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Introduction Hydroxychloroquine (HCQ) has been proposed as a SARS-CoV-2 treatment but the frequency 

of long QT (LQT) during use is unknown. 

Objective To conduct a meta-analysis of the frequency of LQT in patients with SARS-CoV-2 infection 

treated with HCQ. 

Data Sources PubMed, EMBASE, Google Scholar, the Cochrane Database of Systematic Reviews and 

preprint servers (medRxiv, Research Square) were searched for studies published between December 2019 

and June 30, 2020. 

Methods Effect statistics were pooled using random effects. The quality of observational studies and ran- 

domized controlled trials was appraised with STROBE and the Cochrane Risk of Bias Assessment tools, 

respectively. 

Outcomes Critical LQT was defined as: (1) maximum QT corrected (QTc) ≥500 ms (if QRS < 120 ms) or 

QTc ≥550 ms (if QRS ≥120 ms), and (2) QTc increase ≥60 ms. 

Results In the 28 studies included (n = 9124), the frequency of LQT during HCQ treatment was 6.7% (95% 

confidence interval [CI]: 3.7-10.2). In 20 studies (n = 7825), patients were also taking other QT-prolonging 

drugs. The frequency of LQT in the other 8 studies (n = 1299) was 1.7% (95% CI: 0.3-3.9). Twenty stud- 

ies (n = 6869) reported HCQ discontinuation due to LQT, with a frequency of 3.7% (95% CI: 1.5-6.6). The 

frequency of ventricular arrhythmias during HCQ treatment was 1.68% (127/7539) and that of arrhythmo- 

genic death was 0.69% (39/5648). Torsades de Pointes occurred in 0.06% (3/5066). Patients aged > 60 years 

were at highest risk of HCQ-associated LQT ( P < 0.001). 

Conclusions HCQ-associated cardiotoxicity in SARS-CoV-2 patients is uncommon but requires ECG moni- 

toring, particularly in those aged > 60 years and/or taking other QT-prolonging drugs. 

© 2020 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 
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. Introduction 

Hydroxychloroquine (HCQ) is one of the drugs in the still lim- 

ted therapeutic armamentarium used during the SARS-CoV-2 pan- 

emic. HCQ may block virus infection by increasing the endosomal 

H required for virus/cell fusion, and by interfering with the glyco- 

ylation of cellular receptors of SARS-CoV [1] . HCQ is a safe drug in
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heumatoid arthritis and systemic lupus erythematosus; however, 

dverse reactions in patients with SARS-CoV-2 are currently under 

crutiny. Amid the pandemic, controversy has arisen regarding the 

ardiotoxicity of HCQ, particularly HCQ-induced long QT (LQT) [2] . 

he QT interval on an electrocardiogram (ECG) is the time between 

he start of the QRS complex and the end of the T wave. Physiolog- 

cally, it represents the sum of the action potential (AP) of ventric- 

lar myocytes, and the total duration of the depolarization phase 

nd cardiac repolarization [3] . The clinical reading of the QT in- 

erval normally takes into account a correction for the heart rate 

QTc). 
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The mechanism of HCQ-induced LQT comprises blocking of the 

apidly activating delayed rectifier K 

+ current encoded by the hu- 

an ether-a-go-go-related gene (hERG) and blocking of sodium, 

alcium and other potassium channels. Inhibition of the hERG 

hannel can prolong the action potential duration and, conse- 

uently, the QT interval [2] . When QT prolongation occurs, there 

s a potential risk of causing one-way block, recurrent extrasys- 

oles, re-entry, and Torsades de pointes (“twisting of the points”, 

dP). TdP is a form of ventricular tachycardia that presents clin- 

cally as reversible syncope or may degenerate into ventricular 

brillation, cardiac arrest, and sudden death [4] . Drugs used in 

he treatment of SARS-CoV-2 infection that are associated with 

rug-induced LQT include chloroquine (CQ), HCQ, azithromycin 

AZI), and lopinavir/ritonavir. A criterion for the diagnosis of drug- 

nduced LQT is a QT prolongation ≥500 milliseconds (ms) [5] . 

