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Abstract: In light of the favorable outcomes of few small, non-randomized clinical studies, the
Food and Drug Administration (FDA) has issued an Emergency Use Authorization (EUA) to
Hydroxychloroquine (HCQ) for hospitalized coronavirus disease 2019 (COVID-19) patients. In
fact, subsequent clinical studies with COVID-19 and HCQ have reported limited efficacy and poor
clinical benefits. Unfortunately, a robust clinical trial for its effectiveness is not feasible at this
emergency. Additionally, HCQ was suspected of causing cardiovascular adverse reactions (CV-AEs),
but it has never been directly investigated. The objective of this pharmacovigilance analysis was to
determine and characterize HCQ-associated cardiovascular adverse events (CV-AEs). We performed
a disproportionality analysis of HCQ-associated CV-AEs using the FDA adverse event reporting
system (FAERS) database. The FAERS database, comprising more than 11,901,836 datasets and
10,668,655 patient records with drug-adverse reactions, was analyzed. The disproportionality analysis
was used to calculate the reporting odds ratios (ROR) with 95% confidence intervals (CI) to predict
HCQ-associated CV-AEs. HCQ was associated with higher reporting of right ventricular hypertrophy
(ROR: 6.68; 95% CI: 4.02 to 11.17), left ventricular hypertrophy (ROR: 3.81; 95% CI: 2.57 to 5.66),
diastolic dysfunction (ROR: 3.54; 95% CI: 2.19 to 5.71), pericarditis (ROR: 3.09; 95% CI: 2.27 to 4.23),
torsades de pointes (TdP) (ROR: 3.05; 95% CI: 2.30 to 4.10), congestive cardiomyopathy (ROR: 2.98;
95% CI: 2.01 to 4.42), ejection fraction decreased (ROR: 2.41; 95% CI: 1.80 to 3.22), right ventricular
failure (ROR: 2.40; 95% CI: 1.64 to 3.50), atrioventricular block complete (ROR: 2.30; 95% CI: 1.55
to 3.41) and QT prolongation (ROR: 2.09; 95% CI: 1.74 to 2.52). QT prolongation and TdP are most
relevant to the COVID-19 treatment regimen of high doses for a comparatively short period and
represent the most common HCQ-associated AEs. The patients receiving HCQ are at higher risk
of various cardiac AEs, including QT prolongation and TdP. These findings highlight the urgent
need for prospective, randomized, controlled studies to assess the risk/benefit ratio of HCQ in the
COVID-19 setting before its widespread adoption as therapy.

Keywords: Hydroxychloroquine; QT prolongation; torsades de pointes; cardiac dysfunction;
pharmacovigilance analysis; arrhythmias; COVID-19; cardiovascular adverse events

1. Introduction

We are amidst the global coronavirus disease 2019 (COVID-19) pandemic caused by the novel
severe acute respiratory syndrome (SARS)-like coronavirus (SARS-CoV-2) [1]. This global pandemic is
a serious threat to public health and economic stability. The staggering scale of this disease is now an
undisputed fact. This is evident by more than 6.7 million confirmed cases and over 397,388 deaths
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worldwide [2]. As of the first week of June 2020, more than 2 million infections and 112,549 deaths have
been confirmed in the USA alone. Furthermore, these numbers are increasing rapidly. The coronavirus
disease illness varies from simple cold symptoms to severe acute respiratory complications. According
to a recent report, 80% of patients show symptoms of mild illness, whereas, in 2.3% of cases, the disease
is fatal. However, the fatality rate ranges from 8–14.8% in elderly patients (70–79 years) [3]. Once the
patient develops severe respiratory complications, and need intensive care and mechanical respiratory
assist device (ventilator), the fatality rates goes up to 40–60%.

