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Chloroquine and hydroxychloroquine are now being widely used for
treatment of COVID-19. Both medications prolong the QT interval
and accordingly may put patients at increased risk for torsades de
pointes and sudden death. Published guidance documents vary in
their recommendations for monitoring and managing these poten-
tial adverse effects. Accordingly, we set out to conduct a systematic
review of the arrhythmogenic effect of short courses of chloroquine
or hydroxychloroguine. We searched on MEDLINE and Embase, as
well as in the gray literature up to April 17, 2020, for the risk of
QT prolongation, torsades, ventricular arrhythmia, and sudden
death with short-term chloroquine and hydroxychloroquine usage.
This search resulted in 390 unique records, of which 41 were ulti-
mately selected for qualitative synthesis and which included data
on 1515 COVID-19 patients. Approximately 10% of COVID-19 pa-
tients treated with these drugs developed QT prolongation. We

found evidence of ventricular arrhythmia in 2 COVID-19 patients
from a group of 28 treated with high-dose chloroquine. Limitations
of these results are unclear follow-up and possible publication/re-
porting bias, but there is compelling evidence that chloroquine
and hydroxychloroquine induce significant QT-interval prolongation
and potentially increase the risk of arrhythmia. Daily electrocardio-
graphic monitoring and other risk mitigation strategies should be
considered in order to prevent possible harms from what is currently
an unproven therapy.

KEYWORDS Arrhythmia; Chloroquine; Coronavirus; COVID-19; Hy-
droxychloroquine; SARS-CoV-2; Sudden death; Torsades de pointes

(Heart Rhythm 2020;17:1472-1479) © 2020 Heart Rhythm Society.
All rights reserved.

Introduction

The aminoquinoline drugs chloroquine and hydroxychloro-
quine are now in increased use globally as a potential, albeit
unproven, treatment option for coronavirus disease 2019
(COVID-19). Regimens vary but are generally equivalent
to 400-1200 mg hydroxychloroquine (250-1000 mg chloro-
quine phosphate) per day for approximately 5 days.' Howev-
er, these medications can cause QT prolongation,2 the
electrocardiographic (ECG) marker of delayed ventricular
repolarization. Delayed repolarization enables early afterde-
polarizations, which can trigger a possibly fatal ventricular
arrhythmia known as torsades de pointes. Most medications
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that prolong the QT interval, including aminoquinolines,
act by binding to and inhibiting the potassium channel pro-
tein product of the gene KCNH2 (also known as hERG),
thereby blocking the rapid component of the delayed rectifier
potassium current (Ix,).” Repolarization is also maintained by
other currents, and it is believed that people with impaired
function of these additional currents (such as Ig,) are at
greater risk for drug-induced QT prolongation and torsades.”
This state, known as one of reduced repolarization reserve,
can be brought on by risk factors such as congenital long
QT syndrome, hypokalemia, and hypomagnesemia. Brady-
cardia and heart failure are other risk factors that promote tor-
sades (Table 1).”

Hence, there is concern about ventricular arrhythmias
stemming from the newfound use of these agents. On the
one hand, clinical experience with these medications in the
Western world is generally with chronic conditions such as
lupus. Due to their long half-life (approximately 1 month),°
chronic usage of these drugs will result in more accumulation
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Table 1  Risk factors for QT prolongation and torsades de pointes

General risk factors Illness-related risk factors

Congenital long QT Hypokalemia®
syndrome®
Use of multiple

QT-prolonging
medications™®
Female sex’

Hypomagnesemia®

Sepsis'®

Myocardial injury, ischemia, or
heart failure®

Renal impairment*®

Bradycardia (heart rate <60
bpm)®

Recent conversion from atrial
fibrillation®

and greater concentrations than with short-term doses, with
theoretical time to steady state of approximately 4 months.
Accordingly, the shorter regimens used to treat COVID-19
may be safer. On the other hand, patients with COVID-19
may represent a population at greater arrhythmic risk given
the high frequency of myocardial injury, heart failure, and
concomitant use of other QT-prolonging medications.’ For
example, most protocols suggest combination with azithro-
mycin, another QT-prolonging agent, yet both agents may
affect repolarization reserve in ways beyond Iy, alone.®
Moreover, interleukin-6 impairs Ik,, and hypoxia may also
increase the late sodium current (I} oTg). As a result, more
severely ill COVID-19 patients may be more predisposed
to a synergistic torsadogenic effect.”'’

