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Abstract

Background

Chloroquine was promoted as a COVID-19 therapeutic early in the pandemic. Most coun-
tries have since discontinued the use of chloroquine due to lack of evidence of any benefit
and the risk of severe adverse events. The primary aim of this study was to examine if
administering chloroquine during COVID-19 imposed an increased risk of ischemic heart
injury or heart failure.

Methods

Medical records, laboratory findings, and electrocardiograms of patients with COVID-19
who were treated with 500 mg chloroquine phosphate daily and controls not treated with
chloroquine were reviewed retrospectively. Controls were matched in age and severity of
disease.

Results

We included 20 patients receiving chloroquine (500 mg twice daily) for an average of five
days, and 40 controls. The groups were comparable regarding demographics and biochemi-
cal analyses including C-reactive protein, thrombocytes, and creatinine. There were no sta-
tistically significant differences in cardiac biomarkers or in electrocardiograms. Median
troponin T was 10,8 ng/L in the study group and 17.9 ng/L in the control group, whereas
median NT-proBNP was 399 ng/L in patients receiving chloroquine and 349 ng/L in the
controls.
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Conclusions

We found no increased risk of ischemic heart injury or heart failure as a result of administer-
ing chloroquine. However, the use of chloroquine to treat COVID-19 outside of clinical trials
is not recommended, considering the lack of evidence of its effectiveness, as well as the ele-
vated risk of fatal arrythmias.

1. Introduction

Coronavirus disease 2019 (COVID-19) is an infection caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), with a symptomatology that varies from no (or very
mild) symptoms in the upper airways to severe viral pneumonia with respiratory failure.
According to current understanding, approximately 80% of symptomatic cases are mild, 15%
severe, and 5% critical [1], while the proportion of asymptomatic cases is estimated to be 30%
to 40% [2]. The most common complications in patients with severe disease are interstitial
pneumonia with respiratory failure, pulmonary thrombosis, arrhythmia, acute cardiac, and
acute kidney injury [3, 4]. The mortality among patients in intensive care varies between dif-
ferent studies [4]; in Sweden the mortality among patients requiring invasive ventilation is
approximately 20% [5].

As of January 2021, the only drugs approved by the European Medicines Agency (EMA)
and US Food and Drug Administration (FDA) are the antiviral drug remdesivir, dexametha-
sone (EMA only), convalescent plasma (FDA only), the janus kinase inhibitor baricitinib in
combination with remdesivir (FDA only), and monoclonal antibodies (FDA only) [6, 7]. Mul-
tiple trials ongoing worldwide include new treatment options and drugs that have already
been developed for other diseases [8, 9]. One of the drugs that has been widely administered is
the antimalarial drug chloroquine, either as chloroquine phosphate or as the less toxic deriva-
tive hydroxychloroquine [9]. Because of the immunomodulatory effects of chloroquine, these
drugs have long been used to treat inflammatory diseases such as rheumatoid arthritis and sys-
temic lupus erythematosus. Chloroquine has been shown to affect cytokine production [10,
11], which raised hopes that it might mitigate the cytokine release syndrome believed to be
associated with severe COVID-19 [12]. Studies have also shown a broad antiviral effect in vitro
against several coronaviruses including SARS-CoV-2 [13]. The first positive reports of the clin-
ical efficacy of chloroquine came from China in February 2020 [14], and shortly thereafter a
small French study showed a positive effect of chloroquine on symptoms and viral clearance
[15]. Since then, chloroquine has been used to a varying degree in many countries, including
Sweden. The Department of Infectious Diseases at Sahlgrenska University Hospital, Gothen-
burg, discontinued the use of chloroquine phosphate at the end of March 2020 due to a lack of
evidence regarding efficacy and the risk of severe adverse events. Several studies have since
reported severe adverse events arising from the use of chloroquine, with or without the co-
administration of azithromycin, to treat COVID-19, especially arrhythmias and QT-prolonga-
tion [16, 17]. While the potential benefits of chloroquine/hydroxychloroquine continue to be
widely debated, after promising initial reports several clinical trials have been published with
no positive results regarding viral clearance and clinical status as compared to standard of care
[18]. The hydroxychloroquine arm of the Solidarity Trial, launched by WHO and partners,
was permanently halted in June 2020 when data showed that, in comparison to standard of
care, hydroxychloroquine did not result in a reduction of in-hospital mortality [19, 20].
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To our knowledge, no studies of markers of cardiac injury during chloroquine treatment
for COVID-19 have been published to date. The primary aim of our study was to examine
whether patients with COVID-19 undergoing treatment with chloroquine phosphate had an
increased risk of cardiotoxicity with regard to ischemic heart injury, heart failure, and arrhyth-
mias, when compared to patients receiving standard treatment.