This extraordinary global public health crisis has challenged the scientist, clinicians, and
drug regulatory agencies worldwide to accelerate the development, clinical trial, approval, and
implementation of experimental drugs, as well as repurposing of existing therapeutics. Among the
numerous therapeutics as potential repurposing candidates for COVID-19, the antimalarial drug
hydroxychloroquine (HCQ) has gained significant attention due to favorable outcomes from a few
early, small-sized, non-randomized clinical trials [4,5] and evidence from an in vitro experiment [6].
The quick availability and low cost also favor the HCQ. HCQ is an analog of old anti-malarial drug
chloroquine (CQ), first synthesized in 1946 by introducing a hydroxyl group (-OH) on CQ. HCQ acts
as a weak base and an immunomodulator [7]. Moreover, HCQ is a multipurpose pharmacological
drug which is still widely available to treat various kinds of malaria and autoimmune diseases such as
systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) [8]. As a weak lipophilic base, HCQ
increases lysosomal pH that interferes with the pH-dependent mechanism of virus replication in target
cells. Additionally, HCQ-induced impairment in pH also slows down the immune cells functioning by
inhibiting the intracellular processing [9]. Furthermore, being a diprotic week base, HCQ can easily
pass plasma membranes and blocks the activity of Toll-like receptor 9 (TLR-9) and Toll-like receptor 7
(TLR-7) to reduce the activation of Dendritic cells (DC) and inflammatory processes [10]. Due to its
mechanism of action as a weak base and anti-inflammatory agent, it was easy to put the idea forward
that HCQ may be an efficient drug against COVID-19.

As expected, HCQ showed anti-SARS-CoV activity in vitro by inhibiting the ACE2
receptor-mediated entry of the virus [6]. These findings prompted the initiation of multiple clinical
trials worldwide to test the efficacy and safety of HCQ against COVID-19. A ClinicalTrials.gov
search on 27 April, 2020 with the term “hydroxychloroquine and COVID”, resulted a list of
140 ongoing clinical trials in various countries (https://clinicaltrials.gov/ct2/results?cond=COVID&
term=hydroxychloroquine&cntry=&state=&city=&dist=). The outcome of few early trials with
comparatively small sample sizes have shown promising results of HCQ treatment against
COVID-19 [4,5,11]. In light of the favorable outcome of these small trials, the Food and Drug
Administration (FDA), the primary drug regulatory authority of the US, issued an Emergency Use
Authorization (EUA) to HCQ for the treatment of the hospitalized COVID-19 patients. As a result,
many USA hospitals had used HCQ as first-line therapy for hospitalized COVID-19 patients despite
minimal clinical data supporting its effectiveness and safety. However, in light of the new clinical
development regarding the HCQ-associated cardiovascular disease (CVD) safety concern, the focus has
certainly shifted away from HCQ for COVID-19 patients. In fact, several recent clinical trials have found
increased death in the HCQ-treated arm compared to standard care [4,5]. A 368-COVID-19-patient
study, published on a preprint server on 21 April, 2020, reported increased overall mortality in the
HCQ-treated group [12]. Furthermore, HCQ alone or with azithromycin did not reduce the need for
mechanical ventilation [13]. A double-blinded trial conducted in Brazil found chloroquine (CQ) to be
so dangerous at high doses (600 mg CQ twice daily for 10 days) that the trial was halted prematurely
due to increased death in CQ-treated patients [14]. The study found that one-quarter of the patients in
the CQ arm developed QTc prolongation and fatal arrhythmias. Indeed, there was no benefit regarding
efficacy. Taking note of these new clinical developments, on 24 April, 2020, the FDA released a
cautionary note against the use of HCQ or CQ for COVID-19 outside of the hospital setting or a clinical
trial due to the risk of abnormal heart rhythms such as QT interval prolongation and a dangerously
rapid heart rate (ventricular tachycardia) [15]. In this release, the FDA acknowledged that EUA was
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based upon limited evidence regarding benefit, and its use should be limited to hospitalized patients
under careful heart monitoring. Of note, several serious adverse events, including severe allergic
reactions and other cardiac problems, have been reported in patients receiving HCQ [3,16]. HCQ can
block a crucial potassium channel involved in the maintenance of the heart’s electrical recharging
system (ERS) [11,17]. A prolonged QT interval following HCQ use indicated that the drug could
interfere with the heart’s rhythm and result in a fatal cardiac adverse event (AE) and torsades de pointes
(TdP) in susceptible individuals [16,18]. Currently, several preprints and published papers indicate
that about 20–44% of COVID-19 patients develop cardiac complications, including arrhythmias [19,20].
Nevertheless, the rising infection rate of COVID-19 patients, coupled with the widespread use of
HCQ, could amplify the incidence of cardiac complications in patients and add to the increasing toll of
individuals succumbing to the disease. Furthermore, these risks may increase when HCQ is combined
with other medicines known to prolong the QT interval, including the antibiotic azithromycin.