The association between HCQ use and drug-induced LQT in pa- 

ients with SARS-CoV-2 infection is unknown. The objective of the 

resent meta-analysis was to evaluate the frequency of LQT in pa- 

ients with SARS-CoV-2 infection treated with HCQ. Data were also 

ollected on discontinuation of HCQ, simultaneous use of other 

T-prolonging medications, frequency of arrhythmias during HCQ 

reatment, and arrhythmogenic death. 

. Methods 

This study was conducted following the guidelines of the Pre- 

erred Reporting Items for Systematic Reviews and Meta-analyses 

PRISMA) [6] . 

.1. Search strategy 

Two independent investigators performed a systematic search 

n PubMed, EMBASE, Google Scholar, preprint servers (medRxiv, 

esearch Square) and the Cochrane Database of Systematic Reviews 

or studies published between December 2019 and June 30, 2020. 

n addition, a secondary search was conducted based on the ref- 

rences lists of retrieved articles. The PubMed search strategy is 

etailed in Supplementary Table A. 

.2. Eligibility criteria 

We searched for randomized controlled trials (RCTs) or observa- 

ional studies reporting data on LQT in patients with SARS-CoV-2 

nfection taking HCQ. We included studies in English or other lan- 

uages (all ages) meeting the following criteria: a) COVID-19 pa- 

ients were diagnosed according to the interim guidance of the 

orld Health Organization [7] ; b) studies assessing the risk of 

CQ-associated LQT in SARS-CoV-2 infection in which ECGs were 

ecorded at documented timepoints before and after drug admin- 

stration; c) critical QTc prolongation was defined as: (1) maxi- 

um QTc ≥500 ms (if QRS < 120 ms) or QTc ≥550 ms (if QRS

120 ms) and (2) QTc increase ≥60 ms [8] ; d) sufficient data were

eported to calculate frequency of HCQ-induced LQT, arrhythmias 

uring treatment, arrhythmogenic death, discontinuation of HCQ, 

nd simultaneous use of other QT-prolonging agents. 

.3. Quality assessment 

The quality of observational studies (cohort, case-control and 

ross-sectional studies) and randomized controlled trials (RCTs) 

ere appraised according to The Strengthening the Reporting 

f Observational Studies in Epidemiology (STROBE) [9] and the 

ochrane Risk of Bias Assessment Tool [10] , respectively. Two in- 

estigators independently evaluated the quality of the studies. Con- 

icting results were resolved by discussion and involvement of a 

hird reviewer if necessary. 
2 
.4. Data extraction 

The following data were extracted from each study: authors, 

tudy location, year of publication, study design, number of partici- 

ants, sex, age at baseline, outcome definition, exposure definition, 

ollow-up, effect estimates and 95% CIs. Also collected were: a) 

nti-COVID-19 treatment indication, participant inclusion and ex- 

lusion criteria, and number of study participants who had ECG 

onitoring; b) ECG measurement methodology (e.g. centralized 

r study site-based, manual or automated, cardiologist or other 

hysician reader, intermittent or continuous, any other relevant de- 

ails); and c) cardiovascular adverse events: sudden cardiac death, 

ife-threatening ventricular tachyarrhythmias (ventricular fibrilla- 

ion, ventricular tachycardia, TdP), any other clinically significant 

rrhythmias or cardiovascular adverse events. 

.5. Statistical analyses 

The frequency of LQT during HCQ treatment, arrhythmogenic 

eath, discontinuation of HCQ, frequency of simultaneous use of 

ther QT-prolonging agents and frequency of arrhythmias during 

reatment were calculated. Random effects with an inverse vari- 

nce method was used to calculate the pooled risk ratios (RRs) 

nd 95% confidence intervals (CI) according to the heterogeneity 

etween studies [11] . The overall estimates in the pooled analysis 

ere obtained using Stata 13 software (Stata Corp LP, College Sta- 

ion, TX). 

