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Résumé Mots-clés
L’infection au SRAS-CoV-2 est actuellement responsable d’une pandémie, avec des répercussions  Arythmie, Chloroguine,
inédites sur le mode de vie des citoyens a travers le monde. La chloroquine, un antipaludéen, pourrait étre SARS-CoV-2, COVID-

une option pour le traitement de COVID-19. Cependant, la chloroquine peut allonger l'intervalle QT et 19 Tunisie.
exposer au risque d’une arythmie ventriculaire. Nous présenterons 1'état des connaissances sur l'associa-

tion entre I’utilisation de la chloroquine dans le traitement de COVID 19 et la survenue d’arythmie ventri-

culaire.

Summary Keywords

Severe acute respiratory syndrome coronavirus 2 and associated lung disease COVID-19 has spread ~ Ventricular arrhythmia,
throughout the world and has become a pandemic. Chloroquine, an antimalarial drug, might be an option ~ Chloroquine, ~ SARS-
for treating COVID-19. However, chloroquine can prolong QT interval and thus expose to ventricular COY‘.Z’ COVID-19,
arrhythmia. We propose to summarize the state of knowledge on the association between ventricular Tunisia.

arrhythmia and chloroquine in the treatment of COVID 19.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a novel Coronavirus and associated lung disease
COVID-19 has spread throughout the world and has
become a pandemic. Facing the SARS-CoV-2, an unknown
virus, an efficient approach to drug discoveries is to test
whether the existing antiviral drugs are effective in the
treatment of related viral infections.

Several antiviral drugs have been tested for efficacy
inhibition SARS-CoV-2 replication in cell culture. The
antimalarial drugs chloroquine (CQ) and his metabolite
the hydroxychloroquine (HCQ) might be an option for
treating COVID-19. Preliminary studies showed viral load
reduction in COVID-19 patients treated with CQ or HCQ
alone or in combination with azithromycin (1) (2). Even
with little evidence, CQ and HCQ has been officially
declared as a medical agents for COVID-19 in the seventh
edition of the New coronavirus pneumonia diagnosis and
treatment plan, released by the National Health and
Care Commission of China on February 2020 (3).
However, CQ can prolong QT interval and thus expose to
a ventricular arrhythmia (VA) known as Torsades des
pointes (TdP) (4).

This review focuses on the mechanism of CQ/HCQ
induced QT prolongation, the risk factors for TdP, the
association CQ/ HCQ and TdP and the prevention and
monitoring of QT interval prolongation when CQ/HCQ is
used to treat COVID-19.

METHODS

We performed a systematic electronic search using
PubMed to identify relevant English-language articles
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published. Our search strategy used a combination of
relevant keywords chosen according to the MeSH terms for
CQ or HCQ, with subcategories such as ventricular
arrhythmia, TdP, QT interval, QT prolongation, sudden
death and cardiac toxicity. (‘‘hydroxychloroquine’’[MeSH]
OR “‘chloroquine’’ [MeSH]) AND (‘‘ventricular arrhythmia’’
[MeSH] OR ‘‘Torsades de pointe’” [MeSH] OR ‘‘QT
prolongation’” [MeSH] OR “‘QT interval’” [MeSH] OR
‘““sudden death’’ [MeSH] OR ‘‘cardiac toxicity’’ [MeSH]).
Additional relevant articles were identified from the
review of citations referenced and expert panel consensus
supports.

RESULTS

QT interval measurement, physiology and mechanism of
CQ or HCQ induced QT prolongation

The QT interval is defined as the interval from the onset
of the QRS complex to the end of the T wave. It
represents the period of time from the onset of
ventricular depolarization (QRS complex) to the end, of
ventricular repolarization (T wave) (5).

The QT interval is measured in leads showing the longest
QT period, which is usually V2 or V3. If the T wave and
U wave are superimposed or merged together, it is
recommended to measure the QT interval in the leads
not showing U waves, often aVR and aVL leads (6). Even
with that, manual QT interval measurement is not an
easy task (7). To an accurate ECG assessment of the QT
interval, tangent method allows a reliable measurement
(8). (Figure 1)

| RR interval |

Lead V2or V3

QRS

Figure 1: Manual QT interval measurement (5) (8)
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Sequential electrocardiogram (ECG) recordings is also
essential for identification of QT prolongation induced by
pharmacological agents in drug studies. It s
recommended to have uniform standardized ECG
acquisition and a single reader responsible for
overreading sequential tracings of an individual patient
or research subject (5).