2. Methods
2.1 Study design and population

This is a retrospective study of patients with COVID-19 who received treatment with chloro-
quine phosphate (500 mg twice daily) and matched controls from the same time period who
did not receive chloroquine phosphate. Inclusion criteria were a) confirmed diagnosis of
COVID-19 by positive polymerase chain-reaction test (PCR) from the upper respiratory tract
for SARS-CoV-2; b) admission to the Department for Infectious Diseases at Sahlgrenska Uni-
versity Hospital, Gothenburg, Sweden; and ¢) having received a minimum of two doses of
chloroquine phosphate. Exclusion criteria were lack of testing for cardiac biomarkers (cardiac
troponin T [cTnT] and N-terminal pro b-type natriuretic peptide [NT-proBNP]), or lack of
stored blood samples from either the treatment period or the first four weeks of symptomatic
infection. Controls were chosen from the same patient cohort, with chloroquine phosphate
treatment as the exclusion criteria. Participants were matched as closely as possible for severity
of disease and age.

2.2 Data collection and variables of the study

We collected data regarding sex, age, weight, height, comorbidities, medication, date of symp-
tom onset, severity of disease, electrocardiogram (ECG) results, laboratory values, and mortal-
ity. Severity of disease was divided into mild (no oxygen therapy required), moderate (oxygen
therapy administered through nasal canula or face mask), and severe (need of high-flow oxy-
gen and/or ventilator). Laboratory values of interest were creatinine, estimated glomerular fil-
tration rate (eGFR), potassium, C-reactive protein (CRP), blood lymphocytes, total leukocyte
count, neutrophils, platelet count, cTnT, and NT-proBNP. Variables related to chloroquine
treatment included date and length of treatment, and drug dosage (daily and total values).

For patients whose cardiac markers had not been analyzed during treatment or within 12
hours after their last dose of chloroquine, biobanked serum was sent for analysis of cTnT and
NT-proBNP. Laboratory values from the control group and study group were matched as
closely as possible with regard to time between onset of symptoms and collection of blood
samples. Serum samples in the biobank that matched more closely in time were analyzed for
cardiac markers. Definitions of heart failure (not likely, possible, or probable) were based on
age-stratified reference levels from the Department of Clinical Chemistry at Sahlgrenska Uni-
versity Hospital with NT-proBNP < 300 (age 17 to 49 years), or < 400 (age > 49 years) indi-
cating heart failure unlikely; NT-proBNP 300 to 400 (age 17 to 49 years), or 400 to 900 (age 50
to 75 years), or 400 to 1800 (age > 76 years) indicating heart failure possible; and NT-
proBNP > 400 (age 17 to 49 years), or > 900 (age 50 to 75 years), or > 1800 (age > 76 years)
indicating heart failure probable.

For patients who had an ECG performed during treatment or within two weeks of their last
dose of chloroquine, a specialist in cardiology analyzed the ECGs focusing on arrhythmias and
signs of heart dysfunction. When ECGs before and during or after treatment were available,
they were analyzed and compared. For controls, ECGs taken as closely in time as possible to
the cardiac markers were preferred; ECGs taken more than four weeks after onset of symp-
toms were excluded.
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Table 1. Demographic characteristics of 60 study participants.

Age; median (IQR)
Gender; no (%)

Male

Female
Body Mass Index; median (IQR)
Comorbidities, number; median (IQR)
Previous heart disease; no (%)
Ischemic heart disease; no (%)
Cardiovascular risk factors; no (%)°
Other drugs affecting QTc time; no (%)
Severity of disease; no (%)

Mild

Moderate

Severe
Ventilator; no (%)

Deceased; no (%)

Chloroquine treatment length, days; median (IQR)

Total dosage chloroquine, mg (IQR)

IQR = interquartile range.

? Data available for 42 patients.
® Data available for 14 patients.
¢ Data available 28 patients.