. Results 

After screening 833 citations, 28 studies (27 observational and 

 RCT) [ 8 , 12–38 ] were included ( Figure 1 ), with a total sample of

124 participants. The characteristics of included studies are sum- 

arized in Table 1 . Eleven studies were from the USA, with the 

ther 17 from France (6), China (1), India (1), Tunisia (1) Brunei 

1), Italy (2), Malaysia (1), Cameroon (1) and Spain (2); one study 

ncluded patients from USA and Italy. Overall, mean (standard de- 

iation [SD]) age was 59.0 (9.1) years and 63.1% were men. In 25 

tudies, the proportion of men was more than 50%. In the 24 stud- 

es (7646 patients) where the dose of HCQ administered and the 

uration of treatment were reported, the mean (SD) total cumula- 

ive dose of HCQ was 3458 (2521) mg with a mean exposure du- 

ation of 7 (3) days. The three most frequent comorbidities were 

ypertension (73%), diabetes mellitus (49%) and chronic obstruc- 

ive pulmonary disease (20%) ( Table 1 ). The mean STROBE score of 

ncluded studies was 85.6 (SD 8.3). 

In the 28 studies included (n = 9124), the frequency of LQT dur- 

ng HCQ treatment was 6.7% (95% CI: 3.7-10.2) ( Figure 2 ). In 20

tudies (n = 7825), patients were taking other QT-prolonging drugs 

s well as HCQ. In 18 studies (n = 7399), patients were reported to 

e taking AZI and in 8 of those 18 studies, patients were also on 

ther QT-prolonging drugs, with lopinavir/ritonavir, propofol and 

miodarone the three most common [ 12 , 15 , 19–21 , 23 , 32 , 33 ]. The

requency of LQT in the 8 studies where HCQ was taken with- 

ut other QT-prolonging drugs (n = 1299) was 1.7% (95% CI:0.3-3.9). 

Figure A, Supplementary file). Twenty studies (n = 6869) reported 

CQ discontinuation due to LQT, with an overall frequency of 3.7% 

95% CI: 1.5-6.6) (Figure B, Supplementary file). 

Overall, the frequency of ventricular arrhythmias during HCQ 

reatment was 1.69% (127/7539, reported in 22/28 studies) and that 

f arrhythmogenic death was 0.69% (39/5648, reported in 22/28 

tudies). TdP occurred in 0.06% (3/5066, reported in 21/28 studies). 

In the subgroup analyses ( Table 2 ), patients aged over 60 years 

ad a higher risk of HCQ-associated LQT ( P < 0.001). The frequency 

f LQT also seemed higher in the studies that reported HCQ com- 

ination with AZI and/or other QT-prolonging agents ( P = 0.002). No 
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Figure 1. Flowchart of included studies. 
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ignificant difference was observed when the total HCQ dose was 

reater than 30 0 0 mg. 

In 5/28 studies, a subgroup analysis was performed that in- 

icated several risk factors related to the frequency of HCQ- 

ssociated LQT. The main risk factor was simultaneously tak- 

ng other QT-prolonging agents, among which were propofol and 

miodarone [ 8 , 19 , 32 , 33 ]. Other statistically significant risk factors

ere renal failure or increased creatinine [ 33 , 37 ], structural heart 

isease [8] and ≥2 points in Systemic Inflammatory Response Syn- 

rome score [32] . 

. Discussion 

The frequency of LQT in SARS-CoV-2 patients treated with HCQ 

as 6.7%. However, most patients were also taking other QT- 

rolonging drugs. In the minority of studies where HCQ was the 

nly QT-prolonging drug, the frequency of LQT was lower (1.7%). 

verall, the frequency of HCQ discontinuation due to LQT was 3.7%. 

uring HCQ treatment, the frequency of TdP , ventricular arrhyth- 

ias and arrhythmogenic death was very low. The risk of LQT in 

OVID-19 patients treated with HCQ seemed higher in patients 

ged over 60 years. 

These findings can be compared with those of four related 

ypes of study, namely: similar systematic reviews in SARS-CoV-2 

nfection, studies with HCQ used for short periods against malaria, 

tudies of HCQ used chronically for rheumatologic diseases, and 

tudies with other drugs that cause LQT. Three meta-analytic stud- 

es on cardiotoxicity of antimalarials used in SARS-CoV-2 infection 

ave been published [39–41] and the differences with the present 

tudy (which reports lower risk frequencies) may be because the 
3 
resent study had the largest numbers of subjects and only in- 

luded studies with HCQ. Indeed, studies with CQ [ 42 , 43 ] were

urposefully excluded after the Borba et al. study [43] was pre- 

aturely discontinued due to high mortality associated with high 

oses of CQ. Since then, clinical guidelines for treatment of SARS- 

oV-2 include HCQ and not CQ, and there is evidence that the car- 

iotoxicity of CQ is greater than HCQ in patients with SARS-CoV-2 

nfection [44] . 

