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Abstract

Chloroquine is used in the treatment of patients with COVID-19 infection, although there is no substantial evidence for a
beneficial effect. Chloroquine is known to prolong the QRS and QTc interval on the ECG. To assess the effect of chloroquine
on QRS and QTc intervals in COVID-19 patients, we included all inpatients treated with chloroquine for COVID-19 in the
Spaarne Gasthuis (Haarlem/Hoofddorp, the Netherlands) and had an ECG performed both in the 72 h before and during
or at least 48 h after treatment. We analyzed the (change in) QRS and QTc interval using the one-sample #-test. Of the 106
patients treated with chloroquine, 70 met the inclusion criteria. The average change in QRS interval was 6.0 ms (95% CI
3.3-8.7) and the average change in QTc interval was 32.6 ms (95% CI 24.9-40.2) corrected with the Bazett’s formula and
38.1 ms (95% CI 30.4-45.9) corrected with the Fridericia’s formula. In 19 of the 70 patients (27%), the QTc interval was
above 500 ms after start of chloroquine treatment or the change in QTc interval was more than 60 ms. A heart rate above
90 bpm, renal dysfunction, and a QTc interval below 450 ms were risk factors for QTc interval prolongation. Chloroquine
prolongs the QTc interval in a substantial number of patients, potentially causing rhythm disturbances. Since there is no
substantial evidence for a beneficial effect of chloroquine, these results discourage its use in COVID-19 patients.

Keywords COVID-19 - Chloroquine - Long-QT syndrome/chemically induced - Electrocardiography - Drug-related side
effects and adverse reactions

Introduction

Chloroquine is used for the treatment of patients with
COVID-19 infection, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). There is debate
about the use of chloroquine for this indication. In vitro
data have shown antiviral activity of chloroquine on SARS-
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for clinical efficacy in the treatment of COVID-19 patients
[3-7]. Moreover, data has been published regarding poten-
tial toxicity associated with chloroquine treatment [8, 9].
The Dutch guidelines, applicable in March and April 2020,
stated that the use of chloroquine could be considered [10,
11], while other guidelines at that time mentioned that there
is insufficient evidence to issue a recommendation [12]. In
the Dutch guidelines, the recommended dose regimen was
a loading dose of 600 mg chloroquine base, followed by
300 mg chloroquine base twice daily for a total period of
5 days [10, 11]. The dose of 300 mg chloroquine base is
equivalent to 500 mg chloroquine phosphate.

Chloroquine has been marketed since 1934 and is used
in the treatment and prevention of malaria, and in the treat-
ment of chronic inflammatory diseases, including systemic
lupus erythematosus and rheumatoid arthritis. One of the
major concerns with the use of chloroquine is its cardiotox-
icity, related to QRS widening and QTc interval prolonga-
tion [13, 14]. Prolongation of the QTc interval is associ-
ated with an increased risk of Torsades de Pointes (TdP).
The risk of drug-induced TdP is especially increased in
patients with risk factors, such as hypokalemia, hypocal-
cemia, hypomagnesemia, myocardial infarction, and con-
gestive heart failure [15, 16]. In these patients, the use of
QTc prolonging drugs should be avoided if possible or QTc
prolongation should be monitored.

Chloroquine is a racemic mixture consisting of equal
quantities of S-chloroquine and D-chloroquine enantiom-
ers. It is suggested that the S-chloroquine enantiomer is more
cardiotoxic than the D-chloroquine enantiomer [17]. In an
unpublished paper, the S-chloroquine enantiomer had more
antiviral activity against SARS-CoV-2 [18]. Local guide-
lines recommended evaluation of QTc time before start and
ECG monitoring during treatment in patients using other QT
prolonging drugs and with a history of ventricular arrhyth-
mias, myocardial infarction, or congestive heart failure and
in patients with congenital long-QT syndrome.

Since treatment with chloroquine in COVID-19 patients
is relatively short, the risk of arrhythmic toxicity is consid-
ered to be low [14, 19]. However, the SARS-CoV-2 virus
potentially has cardiac and arrhythmogenic effects, possibly
resulting in more cardiotoxicity [20].

