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Abstract
Purpose of Review  The coronavirus disease 2019 (COVID-19) pandemic has popularized the usage of hydroxychloroquine 
and chloroquine (HCQ/CQ) as treatments for COVID-19. Previously used as anti-malarial and now commonly used in 
rheumatologic conditions, preliminary in vitro studies have demonstrated these medications also have anti-viral properties. 
Retinopathy and neuromyopathy are well recognized complications of using these treatments; however, cardiotoxicity is 
under-recognized. This review will discuss the implications and cardiotoxicity of HCQ/CQ, their mechanisms of action, 
and their utility in COVID-19.
Recent Findings  Early clinical trials demonstrated a modest benefit of HCQ in COVID-19, causing a push for the usage of 
it. However, further large multi-center randomized control centers, demonstrated no benefit, and even a trend towards worse 
outcomes. The predominant cardiac complication observed with HCQ in COVID-19 was cardiac arrhythmias and prolonging 
of the QT interval. However, with chronic usage of HCQ/CQ, the development of heart failure (HF) and cardiomyopathy 
(CM) can occur.
Summary  Although, most adverse cardiac events related to HCQ/CQ usage in COVID-19 were secondary to conduction 
disorders given the short duration of treatment, HCQ/CQ can cause CM and HF, with chronic usage. Given the insufficient 
evidence, HCQ/CQ usage in COVID-19 is not routinely recommended, especially with novel therapies now being developed 
and used. Additionally, usage of HCQ/CQ should prompt initial cardiac evaluation with ECG, and yearly monitoring, with 
consideration for advanced imaging if clinically warranted. The diagnosis of HCQ/CQ cardiomyopathy is important, as 
prompt cessation can allow for recovery when these changes are still reversible.
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Introduction

Coronavirus disease 2019 (COVID-19) propagated through-
out the world in late 2019 causing a worldwide pandemic, 
placing a significant burden on healthcare systems. This 
prompted evaluation for effective medical treatments for 
COVID-19. Hydroxychloroquine and chloroquine (HCQ/
CQ) have known anti-inflammatory effects such as sup-
pressing tumor necrosis factor alpha (TNF-α), interleukin 1 
(IL-1) and interleukin 6 (IL-6) which mediate inflammatory 
complications of several viral diseases [1]. Given these theo-
retical effects, HCQ/CQ were popularized by the media and 
politicians as a possible treatment for COVID-19 in early 
2020. The FDA approved HCQ/CQ for emergency usage 
in March 2020, even prior to the first blinded, randomized 
controlled trial which was published on March-31, 2020 
[2]. This caused prescriptions for HCQ/CQ to drastically 
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increase despite any concrete evidence for the use [3]. The 
FDA later revoked the emergency usage and authorization 
in June 2020, citing the lack of efficacy [4].

HCQ/CQ are common anti-malarial agents [5] and 
are also medications used for rheumatologic conditions 
such as rheumatoid arthritis (RA) [6] and systemic lupus 
erythematous (SLE) [7]. Although cardiac complications 
secondary to drugs of abuse [8] and oncologic medications 
[9] are well documented, cardiac complications secondary 
to HCQ/CQ are not as well described [10]. This review 
will discuss the implications and cardiotoxicity of HCQ/
CQ and briefly their mechanisms of action and their utility 
in COVID-19.

Mechanisms of Action

The overall mechanisms of action of HCQ/CQ are quite 
complex and likely not fully understood [11]. HCQ/CQ 
belong to a class of medications known as 4-aminoqui-
nolones [5]. HCQ/CQ are well absorbed when given 
orally and have prolonged half-lives of greater than 
40 days [12]. HCQ and CQ are very similar chiral mol-
ecules, with similar efficacy for treatment of malaria, 
but HCQ is much less toxic with fewer adverse effects 
[13]. An important mechanism of action of HCQ/CQ is 
through accumulation in lysosomes and autophagosomes 
of phagocytic cells, changing local cellular pH concen-
trations [5]. In malaria, this interferes with the asexual 
reproduction of the parasite, in addition to interfering 
with parasite growth [14]. HCQ/CQ increase the pH in 
lysosomes of antigen-presenting cells and inhibit Toll-
like receptors function on dendritic cells, which reduce 
the activation of these cells and in turn inhibit the pro-
duction of inflammatory cytokines [14].