Other than drugs, risk factors that cause repolarization reserve 

eduction and increase the risk of TdP include drug interactions 

ffecting drug serum levels, sex, structural heart disease, genetic 

olymorphisms, electrolyte disturbances, bradycardia, and hepatic 

isease [12] . In the present study, the majority of patients were 

imultaneously taking other QT-prolonging agents, including AZI, 

opinavir/ritonavir, propofol or amiodarone. AZI is known to be as- 

ociated with QT interval prolongation [45–47] , TdP [48] and poly- 

orphic ventricular tachycardia in the absence of QT interval pro- 

ongation [49] . The proarrhythmic mechanism of AZI is that it po- 

entiates cardiac Na + current to promote intracellular Na + load- 

ng [50] ; however, the frequency of this is low, as AZI has been 

alculated to cause 47 additional cardiovascular deaths per million 

reatments [51] . 

Antimalarials, particularly quinidine and halofantrine, are also 

ssociated with LQT [52–54] . In the pre-COVID-19 era, sudden car- 

iac death with CQ was reported only following rapid intravenous 

dministration or by self-inflicted overdose, causing hypotension 

ue to vasodilation and negative inotropy [55] . Mortality associ- 

ted with the administration of CQ (not HCQ) in the treatment 

f plasmodium falciparum and vivax malaria has been reported to 

e 0.07% (10/23773) and 0% (0/11 848), respectively [52] . HCQ is 
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Table 1 

Characteristics of the 28 studies included in the meta-analysis. 

Author (year) Country 

Study 

design 

Total 

sample 

size 

Mean 

age 

(years) 

Male 

sex (%) 

Total 

dose of 

HCQ (mg) 

HCQ length of 

administration 

(days) 

HCQ 

alone 

HCQ + 

AZI 

Other QT 

drugs 

taken 

Other QT drugs 

taken (detail) 

Reported HCQ 

discontinuation Comorbidities ECG monitoring 

Strobe 

score 

Saleh et al. 

(2020) 

USA CC 201 59 57 1400 4 No Yes Yes Amiodarone, 

Haloperidol, 

Clozapine, 

Dronedarone, 

Pantoprazole 

Yes Chronic kidney disease ≥ stage 

III (5%), Hypertension (60%), 

Heart failure (8%), Diabetes 

mellitus (32%), Atrial 

fibrillation (7%), Coronary 

artery disease 

Baseline ECG 

then twice 

daily ECG or 

mobile cardiac 

monitoring 

(Telemetry) 

88.5 

Bessière 

et al. (2020) 

France CC 40 68 80 4000 10 No Yes Yes Propofol, 

amiodarone, 

ciprofloxacin, 

ondansetron 

Yes Diabetes (40%), Hypertension 

(58%), Structural heart disease 

(20%) 

Daily ECG 

Continuous 

cardiac 

monitor 

71.4 

Mercuro 

et al. (2020) 

USA Cohort 90 60 51 2400 5 No Yes Yes Propofol Yes Hypertension (53%), 

Congestive heart failure (10%), 

Diabetes mellitus (29%), 

Coronary artery disease (11%), 

Atrial fibrillation (13%), 

COPD/asthma (20%) 

ECG in 

electronic 

medical 

records 

96.2 

Chorin et al. 

(2020) 

USA and 

Italy 

CC 251 64 75 2400 5 No Yes Yes Amiodarone, 

Antimicrobials, 

Psychiatric 

medications 

Yes Coronary artery disease (12%), 

Hypertension (54%), Chronic 

kidney disease (11%), Diabetes 

mellitus (27%), COPD (7%), 

Congestive heart failure (3%). 

