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Abstract

Background: Favipiravir, first used for novel influenza strains, is being used today in coronavirus disease 2019 (COVID-19).
While many studies have been reported in the literature on hydroxychloroquine’s (HQ) arrhythmogenic adverse effects, data
on favipiravir are limited. The authors purposed to demonstrate that the arrhythmic effects of favipiravir are not negligible.
Methods: The researchers conducted a retrospective observational study on 194 COVID-19 patients. The study population
was classified into two groups based on the treatment regimen: favipiravir (n=101) and HQ (n=93). Pre/post-medication
electrocardiograms were evaluated for arrhythmic events. Results: Twenty of 101 (19.8%) subjects in the favipiravir group and
13 of 93 (13.9%) subjects in the HQ group had arrhythmogenic events (p=0.42). The most frequent arrhythmic events in the
favipiravir group were sinus bradycardia (13 of 20, 65%) and third-degree atrioventricular block (4 of 20, 20%). Corrected QT
(QTc) prolongation was the most seen arrhythmogenic adverse effect (9 of 13, 69%) in the HQ group. The proportion of patients
with prolonged QTc were higher in the HQ group than the favipiravir group (9 vs. 3, p=0.04). However, the difference between
final and baseline QTc did not differ between the HQ and the favipiravir group (11 [IQR:-9—57] vs. 12 [IQR:-7—103|, p=0.59,
respectively). The change between pre and post-treatment heart rate was more remarkable in the favipiravir group than the HQ
group (12 [IQR:-6—70] vs. 5 [IQR:-8—41], p<0.001, respectively). Conclusions: Favipiravir was significantly associated with
sinus bradycardia requiring drug withdrawal. Clinicians should more routinely implement arrhythmia monitoring for patients

receiving favipiravir.
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Conclusions: Favipiravir was significantly associated with sinus bradycardia requiring drug withdrawal.
Clinicians should more routinely implement arrhythmia monitoring for patients receiving favipiravir.

What is already known about this topic?
# Favipiravir, an antiviral drug used in the Covid-19 therapy, is known as a well-tolerated agent.

# It is known that favipiravir is not like hydroxychloroquine which has been revoked in the treatment of
Covid-19 due to arrhythmic adverse effects.

What does this article add?

# Favipiravir is not safe about arrhythmic events.

# Favipiravir may cause conduction disturbances, primarily symptomatic sinus bradycardia.
Introduction

In December 2019, an outbreak of a coronavirus disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) first emerged in Wuhan, China [1,2]. The World Health
Organization declared a global pandemic on March 12, 2020, [3]. Since the first case was reported, COVID-
19 has led to a significant increase in morbidity and mortality worldwide. The researchers are conducting
several pharmacological studies against COVID-19 [4]. Among these research drugs, hydroxychloroquine
(HQ), an antimalarial and anti-rheumatic drug, received wide attention at first. However, recently, its
usage has remained in the background due to its side effect profile. We included the HQ in the study to
prove that favipiravir’s arrhythmogenic effects were not inferior to HQ. Gautret et al. showed a significant
reduction of the nasopharyngeal viral carriage in patients taking HQ [5]. Also, HQ inhibited SARS-CoV-
2 activity in vitro [6]. The point to be considered is the relationship between QT prolongation with HQ
[7]. Excessive prolongation of the QT interval may trigger Torsade de Pointes (TdP). TdP is a form of
polymorphic ventricular tachycardia that can transform into ventricular fibrillation [8]. Furthermore, HQ
directly contributes to myocardial suppression [9].

Favipiravir is a currently available drug being researched for COVID-19 treatment [10]. Essentially, favipi-
ravir was approved for drug-resistant influenza treatment in 2014 in Japan [11]. It blocks viral replication
by inhibiting the viral RNA-dependent RNA polymerase [12]. Therefore, favipiravir may also exert antiviral
activity on SARS-CoV-2, an RNA virus. Recent studies have redesigned favipiravir to use in COVID-19
treatment. In a recent in vitro study, Wang and colleagues found that favipiravir reduced viral replication
[13]. A recent study demonstrated that favipiravir was associated with a shorter time to viral clearance and
a higher recovery rate on chest scanning [14]. Chen et al. reported that favipiravir had a faster recovery
period than umifenovir in COVID-19 patients [15]. Studies have reported that favipiravir is well tolerated
and has a good safety profile [16,17]. Diarrhea, hyperuricemia, and elevated liver enzymes were the most
frequent adverse effects reported in clinical trials [14,18]|. Besides, Ghasemiyeh et al. revealed that favipiravir
was infrequently associated with drug-induced psychotic symptoms [16]. Contrary to studies reporting that
favipiravir has a well-established safety profile, we observed frequent conduction disorders in our patients.
This study investigates the arrhythmogenic adverse effects of favipiravir in COVID-19 patients by comparing
it with HQ, the best-known culprit in this regard.