Total (n = 60) Chloroquine (n = 20) Controls (n = 40)
60 (50-72) 61 (51-72) 60 (50-70)
49 (82) 17 (85) 32 (80)
11 (18) 3(15) 8 (20)
29 (26-32)° 29 (27-31)° 29 (26-32)°
1(0-3) 0(0-3) 1(1-3)
12 (20) 59 (25) 7¢ (18)
6 (10) 1(5) 5(13)
34 (57) 9 (45) 25 (63)
5(8) 2 (10) 3(8)
3(5) 1(5) 2(5)
12 (20) 4(20) 8 (20)
45 (75) 15 (75) 30 (75)
36 (60) 13 (65) 23 (58)
11 (18) 3(15) 8 (20)
5(3-8) 5(3-8) 0
5250 (3000-7500) 5250 (3000-7500) 0

4 Cardiac arrhythmia 4, valvular heart disease 1, ischemic heart disease 1.

¢ Cardiac arrhythmia 3, valvular heart disease 1, ischemic heart disease 5, congestive heart failure 1.

nypertension, diabetes, dyslipidemia.

https://doi.org/10.1371/journal.pone.0256035.t001

2.3 Statistics

Data was analyzed with IBM SPSS Statistics version 26, Stata software (version 16.1, StataCorp,
College Station, Texas, USA), and R (version 4.1.0, R Core Team, 2020). Figures were pro-
duced using the R package ggplot2. Continuous variables are presented as median (I-III quar-
tile), and categorical variables as absolute numbers (percentages). For comparisons between
the two groups, the Mann Whitney U-test was used for continuous variables and the Fischer’s
exact test for categorical variables. P-values less than 0.05 were considered statistically signifi-
cant. We evaluated the relative importance of all variables from Tables 1-3, and the additional
variables start of chloroquine treatment, admission to intensive care unit, day of blood test,
activated partial thromboplastin time (APTT), international normalized ratio (INR), procalci-
tonin, magnesium, d-dimer, heart rate, heart rhythm, and normal QTc-time, for occurrence of
significant cTnT leakage. Relative variable importance was calculated using a generalized
boosted regression model as implemented in the R package gbm. Generalized boosted regres-
sion modelling is a highly efficient machine-learning method that handles a large number of
observations and predictors and produces a prediction model in the form of an ensemble of
weak prediction models. Typically, the decision trees allow for complex modeling of interac-
tions and non-linear functions between predictors.

The study was approved by the Swedish Ethics Review Authority (Registration number
2020-01771). Patients were included after written informed consent to use data from their
medical records and samples in research was obtained at the time of admission to the hospital.
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Table 2. Laboratory findings for study participants.

Onset of symptoms to blood test (days); median (IQR)
Troponin T, ng/L; median (IQR)

NT-proBNP, ng/L; median (IQR)

eGFR, mL/min/1.73m>

Creatinine, pmol/L; median (IQR)
Potassium, mmol/L; median (IQR)

CRP, mg/L; median (IQR)

White blood cell count, 10°/L; median (IQR)
B-lymphocytes, 10°/L; median (IQR)
Neutrophils, 10°/L; median (IQR)
Thrombocytes, 10°/L; median (IQR)

Total (n = 60) Chloroquine (n = 20) Controls (n = 40) P-value
13 (10-15) 14 (10-15) 12 (10-14) 0.231
14.4 (8.0-47.3) 10.8 (7.4-22.8) 17.9 (8.0-55.1) 0.111
349 (132-1000) 399 (143-1235) 349 (130-765) 0.784
77% (59-71) 76 (67-86) 78° (58-92) 0.848
78 (71-102) 86 (74-94) 77° (71-105) 0.749
4.0* (3.7-4.3) 4.2 (3.9-4.4) 4.0 (3.7-4.2) 0.365
135° (73-260) 180 (63-300) 1254 (79-188) 0.399
7.8 (5.8-10.1) 7.5 (5.8-9.5) 8.3 (6.0-10.3) 0.351
1.0 (0.8-1.3) 1.1 (0.9-1.3) 1.0 (0.8-1.2) 0.162
6.4 (4.5-8.7) 5.5 (4.2-7.9) 6.8 (4.7-8.8) 0.154
240° (166-363) 271 (216-385) 2307 (162-347) 0.152

IQR = interquartile range, eGFR = estimated glomerular filtration rate, CRP = C-reactive protein, NT-proBNP = N-terminal prohormone of brain natriuretic peptide.

? Data available for 59 patients.
® Data available for 39 patients.
¢ Data available for 58 patients.
4 Data available for 38 patients.
¢ Data available for 54 patients.
f Data available for 34 patients.

https://doi.org/10.1371/journal.pone.0256035.t002

Table 3. ECG analyses of 41 participants.