Multiple publications with guidance on how to monitor
for and manage QT prolongation with chloroquine and hy-
droxychloroquine in COVID-19 have already appeared.
However, their recommendations are not entirely consistent.
For example, some authors recommend all patients receive a
baseline and repeat ECG,'""® whereas others reserve this
recommendation for certain higher-risk populations.'”

Although ECG monitoring can help prevent torsades, '
possible issues include increased workload, use of personal
protective equipment, and exposure to infected patients."’
An adequate knowledge of the potential benefit of ECG
monitoring in this setting is essential for informed decision-
making. Therefore, we conducted a systematic review of
the risk of QT prolongation, torsades, ventricular arrhythmia,
and sudden death with short courses of chloroquine or hy-
droxychloroquine as used in the treatment of COVID-19.

Methods

To complete our systematic review, we searched MEDLINE
and Embase with main keywords chloroquine, hydroxychlor-
oquine, QT, torsades, ventricular arrhythmia, cardiac arrest,
coronavirus, COVID-19, and sudden death, with associated
subject headings (details given in the Supplemental
Appendix). Product manufacturers were contacted for rele-
vant studies. To find reports of recent studies, we also
searched medRxiv, ClinicalTrials.gov, and the ICTRP (Inter-
national Clinical Trials Registry Platform) database for

COVID-19 studies with keywords chloroquine or hydroxy-
chloroquine. References from eligible full-text studies were
searched for further reports.

We excluded preclinical studies, case reports, narrative re-
views, and nonconsecutive case series. All other study types
were included, provided they gave data allowing estimation of
the degree or incidence of QT prolongation, torsades, or sudden
death. We excluded studies with single doses of chloroquine or
hydroxychloroquine or chronic dosing (>4 months), intrave-
nous formulations, supratherapeutic doses, studies with primar-
ily pediatric patients, and studies with very small sample sizes
(<10 participants). No date or language restrictions were
applied. The search was performed up to April 17, 2020.

Studies were screened and reviewed by 1 reviewer, with
confirmatory screening and review of a sample performed
independently by a second reviewer.

Results

Our search yielded 390 unique records, of which 41 were
eligible for full-text review. Of those records, 11 were
included in the systematic review, along with an additional
3 identified via reference tracking (Figure 1). Study charac-
teristics are listed in Table 2, and outcomes are summarized
in Table 3.

Effects on QT interval
A randomized controlled trial of healthy volunteers obtained
from Pfizer reported on the ECG effect of chloroquine and its
interaction with azithromycin.'® The study found that,
compared to placebo, 3 days of chloroquine phosphate
1000 mg/d prolonged QTc by 18.4-35 ms on day 3. The
addition of azithromycin 500 mg/d prolonged QTc by a
mean of 5 ms beyond chloroquine alone.

For COVID-19 patients, QT data were given in 6 studies
(n = 318): 3 preprints (n = 210) and 3 publications
(n = 108).”>?“*" In a cohort of 84 hospitalized patients treated
with hydroxychloroquine and azithromycin,”* QTc increased
from a mean baseline of 435 ms to a maximum of 463 ms after
3.6 days, with approximately 12% developing QTc >500 ms,
a known marker of high arrhythmic risk. The study also noted
that baseline QTc poorly predicted this outcome, and that acute
renal failure was the strongest predictor of developing acquired
long QT syndrome. Other studies generally yielded a similar
estimate of the proportion of hospitalized COVID-19 patients
developing severe QT prolongation (ie, QTc >500 ms or
change >60 ms) while taking chloroquine or hydroxychloro-
quine (approximately 10%).