Methods

A total of 969 patients hospitalized between April 2020 and January 2021 were screened in this retrospective
study. Two hundred ninety-three participants with polymerase chain reaction confirmed COVID-19 were
divided into the favipiravir group (n=159) and the HQ group (n=135). Patients not meeting the criteria
were excluded from the study (Table-1). Finally, 101 participants in the favipiravir group and 93 in the HQ
group were included in the study (Figure-1).

Healthcare system algorithms have been applied to the treatment of patients. HQ, azithromycin, and os-
eltamivir triple therapy were given to patients hospitalized until July 2, 2020. Afterward, algorithms switched



to favipiravir and levofloxacin. The authors compared the arrhythmic adverse effects between the two groups.
HQ group treatment regimen were; HQ 200 mg orally twice a day for five days, azithromycin 500 mg orally
once daily for five days, and subcutaneous enoxaparin 1 mg/kg. Favipiravir group protocol was as fol-
lows; favipiravir 1600mg loading dose, 600mg twice daily for four days, levofloxacin 500 once a day for five
days, and subcutaneous enoxaparin 1 mg/kg. Symptom-based medications such as ceftriaxone, paracetamol,
pantoprazole, dexamethasone were given in both groups.

Demographics, clinical characteristics, laboratory data, medications, outcomes, basal and predischarge elec-
trocardiography (ECG) were obtained from the patient data registry. Electrolyte levels that could trigger
arrhythmia, troponin, D-dimer, and C-reactive protein were examined in all participants. Inpatient med-
ications and hemodynamic parameters such as heart rate, blood pressure, and oxygen saturation were re-
considered daily. The present study was approved by the local ethics committee and the Ministry of Health
Scientific Research Platform (2021-02-15T01 58 28). Written and signed informed consent was obtained
from the participants.

A standard 12-lead ECG (Cardiofax m, NITHON KOHDEN Corp. Tokyo, Japan) was performed at admission
and discharge. Baseline and final ECGs of the participants were compared. The following data were analyzed
in the admission and predischarge ECG or ECG during the arrhythmia; rhythm, heart rate (HR), QRS
duration, PR and QT interval, extrasystole, and conduction disturbance. All parameters were manually
measured from an ECG by the same cardiologist. The physician employed Lead-II to analyze rhythm, QRS
duration, PR, and QT interval on ECG. If lead-II was not applicable, lead-I was assessed. Bazett formula
was utilized to calculate the corrected QT (QTc) interval. The QTc prolongation was defined as > 440 ms
in males, >460 ms in females.

The primary analysis was an evaluation of the arrhythmogenic adverse effects of the favipiravir and HQ
groups. The Shapiro-Wilk test evaluated the normal distribution of variables. Continuous and categorical
variables were given as mean+SD or median (IQR) and percentage, respectively. According to the data’s
distribution, the groups’ variables were compared using the student t-test or Mann-Whitney U test and
the chi-square test or Fisher’s exact test. Paired samples t-test was applied to evaluate for initial and final
ECG measurements within groups. Statistical analyses were undertaken using the SPSS version 22.0 software
package (IBM SPSS, New York, USA) and MedCalc version 15.8 statistical software (Ostend Belgium). The
statistical significance threshold was adjusted as p <0.05.