Taken together, the current data supporting the use of HCQ against COVID-19 include evidence
of in vitro activity against SARS-CoV2 and limited clinical research. Hence, there is an urgent need
to obtain insights regarding HCQ’s efficacy and safety. Therefore, we performed the first extensive
analysis of cardiac adverse reactions of HCQ using the FDA Adverse Event Reporting System (FAERS)
pharmacovigilance database and individual case safety reports. We report a high prevalence of right
ventricular hypertrophy, left ventricular hypertrophy, diastolic dysfunction, pericarditis, torsades de
pointes, congestive cardiomyopathy, ejection fraction decreased, atrioventricular block complete, QT
prolongation and right ventricular failure in HCQ-treated patients. Our findings from this extensive
analysis of a large database provide a cautionary note for the potential adverse cardiac effects of HCQ,
which likely to be further amplified in COVID-19 patients.

2. Methods

2.1. Study Design and Data Sources

This retrospective analysis has used FAERS pharmacovigilance monitoring database to analyze
adverse reactions related to HCQ. We extracted the pertinent data of HCQ from the FAERS database to
perform pharmacovigilance disproportionality analysis. This study involves data queries between
29 May, 1998 (FDA approval) [21] to 31 December, 2019, for HCQ. We adopted the validated
pharmacovigilance tool [22–24], OpenVigil (version 2.1), to query FAERS database [25,26]. OpenVigil 2.1
has been designed for complete case analysis and is superior for analyses of disproportionality, as it
uses cleaned FDA data by removing duplicates and incomplete reports [25]. Data in the event report
(also called individual case safety report (ICSR)) include case ID, suspected drug, indication, adverse
events, event date, serious outcomes, reporter country, and reporter type. These reports also include
the sex (male, female, or unknown) and age of the patient, but do not include their name and date
of birth.

2.2. Procedures

This observational retrospective study involved queries of adverse events, according to the
Medical Dictionary for Regulatory Activities (MedDRA). MedDRA provides a single, standardized
international medical terminology that can be used for regulatory communication and evaluation of
the data on medicinal products from clinical trials to post-marketing surveillance. It has a hierarchical
structure of adverse events terminologies from Standardized MedDRA Queries (SMQs) to Preferred
Terms (PTs). We first performed queries for adverse events SMQs for HCQ from 1998 (post-FDA
approval) to 2019. Since this study is focused on cardiac safety profile, the following queries were based
on PTs for cardiovascular adverse events (CV-AEs). To minimize indication bias, we only performed
analysis suspected to be caused by HCQ, not by disease state for which it has been prescribed. The
complete list of adverse events data (PTs list, SMQ list and ICSRs) will be shared on request to the
corresponding author.
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2.3. Statistical Analysis

The FAERS database allows for case/non-case analysis, which we have used to compare the
risk of CV-AEs associated with HCQ treated cases against CV-AEs reported from other drugs in the
entire database. A disproportionality analysis was performed using the reporting odds ratio (ROR)
(Supplementary Table S1). The ROR compares the potentially increased risk of adverse events reported
with a single drug (e.g., HCQ) with the same adverse events for control group drugs (i.e., the entire
database). A specific adverse event with a higher ROR score for a drug suggests a higher chance of
detrimental event induction to the patients compared to all other drugs. According to the criteria
of Evans [27,28], the ROR signal was considered positive when the number of cases > 3, Chi square
values > 4, lower limit of 95% confidence interval (CI) > 1.0, and the ROR value was >2.0. We have
performed the analyses using SPSS (version 25.0) and Microsoft excel 2016.

3. Results

3.1. Cardiovascular Adverse Events Signal Determined for HCQ Using FAERS Database

Emerging clinical data have suggested significant cardiac syndrome during COVID-19
infection [19,29,30]. Therefore, the adverse impact of HCQ during COVID-19 infection, especially
cardiac-associated toxicities, is mysterious. To fill the gap between HCQ-mediated cardiotoxicities and
how it could affect during COVID-19 treatment, we performed a search query for all SMQs associated
with HCQ versus the entire database since its FDA approval from 1998 to 2019. To reduce redundancies
and common symptoms for cardiovascular complications, MedDRA has broadly classified it into
SMQs. The SMQ analyses of adverse events based on number are summarized in Table 1 with their
RORs (95% CI). Using this strategy, we identified nine SMQs with statistically significant RORs for
HCQ against the entire database. HCQ was associated with higher reporting of cardiomyopathy, as
depicted by elevated ROR (3.04, 95% CI: 2.69 to 3.44). SMQs with higher ROR values are summarized
in Supplementary Table S2.

Table 1. Signal strength for Hydroxychloroquine at the Standardized MedDRA Query (SMQ) level in
Food and Drug Administration Adverse Event Reporting System (FAERS) database.