QTc-time > 460 ms; no (%)
QTc-time > 480 ms; no (%)
ST-segment abnormality

T-wave inversion

All data were retrospectively collected between April and August 2020. The data was not anon-
ymized when compiled by the authors, but was anonymized before statistical analysis.

3. Results

In the six weeks between 26 February and 15 April 2020, a total of 226 patients were admitted
to the Department of Infectious Diseases, Sahlgrenska University Hospital with a diagnosis of
COVID-19. Twenty-five of them were administered chloroquine, five of whom were excluded
from our study because their cardiac markers had not been analyzed or no stored serum sam-
ples were available from their treatment period. The remaining 20 patients comprised the chlo-
roquine arm. Forty matched controls who had not undergone chloroquine treatment were
also included.

The groups were demographically similar, with a median (interquartile range [IQR]) age of
61 (51-72) years in the study group, compared with a median age (IQR) of 60 (50-70) years in
the control group (Table 1). In the study group there were 17 (85%) men, while there were 32
(80%) men in the control group. The median body mass index (BMI) was 29 in both groups.
Five (25%) patients in the study group and eight (18%) in the control group had a history of

Total (n = 41) Chloroquine (n = 10) Controls (n = 31) P-value
9(22) 4 (40) 5(16) 0.185
4(10) 1(10) 3(10) 1.000

3(7) 0 3(10) 0.564
18 (44) 2 (20) 16 (52) 0.142

ECG = electrocardiogram, QTc = corrected QT interval, ms = milliseconds.

* ST-segment depression 2, ST-segment elevation 1.

https://doi.org/10.1371/journal.pone.0256035.t003
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heart disease. Ischemic heart disease was present in one (14%) patient with elevated cTnT in
the study group, whereas four patients (57%) had a cardiovascular risk factor (diabetes, hyper-
tension and/or hyperlipidemia). In the control group there were four (17%) patients with ele-
vated cTnT and ischemic heart disease, and 16 (70%) patients with a cardiovascular risk factor.
Two (10%) patients in the study group and three (8%) in the control group were taking medi-
cation known to potentially affect QT-interval (2 alfuzosin, 2 escitalopram, 1 tacrolimus).
There were similar rates of disease severity in both groups: 5% with mild, 20% with moderate,
and 75% with severe COVID-19. Among patients receiving chloroquine, 13 (65%) required
invasive mechanical ventilation compared to 23 (58%) of the controls. The overall in-hospital
mortality rate was 18% (n = 11) with three deaths occurring in the study group and eight in the
control group.

Median (IQR) duration of treatment with chloroquine was 5 (3-8) days, and the median
total dosage was 5250 (3000-7500) mg. Time between onset of symptoms and first day of treat-
ment was a median (IQR) of 10 (8-13) days.

The details of the biochemical analyses are presented in Table 2. Median (IQR) time
between symptom onset and sampling of cardiac biomarkers was 14 (10-15) days in the study
group and 12 (10-14) days in the control group. All other biochemical variables were recorded
as closely as possible in time to that of the cardiac markers. There were no statistically signifi-
cant differences in any of the variables analyzed. For patients receiving chloroquine, cTnT lev-
els were in median (IQR) 10.8 (7.4-22.8) ng/L, and 17.9 (8.0-55.1) ng/L for the controls. Seven
(35%) patients in the study group and 23 (58%) controls had elevated cTnT (> 13.9 ng/L). Fig
1 shows the relative importance of several variables in predicting elevation in ¢cTnT. Treatment
with chloroquine had a low relative importance, whereas eGFR, neutrophils, comorbidity, and
APPT had high relative importance on cTnT levels.

Median (IQR) NT-proBNP was 399 (143-1235) ng/L in the study group and 349 (130-765)
ng/L in the control group. Ten (50%) patients had NT-proBNP values that did not indicate
heart failure, and 10 (50%) patents in the study group had possible or probable heart failure.
There were 23 (58%) patents with no heart failure, and 17 (43%) patents with possible or prob-
able heart failure, in the control group.

ECGs were performed in ten patients on chloroquine treatment and in 31 controls
(Table 3). There were no significant differences in QT¢ interval prolongation, ST-segment
abnormalities, or T-wave inversion. Three patients had their ECGs performed before and after
initiation of chloroquine. In one of these patients, QT¢ interval went from normal to patho-
logic, increasing from 456 milliseconds (ms) to 473 ms. In the other two, the QTc interval
remained the same in one and increased by five ms in the other patient, none of the increases
being pathologic. Abnormalities in ST-segment were not present in any of the ECGs. However,
T-wave inversion appeared in two patients after initiation of treatment.