Results

Of the 969 screened patients, adequate data, baseline, and final ECG were available in 194 patients for
analysis, and this group constitutes the study population. Table 2 depicts the clinical characteristics and
laboratory data of the participants. The entire group’s mean age was 55.4+13.8. The male participants’
proportion was slightly higher (50.5%). The favipiravir group was older than the HQ group (59.0£13.2 vs.
51.5+13.4, p<0.001, respectively). There was no significant difference in the gender distribution of the two
groups (p=0.77). History of coronary artery disease and hypertension were more frequent in the favipiravir
group than in the HQ group (13 [12.9%] vs 4 [4.3%)], p=0.03; 44 [43.6%]| vs 27 [29.0%]|, p=0.03, respectively).
The diabetes mellitus rates of the two groups were similar (26 [25.7%] vs. 17 [18.3%], p=0.21). The HQ group’s
white blood cell count was significantly higher than in the favipiravir group (8.0+4.4 vs. 6.442.9, p=0.004,
respectively). A significantly higher level of alanine aminotransferase was found in the favipiravir group
as compared to the HQ group (22 [IQR:5-155]vs. 19 [IQR:7-83], p= 0.01.) Sodium and calcium levels were
significantly higher in the HQ group than the favipiravir group (140.043.3 vs. 138.0£3.8, p<<0.001; 8.840.4 vs.
8.5+0.5, p<0.001, respectively). The value of troponin and D-dimer in the HQ group was significantly higher
than those in the favipiravir group (6.4 [IQR: 0-57] vs 3.3 [IQR:0-133], p=0.003; 461 [IQR:74-26100] vs 269
[IQR:50-8076], p<0.001, respectively). Conversely, C-reactive protein levels were significantly higher in the
favipiravir group as compared to the HQ group (31 [IQR:1-231] vs. 7.5 [IQR:2-104], p<0.001, respectively).
The favipiravir group’s hospitalization day was shorter than the HQ group (6.0+2.4 vs. 7.043.0, p=0.01,
respectively). There was no significant difference in hemoglobin, creatinine, and potassium levels between
the two groups.



Table 3 describes the ECG evaluation results. The primary outcome involving the arrhythmogenic adverse
effects was non significantly higher in the favipiravir group as compared to the HQ group (20 [19.8%)]
vs. 13 [13.9%], p=0.42, respectively) (Figure-2A). The patients’ baseline HR, PR, and QTc intervals were
89412 bpm, 151415 ms, and 402420 ms, respectively (Figure-3). No significant difference was found in
the baseline HR, PR, and QTc interval among the groups (p=0.64; p=0.63; p=0.14, respectively). The
subjects’ final HR, PR, and QTc interval were 78 + 14 bpm, 161 + 20 ms, 417 4+ 27 ms, respectively
(Figure-3). The predischarge HR was significantly lower in the favipiravir group than the HQ group (73+16
vs. 82412, p<0.001, respectively). The difference in the pretreatment and the post-treatment heart rate
(AHR) was significantly higher in the favipiravir group than the HQ group (12 [IQR:-6—70] vs. 5 [IQR:-
8—41)], p<0.001, respectively) (Figure-2C). Also, patients with sinus bradycardia were significantly higher
in the favipiravir group than in the HQ group (13 [12.9%] vs. 3 [3.2%], p=0.01, respectively) (Figure-
2B). Favipiravir was terminated in five symptomatic sinus bradycardia patients in the favipiravir group.
Subsequently, the subjects’ heart rates raised without intervention in the follow-up. Considering that patients
with sinus bradycardia in the HQ group were asymptomatic, the treatment regimen was continued. No
significance was found in the PR interval difference (APR) among the groups (9 [IQR:-11—77] vs. 7 [IQR:-
8—50], p=0.08, respectively). The most extended PR interval was 240 ms, and treatment protocols were
completed without intervention in this patient. The prolongation from baseline in QTc (AQTc) was similar
between the groups (11 [IQR:-9—57] vs. 12 [IQR:-7—103], p=0.59, respectively) (Figure-2D). The number
of patients with prolonged QTc¢ was higher in the HQ group when compared with the favipiravir group ( 9
[9.7%] vs. 3 [3%)], p=0.04, respectively). Four of the patients had a QTc >500 ms during the medication
in the HQ group, and the most prolonged QTc¢ interval was 534 ms. Of those, two patients’ QTc interval
shortened to <500 ms after HQ withdrawal. The other twos’ QTc regressed to <500 ms with discontinuation
of both HQ and azithromycin. The other subjects with extended QTc intervals completed the 5-day HQ
cure without QTc prolongation >500 ms. In contrast, none of the participants had a QTc >500 ms in
the favipiravir group. Furthermore, three patients had first-degree, and five patients had a third-degree
atrioventricular (AV) block in the entire study (Table-3). A temporary pacemaker was implanted in whole
patients with complete AV block. In one, the pacemaker was converted into permanent. Additionally,
monomorphic non-sustained ventricular tachycardia that was not progress in the follow-up was recorded in
two patients in the HQ group. TdP induced by QT prolongation, atrial fibrillation, and arrhythmogenic
death was not observed in the entire cohort.