Adverse Event SMQ Term Number of Events ROR (95% CI)

Noninfectious diarrhoea 1150 1.51 (1.42–1.69)
Retinal disorders 577 3.9 (3.59–4.24)

Hypertension 544 0.98 (0.90–1.06)
Interstitial lung disease 522 3.27 (3.00–3.57)

Gastrointestinal ulceration 498 1.72 (1.58–188)
Acute renal failure 454 0.73 (0.67–0.80)

Severe cutaneous adverse reactions 388 2.32 (2.10–2.57)
Gastrointestinal nonspecific dysfunction 336 1.35 (1.21–1.51)

Agranulocytosis 307 1.40 (1.25–1.57)
Oropharyngeal infections 293 2.51 (2.24–2.82)

Acute central respiratory depression 270 1.05 (0.93–1.18)
Cardiomyopathy 259 3.04 (2.69–3.44)

Chronic kidney disease 244 0.52 (0.46–0.59)
Anaphylactic reaction 186 1.04 (0.90–1.20)

Vasculitis 176 3.04 (2.62–3.53)
Conjunctival disorders 159 1.79 (1.53–2.09)

Pulmonary hypertension 151 1.64 (1.39–1.92)
Gastrointestinal nonspecific inflammation 145 1.06 (0.90–1.25)

Eosinophilic pneumonia 111 2.80 (2.32–3.37)
Ocular infections 106 2.26 (1.87–2.74)

Biliary tract disorders 95 0.79 (0.65–0.97)
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Table 1. Cont.

Adverse Event SMQ Term Number of Events ROR (95% CI)

Hyponatraemia 68 0.65 (0.51–0.82)
Pseudomembranous colitis 66 1.48 (1.16–1.89)

Proteinuria 65 1.82 (1.43–2.32)
Corneal disorders 53 1.91 (1.46–2.50)

Haemolytic disorders 40 0.94 (0.69–1.28)
Guillain-Barre syndrome 24 2.42 (1.62–3.61)

Data highlighted in red show significant signals, reporting odds ratio (ROR), and its 95% confidence interval (95% CI)
for Standardized MedDRA Queries (SMQs) associated with hydroxychloroquine (HCQ).

Next, we conducted the queries for PTs, which is a distinct descriptor (single medical concept)
for a symptom, sign, and disease diagnosis. The query resulted in a comprehensive list of adverse
event PTs for HCQ as compared with the entire database (from 1998–2019). We narrowed down the list
with cardiac-related adverse events, shown in Table 2. In the respective duration, the total number
of adverse events (AEs) in the FAERS database was 7,687,270. Of those, the AEs related to HCQ
were 29,782. As detailed in Table 2, HCQ was associated with higher reporting of right ventricular
hypertrophy (RVH) (ROR: 6.68; 95% CI: 4.02 to 11.17), left ventricular hypertrophy (LVH) (ROR: 3.81;
95% CI: 2.57 to 5.66), diastolic dysfunction (DD) (ROR: 3.54; 95% CI: 2.19 to 5.71), pericarditis (ROR:
3.09; 95% CI: 2.27 to 4.23), torsades de pointes (TdP) (ROR: 3.05; 95% CI: 2.30 to 4.10), congestive
cardiomyopathy (CC) (ROR: 2.98; 95% CI: 2.01 to 4.42), ejection fraction decreased (EF Dec) (ROR: 2.41;
95% CI: 1.80 to 3.22), right ventricular failure (RVF) (ROR: 2.40; 95% CI: 1.64 to 3.50), atrioventricular
block complete (AV Block) (ROR: 2.30; 95% CI: 1.55 to 3.41) and electrocardiogram QT-prolonged
(QT prolongation) (ROR: 2.09; 95% CI: 1.74 to 2.52). Other major cardiovascular adverse events like
pericardial effusion, atrial fibrillation, and myocardial infarction were not significantly associated with
HCQ treatment.

Table 2. Signal strength of cardiovascular complications of Hydroxychloroquine at the Preferred Terms
level in Food and Drug Administration Adverse Event Reporting System (FAERS) database.