To assess the cardiotoxic effects of chloroquine in
COVID-19 patients, we retrospectively assessed the effect
of chloroquine on the QRS and QTc interval.

Methods
Setting

This study was performed in the Spaarne Gasthuis (Haarlem/
Hoofddorp, the Netherlands), a general teaching hospital.

Study Cohort

We performed an observational cohort study. The inclu-
sion criteria was admission between 1 March and 19 April
2020 with a COVID-19 infection, and chloroquine treatment
started during this admission with an ECG performed both
in the 72 h before start of chloroquine treatment and dur-
ing or within 48 h after the end of chloroquine treatment.
The exclusion criteria were a baseline QTc above 500 ms, a
known left or right bundle branch block, and having a pace-
maker implanted. According to the local protocol adapted
from the Dutch national guidelines, chloroquine treatment
was considered in admitted patients in need for supplemental
oxygen without pre-existing contraindications. We selected
all ECGs that were performed in routine clinical practice.

Data Collection

Data were extracted from the hospital information system
EPIC (Madison, WI, USA), using SAP Crystal Reports
(Walldorf, Germany). All ECGs were standard 12-lead rest-
ing ECGs (25 mm/s paper speed, 10 mm/mV amplitude,
and 40 Hz sampling rate). ECGs were recorded using GE
MAC 5500 HD with automated analysis by the Marquette
12SL ECG Analysis Program (GE Healthcare, Chicago, IL).
ECG data were stored and presented in the MUSE Cardiol-
ogy Information System (GE Healthcare, Chicago, IL). The
heart rate (RR), QT, and QRS interval were analyzed by
the MUSE system and recorded in the hospital information
system EPIC. For each ECG, we collected the cumulative
dose of chloroquine administered, the last measured serum
potassium level, and whether other QT prolonging drugs or
furosemide were administered in the 24 h before the ECG.
We also collected the last serum creatinine and calcium level
before the start of chloroquine therapy. Renal function was
analyzed as the estimated glomerular filtration rate (eGFR)
calculated with the CKD-EPI formula. As QT prolonging
drugs, we used the list of drugs with a known risk of TdP
according to the CredibleMeds list [21]. The patient’s medi-
cal files were searched for cardiovascular morbidities and the
reason for discontinuation if patients stopped chloroquine
treatment prematurely.

Outcome and Study Variables

We used both the Bazett’s formula (QTc=QT/RR'?) and
Fridericia’s formula (QTc = QT/RR'?) to correct the QT
interval for the heart rate [22, 23]. We analyzed the change
in QRS and QTc interval between the last ECG performed
before start of chloroquine treatment and the first ECG per-
formed during chloroquine treatment. We also analyzed the
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number of patients with a change in QTc of more than 60 ms
or a QTc interval of more than 500 ms at the first ECG after
start, and the change in QTc interval between the first and
second ECG performed during chloroquine treatment. We
visually present the association between the cumulative
chloroquine dose and the change in QTc interval with the
last ECG performed before the start of chloroquine treat-
ment. In this presentation, we include multiple ECGs per
patient, if more than one ECG was recorded during treat-
ment. If more than one ECG was recorded in a dosing inter-
val, only the first ECG was selected.

In a subanalysis, we excluded patients with (a history of)
cardiovascular disease, with hypokalemia (< 3.5 mmol/l),
patients who used furosemide ,and patients who used QT
prolonging drugs with a known risk of TdP according to the
CredibleMeds list at the time of one of the two ECGs [15,
21]. Ciprofloxacin and haloperidol in a daily dose of 2 mg
or less were not regarded as QT prolonging drugs, because
their effect on the QT interval is negligible [24, 25]. Age,
gender, heart rate, QRS interval, QTc interval, eGFR at base-
line, and ICU admission during treatment were analyzed as
potential risk factors.

Statistical Analysis

We used the one-sample #-test to analyze the changes in QTc
and QRS interval. Univariate linear regression analysis was
used to analyze differences between risk factors. Risk factors
significantly associated with the change in QTc interval were
subsequently analyzed using multivariate linear regression.
A p-value below 0.05 was regarded as statistically signifi-
cant. Statistical analyses were performed using IBM SPSS
Statistics for Windows software (IBM Corp., Version 24.0.
Armonk, NY).