Discussion

In this retrospective cohort study, the researchers compared the arrhythmogenic adverse effects of favipiravir
and HQ in COVID-19 patients. The key findings of this cohort were (1) the favipiravir group’s arrhythmic
events were numerically superior to the HQ group; however, there was no statistically significant difference
between them, (2) favipiravir revealed arrhythmic events, the majority of which were sinus bradycardia, (3)
both favipiravir and HQ groups had an increase in the QTc interval; nevertheless, no significant difference
occurred among the groups.

The arrhythmogenic adverse effects of HQ have been reported in several previous studies [19-22]. These
studies remarkably emphasize QT prolongation and its consequence, TdP. Chorin et al. documented that
QTc interval prolonged >500 ms in 23% of patients treated with HQ [21]. Furthermore, previous studies
recommended that QT-prolonging agents not be used in individuals with a QTc¢ >500 ms due to increased risk
for TdP [23,24]. Four of 93 (4.3%) HQs’ patients had a QT prolongation >500 ms in this cohort. Jankelson
et al. reviewed that HQ lengthened QTc up to 35 ms on day 3, and the combination of azithromycin and
HQ prolonged the QTc by an average of 5 ms in addition to HQ alone [22]. This study calculated a median
of 12 ms of QTc prolongation between the terminal and initial ECG in the HQ group on day 7+3 (p<0.001).
A previous case reported a prolonged QT interval, resulting in TdP in lupus erythematosus patient treated
with HQ [25]. Likewise, another research of 90 COVID-19 inpatients revealed that the QT prolongation
incidence was 20%, besides a case of TdP was recorded in a patient treated with HQ and azithromycin [7].
Other published rare arrhythmic events of HQ were as following: nonsustained and sustained monomorphic
ventricular tachycardia, atrial fibrillation, sinus bradycardia, first degree AV block, left bundle branch block,



widened QRS complex, and sudden death [9,19,22]. The present study found that 9 of 93 (9.7%) patients
treated with the HQ prolonged the QTc interval on day 4.24+1.7 of therapy. None of those induced TdP. The
QTc prolongation was the most frequent arrhythmogenic adverse effect of the HQ in this study, consistent
with previous studies. We also discovered sinus bradycardia (n=3), first-degree AV block (n=1), third-degree
AV block (n=1) and nonsustained monomorphic ventricular tachycardia (n=2) in the HQ group.

Contrary to the findings of previously published research of favipiravir [14,26], we found a high rate of ar-
rhythmic events in the subjects treated with favipiravir. Twenty patients (19.8%) prescribed with favipiravir
had an arrhythmogenic adverse effect. Arrhythmic events included thirteen patients (65%) with sinus bra-
dycardia, four patients (20%) with complete AV block, three patients (15%) with prolonged QTc¢, and one
patient (5%) with first-degree AV block in the favipiravir group. A recent study computed that favipiravir
yielded high-risk parameters regarding QT prolongation [27]. Chinello et al. reported that an Ebola virus-
infected patients’ QT interval had prolonged 98 ms on day seven of favipiravir therapy [28]. In this cohort,
among the favipiravir-treated patients, 3 of 101(3%) patients had a QT prolongation. Additionally, the QTc
interval of patients treated with favipiravir increased by a median of 11 ms (p<0.001) on day 6. Since the
patients’ QTc interval treated with favipiravir did not exceed 500 ms, the treatment protocol continued.

A review conducted with 93 favipiravir patients reported that sinus tachycardia (9%), QT prolongation (5%),
and bradycardia (3%) were the most frequent arrhythmic events. Naksuk et al. reviewed that favipiravir was
associated with QT prolongation but was safe for conduction disturbances. In this study, the researchers
documented that sinus bradycardia was the most observed arrhythmogenic adverse effect in the favipiravir
group. We found a median of 12 and 5 bpm (p<0.001) decreases in post-treatment HR in the favipiravir and
HQ groups. Five of the favipiravir patients with sinus bradycardia were symptomatic. An improvement in
the heart rate was observed two or three days after the favipiravir withdrawal in these subjects.

Another notable finding indicated that a complete AV block was developed in the four patients using fa-
vipiravir. The entirety of these patients had required a temporary pacemaker; consequently, a permanent
pacemaker was implanted in one of these. We also found that the favipiravir group’s PR interval extended
more than the HQ group’s, although it was not statistically significant (p=0.08). However, they did not
develop PR prolongation to the degree that led to drug withdrawal.