Adverse Events (AE) AEs Due to
Hydroxychloroquine

AEs Reported in Full
Database (from 1998–2019) ROR (95% CI)

Right ventricular hypertrophy 15 577 6.68 (4.02–11.17)
Left ventricular hypertrophy 25 1688 3.81 (2.57–5.66)

Diastolic dysfunction 17 1236 3.54 (2.19–5.71)
Pericarditis 40 3324 3.09 (2.27–4.23)

Torsade de pointes 44 3704 3.05 (2.30–4.10)
Congestive cardiomyopathy 25 2160 2.98 (2.01–4.42)
Ejection fraction decreased 46 4921 2.41 (1.80–3.22)

Right ventricular failure 27 2897 2.40 (1.64–3.50)
Atrioventricular block complete 25 2794 2.30 (1.55–3.41)

Electrocardiogram QT-Prolonged * 115 14,148 2.09 (1.74–2.52)
Pericardial Effusion 52 8360 1.6 (1.2–2.1)
Atrial Fibrillation 115 32,481 0.9 (0.8–1.1)

Myocardial Infarction 260 123,095 0.5 (0.5–0.6)

Reporting odds ratio (ROR) and its 95% confidence interval (95% CI) were calculated for cardiovascular adverse
drug events (CV-AEs) associated with hydroxychloroquine versus the entire FAERS database. The significant
signals for CV-AEs are highlighted in red. * Electrocardiogram-QT prolonged has been referred as QT Prolongation
throughout the manuscript.

3.2. Characteristics of Patients and Outcomes

To better characterize clinical features of HCQ-related cardiovascular AEs, we extracted the
individual case safety reports linked with particular AEs. As shown in Table 3, QT prolongation
represents the third most common HCQ-associated AE followed by ejection fraction decreased and
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torsades de pointes. HCQ was the primary suspect (>65%) in the most reports but not in case
of pericarditis and right ventricular failure, which represents a higher percentage (>60%) of the
accompanying role of HCQ. The maximum peak in reporting of hospitalization (68.18%) was reported
in patients having torsades de pointes after receiving HCQ treatment. In contrast to torsades de
pointes, QT prolongation had 45.22% hospitalization rate and 36.52% life-threatening outcomes. Right
ventricular hypertrophy and Right ventricular failure account for the maximum death percentage
(46.66% and 51.85%, respectively) of patients treated with HCQ. The majority of cases in HCQ-associated
AEs were reported from the USA, but other countries also have a significant pool of HCQ recipients
with these cardiotoxicities. The females having AEs due to HCQ were in preponderance, and patients
from all age groups were encountered the AEs. QT prolongation was the only adverse event that
occurred in patients under 18 years of age.

Additionally, our data suggested that drug-associated cardiotoxicities were often related to
concurrent contributing AEs (Figure 1). The findings presented herein suggest a direct co-relation
of cardiotoxicities with HCQ recipients who had QT prolongation with a shared pool of patients of
torsades de pointes and declined ejection fraction (Supplementary Table S3). It is well reported that
HCQ falls under the category of QT prolongation medicine [31]. In summary, our findings suggest
that HCQ possesses an inherent adverse CVD signal that could further amplify the COVID-19-induced
cardiovascular complications. Therefore, we propose detailed cardiac monitoring for COVID-19
patients before and during the HCQ treatment regimen.
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Figure 1. Overlap of cardiovascular adverse events (CV-AEs) associated with Hydroxychloroquine
in Food and Drug Administration Adverse Event Reporting System (FAERS) database. Overlap
between electrocardiogram QT-prolonged, torsades de pointes, and ejection fraction decreased. Due to
diagram limitations, the other CV-AEs overlaps are not displayed. The grey section represents common
cases between electrocardiogram QT-prolonged and torsades de pointes, light blue section represents
common cases between torsades de pointes and ejection fraction decreased, and dark blue represents
common cases between electrocardiogram QT-prolonged and ejection fraction decreased. Black section
depicts common cases between electrocardiogram QT-prolonged, torsades de pointes and ejection
fraction decreased.
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Table 3. Characteristics of adverse events reports related to hydroxychloroquine from 1998 to 2019.

Type of
Adverse Event

Right Ventricular
Hypertrophy (%)

Torsades de
Pointes (%)

Pericarditis
(%)

Electrocardiogram
QT-Prolonged (%)

Left Ventricular
Hypertrophy (%)

Diastolic
Dysfunction

(%)

Congestive
Cardiomyopathy

(%)

Ejection
Fraction

Decreased (%)

RV
Failure

(%)

AV Block
Complete

(%)

Number of cases 15 44 40 115 25 17 25 46 27 25

Indication

SLE 5 (33.33) 10 (22.72) 10 (25) 27 (21.73) 15 (60) 7 (41.17) 7 (28) 14 (30.43) 2 (7.40) 8 (32)

RA 2 (13.33) 6 (13.63) 2 (5) 12 (10.43) 3 (12) 5 (29.41) 7 (28) 4 (8.69) 2 (7.40) 4 (16)