ECG tracings 

from baseline 

and until 3 

days after drug 

administration 

96.0 

Mahevas 

et al. (2020) 

France CC 84 59 78 600 2 Yes No No NR Yes Chronic kidney failure (5%), 

COPD (11%), Chronic heart 

failure (3.3%), Cardiovasc 

diseases (incl. hypertension) 

(51.9%), Diabetes (8.3%), Liver 

cirrhosis (0.6%) 

Daily ECG until 

3-5 days after 

drug 

discontinuation 

76.0 

Molina et al. 

(2020) 

France O 11 59 64 6000 10 No Yes No NR Yes Obesity (18%); solid cancer 

(28%, haematological cancer 

(18%) HIV-infection: (9%). 

NR 77.2 

Perinel et al. 

(2020) 

France O 13 68 85 3600 8 Yes No No NR Yes Severe renal failure (31%) ECG 

monitoring in 

ICU 

77.0 

Rosenberg 

et al. (2020) 

USA Cohort 1006 63 60 1200 3 No Yes No NR No Hypertension (58%), Coronary 

artery disease (13%), 

Congestive heart failure (6%), 

Diabetes (37%), Any chronic 

lung conditions (18%), Any 

kidney disease (12%) 

ECG in medical 

records 

90 

Ramireddy 

et al. (2020) 

USA O 61 62 61 2400 5 No Yes No NR No Hypertension (60%), Heart 

failure (20%), Diabetes mellitus 

(22%), Chronic kidney disease 

(14%), COPD (26%) 

Basal ECG and 

after drug 

administration 

92.0 

Louhaichi 

et al. (2020) 

Tunisia O 15 61 45 6000 10 No Yes No NR No hypertension (73%), diabetes 

(40%), coronary arterial 

disease (20%), Chronic kidney 

disease (7%), COPD (7%). 

NR 81.0 

Tang et al 

(2020) 

China RCT 75 46 55 12400 14 Yes No No NR No Diabetes (16%), Hypertension 

(8%). 

NR Missing 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Study 

design 

Total 

sample 

size 

Mean 

age 

(years) 

Male 

sex (%) 

Total 

dose of 

HCQ (mg) 

HCQ length of 

administration 

(days) 

HCQ 

alone HCQ + 

AZI 

Other QT 

drugs 

taken 

Other QT drugs 

taken (detail) 

Reported HCQ 

discontinuation 

Comorbidities ECG monitoring Strobe 

score 

Ip et al. 

(2020) 

USA Cohort 1914 64 78 2400 5 No Yes No NR Yes hypertension (55%), obesity 

(41%), diabetes (32%), coronary 

arterial disease (16%), 

COPD/asthma (15%), cancer 

(12%) 

ECG in 

electronic 

health records 

88.0 

Singh et al. 

(2020) 

USA CC 910 62 54 NR NR Yes No No NR No Hypertension (63%), Diabetes 

mellitus (37%), Ischemic heart 

disease (29%), Chronic kidney 

disease (23%), Heart failure 

(19%), COPD (15%), Atrial 

fibrillation (17%) 

NR 74.0 

Jain et al. 

(2020) 

USA O 415 68 62 NR NR No No Yes Amiodarone, 

Proton Pump 

Inhibitor, 

Propofol, 

Sedative, 

Anti-Psychotic 

Yes Hypertension (59%), Diabetes 

mellitus (49%), Chronic kidney 

disease /End stage renal 

disease (31%), Lung Disease 

(18%), Heart Failure (16%), 

cardiac implantable devices 

(11%) 

ECG or 

telemetry 

monitoring 

87.0 

Sharma et al 

(2020) 

India O 234 35 59 2800 7 No Yes No NR Yes Hypertension (5%), Diabetes 

(5%), COPD/Asthma (5%) 

NR 91.0 

Rhodes et al. 

(2020) 

USA O 62 62 51 NR NR Yes No No NR Yes COPD (13%), Heart failure 

(15%), Hypertension (49%), 

CKD (13%), Diabetes (37%), 

Obesity (31%), History of 

cerebrovascular accident 

(12%), Cancer (6%), Transplant 

(3%) 

ECG in 

electronic 

health records 

92..0 

Hor et al. 