According to these findings, the inquiry arises about whether the arrhythmic events are only due to favipiravir
and HQ. Tsikouris et al. reported that a 7-day levofloxacin course did not prolonged QT interval [29]. In a
controlled clinical trial, moxifloxacin patients had a significant QT prolongation than levofloxacin patients
(17.8 vs. 3.5, p<0.001, respectively) [30]. Therefore, the role of levofloxacin in QT prolongation is weak
or uncertain. A prospective study manifested a mild but not significant QT interval prolongation on day
7 of azithromycin therapy (406 ms to 412 ms) [31]. A case documented that a QT prolongation leading
to TdP developed on day 7 of azithromycin treatment [32]. A retrospective study on 89 cystic fibrosis
patients revealed no significant difference in the QT prolongation between patients receiving and not receiving
azithromycin [33]. Given these confusing findings, it should keep in mind that azithromycin may extend the
QT interval.

The difference in troponin and D-dimer levels between the groups might affect developing arrhythmic events,
even though they were under the upper reference limit. Also, fever, inflammation, hypoxia, myocarditis, myo-
cardial ischemia, electrolyte imbalance, and usage of other drugs can trigger arrhythmic events in COVID-19
patients. However, the two groups’ clinical conditions were similar, and critically ill patients were not inclu-
ded in the study. Eventually, after existing drug withdrawal in both groups, the improvement in arrhythmic
events suggested that favipiravir and HQ should be the primary culprit.

This study has several limitations. The researchers evaluated the participants’ baseline and final ECGs;
however, arrhythmic events could have been followed more closely by daily ECG recordings. Second, as a
retrospective study, valuable information such as echocardiography and Holter monitoring were not presented
in the study, as data were lacking due to limited conditions associated with isolation. Third, the arrhythmic
events may involve multiple causes, and it is not easy to discriminate the favipiravir or HQ as the direct



trigger. Further works with a larger group of patients are needed to confirm these study findings.

In conclusion, this research fortifies previous studies regarding the arrhythmic events of HQ. Although
the proportion of patients with QT prolongation in the HQ group was significantly higher than that of the
favipiravir group, there was no significant difference in AQTc. In addition, conduction disorders such as sinus
bradycardia and complete AV block, most of which improved with favipiravir withdrawal, were identified.
Therefore, patients using favipiravir should be pursued with attention in arrhythmic events, such as HQ.

Funding

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

Disclosures

The authors have declared that they have no relationships relevant to this paper’s contents to disclose.
Conflict of Interest

None

References

[1] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 2020;395:497-506. https://doi.org/10.1016/S0140-6736(20)30183-5.

[2] Ghinai I, McPherson TD, Hunter JC, Kirking HL, Christiansen D, Joshi K, et al. First known person-to-
person transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the USA. Lancet
(London, England) 2020;395:1137-44. https://doi.org/10.1016/S0140-6736(20)30607-3.

[3] Organization WH. WHO Director-General’s opening remarks at the media briefing on COVID-19-11
March 2020 2020.

[4] Search of: COVID-19 - List Results - ClinicalTrials.gov n.d.
https://clinicaltrials.gov/ct2 /results?cond=COVID-19 (accessed February 15, 2021).

[5] Gautret P, Lagier J-C, Parola P, Hoang VT, Meddeb L, Mailhe M, et al. Hydroxychloroquine and
azithromycin as a treatment of COVID-19: results of an open-label non-randomized clinical trial. Int J
Antimicrob Agents 2020;56:105949. https://doi.org/10.1016/j.ijantimicag.2020.105949.

[6] Biot C, Daher W, Chavain N, Fandeur T, Khalife J, Dive D, et al. Design and synthesis of hydroxyfer-
roquine derivatives with antimalarial and antiviral activities. J Med Chem 2006;49:2845-9.

[7] Mercuro NJ, Yen CF, Shim DJ, Maher TR, McCoy CM, Zimetbaum PJ, et al. Risk of QT interval
prolongation associated with use of hydroxychloroquine with or without concomitant azithromycin among
hospitalized patients testing positive for coronavirus disease 2019 (COVID-19). JAMA Cardiol 2020;5:1036—
41.

[8] Roden DM. Predicting drug-induced QT prolongation and torsades de pointes. J Physiol 2016;594:2459—
68. https://doi.org/10.1113/JP270526.