Results

During the study period, 188 patients were admitted with
COVID-19 of whom 106 patients started with chloroquine
treatment during admission. In 73 of the 106 patients, an
ECG was performed both in the 72 h before start and
during or at least 48 h after chloroquine treatment. Two
patients were excluded with a baseline QTc above 500 ms
and one patient was excluded due to pacemaker implanta-
tion (Table 1). All patients received the dose regimen rec-
ommended in the Dutch guidelines. The average time from
the last ECG before start to the first ECG after start of
chloroquine treatment was 41.5 h (SD 23.0). The cumula-
tive chloroquine dose at the time of the first ECG after start
was 600 to 1200 mg for 56 of the 70 patients (80%). On
average, there was a 6.0 ms (95% CI 3.3-8.7) increase in
the QRS interval, a 32.6 ms (95% CI 24.9-40.2) increase
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Table 1 Baseline characteristics (n="70)

Male 79%

Age (mean, SD) 64.5 year 10.3
Time ECG—start chloroquine (mean, SD) 14.7h 16.4
RR (mean, SD) 88.2 bpm 14.7
QRS (mean, SD) 92.9 ms 20.1
QTc (Bazett) (mean, SD) 427.7 ms 28.4
QTc (Fridericia) (mean, SD) 402.3 ms 31.0
Atrial fibrillation or Atrial flutter 12.9%

Coronary artery disease 11.4%

Other cardiovascular diseases 7.1%

Potassium level < 3.0 mmol/l 0%

3.0-3.4 mmol/l 14.3%

eGFR <30 ml/min/1.73 m? 1.4%

30—49 ml/min/1.73 m? 8.6%

Calcium level (n=2)<2.15 mmol/l 0%

Use of QT prolonging drugs 4.3%"

Use of furosemide 2.9%

2 patients used ciprofloxacin, while 1 patient used haloperidol
0.5 mg

in QTc interval corrected with the Bazett’s formula, and
a 38.1 ms (95% CI 30.4-45.9) increase in QTc interval
corrected with the Fridericia’s formula (Table 2, Fig. 1).

If we corrected the QTc interval with the Bazett’s for-
mula, in 19 of the 70 patients (27%), the QTc was above
500 ms or the QTc increased with more than 60 ms. In 6 of
the 19 patients (32%), risk factors (cardiovascular disease,
hypokalemia, use of furosemide or use of QT prolonging
drugs other than ciprofloxacin and low dose haloperidol)
were present, versus in 12 of 51 patients (24%) with no
QTc above 500 ms or QTc increase with more than 60 ms.
The difference was not statistically significant (p =0.49).
The change in QTc interval minus the change in QRS
interval, as a measure for the repolarization period, was
26.6 ms (95% CI 19.1-34.0). In 52 of the 70 patients,
no risk factors were present. In these patients, the QTc
prolongation was 33.6 ms (95% CI 24.8-42.5). In the 61
patients with no atrial fibrillation or atrial flutter, the QTc
prolongation was 32.8 ms (95% CI 24.5-41.2). Risk fac-
tors for QTc prolongation were a heart rate at or above
90 bpm before the start of chloroquine and an eGFR below
50 ml/min/1.73 m?, while a QTc interval above 450 ms
resulted in a lower QTc prolongation (Table 3). These
associations remained significant in the multivariate linear
regression analysis.

Seventeen patients (24%) had a QTc interval above
500 ms on an ECG during or within 48 h after chloroquine
treatment. Eight patients stopped chloroquine treatment due
to a prolonged QTc interval, two patients due to bradycar-
dia, and one patient stopped due to frequent extrasystoles
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Table 2 Results from the ECG data (n="70)

Mean 95% CI p-value
A RR -8.5 —119to-5.1 <0.001
A QRS 6.0 3.3-8.7 <0.001
A QTc (Bazett) 32.6 24.9-40.2 <0.001
A QTc (Bazett) in patients with no risk factors (n=52) 33.6 24.8-42.5 <0.001
A QTc (Bazett) in patients with no atrial fibrillation/atrial flutter (n=61) 32.8 24.5-41.2 <0.001
A QTc first to second ECG during treatment (Bazett) 18.4 —42t04l1.1 0.11
A QTc (Bazett)—A QRS 26.6 19.1-34.0 <0.001
A QTc (Fridericia) 38.1 30.4-459 <0.001