(2020) 

Malaysia O 13 52 54 1400 5 No Yes No NR Yes Hypertension, (31%), diabetes 

(15%), end-stage renal failure 

on dialysis (15%), coronary 

artery diseases (8%), gout (8%) 

daily ECG up 

to 3 days 

post-treatment 

82.0 

Maraj et al. 

(2020) 

USA O 91 63 56 NR NR No Yes Yes propofol No Hypertension (46%), Diabetes 

(29%), Coronary Artery Disease 

(14%), Chronic Lung Disease 

(7%) 

ECG before 

HCQ and 

continuous 

telemetry 

92.0 

Chong et al 

(2020) 

Brunei O 11 52 64 2400 5 No No Yes lopinavir/ 

ritonavir 

Yes hypertension (54%), 

dyslipidaemia (27%), diabetes 

mellitus (9%), overweight 

(73%) 

ECG before 

HCQ, day-2, 

day-4, and 

when indicated 

62.5 

Mazzanti 

et al. (2020) 

Italy O 150 69 63 4400 11 No Yes Yes lopinavir/ 

ritonavir 

Yes hypertension (46%), diabetes 

(19%) 

ECG after HQC 

administration 

(median of 5 

days) 

83.0 

Oteo et al. 

(2020) 

Spain O 80 52 47 1600 5 No Yes No NR Yes Hypertension (10%), diabetes 

mellitus (5%), cardiovascular 

disease (4%); chronic 

pulmonary disease (4%), 

immunosuppression or active 

neoplastic disease (4%) 

ECG after HCQ 

administration 

92.0 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Study 

design 

Total 

sample 

size 

Mean 

age 

(years) 

Male 

sex (%) 

Total 

dose of 

HCQ (mg) 

HCQ length of 

administration 

(days) 

HCQ 

alone HCQ + 

AZI 

Other QT 

drugs 

taken 

Other QT drugs 

taken (detail) 

Reported HCQ 

discontinuation 

Comorbidities ECG monitoring Strobe 

score 

Sridhar et al. 

(2020) 

USA O 75 62 61 2400 5 Yes No No NR No Hypertension, (51%), Diabetes 

mellitus (23%), Atrial 

fibrillation (10%), Heart failure 

(16%), Coronary artery disease 

(13%) 

ECG baseline, 

following 

second HCQ 

dose or 

telemetry 

92.0 

Voisin et al. 

(2020) 

France O 50 68 55 6000 10 No Yes No NR Yes hypertension (37%), diabetes 

(17%). 

ECG before 

HCQ, at Day 3, 

5 and at 

discharge 

88.0 

Cipriani et al. 

(2020) 

Italy CC 22 64 82 1200 3 No Yes No NR No Hypertension (55%), Diabetes 

Mellitus (27%), 

Hypercholesterolemia (23%), 

Chronic pulmonary disease 

(5%), Chronic kidney disease 

(5%) 

24-h Holter 

ECG 

monitoring: 

12h before and 

after HCQ and 

day 3. 

88.0 

Pereira et al. 

(2020) 

USA O 62 57 83 2800 5 Yes No No NR Yes solid organ transplant 

recipients (100%), 

Hypertension (64%), diabetes 

(46%), chronic kidney disease 

(63%), Chronic lung disease 

(19%) 

Baseline ECG 

and on days 2 

or 3 of HCQ 

83.0 

Fernandez- 

Ruiz et al 

(2020) 

Spain. O 18 71 78 4400 10 Yes No No NR Yes solid organ transplant 

recipients 

ECG from 

electronic 

medical 

records 

91.3 

Lagier et al. 

(2020) 

France O 3119 45 45 6000 10 No Yes No NR Yes Cancer disease (5%), Diabetes 

(8), Chronic heart diseases (6), 

Hypertension (15), Chronic 

respiratory diseases (9%), 

Obesity (2) 

ECG before and 

after HCQ 

administration 

96.0 

Mfeukeu- 

Kuate et al. 