[9] Naksuk N, Lazar S, Peeraphatdit T. Cardiac safety of off-label COVID-19 drug therapy: a review and
proposed monitoring protocol. Eur Hear J Acute Cardiovasc Care 2020;9:215-21.

[10) Wu R, Wang L, Kuo H-CD, Shannar A, Peter R, Chou PJ, et al. An Update on Current Therapeutic
Drugs Treating COVID-19. Curr Pharmacol Reports 2020;6:56-70. https://doi.org/10.1007/s40495-020-
00216-7.

[11] Hayden FG, Shindo N. Influenza virus polymerase inhibitors in clinical development. Curr Opin Infect
Dis 2019;32.



[12] Vanderlinden E, Vrancken B, Van Houdt J, Rajwanshi VK, Gillemot S, Andrei G, et al. Distinct effects
of T-705 (favipiravir) and ribavirin on influenza virus replication and viral RNA synthesis. Antimicrob
Agents Chemother 2016;60:6679-91.

[13] Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir and chloroquine effectively inhibit
the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 2020;30:269-71.

[14] Cai Q, Yang M, Liu D, Chen J, Shu D, Xia J, et al. Experimental treatment with favipiravir for
COVID-19: an open-label control study. Engineering 2020;6:1192-8.

[15] Chen C, Huang J, Cheng Z, Wu J, Chen S, Zhang Y, et al. Favipiravir versus arbidol for COVID-19: a
randomized clinical trial. MedRxiv 2020.

[16] Ghasemiyeh P, Borhani-Haghighi A, Karimzadeh I, Mohammadi-Samani S, Vazin A, Safari A, et al.
Major neurologic adverse drug reactions, potential drug-drug interactions and pharmacokinetic aspects of
drugs used in covid-19 patients with stroke: A narrative review. Ther Clin Risk Manag 2020;16:595.

[17] Borobia AM, Mora-Rillo M, Olivencia GR, Lago M, Arsuaga M, De La Calle F, et al. High dose
favipiravir: first experience in a patient with Ebola. Clin Ther 2015;37:e15-6.

[18] Pilkington V, Pepperrell T, Hill A. A review of the safety of favipiravir-a potential treatment in the
COVID-19 pandemic? J Virus Erad 2020;6:45-51.

[19] Saleh M, Gabriels J, Chang D, Soo Kim B, Mansoor A, Mahmood E, et al. Effect of Chloroquine, Hy-
droxychloroquine, and Azithromycin on the Corrected QT Interval in Patients With SARS-CoV-2 Infection.
Circ Arrhythm Electrophysiol 2020;13:e008662. https://doi.org/10.1161/CIRCEP.120.008662.

[20) BURRELL ZLJ, MARTINEZ AC. Chloroquine and hydroxychloroquine in the treatment of cardiac
arrhythmias. N Engl J Med 1958;258:798-800. https://doi.org/10.1056/NEJM195804172581608.

[21] Chorin E, Wadhwani L, Magnani S, Dai M, Shulman E, Nadeau-Routhier C, et al. QT interval prolon-
gation and torsade de pointes in patients with COVID-19 treated with hydroxychloroquine/azithromycin.
Hear Rhythm 2020;17:1425-33. https://doi.org/10.1016/j.hrthm.2020.05.014.

[22] Jankelson L, Karam G, Becker ML, Chinitz LA, Tsai M-C. QT prolongation, torsades de pointes, and
sudden death with short courses of chloroquine or hydroxychloroquine as used in COVID-19: A systematic
review. Hear Rhythm 2020;17:1472-9. https://doi.org/10.1016/j.hrthm.2020.05.008.

[23] Wilders R, Verkerk AO. Long QT Syndrome and Sinus Bradycardia-A Mini Review. Front Cardiovasc
Med 2018;5:106. https://doi.org/10.3389/fcvm.2018.00106.

[24] Khan @, Ismail M, Haider I. High prevalence of the risk factors for QT interval prolonga-
tion and associated drug-drug interactions in coronary care units. Postgrad Med 2018;130:660-5.
https://doi.org/10.1080/00325481.2018.1516106.

[25] Chen C-Y, Wang F-L, Lin C-C. Chronic hydroxychloroquine use associated with QT
prolongation and refractory ventricular arrhythmia. Clin Toxicol (Phila) 2006;44:173-5.
https://doi.org/10.1080/15563650500514558.