Effects on ventricular arrhythmias and sudden
death

Clinical outcomes were reported across 2 systematic reviews
of the cardiotoxicity of quinoline antimalarials. The first re-
view, conducted by the World Health Organization Evidence
Review Group in 2016, reported no sudden deaths among
23,773 courses of chloroquine for the treatment of malaria,
with follow-up >14 days. A 2018 systematic review found
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Figure 1

no events were reported in 1702 subjects given chloroquine
for malaria.'” Of note, this review reported an average patient
age of 20.8 years and noted that most trials excluded patients
with comorbidities.

For COVID-19, 9 studies (a mix of mild, moderate, and
severe cases) reported clinical outcomes in a total of 1491 pa-
tients treated with chloroquine or hydroxychloroquine. Of
these reports, 5 papers (n = 1302) were obtained in prepub-
lication form and 4 papers were published (n = 189).”'**
Two of 28 patients treated with a high dose of chloroquine
(chloroquine diphosphate 1 g twice daily) developed a
ventricular arrhythmia. The high-dose arm of the study was
subsequently terminated for safety reasons. One study also
reported development of first-degree atrioventricular block
and left bundle branch block in 2 patients. No other patients
studied developed an arrhythmia.

Discussion

Our study found data on short-term chloroquine or hydroxy-
chloroquine use for 2 indications: malaria and COVID-19.
Through its use for treatment of malaria, chloroquine may
be the drug to which humans have been most exposed, and
the resulting real-world experience suggests it is generally
safe.'””'” Although it did not provide more granular data on
arrhythmia or sudden death, a recent unpublished preprint
by Lane et al reported an initial 30-day course of hydroxy-
chloroquine for treatment of rheumatoid arthritis, which
showed no increase in overall cardiovascular mortality rela-
tive to control. This external evidence was consistent with
data from studies of malaria included in this review.

Flowchart of study screening and selection.

However, attempting to apply these data to the current
pandemic is limited by the differences in the treated diseases.
There is warrant for the concern that COVID-19 patients are a
population particularly vulnerable to drug-induced long QT
syndrome and arrhythmia. Our included studies indicate
that COVID-19 patients treated with these agents are older
than participants in malaria studies (mean subject age 46.9
and 20.8 years, respectively) and have more baseline comor-
bidities. COVID-19 patients have a high frequency of directly
arrhythmic risk factors, such as sepsis, multiorgan failure,
hypoxia, stress-induced cardiomyopathy, and use of other
QT-prolonging agents (eg, azithromycin, selective serotonin
reuptake inhibitors, amiodarone). Moreover, COVID-19
may also induce indirect risk factors, such as acute kidney
injury, which can cause accumulation of chloroquine and hy-
droxychloroquine to toxic levels,”’ which an included study
noted had the best predictive value for QT prolongation.”

The results of this review lend support to the hypothesis
that COVID-19 patients may be more susceptible to QT
prolongation. A study of chloroquine and azithromycin
in 116 healthy volunteers reported no ECG-related drug
discontinuations.'® However, among COVID-19 patients,
approximately 10% developed QT prolongation to a de-
gree that generally leads to withdrawal of the drug (QTc
>500 ms or change >60 ms). Although COVID-19 itself
may be a confounding factor in this comparison, a preprint
of a nonconsecutive case series of COVID-19 patients by
Ramireddy et al described greater QTc prolongation with
hydroxychloroquine and azithromycin (17 = 39 ms)
compared to azithromycin alone (0.5 = 40 ms). It also is
notable that a randomized trial of lopinavir-ritonavir in