The QT interval varies with heart rate, autonomic tone,
age, gender, and time of the day. Nevertheless, QT
should be corrected. Corrected QT (QTc) is the QT
interval corrected in one of several ways for heart rate.
Many formulas have been proposed to adjust the QT
interval for rate (8). The most widely used is Bazett’s
formula (9).

Wide QRS due to ventricular conduction abnormalities or
ventricular pacing, prolongs the QT interval and, in this
case, Bazett’s formula has proven to be ineffective (10).
Rautaharju’s formula takes into consideration the width
of the QRS in the calculation of the corrected QT and is,
therefore, recommended in this case (11).

Another limit for Bazett’s formula consists in both
bradycardia and tachycardia but this could be overcome
using Fridericia’s Formula (12).

Web and smartphone applications have now made the
use of these different formulas easier.

The QT interval represents the time of the ventricular
depolarization and repolarization. It reproduces the
summation of action potential (AP) of ventricular
myocytes.

The AP reflects the flow of ion currents across a cell
membrane through specialized channels made of protein
complexes (13).

The mechanism of QT prolongation is almost always due
to the blockage of the inward potassium rectifier (IKr)
channel, also known as the hERG (ether a go go) channel.
It conducts a rapid delayed rectifier potassium current,
a critical current in the phase 3 repolarization of the
cardiac AP (14).

In laboratory electrophysiological studies at low
micromolar concentrations of CQ lengthened the AP of
cat Purkinje fibers, and increased automaticity (15).
The CQ blocked the inward sodium current, the L-type
calcium current, and potassium currents (15).

In clinical studies, both CQ and HCQ showed a
prolongation in the QT interval. Indeed, after receiving
600 mg of CQ, we observe in adults a 16 ms mean
prolongation of the QTc interval. Following the second
dose of 600 mg, mean prolongation was 12 ms (16).
However, this effect is significantly attenuated with
CQ/HCQ compared to quinidine and Halofantrine and
other quinolone drugs (17).
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Drug QT prolongation and arrhythmia: physiopathology
and risk factors

The repolarization of ventricular myocardial cells is not
a synchronous phenomenon resulting in a normal
heterogeneity in refractory period among ventricular
cells during the inscription of the T wave (18).

Any drug that increases the heterogeneity and dispersion
of the ventricular repolarization prolongs the QT interval
and then expose to VAs. Thus, quinolone’s drugs use is
associated with an increased susceptibility to VA and the
occurrence of TdP. This has been mostly reported with
Halofantrine (17). CQ/HCQ are known to have a less
effect on QT prolongation and so, they are safer than
others quinolones drugs (19).

However, the risk of TdP is not a linear function of QT
interval duration nor the extent of change (20).

Many factors are associated with a high risk and
predisposition to VA. These factors include female
gender, elderly, structural heart diseases, congenital
long QT syndrome, electrolyte imbalance (hypokalemia,
hypomagnesaemia), abnormal hepatic or renal function
and concomitant medications prolonging the QT interval
(21) (22).

Tisdale et al.(23) have developed a risk score for
predicting the risk of VA when prescribing drugs known
with a QT prolongation effect.

American health authorities recommended to calculate
this score before initiating treatment with CQ/HCQ in
patients infected with SARS-CoV2 in order to orient the
prescription (24).

Recently, the French society of cardiology has identified
the risk factors of QT prolongation related to the
prescription CQ/HCQ in COVID-19 (25). (Table 1)

Table 1 : Arrhythmia risk factors (25)

Modifiable
factors

Combination of 2 drugs prolonging the QT interval
Hypokalemia< 3.5 mmol/L
Bradycardia< 50 bpm
Hypocalcaemia< 2,2 mmol/L
Non-modifiable Female
factors Age>= 68 years old

QTc on admission ECG >= 450ms
Congenital long QT syndrome
Sepsis
Cardiac disease (ischemia, heart failure), renal
failure, Hepatic insufficiency
Factors related Occurrence of hypokalemia

to covid-19  Occurrence of renal failure
Occurrence of cardiomyopathy

Occurrence of arrhythmia
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Table 2 : Arrhythmia risk classification due CQ/HCQ prescription (24) (25)