[26] Kaur RJ, Charan J, Dutta S, Sharma P, Bhardwaj P, Sharma P, et al. Favipiravir Use in COVID-
19: Analysis of Suspected Adverse Drug Events Reported in the WHO Database. Infect Drug Resist
2020;13:4427-38. https://doi.org/10.2147/IDR.S287934.

[27] Michaud V, Dow P, Al Rihani SB, Deodhar M, Arwood M, Cicali B, et al. Risk Assessment of
Drug-Induced Long QT Syndrome for Some COVID-19 Repurposed Drugs. Clin Transl Sci 2021;14:20-
8. https://doi.org/10.1111/cts.12882.

[28] Chinello P, Petrosillo N, Pittalis S, Biava G, Ippolito G, Nicastri E. QTc interval prolongation
during favipiravir therapy in an Ebolavirus-infected patient. PLoS Negl Trop Dis 2017;11:e0006034.



https://doi.org/10.1371/journal.pntd.0006034.

[29] Tsikouris JP, Peeters MJ, Cox CD, Meyerrose GE, Seifert CF. Effects of three fluoroquinolones on QT
analysis after standard treatment courses. Ann Noninvasive Electrocardiol Off J Int Soc Holter Noninvasive
Electrocardiology, Inc 2006;11:52—6. https://doi.org/10.1111/j.1542-474X.2006.00082.x.

[30] Noel GJ, Natarajan J, Chien S, Hunt TL, Goodman DB, Abels R. Effects of three fluoro-
quinolones on QT interval in healthy adults after single doses. Clin Pharmacol Ther 2003;73:292-303.
https://doi.org,/10.1016,/s0009-9236(03)00009-2.

[31] Strle F, Maraspin V. Is azithromycin treatment associated with prolongation of the Q-Tc interval? Wien
Klin Wochenschr 2002;114:396-9.

[32] Kezerashvili A, Khattak H, Barsky A, Nazari R, Fisher JD. Azithromycin as a cause of QT-interval
prolongation and torsade de pointes in the absence of other known precipitating factors. J Interv Card
Electrophysiol an Int J Arrhythm Pacing 2007;18:243-6. https://doi.org/10.1007/s10840-007-9124-y.

[33] Avedissian SN, Rhodes NJ, Ng TMH, Rao AP, Beringer PM. The Potential for QT Interval Prolongation
with Chronic Azithromycin Therapy in Adult Cystic Fibrosis Patients. Pharmacotherapy 2019;39:718-23.
https://doi.org/10.1002/phar.2270.

Figure legends

1. Patient enrollment. Based on this, a total of 969 COVID-19 patients were evaluated for eligibility.
Of those, 194 participants were included in the study and were divided into two groups, favipiravir
(n=101) and HQ (n=93). HQ, hydroxychloroquine; ECG,electrocardiography.

2. Comparison of post-treatment data of the two groups. The post-treatment proportion of arrhythmic
events (Panel A ) (13.9% vs. 19.8%) and sinus bradycardia (Panel B ) (3.2% vs. 13.9%) between the
groups. The comparison of AHR (Panel C) (12 [IQR:-6—70] vs. 5 [IQR:-8—41]) and AQTc (Panel D
) (11 IQR:-9—57] vs. 12 [IQR:-7—103]) between the groups. HR, heart rate; HQ,hydroxychloroquine;
QTc, corrected QT; AHP, the initial and final heart rate difference; AXTg, the final and initial
QTc interval difference.

3. HR (Panel A, Panel B ) and QTc interval (Panel C, Panel D ) changes in patients pre/post-
treatment. HR, heart rate; HQ, hydroxychloroquine; QTc¢, corrected QT.

Exclusion Criteria

-AF

-Conduction disorders (sinus bradycardia, AV blocks)

-Previously prolonged QT

-Negative chronotropic and antiarrhythmic medication

-Electrolyte disturbance

-Myocarditis or MI in follow-up -Impaired clinical situation (renal and hepatic dysfunction, invasive/noninvasive mechanica
AF': atrial fibrillation; AV: atrioventricular; MI: myocardial infarction

Table 1.