Table 2

Characteristics of included studies

Female Baseline ECG
Study first author Design* Population Age (y) sex (%)  comorbidities Drugs studied monitoring Follow-up
Non-COVID-19
participants
Haeusler'’ SR of RCTs and Malaria 20.8 36.3 65% of trials excluded ca At least 2 ECGs  NR
cohort studies treatment, patients with in all studies
(n = 1207) prophylaxis, comorbidities
or healthy
volunteers
Pfizer'® RCT (n = 119) Healthy 35.5 16.4 NA CQ phosphate 1000 mg/d, Baseline and Three patients not
volunteers CQ phosphate 1000 day 3 included in the
mg/d plus azithromycin analysis
500 mg/d, or placebo
for 3 days
WHO Evidence SR of RCTs and Malaria NR NR NR ca NR At least 14 days of
Review Group™® cohort studies treatment follow-up; exact
(n = 23,773) loss to follow-up
uncertain
COovID-19
participants
Borba?° RCT (n = 56) Patients with 51.1 24.7 Any 67.5%, hypertension High-dose CQ (CQ Baselineandat  No patients
ARDS and 46.3%, DM 25.9%, diphosphate 1 g twice clinical reported as lost
suspected alcoholism 26%, heart daily for 6 days) vs low- discretion to follow-up
COVID-19 disease 9.3%, asthma dose CQ (day 1: CQ
6.2%, CKD 7.5%, liver diphosphate 750 mg
disease 3.7%, HIV 1.9% twice daily; days 2-5:
750 mg daily); all
patients on IV
azithromycin
Chen?? RCT (n = 15) Moderate 48.6 30 Hypertension 33.3%, DM HCQ sulfate 400 mg/d for5  NR No patients
COVID-19 6.7% days (vs no treatment) reported as lost
patients to follow-up
Chen RCT (n = 31) Mild COVID-19 44.7 53.2 Relevant exclusion criteria: ~ HCQ sulfate 400 mg/d for5  NR No patients
(unpublished patients arrhythmias, severe liver days (vs no treatment) reported as lost
preprint) disease, or eGFR <30 to follow-up
mL/min/1.73 m?
Chorin?? Cohort study Hospitalized 63 26 CAD 11%, CKD 7%, DM HCQ and azithromycin Baseline and All patients
(n = 84) COVID-19 20%, COPD 8%, HF 2%, daily included
patients acute renal failure 6%
Gautret™ Cohort study Hospitalized 52.5 46.2 Cancer 6.3%, DM 11.2%, HCQ and azithromycin; Baseline and All patients
(n = 80) COvID-19 hypertension 16.3%, other QT-prolonging day 2 hospitalized and
patients chronic respiratory drugs discontinued with 6 days of
disease 10.0%, obesity follow-up
5.0%, included
immunosuppression
5.0%
(Continued)
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Table 2  (Continued)
Female Baseline ECG
Study first author Design* Population Age (y)  sex (%)  comorbidities Drugs studied monitoring Follow-up
Huang®* RCT (n = 10) Moderate and 41.5 30.0 10% hypertension, 10% CQ phosphate 500 mg NR All patients
severe COVID- DM; excluded history of twice daily for 10 days followed for 14
19 patients chronic liver or kidney days
disease, arrhythmia, or
other chronic heart
disease
Mahévas?® Retrospective Hospitalized 59 21.7 Chronic respiratory disease ~ HCQ sulfate 600 mg/d; Baseline, days Follow-up until
cohort study COVID-19 6%, chronic HF (NYHA 20% also received 3-5 death, discharge,
(n = 84) patients ITI or IV) 1.2%, any azithromycin or day 7 of
cardiovascular hospitalization
condition 45.2%, IDDM
4.8%, CKD 5.0%, liver
cirrhosis 1.2%,
immunosuppression
9.5%
Million Cohort study Hospitalized 43.6 53.6 NR HCQ and azithromycin for NR NR
(unpublished (n = 1061) COVID-19 at least 3 days
abstract) patients
Molina®® Case series Hospitalized 58.7 36.3 Obesity 18%, solid cancer HCQ sulfate 600 mg/d for NR Follow-up of 10
(n=11) COVID-19 27%, hematologic 10 days and days
patients cancer 18%, HIV 9% azithromycin 500 mg
day 1, then 250 mg/
d for 4 days
Perinel*’ Prospective PK COVID-19 68 15 30.7% moderate or severe HCQ 200 mg 3 times daily,  NR Follow-up of >5
study (n = patients in renal failure, 92% with dose adjustment to days
13) critical care mechanically ventilated reach trough 1-2 mg/L
Tang?® Open-label RCT Mild-moderate 48.0 44 DM 16.0%, hypertension HCQ sulfate 1200 mg/d for ~ NR No patients
(n=170) (99%) or 8.0%; liver and renal 3 days, then 800 mg/ reported as lost
severe (1%) impairment were d thereafter (median to follow-up
CovID-19 exclusion criteria duration 14 days) (median duration
patients 20 days)