N %

QTec after start > 500 ms or A QTc > 60 ms (Bazett) 19/70 27%
QTc> 500 ms during or within 48 h after treatment (Bazett) 17/70 24%

and ventricular tachycardia. In Fig. 2, the change in QTc
interval compared with the QTc interval before start of
chloroquine is given per cumulative dose of chloroquine. In
the 24 patients with two or more ECGs performed during
treatment, there was a non-significant increase in the QTc
interval of 18.4 ms (95% CI — 4.2 to 41.1) from the first to
the second ECG after the start of treatment with chloroquine.
The average time between these ECGs was 30.2 h (SD 13.5).

If we corrected the QTc interval with the Fridericia’s
formula, the results did not differ substantially (Table A.1,
Figure A.1).

Discussion

In this observational cohort study of COVID-19 patients
treated with chloroquine, of whom nearly 80% was male,
we found that chloroquine use resulted in a 33 ms increase
of the QTc interval and a 6 ms increase in QRS interval.
Around a quarter of the patients had an increase in QTc
interval of more than 60 ms, or a QTc interval after start
of more than 500 ms, which is generally accepted as a risk
factor for arrhythmias such as Torsade de Pointes [26]. This
increase in QTc interval is substantially more than seen with
other QT prolonging drugs. In a previous study from our
hospital, the average increase in QTc interval for QTc pro-
longing drugs with a known risk of TdP according to the
CredibleMeds list was 11 ms [15, 21]. For comparison, the
average increase in QTc interval in patients with a hypoka-
lemia at or below 3.0 mmol/l in this study was 24 ms [15].
In our hospital, we, therefore, decided on 22 April 2020 to
stop treating COVID-19 patients with chloroquine because
our analysis and other studies showed that chloroquine does
not improve patient outcomes and increased the risk of car-
diovascular side effects, among others.

Patients with an eGFR below 50 ml/min/1.73 m? had a
greater increase in QTc interval. Renal dysfunction itself is
arisk factor for QTc interval prolongation, but plasma levels
of chloroquine will be higher since 38% of chloroquine is
excreted unchanged with the urine [14, 15]. Another risk
factor was a heart rate above 90 bpm. Interestingly, patients
with a baseline QTc interval above 450 ms had a smaller
increase in QTc interval after start of chloroquine treatment.
Similar results have been seen for haloperidol treatment [27].
An explanation might be that the guidelines recommend not
to initiate chloroquine treatment in patients at high risk for
QTc interval prolongation. Physicians may have decided to
start chloroquine treatment in patients with a baseline QTc
above 450 ms if no other risk factors for QTc interval pro-
longation were present. Therefore, the overall risk for QTc
interval prolongation may be lower than in patients with a
baseline QTc below 450 ms. We found a 5 ms increase in
QRS duration, which is not clinically relevant and is negli-
gible relative to the normal variation in QRS interval [28].

Chloroquine is known to block inward sodium current
(Inn), the L-type calcium current, and two potassium cur-
rents (I, and Iy,; the hERG channel) in the cardiomyocyte
[13]. Inhibition of the inward sodium current and calcium
current result in widening of the QRS complex, while inhi-
bition of the potassium currents result in QTc prolonga-
tion. In a study administering chloroquine as an intravenous
bolus injection, a widening of the QRS interval was seen,
but there was no change in the QTc interval [29]. In two
previous studies in healthy volunteers, prolongation of the
QTec interval of 13.7 ms after 3 days of chloroquine base
use (600 mg day 1, 600 mg day 2, 300 mg day 3) and pro-
longation of the QT interval of 15 ms after a single dose of
600 mg were found [30, 31]. The QT prolonging effect of
chloroquine seen in healthy volunteers is much less than the
QT prolonging effect seen in COVID-19 patients. COVID-
19 patients with pre-existing cardiovascular disease have a
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Fig. 1 Change in QTc interval corrected with the Bazett’s formula.
Each line represents the change in QTc interval from the last ECG
before treatment to the first ECG during treatment per individual
patient

worse prognosis, indicating that COVID-19 potentially has
pro-arrhythmic effects [20]. This may explain the larger
QT prolonging effect seen in COVID-19 patients. In a ran-
domized clinical trial comparing chloroquine base, with
600 mg twice daily for 10 days, 450 mg twice daily on day
0, and 450 once daily on day 1 to 4 in COVID-19 patients,