Table-2. Clinical characteristics of the study population grouped according to treatment

Favipiravir HQ
Total n=194 n(%)=101(52.1)  n(%)=93(47.9) p-value*
Age, year 55.44+13.8 59.0+13.2 51.5+13.4 <0.001
Sex
Male, n (%) 98 (50.5) 52 (51.5) 46 (49.5) 0.77



Favipiravir HQ

Total n=194 n(%)=101(52.1)  n(%)=93(47.9) p-value*
Female, n 96 (49.5) 49 (48.5) 47 (50.5) 0.77
(%)
History, n
(%)
CAD 17 (8.8) 13 (12.9) 4 (4.3) 0.03
Hypertension 71 (36.6) 44 (43.6) 27 (29.0) 0.03
Diabetes 43 (22.2) 26 (25.7) 17 (18.3) 0.21
Mellitus
Laboratory
data
Haemoglobin, 13.0£1.6 13.4+1.7 13.14+1.5 0.14
g/dL
WBC, 7.243.8 6.4£2.9 8.0+4.4 0.004
1073 /uL
Creatine, 0.84+0.2 0.84+0.2 0.7£0.1 0.10
mg/dL
ALT, mg/dL 21 (5-155) 22 (5-155) 19 (7-83) 0.01
Glucose, 106 (63-472) 107 (74-472) 105 (63-411) 0.14
mg/dL
Na, mmol/L 130.0+3.7 138.0£3.8 140.0£3.3 <0.001
K, mmol/L 4.2404 4.240.4 4.2+0.3 0.90
Ca, mg/dL 8.6+0.5 8.5£0.5 8.84+0.4 <0.001
Troponin I, 3.9 (0-133) 3.3 (0-133) 6.4 (0-57) 0.003
pg/mL
D-dimer, 379 (50-26100) 269 (50-8076) 461 (74-26100) <0.001
ng/mL
CRP, mg/dL 17 (1-231) 31 (1-231) 7.5 (2-104) <0.001
Discharge 6.51+2.7 6.0£2.4 7.0+3.0 0.01
duration,
day

HQ: hydroxychloroquine; CAD: coronary artery disease;WBQC: wight blood cell; ALT: alanine amino-
transferase;Na: sodium; K: potassium; Ca: calcium;CRP: C-reactive protein.*p-value is the comparison
between favipiravir and HQ group. Values are presented as the mean + SD, median (IQR), or n (%).

Table 3. Electrocardiographic evaluation and arrhythmic events of the groups

Favipiravir HQ

Total n=194 Total n=194 n(%)=101(52.1) n(%)=93(47.9) p-value*®
Baseline 89+12 89+12 89+12 90+£11 0.64
HR, bpm
Baseline 151+15 15115 151+14 150£15 0.63
PR, ms
Baseline 402420 402120 400£21 404+20 0.14
QTc, ms
Final HR, 78+14 78+14 73£16 82112 <0.001
bpm



Favipiravir HQ

Total n=194 Total n=194 n(%)=101(52.1) n(%)=93(47.9) p-value*
Final PR, 161+£20 161420 162419 159420 0.21
ms
Final QTc, 417427 417427 413+23 421431 0.04
ms
AHP, 8 (-8—70) 8 (-8—70) 12 (-6—70) 5 (-8—41) <0.001
B
ATIIP, uc 8 (-11—77) 8 (-11—77) 9 (-11—77) 7 (-8—50) 0.08
AXTg, pg 12 (-9—103) 12 (-9—103) 11 (-9—57) 12 (-7—103) 0.59
Arrhythmias, 32 (16.4) 32 (16.4) 20 (19.8) 13 (13.9) 0.42
n (%)
Sinus 16 (8.2) 16 (8.2) 13 (12.9) 3 (3.2) 0.01
bradycar-
dia
First- 3 (1.5) 3 (1.5) 1(1) 2 (2.2) 0.51
degree AV
block
Third- Third- 5 (2.6) 4 (4) 1(1.1) 0.37
degree AV degree AV
block block
Nonsustained Nonsustained 2 (1) 0 (0) 2 (2) 0.49
VT VT
QTc pro- QTc pro- 12 (6.2) 3 (3) 9 (9.7) 0.04
longation longation

HQ: hydroxychloroquine; HR: heart rate; bpm:beat per minute; ms:

milliseconds; PR: PR inter-

val on the electrocardiogram; QTc: corrected QT interval on the electrocardiogram; AHP: baseline-
final HR; AIIP:final-baseline PR; AXTc¢: Final-Baseline QTc¢; AV:atrioventricular; VT: ventricular
tachycardia.*p-value is the comparison between favipiravir and hydroxychloroquine group. Values are pre-

sented as the mean £+ SD, median (IQR), or n (%).
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