ARDS = acute respiratory distress syndrome; CAD = coronary artery disease; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease; CQ = chloroquine; DM = diabetes mellitus; ECG =

electrocardiogram; eGFR = estimated glomerular filtration rate; HCQ = hydroxychloroquine; HF = heart failure; HIV = human immunodeficiency virus; IDDM = insulin-dependent diabetes mellitus; IV = intravenous;
NA = not applicable; NR = not reported; NYHA = New York Heart Association (functional class); PK = pharmacokinetic; RCT = randomized controlled trial; SR = systematic review; WHO = World Health Organization.

*Number of patients treated with chloroquine or hydroxychloroquine (not total number enrolled in the trial). In the Pfizer study, only total number of participants was provided, so this number is shown.
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Table 3

Electrocardiographic and clinical outcomes of included studies

Study first author

Electrocardiographic outcomes

Clinical outcomes

Non-COVID-19 participants
Haeusler"’ NR

Pfizer'®

No serious cardiac adverse events reported in
chloroquine trials with 1702 patients.

CQ phosphate 1000 mg/d alone: Mean NR

maximum day 3 QTc increase 18.4-35 ms
relative to placebo. CQ phosphate 1000
mg/d plus azithromycin 500 mg/d:
Increase of 5 ms (upper limit 90%
confidence interval: 10 ms) beyond CQ

alone.

No ECG-related discontinuations reported.

WHO Evidence Review Group™’ NR

COVID-19 participants

No sudden deaths reported in 23,773 courses of CQ
for malaria treatment.

Borba?° QTc >500 ms developed in 7/28 in the high- Ventricular arrhythmia developed in 2/28 in the
dose arm and 3/28 in the low-dose CQ high-dose CQ arm and 0/28 in the low-dose CQ
arm. arm.

Chen?? NR No serious adverse events reported in 15 patients.

Chen (preprint) NR No serious cardiac events reported in 31 patients.

Chorin®? Increase in QTc from mean baseline of No arrhythmias reported in 84 patients.
435+ 24 mstomean maximum of 463 = 32
ms. In 12%, QTcincreased by >60 ms, and
11% developed QTc >500 ms.

Gautret®® NR No serious adverse events reported in 80 patients.

Huang®* NR No adverse cardiac events reported in 10 patients.

Mahévas?® QTc increase >60 ms occurred in 7/84 (1 Of 84 patients treated with HCQ, first-degree
with QTc >500 ms). atrioventricular block developed in 1 patient 2

days after starting HCQ. One patient also
developed left bundle branch block on day 8,
after being admitted to the ICU and receiving
lopinavir-ritonavir.

Million (preprint) NR No adverse cardiac events reported in 1061

patients.

Molina®® HCQ discontinued in 1/11 due to excessive NR
QT prolongation on day 4 (from 405 to
460-470 ms).

Perinel?’ QTc >500 ms occurred in 2/13 patients NR
(from 381 to 510 ms; and from 432 to 550
ms) on days 2 and 3, leading to
discontinuation of therapy.

Tang?® No QT prolongation observed in 70 patients. No arrhythmias reported in 70 patients.

€Q = chloroquine; ECG = electrocardiogram; HCQ = hydroxychloroquine; ICU = intensive care unit; NR = not reported; WHO = World Health Organization.

severe COVID-19 patients reported only 1 instance of QT
prolongation among 95 patients treated with this combina-
tion, and no instances among 99 patients who received
standard care.”’ Although this is an indirect comparison,
the considerably smaller proportion with QT prolongation
in this population suggests that chloroquine or hydroxy-
chloroquine plays an important role in QT prolongation
in COVID-19 patients.