Other/Unknown 8 (53.33) 28 (63.63) 28 (70) 76 (66.08) 7 (28) 5 (29.41) 11 (44) 28 (60.86) 23 (85.18) 13 (52)

Gender

Male 3 (20) 6 (13.63) 12 (30) 13 (11.30) 21 (84) 2 (11.76) 5 (20) 11 (23.91) 0 (0) 2 (8)

Female 11 (73) 33 (75) 25 (62.5) 81 (70.43) 4 (16) 15 (88.24) 19 (76) 34 (73.91) 23 (85.18) 21 (84)

Unknown 1 (6.66) 5 (11.36) 3 (7.5) 21 (18.26) 0 (0) 0 (0) 1 (4) 1 (2.17) 4 (14.81) 2 (8)

Age (Year)

<18 0 (0) 0 (0) 0 (0) 8 (6.9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

18–44 0 (0) 18 (40.90) 7 (17.50) 53 (46.08) 1 (4) 0 (0) 5 (20) 15 (32.60) 8 (29.62) 1 (4)

45–64 6 (40) 8 (18.18) 17 (42.5) 20 (17.39) 13 (52) 8 (47.06) 9 (36) 17 (36.95) 5 (18.51) 11 (44)

>65 5 (33.33) 11 (25) 1 (2.5) 9 (7.82) 11 (44) 7 (41.18) 6 (24) 12 (26.08) 8 (29.62) 6 (24)

Unknown 4 (26.66) 7 (15.90) 15 (37.5) 25 (21.73) 1 (4) 2 (11.76) 5 (20) 2 (4.34) 6 (22.22) 7 (28)

HCQ role code

Primary
Suspect 11 (73) 32 (72.72) 8 (20) 84 (73.04) 24 (96) 14 (82.35) 17 (68) 37 (80.43) 4 (14.81) 19 (76)

Secondary
Suspect 2 (13.33) 8 (18.18) 7 (17.5) 8 (6.95) 0 (0) 1 (5.88) 0 (0) 3 (6.52) 5 (18.51) 3 (12)

Concomitant 2 (13.33) 4 (9.09) 25 (62.5) 22 (19.13) 1 (4) 2 (11.76) 8 (32) 6 (13.04) 18 (66.66) 3 (12)

Interacting 0 (0) 0 (0) 0 (0) 1 (0.86) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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Table 3. Cont.

Type of
Adverse Event

Right Ventricular
Hypertrophy (%)

Torsades de
Pointes (%)

Pericarditis
(%)

Electrocardiogram
QT-Prolonged (%)

Left Ventricular
Hypertrophy (%)

Diastolic
Dysfunction

(%)

Congestive
Cardiomyopathy

(%)

Ejection
Fraction

Decreased (%)

RV
Failure

(%)

AV Block
Complete

(%)

Serious outcomes

Hospitalization 1 (6.66) 30 (68.18) 25 (62.5) 52 (45.22) 5 (20) 7 (41.18) 6 (24) 19 (41.30) 11 (40.74) 9 (36)

Life-threatening 1 (6.66) 9 (20.45) 0 (0) 42 (36.52) 1 (4) 0 (0) 3 (12) 5 (10.86) 0 (0) 2 (8)

Death 7 (46.66) 5 (11.36) 1 (2.5) 0 (0) 6 (24) 3 (17.65) 5 (20) 12 (26.08) 14 (51.85) 4 (16)

Other 6 (40) 0 (0) 14 (35) 21 (18.26) 13 (52) 7 (41.18) 11 (44) 10 (21.73) 2 (7.40) 10 (40)

Reporter Country

USA 8 (53.33) 28 (63.63) 22 (55) 66 (57.39) 5 (20) 5 (29.41) 4 (16) 25 (54.34) 13 (48.14) 8 (32)

Canada 5 (33.33) 0 (0) 1 (2.5) 3 (2.60) 15 (60) 7 (41.18) 0 (0) 2 (4.34) 1 (3.70) 3 (12)

Other
Countries 2 (13.33) 15 (34.09) 12 (30) 41 (35.65) 4 (16) 5 (29.41) 20 (80) 13 (28.26) 8 (29.62) 10 (40)

Not specified 0 (0) 1 (2.27) 5 (12.5) 5 (4.34) 1 (4) 0 (0) 1 (4) 6 (13.04) 5 (18.51) 4 (16)