Low risk Intermediate risk*

High risk* Very high risk*

*Basic QTc <460 ms *Basic QTc > 460 ms and < 480 ms e*Basic QTc > 480 ms

*Age <68 y *Age =68 y

*Male sex eFemale sex
*No cardiac history
*No abnormalities in

lab test assessment

*Renal failure
*Acute hepatitis

*Basic QTc > 500 ms

eHistory of ischemic cardiomyopathy or heart failure *Congenital long QT syndrome
*Combination with QTc-prolonging drug

*Hypokalemia< 3.5 mmol/L

Among these risk factors, a particular concern for
hypokalemia, which is not unusual in the setting of sars
cov2 infection considering the virus’s action on the
angiotensin converting enzyme 2 (ACE 2) and thereby the
activation of the renin-angiotensin-aldosterone system.

These findings could then explain why hypokalemia is
more frequent during this viral infection which seems to
potentiate the inhibition of the IKr channels by
chloroquine and increase QT interval lengthening (26).

CQ and HCQ and arrhythmia: real data world
Prolongation of the QT interval induced by CQ and HCQ
has been associated with an increased incidence of
sudden cardiac death (27) (28).

Despite this suggestive finding, CQ and HCQ as
antimalarial drugs are prescribed and self-medicated on
a vast scale in the tropical areas of the world, without
reports of arrhythmic death under World Health
Organization surveillance. Nonetheless, the absence of
an active drug safety surveillance system in most of
these countries limits reassurance from his safety use.
Thus, conclusive evidence of cardiotoxicity caused by
these drugs is lacking and further pharmacovigilance is
required.

Besides, the combination CQ or HCQ with azithromycin
showed no additional arrhythmical ability (19).

A recently published study including 84 patients with
COVID-19 treated with a combination of CQ or HCQ and
azithromycin, a dangerous QT prolongation (QTc> 500
ms) was noted in 11% of the cases. COVID-19-related
kidney failure was a major risk factor of QT
prolongation. No serious arrhythmia was reported in this
preliminary study (29). Chorin et al. suggested to
monitor regularly the QTc interval ‘in patients with
SARS-CoV-2 infection treated with CQ or HCQ/
azithromycin association, particularly those with renal
impairment, a common complication in patients with
SARS-CoV-2 (29).

Recently, recommendations for the safe use of CQ and
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HCQ to treat COVID-19 have been published by the
American College of Cardiology (24) and French society
of cardiology (25). Several instructions should be
followed before and during therapy prescription.

Safety use of CQ or HCQ for COVID-19 treatment
Because of TdP’s potential lethality, the risk of QT
prolongation has become a preoccupation in the
prescription of CQ or HCQ for COVID-19 patients.
According to international recommendations (24) (25),
an initial assessment before starting treatment with CQ
/ HCQ is mandatory. It includes an interrogation, an ECG
with manual measurement of the QT interval and a blood
test.

Afterwards, it is recommended to assess the risk of
arrhythmia due to CQ/HCQ prescription.

Several ways are proposed for this risk assessment.
American College of Cardiology recommended the use of
Tisdale score (23), which is no specific for CQ/HCQ use.
French Society of Cardiology identifies risk factors
detailed in Table 1 and classifies them according to a
severity scale.

Based on these two recommendations, we suggest an
arrhythmia risk classification due CQ/HCQ prescription.
(Table 2)

According to this arrhythmia risk classification, CQ/HCQ
can be prescribed on an outpatient basis or in hospital,
with or without monitoring. (Figure 2)

Figure 3 summarize the monitoring procedure for the
safety use of CQ/HCQ in COVID-19.

CONCLUSION

The association between the use of Chloroquine and the
occurrence of arrhythmia is not established. QT interval
monitoring is mandatory if prescribed in at-risk patients.
The prospective cohorts that are taking place worldwide
will provide the answers to the safety of chloroquine in
the treatment of COVID-19 as well as to the predictors of
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Stop treatments Ihat

Intermediate risk
Therapy can be prescribed
on an outpatient basis
Monitoring is necessary

Figure 2: Arrhythmia risk assessment and decision of treatment diagram

Figure 3: The monitoring procedure for the safety use of CQ/HCQ in COVID-19 patients
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