This apparent increased risk of QT prolongation was asso-
ciated with 2 ventricular arrhythmias in the included studies,
both in patients receiving high doses of chloroquine (2 g/d).
Although the authors of the study did not report a causality
assessment, a causative role of chloroquine is suggested by
the lack of events in the lower-dose arm (750 mg twice daily
on the first day, then 750 mg/d thereafter) of the randomized
trial.”’ Nonetheless, the low number of events prevents
definitive conclusions about causality. Although there was

report of 2 conduction abnormalities with unclear causation,
no ventricular arrhythmias were reported at any lower dose,
which suggests the relative cardiac safety of these agents
when used at typical doses, provided regular ECG moni-
toring is performed.

Strengths of these findings include our thorough search
strategy, which included non-English and industry data.
Most included trials seemed to have complete patient
follow-up. However, the largest report (n = 1061) had un-
clear follow-up, and an earlier report from the same insti-
tution seems to have included only patients with 6 days of
follow-up available, making it possible that some patients
may have been lost to follow-up. This requires particular
caution in the study of rare toxicities, in which even a sin-
gle missed event can significantly change estimates of risk.
Publication and reporting bias, previously observed in re-
porting of harms,”’ may contribute to underestimation of
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risk. Moreover, most included data came from preprints
that have not gone under peer review, meaning these
data are preliminary and possibly more susceptible to
such biases.

Published studies of hydroxychloroquine in COVID-19
patients that postdate our search illustrate some of these con-
cerns. One study of 40 patients in intensive care units in
France who were treated with hydroxychloroquine 200 mg
twice daily for 10 days (with or without azithromycin) noted
that 14 (36%) developed QT prolongation, albeit with no ar-
rhythmias reported.”” However, another recent study of 90
hospitalized COVID-19 patients, despite more closely
agreeing with our review’s estimate of QT prolongation inci-
dence (20%), also reported an event of torsades de pointes in
a patient given hydroxychloroquine and azithromycin.*” This
event occurred 3 days after the drugs were discontinued, and
other risk factors were present, such as bradycardia, new-
onset cardiomyopathy, and use of propofol, a drug that is
considered a known risk factor for torsades de pointes.*
Thus, the role played by hydroxychloroquine is uncertain.
Nevertheless, given that the long half-lives of these agents
still implicate them as possible contributors, this finding
serves as a reminder that even a small number of newly re-
ported events could considerably shift risk estimates and,
thus, risk—benefit analyses.

Given these limitations and the currently unknown benefit
of these agents, it is especially important to take reasonable
precautions to minimize possible risk. Because drug-
induced QT prolongation was observed early in some
included studies, daily ECG monitoring should be considered
in all patients regardless of baseline QTc, particularly in pa-
tients with other risk factors for torsades (Table 1). Where a
lack of resources limits 12-lead ECG placement, alternatives
include mobile devices such as KardiaMobile 6L personal
6-lead ECG device or telemetry, or if not available then pro-
active monitoring and correction (where possible) of risk fac-
tors. Although more reliable safety data on COVID-19 from
ongoing large randomized trials are expected soon, even
ruling out, for example, a 0.1% risk, will still require data
on at least 3700 treated patients without any episodes of
arrhythmia.” Our results accordingly lend greater support
to the more cautious guidance documents for the near future
and are in line with recent guidance from the United States
Food and Drug Administration discouraging use of hydroxy-
chloroquine outside of a hospital or trial setting where close
supervision is available.”

Conclusion

Our results found evidence of significant QT prolongation in
patients with COVID-19 receiving hydroxychloroquine.
Arrhythmia was documented during a short course of high-
dose chloroquine in critically ill COVID-19 patients.
Because of limitations in the current evidence, risk mitigation
strategies such as QTc monitoring should be considered in all
patients.

Appendix

Supplementary data

Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrthm.2020.
05.008.
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