4. Discussion

We have examined biomarkers of ischemic heart injury and heart failure in patients with vary-
ing severities of COVID-19 who either received or did not receive treatment with chloroquine
phosphate. In this small study population, we found no significant differences in cTnT or NT-
proBNP levels between patients who received chloroquine phosphate and those who did not,
indicating that chloroquine had no general effect on cardiac biomarkers.

The COVID-19 outbreak is a global pandemic with considerable mortality. Effective and
well-tolerated treatments are therefore urgently needed. The old anti-malarial drug chloro-
quine phosphate was one of the first pharmaceuticals to be widely used against COVID-19,
based on positive preliminary reports from China and France [12, 15]. It was immediately
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B_lymphocytes -
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T_wave_invers -
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INR -
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Magnesium -
Procalcitonin -
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QT_time -
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Ddimer -
COVID_severity -
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rel.imp
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Variable importance
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e
33
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Fig 1. Relative importance of predictors of cardiovascular involvement. eGFR = estimated glomerular filtration rate,

comorbidity = numbers of comorbidities, APTT = activated partial thromboplastin time, INR = international normalized ratio,
T_wave_invers = T-wave inversion, Chlor_phosph_days = number of days with chloroquine phosphate, CV_risk_factor =
cardiovascular risk factors (hypertension, diabetes, dyslipidemia), Chlor_phosph_init = days since symptom onset when chloroquine
phosphate was initiated, Blood_test_day = day since symptom onset when blood samples were collected, BMI = body mass index,
Chlorphosph = treatment with chloroquine phosphate, Heart_disease = type of previous heart disease specified (cardiac arrhythmia 7,
valvular heart disease 2, ischemic heart disease 6, congestive heart failure 1), Chlor_phosph_dose = total dose of chloroquine phosphate.
Missing data: eGFR 1, APTT 21, thrombocytes 6, heart rate 19, INR 21, potassium 1, T wave inversion 19, CRP 2, BMI 18, magnesium
34, procalcitonin 34, QTc time 19, QT time 19, d-dimer 33, ST abnormalities 19, rhythm 19. Relative variable importance was calculated
using a generalized boosted regression model.

https://doi.org/10.1371/journal.pone.0256035.9001

adopted in most countries, including Sweden. However, doubts were soon raised about the
safety of the drug. The Department of Infectious Diseases at Sahlgrenska University Hospital
was among the first clinics to stop using chloroquine at the end of March 2020, because of the
lack of evidence that it was effective and its potential for causing severe adverse events. In early
April, a small French study [21] could not demonstrate the positive effects on viral clearance
that had been reported earlier [15]. Doubts about using chloroquine to treat COVID-19
patients were soon raised because of reports of severe adverse events and inconclusive data on
clinical effects [22]. Descriptions of the adverse effects of chloroquine became more frequent
and several countries discontinued its use as a standard treatment for COVID-19. There were
at least 11 active (recruiting or not-yet recruiting) clinical trials of chloroquine as a treatment
for COVID-19 (prophylactic or treatment of active disease) registered at clinicaltrials.gov on
18 June 2021 [23]. However, several clinical trials were halted as the positive preliminary
reports of its efficacy failed to be confirmed in several studies [18, 20]. Chloroquine treatment
of COVID-19 is no longer supported by most clinicians. Nevertheless, it may well be of interest
in future pandemics/virus outbreaks given that it has had historical interest for other infectious
diseases such as SARS [24], influenza [25], yellow fever [26], and HIV [27].
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To the best of our knowledge, ours is the first study to analyze markers of heart failure and
ischemic injury in patients treated with chloroquine phosphate for COVID-19. A pre-pan-
demic review from 2018 reported that 8/127 patients receiving long-term treatment with
hydroxychloroquine and/or chloroquine had elevated cTnT, and 21/46 patients had an ejec-
tion fraction less than 40%, indicating mild-to-severe heart failure [28]. In our study, we could
find no increased risk of elevated cTnT among patients who received chloroquine phosphate
as compared to those who did not, and the slightly elevated NT-proBNP levels indicating pos-
sible or probable heart failure (50% in the study group versus 43% in the control group) were
not statistically significant. Moreover, our analyses of ECGs showed no significant differences
in signs of ischemic heart injury. Treatment duration in the pre-pandemic study was approxi-
mately seven to eight years longer than in our study, and the risk of heart failure may increase
with long-term treatment. Thus far, there is no evidence of increased risk for ischemic heart
injury during short-term treatment with chloroquine phosphate, and the risk for ischemic
injury over long-term treatment appears to be only slightly elevated.