@ Springer

19% of patients had a QTc adjusted with the Fridericia’s
formula above 500 ms in the first group and 11% of patients
in the second group [8]. This trial was terminated and the
authors recommend not to use the higher chloroquine dos-
age. In these studies no information was available on QRS
interval widening. In our study, 24% of patients treated with
chloroquine had a QTc interval above 500 ms, suggesting
that a dosage of 600 mg and 300 mg twice daily for 5 days
shouldn’t be recommended either.

Our results are in line with two previous studies that
assessed the effect of chloroquine on the QTc interval in
COVID-19 patients. In these observational studies, the same
dose of chloroquine was used as in our study. Van den Broek
et al. found an average increase of 35 ms after start of chlo-
roquine treatment, while Sinkeler et al. found an average
increase of 20 ms [32, 33].

Three observational studies assessed the effect of hydoxy-
chloroquine monotherapy on the QTc interval in COVID-19
patients. In the study by Mercuro et al., the average increase
was 5.5 ms, and in the study by Saleh et al., also includ-
ing patients treated with chloroquine, the average increase
was 14.4 ms, while Sridhar et al. did not find an increase
in QTc interval (— 2 ms) [34-36]. These results may sug-
gest that the QT prolonging effect of hydroxychloroquine is
less compared to the QT prolonging effect of chloroquine.
In patients using hydroxychloroquine and azithromycin,
the QTc prolonging effect was larger than in patients using
hydroxychloroquine monotherapy. In the study of Mercuro
et al., the average change in QTc interval was 23 ms for the
combination versus 5.5 ms for hydroxychloroquine mono-
therapy [34]. In the study by Saleh et al., the changes in QTc
interval were 30.4 and 14.4, respectively [35].

Other therapeutic options for COVID-19 with no appar-
ent cardiovascular toxicity have emerged. Three randomized
clinical trials have been published that assessed remdesi-
vir in the treatment of COVID-19. In the study by Beigel
et al., 10 day treatment with remdesivir was superior to
placebo, while in the study by Wang et al. no statistically
significant differences were seen [37, 38]. In the study by
Spinner et al., patients receiving a 5 day treatment of rem-
desivir had improved clinical status at day 11 compared to
patients treated with placebo, while no differences were seen
between patients receiving a 10 day treatment of remdesivir
compared to patients treated with placebo [39]. In the study
by Beigel et al., adverse events classified as cardiac disorders
were reported in 2.8% of patients using remdesivir versus
1.6% of patients using placebo [37]. In the study by Wang
et al., serious cardiac adverse events (cardiac arrest, acute
coronary symptoms or tachycardia) were reported in 0.6%
of patients using remdesivir versus in 2.6% of patients using
placebo [38]. Spinner et al. did not report on cardiac adverse
events [39]. In the patients receiving oxygen or invasive
mechanical ventilation, the incidence of death was lower in
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Table 3 Risk factors for change in QTc interval corrected with the Bazett’s formula

