cessation of treatment in the majority of
these patients (32).

One study involving COVID-19 patients reported signifi-
cant QTc prolongation in those receiving HCQ/AZ combination
therapy than patients receiving HCQ monotherapy alone or no
treatment. Additionally, QTc prolongation was more pronounced
in older COVID-19 patients receiving HCQ/AZ [HCQ/AZT
combination (OR 9.02, p =0.001) and older age (OR 1.04, p =
0.031)] (33). However, since no arrhythmic fatalities occurred
in patients given HCQ/AZ therapy, the use of such drugs may
be considered as safe relating to arrhythmic risk in the treat-
ment of COVID-19 patients. In a separate study, Saleh et al
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evaluated 280 patients with COVID-19 receiving monothera-
py or combination therapy. They reported significantly longer
QTec in patients treated with HCQ/AZ than in patients receiving
monotherapy but changes in QRS were comparable between the
groups. No arrhythmic events were observed in patients treated
with monotherapy or combination therapy (30). QTc prolon-
gation also occurred in COVID-19 patients who were given
a 5-day course of HCQ/AZ combination therapy but maximal
prolongation was 30 msec (34). Contrastingly, Bakhshaliyev et
al reported that HCQ/AZ treatment administered for 5 days did
not cause significant QT prolongation or conduction disorders
in non-intensive care unit COVID-19 patients compared to base-
line ECG parameters (35).

In the current study, we also evaluated electrocardiographic
changes in patients with COVID-19 both, before treatment and
on day 5. Significant differences were observed in QRS, QT,
QTec, iCEB and iCEBc values on day 5 compared to pretreat-
ment. When we investigated whether there was a sex-related dif-
ference in the changes in ECG parameters, female patients were
found to have more pronounced increases in QT, QTc, iCEB and
iCEBc than male patients. Based on these findings, we suggest
that closer ECG monitoring is warranted for female COVID-19
patients receiving HCQ/AZ combination therapy. Similarly, Gre-
wal et al compared ECG parameters by gender in COVID-19 pa-
tients receiving either HCQ or HCQ/AZ. The authors reported
significantly longer QTc intervals in female COVID-19 patients
on HCQ or HCQ/AZ treatment than in males (36). In addition,
confirmation of QTc prolongation in COVID-19 patients better
informs physicians of this important side effect of HCQ/AZM
that will necessitate QTc assessment prior to drug initiation, and
QTc monitoring during treatment for many patients.

Limitations

This study has several limitations. The number of cases was
small due to the single-center design of the study. The relatively
small sample size could have limited the strength of the results
as well as the conclusions that can be drawn from this work. All
patients enrolled in the study were ward patients and exclusion
of patients with moderate-to-severe ARDS hospitalized in the in-
tensive care unit is another limitation of the study. An additional
limitation is exclusion of COVID-19 patients receiving HCQ or
AZ monotherapy. Since no deaths occurred in the patients fol-
lowed during the study, the correlation between mortality and
iCEB could not be examined. Also, the study did not involve
Holter cardiac monitoring or an assessment of other ECG para-
meters such as Tp-e. In addition, it is possible that the COVID-19
infection could directly prolong the QTc independent of drug
effects. However, despite these limitations, we believe that our
research provides essential insights into the ECG changes and
provides a significant baseline for future studies examining the
association between iCEB and potential arrhythmia risk in CO-
VID-19 patients on HCQ/AZ therapy.
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Conclusion

To the best of our knowledge, this was the first study to in-
vestigate iCEB and iCEBc parameters in patients with COVID-19
on HCQ/AZ therapy. Marked increases were found in iCEB and
iCEBc values in COVID-19 patients receiving a 5-day course of
HCQ/AZ combination therapy, indicating susceptibility to ven-
tricular arrhythmia. iCEB and iCEBc may serve as a noninvasive,
simple, and novel biomarker for detecting increased pro-arrhyth-
mia risk in COVID-19 patients. These findings suggest that ECG
monitoring is required for COVID-19 patients throughout HCQ/
AZ treatment. Further studies are needed to determine whether
these electrophysiological changes are associated with ventricular
arrhythmias in COVID-19 patients on HCQ/AZ therapy.
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