Data last accessed on 24 April, 2020. Abbreviations: AV: Atrioventricular, USA: United States of America, HCQ: Hydroxychloroquine, SLE: Systemic lupus erythematosus, RA:
Rheumatoid arthritis.
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4. Discussion

The emergence of the COVID-19 pandemic situation urged the rapid screening of in-hand drugs
as a therapeutic option to control the devastating condition. During this endeavor, HCQ has gained
a lot of attention, both as a prophylactic as well as a treatment agent. In the same line, we performed
the first extensive clinical characterization of adverse cardiovascular reactions associated with HCQ
treatment by using the FAERS pharmacovigilance database and an in-depth analysis of individual case
safety reports. Our study provides evidence for the existence of HCQ-associated adverse cardiac effects,
which were unreported from the last decade due to diagnostic failure and lack of pharmacovigilance
analysis. The results from our study suggest a high prevalence of RVH, LVH, DD, pericarditis, torsades
de pointes, congestive cardiomyopathy, EF decreased, and RV failure. In our view, among these, QT
prolongation and torsades de pointes are most relevant to the COVID-19 treatment regimen of high
doses for a comparatively short period. We speculate that the onset of structural remodeling (e.g.,
hypertrophy) and EF decline may need chronic treatment and are more relevant to HCQ-mediated
AEs in systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) patients. This hypothesis is
supported by the recent CloroCOVID-19 trial in which a higher dosage of HCQ analog CQ (600 mg CQ
twice daily for 10 days) led to increased QTc prolongation and mortality compared to standard care [14].
Indeed, QT prolongation associated with HCQ treatment has already been labeled as a precaution on
recent emergency FDA approval [32] for COVID-19 patients. Thus, our findings are consistent with
the recent observation in a double-blinded, randomized clinical trial. As COVID-19 itself adversely
affects QT prolongation and arrhythmias, we believe that manifestation of these etiologies will be even
more severe to COVID-19 patients treated with HCQ.

Along with QT prolongation and arrhythmias, herein, we also discovered some novel
HCQ-mediated CVD adverse effects that have never been reported. We are the first to report
HCQ-associated RV hypertrophy, RV failure, and torsades de pointes. QT prolongation and arrhythmias
are consistent with the previous reports [31,33–35] and meta-analysis. Consistently, we also found that
several other cardiac adverse events, including pericardial effusion, atrial fibrillation, and myocardial
infarction, are not associated with HCQ in our analysis and served as negative controls.

Several clinical studies have reported the prevalence of CV complications in COVID-19 patients [36].
One of the commonly reported CV manifestations is arrhythmia. It is believed that the myocardial
damage caused by the adverse effects of the viral infection is the primary driver of arrhythmia
risk [36]. However, in a clinical trial of 138 hospitalized COVID-19 patients, a remarkable number
of arrhythmic cases were observed independent of acute cardiac injury [37]. This disparity suggests
the causal role of other factors such as preexisting conduction abnormalities or off-target effects of
pharmacological agents that might have enhanced the arrhythmic risk. It is noteworthy that HCQ has
previously shown the potential to develop conduction abnormalities [38]. Importantly, it is believed
that torsades de pointes (TdP) is a rare event in HCQ-treated patients. It can happen in patients having
certain susceptible conditions such as existing electrolyte abnormalities or concomitant treatment of
QT-prolonging drugs. However, in our analysis, TdP stood out as an independent, HCQ-associated
AE as depicted by a higher ROR value, and >70% of the positive cases where HCQ was the primary
suspected drug.

Our analysis identified new complications linked to the right ventricle due to HCQ treatment. RV
hypertrophy has the highest ROR signal (6.68) and mortality (46.66%) among patients treated with
HCQ. This suggests that patients receiving HCQ are at higher risk of developing RV hypertrophy. RV
failure was associated with a higher mortality rate (51.85%) and significant ROR (2.40). It should be
noted here that, in the case of RV failure, HCQ played the role of concomitant medication in 66.66%
of cases and still posed a greater risk to patients, which resulted in the highest mortality. Given that
cardiac hypertrophic growth is generally an adaptive response of chronic workload or cardiac injury,
it is conceivable that HCQ-associated hypertrophic cardiomyopathy may relate to long-term HCQ
treatment and/or preexisting CVD comorbidities in the patients.
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We also uncover a disproportionate association with diastolic dysfunction for HCQ. Diastolic
dysfunction manifests the stiffening of the heart leading to compromised relaxation and ventricular
filling defects, thus obscuring the heart failure. Various studies suggested that diastolic dysfunction is
usually accompanied by left ventricular hypertrophy [39]. As evidenced by increased ROR for both
AEs (LVH:3.81 and DD:3.54) with HCQ treatment, it is highly likely that patients are at an increased
risk of developing these AEs. Of note, HCQ was a primary suspect in >85% of cases associated with
these AEs and suggested that the development of diastolic dysfunction or LVH does not depend
upon preexisting cardiac complications. In addition to these CV-AEs, congestive cardiomyopathy
and ejection fraction decreases were also directly related to HCQ treatment. Interestingly, our data
also feature pericarditis as a risk factor of HCQ treatment. As HCQ is a potent immunomodulatory
drug and COVID-19 patients exhibit a myriad of immune activation [40], the probability of developing
pericarditis will also be prevalent. These observations can be helpful in screening vulnerable groups
and planning a safe strategy of HCQ treatment regimen in COVID-19 patients.