(2020) 

Cameroon O 51 39 51 2800 7 No Yes No NR Yes hypertension (5.9%) ECG before and 

after HCQ (Day 

3 and 7) 

84.6 

HCQ: Hydroxychloroquine; CC: case control study; RCT: randomized controlled trial; O: observational study; NR: Not reported. AZI: Azithromycin. 
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Figure 2. Forest plot of the meta-analysis of the frequency of HCQ-associated QT prolongation in patients with SARS-CoV-2 infection (28 studies, n = 9124). Analysis model: 

random effect. CI: confidence interval. 

Table 2 

Hydroxychloroquine-associated QT prolongation in Patients with SARS-CoV-2 Infection: Summary of sub- 

group analyses. 

Subgroup Studies (n) Proportion (%) (95% CI) P 

Mean age (years) < 0.001 

< 60 11 2 (1–5) 

≥60 17 11 (7–16) 

Presence of other QT-prolonging drugs 0.002 

HCQ alone 8 1.7 (0.3–3.9) 

HCQ + other QT-prolonging drugs (including AZI) 20 9.0 (4.8–14.1) 

Total HCQ dose (mg) 1.00 

Not reported 4 - 

< 3000 15 6.1 (3.0–9.9) 

≥3000 9 5.9 (3.0–9.4) 

HCQ: Hydroxychloroquine. 
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sed in the treatment of rheumatoid arthritis and systemic lupus 

rythematosus. In one study [56] , HCQ-induced LQT in rheumatoid 

rthritis and systemic lupus erythematosus patients who received 

0 0-40 0 mg/day HCQ for a mean of 3.6 years was 15.8%; although

hese patients were simultaneously taking more than one medica- 

ion that could prolong the QT interval. Chatre et al. investigated 

27 cases published until 2017 of CQ and HCQ-induced cardiac 
7 
dverse reactions and found 3 cases of HCQ-induced LQT (2.4%) 

57] . In a study of a cohort of 453 systemic lupus erythematosus 

atients on antimalarial-induced ECG abnormalities, HCQ-induced 

QT was 0.7% and ventricular bigeminy was 0.4% [58] . Hooks et al. 

ecently studied patients with rheumatologic diseases and HCQ- 

nduced LQT was 1.5% [59] . In addition, they found that chronic 

idney disease (CKD), history of atrial fibrillation (AF), and heart 
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ailure were independent risk factors for LQT. The median dosage 

f HCQ was 400 mg daily and duration of HCQ therapy was 1006 

471–2075) days in the study. 

The detection of drug-induced LQT is important because it in- 

reases the risk of TdP, which in turn can degenerate into ven- 

ricular fibrillation in 10% of cases [ 60 , 61 ]. Medications that in-

rease QTc > 500 ms are generally discontinued because they in- 

rease the risk of TdP by 3- to 4-fold [ 62 , 63 ]. Of all the drugs

hat are associated with LQT, antiarrhythmic drugs are those that 

ave the highest risk of TdP with an incidence of 1 to 5%, 

hereas in non-cardiovascular drugs, the incidence is much lower 

0.001%) [61] . According to CredibleMeds ( www.Crediblemeds.org ), 

here are currently 63 drugs marketed with known risk of TdP. 

any healthcare organizations have attempted to increase aware- 

ess of QT-prolonging drugs and recognition of LQT through edu- 

ational strategies [64] . 

The present study has limitations, among which is the design of 

he included studies (mostly observational) and the strategies used 

o detect HCQ-induced LQT in these studies. Many studies where 

CQ has been used for COVID-19 infection have not been able to 

easure QTc because this requires special devices (e.g. mobile car- 

iac outpatient telemetry) to avoid exposure to the virus, or the 

se of special personal protective equipment (PPE) for its measure- 

ent [15] . On the other hand, Cipriani et al. reported 24-h QTc dy- 

amics in COVID-19 patients versus controls and reported that the 

ormer had higher QTc values with no significant hourly variabil- 

ty, recommending that there is no need to perform multiple daily 

CGs to monitor possible treatment toxicity [26] . Given the very 

ow number of studies including a majority of women, the sex dif- 

erences between the risk of HCQ-associated LQT warrant further 

nvestigation. 

In conclusion, HCQ-associated cardiotoxicity in SARS-CoV-2 pa- 

ients is uncommon but requires ECG monitoring, particularly in 

hose aged over 60 years and/or taking other QT-prolonging drugs. 
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