N Delta QTc ~ Univariate Multivariate
Difference  95% CI P Difference  95% CI P
Age <65 year 39 33.0 Ref
> 65 year 31 32.0 -1.0 —16.5t0 14.5 0.90
Gender M 55 32.4 Ref
F 15 33.1 0.7 —18.1t0 19.5 0.94
RR <90 bpm 42 22.1 Ref
>90 bpm 28 48.2 26.1 11.7-40.5 0.001  29.0 16.4-41.6 <0.001
QRS <100 ms 52 349 Ref
>100 ms 18 26.0 -89 —26.510 8.6 0.31
QTc <450 ms 52 38.2 Ref
>450 ms 18 16.4 -21.8 -387t0-50 0012 -26.6 —-41.0t0 —12.3 <0.001
eGFR >50 ml/min/1.73 m> 63 29.9 Ref
<50 m/min/1.73 m*> 7 57.2 27.4 2.5-52.2 0.031 45.0 23.8-66.1 <0.001
ICU No 57 30.9 Ref
Yes 13 39.9 8.9 —10.8 t0 28.7 0.37
120
100
m
_E, 80
(3)
'—
g /
£
o 40
[T4]
=
©
£ 20
(@]
0
0 600 900 1200 1500 1800 2100 2400 2700 3000 3300
-20
Cumulative chloroquine dose (mg)
Dose | 0 600 900 1200 | 1500 | 1800 | 2100 | 2400 | 2700 | 3000 | 3300
N 70 11 28 25 12 8 6 4 6 4 5

Fig.2 Change in QTc (corrected with the Bazett’s formula) versus
the cumulative dose of chloroquine at the time of the ECG record-
ing. For all ECGs performed in the study population, the cumulative
dose at the time of the ECG is calculated. At each point, all ECGs
performed with the cumulative dose on the x-axis are analyzed. The
y-axis represents the average change in QTc interval from base-

patients treated with dexamethasone versus usual care [40].
Adpverse events were not reported in this study.

In our study, we corrected the QT interval for the heart
rate using both the Bazett’s formula and the Fridericia’s for-
mula [22, 23]. The Bazett’s formula is the formula most

line ECG to the ECGs per cumulative dose. If multiple ECGs are
recorded in an individual patient during treatment, more ECGs per
patient are included. In the table below the figure, the number of
ECGs per cumulative dose is given. Bars are 95% confidence inter-
vals

frequently used in clinical practice and the cutoff values for
QTc prolongation are based on correction with the Bazett’s
formula. We also used the Fridericia’s formula as second-
ary outcome, because this formula is regarded as a superior
formula to correct for heart rate and in predicting mortality
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[41]. Most other studies used the Bazett’s formula, while a
minority used the Fridericia’s formula. The results of our
study did not change substantially whether we used the
Bazett’s or the Fridericia’s formula, confirming that the con-
clusions in our article are independent of the formula used.

Our study has some potential strengths and limitations. A
strength is that in 70 of the 106 admitted COVID-19 patients
who started with chloroquine treatment (66%), an ECG was
performed both before and after start of therapy. The guide-
lines recommended to perform ECGs in patients at increased
risk of QTc prolongation; therefore, the incidence found in
our study may be an overestimation. However, even if we
assume that none of the patients in whom no ECG was per-
formed had a QTc prolongation, still 19 of the 106 patients
treated with chloroquine (18%) would have a prolonged QTc
interval. On the other hand, in patients at high risk of QTc
prolongation, chloroquine would not have been initiated as
previously recommended in our guidelines. This may have
resulted in an underestimation of the incidence. In our study,
we also analyzed both the QRS and QTc interval to differ-
entiate QTc interval prolongation from QRS widening. A
limitation is that we did not include a control group and it
might be possible that the QTc prolongation is due to disease
progression. However, the QT prolonging effect of chloro-
quine is established and the QTc prolongation was seen
shortly after the start of chloroquine treatment, making an
association between chloroquine and QTc prolongation most
likely. Another limitation is that due to the observational
setting ECGs were performed at different time points. We
cannot conclude whether the QTc further prolongs during
treatment because in most patients only one ECG was per-
formed during treatment. It is possible that the QTc interval
is further prolonged after a 5 day treatment with chloroquine
compared to the results in our study because chloroquine
has a half-life or around 14 days and will accumulate dur-
ing treatment. The QT interval was automatically analyzed
using the MUSE system. It is debatable whether manual or
automated determination of the QT interval is superior [42].

Conclusion

In our cohort of COVID-19 patients, chloroquine increased
the QTc interval with 33 ms and one in four patients had a
QTc interval above 500 ms or a QTc prolongation of more
than 60 ms, potentially causing rhythm disturbances. Since
there is no substantial evidence for a beneficial effect of
chloroquine and treatment options without cardiovascular
toxicity are available, these results discourage its use in
COVID-19 patients.
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