The outcomes of recent, small clinical trials have shown that HCQ can shorten the time to clinical
recovery (TTCR) and improve pneumonia in COVID-19 patients [5]. Additionally, the potential
synergistic benefits of HCQ and azithromycin in viral load reduction among COVID-19 patients
are reported in the clinical trial of a small cohort [11]. However, subsequent studies and a recent
retrospective analysis of trials verifying the benefits of HCQ vs. HCQ + azithromycin did not
show the clinical benefits of HCQ when used as mono or combination therapy [12,13,41]. Strikingly,
Magagnoli et al. [12] reported an association of increased overall mortality in patients treated with
HCQ alone. Such limited and conflicting data regarding the safety and efficacy of HCQ suggest that
extensive randomized controlled studies are needed to assess the risk/benefit ratio of HCQ treatment.
While we wait for the outcome of such a study, our extensive analysis provides a comprehensive
cardiac safety profile of HCQ that can help to evaluate the safety and efficacy of HCQ treatment among
COVID-19 patients.

5. Study Limitations

This retrospective study using the FAERS database has several limitations. The baseline cardiac
characteristics of patients receiving HCQ are not known. The grade of cardiac AEs and onset of disease
after taking medicine are also not reported. In many individual case safety reports (ICSRs), the dosing
information is missing, which makes it challenging to predict dose-related consequences. As COVID-19
itself has a substantial adverse effect on CV diseases, including arrhythmias, the same will likely
be amplified with HCQ. Considering this fact, findings in our report might be an underestimation
of the real scenario of arrhythmia in the COVID-19 plus HCQ setting. This is supported by the
CloroCOVID-19 study in which patients got fatal arrhythmias very quickly, even much more than one
would expect from the data presented herein. The CV-AE risk prediction by disproportionality analysis
with the FAERS pharmacovigilance database has been demonstrated in various studies [22–24], but it
is of paramount importance that hypotheses generated using the pharmacovigilance database analysis
should be validated by prospective studies. The significance of current research is that it will inform
clinicians about CV-AEs related to HCQ treatment in a timely manner, which will be highly useful to
select the ideal treatment agent for the individual patient suffering from COVID-19.

6. Conclusions

The cardiac safety profile of HCQ using pharmacovigilance analysis predicts that the patients
receiving HCQ are at higher risk of developing cardiotoxic manifestations. Cardiac AEs, like QT
prolongation, TdP, RVH, LVH, DD, etc., pose a higher risk for COVID-19 patients prescribed HCQ.
These events must be considered during inpatient care. Finally, before moving to the widespread use
of HCQ to mitigate COVID-19, extensive prospective, randomized, placebo-controlled, blinded clinical
studies are needed to assess the risk/benefit ratio of HCQ in the COVID-19 setting.
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7. Translational Perspective

Considering the ongoing worldwide COVID-19 pandemic, and its severe consequences to public
health and financial stability, the current findings have obvious clinical implications. Our results
suggest that patients receiving HCQ are at higher risk of various cardiotoxicities, including arrhythmias.
Recent small clinical trials also support this line of thought. A trial conducted in Brazil found that
one-quarter of the patients in the CQ arm (an analog of HCQ) developed QTc prolongation and
arrhythmias. COVID-19 itself leads to serious cardiac AEs, therefore, HCQ-mediated cardiac AEs are
likely to amplify in COVID-19 and HCQ settings and must be considered in patient care.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/6/1867/s1,
Table S1: Calculation of reporting odds ratio (ROR) with hydroxychloroquine versus all other drugs in FAERS
database, Table S2: Disproportionality signal analysis of adverse events by reporting odds ratio (ROR) related to
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