Several studies have shown an increased risk of cardiovascular events during lower respira-
tory tract infections [29, 30], and specifically during infection with SARS-CoV-2 [3, 31], a find-
ing supported by the high number of patients with elevated cTnT and NT-proBNP in both
groups in our study. In a machine learning-based analysis of predictors of elevated cTnT, we
found that chloroquine had a low relative importance, whereas factors such as kidney function,
neutrophils, comorbidity, and APTT had high relative importance. Age and thrombocytes
were of moderate relative importance. Elevated creatinine at admission was found to be a pre-
dictor of myocardial injury in COVID-19 in another retrospective analysis [32], and studies
have shown that patients with chronic kidney disease generally have higher ¢TnT levels [33].
Increased APTT, coagulopathy, inflammation, and advanced age have previously been shown
to be associated with myocardial injury during COVID-19 infection [34, 35]. Risk factors for
cardiovascular disease were present in most patients with elevated cTnT levels, a finding sup-
ported by a previous study in which myocardial injury was seen to be significantly more com-
mon in COVID-19 patients with chronic coronary syndromes than in patients without [36].
Therefore, while it is difficult to distinguish the cause of myocardial injury among our partici-
pants, it is recommendable that chloroquine be used with caution specifically in patients with
previous cardiovascular disease, impaired kidney function, and advanced age, until further
research has been done.

The pharmacological effects of chloroquine phosphate in cardiac toxicity that have been
recognized thus far involve an impact on the electrophysical properties of the heart, such as
blocking potassium channels, which in turn could cause drug-induced long QT-syndrome [9].
In the pre-pandemic review cited earlier [28], electrophysical conduction disorders were
reported in 85% of patients receiving hydroxychloroquine and/or chloroquine for various
inflammatory and infectious diseases. Of 91 patients with COVID-19 receiving hydroxychlor-
oquine and azithromycin, 23% had significant QTc prolongation in a retrospective study [37].
This has been confirmed in further studies, that included individuals with suspected torsade
de pointes [16]. Researchers studying patients with COVID-19 receiving hydroxychloroquine
as monotherapy found that 19% developed prolonged QTc of 500 ms and 3% had an increase
in QTc—time of 60 ms [17]. A retrospective study of 397 patients with COVID-19 treated with
chloroquine [38] showed that the QTc interval gradually increased during the treatment
period, probably due to the drug’s long half-life of 1.6 days. On the contrary, a multicenter
study of 649 COVID-19 patients receiving hydroxychloroquine found only a modest QT¢ pro-
longation [39]. Factors identified as predictors of prolonged QTc-time during treatment with
the combination hydroxychloroquine and azithromycin include increased troponin, older age,
congestive heart failure, and higher admission creatinine [40]. In our study, where ECGs
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unfortunately were only available for 41 patients, we could not see any significant differences
in QTc prolongation or signs of ischemic heart injury when comparing patients with and with-
out chloroquine treatment. However, one of the three patients with a baseline ECG, and a sec-
ond ECG taken while treated for COVID-19 developed a pathologic QTc prolongation,
indicating a potential risk of severe arrythmia in using chloroquine to treat COVID-19.

Our study has several limitations. One major limitation is the small sample size, which
makes statistical comparisons uncertain. As data was collected retrospectively, we were unable
to measure serum concentrations of chloroquine phosphate. Since there was no systematic
ECG collection, we did not have baseline and follow-up ECGs for most of the patients studied.

5. Conclusions

We found no differences in acute ischemic heart injury or heart failure in our relatively small
sample of hospitalized patients with COVID-19, whether they received treatment with chloro-
quine phosphate or not. ECG findings from the even smaller number of patients who had
ECGs performed showed no differences regarding QTc prolongation or signs of ischemic
heart injury. However, in the absence of large-scale studies, chloroquine treatment for
COVID-19 infection cannot be considered safe with regard to myocardial infarction and heart
failure. Therefore, it cannot be recommended at the present time that chloroquine be used to
treat COVID-19 outside of clinical trials, considering the lack of evidence of its efficacy and
the elevated risk it presents for arrythmia and sudden cardiac death.
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