Since HCQ/CQ can impair the replication of viruses 
through interacting with the late stages of replication of 
enveloped viruses and with the endosome-mediated viral 
entry in addition to the anti-inflammatory properties [1], it 
seems plausible that there could be utility in the manage-
ment of viral illnesses such as COVID-19. Indeed, in trans-
lational models of severe acute respiratory syndrome, HCQ/
CQ inhibits angiotensin-converting enzyme 2 (ACE2) gly-
cosylation attenuating the virus pre- and post-infection [15].

Adverse Effects

The adverse effects of oral HCQ/CQ are becoming better 
understood and reported, with retinopathy, neuromyopathy, 
and skin hyperpigmentation being well documented, and 

with cardiomyopathy and conduction disorders coming to 
the forefront in recent literature [10, 16] (Fig. 1). Typically, 
the risk of cardiotoxicity is dose and time dependent, usually 
taking years to develop [17]. Some risk factors associated 
with increased adverse effects are female sex, older age, and 
renal dysfunction [17].

Cardiomyopathy

HCQ/CQ have inhibitory effects in the lysosomes sec-
ondary to changing their local pH concentrations causing 
pathological accumulation of metabolic products such as 
glycogen and phospholipids which are a known cause of 
cardiomyopathy [5, 16, 18]. This results in the appearance 
of myeloid bodies and curvilinear bodies in cytoplasm 
when viewed under electron microscopy following endo-
myocardial biopsy [19]. Similar changes are also seen in 
other lysosomal storage disorders, such as Fabry disease 
(FD), and can result in health practitioners incorrectly 
diagnosing HCQ-induced cardiotoxicity as FD [16, 20•, 
21–23]. Importantly, curvilinear bodies are not seen in FD 
and can serve as a distinguishing characteristic [16, 24]. 
Accumulation of these curvilinear bodies subsequently 
can lead to disruption of myofibrillar organization and 
subsequent cardiac myocyte hypertrophy and myocardial 
fibrosis. Ultimately, HCQ-induced cardiotoxicity is a phe-
nocopy of FD as both conditions result in a cardiomyopa-
thy secondary to an infiltrative process characterized by 
concentric hypertrophy with associated conduction abnor-
malities that can lead to heart failure [16]. The features 
of cardiomyopathy secondary to HCQ/CQ are not well 
documented, but thought to be ventricular hypertrophy, 
hypokinesia, valvular dysfunction, and even pulmonary 
arterial hypertension [25•] (Table 1).

Cardiac MRI is helpful in the diagnoses of Fabry’s dis-
ease, as T1 mapping is highly sensitive and specific for 
the diagnosis and can also be used for HCQ/CQ induced 
cardiomyopathy [26]. Endomyocardial biopsy may be 
needed to identify the curvilinear bodies present in HCQ/
CQ induced cardiomyopathy; however, clinical history or 
genetic testing may be able to make this distinction non-
invasively [16, 24]. Diagnosis is important since if HCQ/
CQ is withdrawn quickly enough, there does seem to be 
some reversal and recovery possible [20•].

Electrophysiological Effects of Hydroxychloroquine 
on the Heart

Quinolone anti-malarial medications and other structur-
ally related compounds have been long known to cause 
cardiovascular side effects including hypotension and 
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electrocardiographic QT interval prolongation [27]. HCQ/
CQ can act as Vaughan-William Class-Ia anti-arrhythmic, 
similar to quinidine, and as such they have been impli-
cated with conduction disorders, bradycardia, tachycardia, 
T-wave flattening, and QT interval prolongation [28]. The 
COVID-19 pandemic brought this into further focus as 
the potential for cardiotoxicity through QT prolongation 
was a critical consideration during clinical trials [29–31]. 
This potential cardiotoxicity should be interpreted in the 
context that patients with COVID-19 may have a predis-
position to developing arrhythmias ranging from sinus 
tachycardia, sinus bradycardia, and asystole secondary to 
the inflammatory process from COVID-19 (Fig. 2A) [29, 
30, 32]. Specifically, myocarditis is an important manifes-
tation of COVID-19 disease that is pro-arrhythmogenic 
and the administration of QT prolonging medications 
may further exacerbate this underlying arrhythmia burden 

Fig. 1   Well defined adverse 
systemic effects associated 
with short-term and long-term 
hydroxychloroquine treatment. 
HCQ indicates hydroxychlo-
roquine. Figure created in 
Biorender

Table 1   Summary of cardiotoxicity secondary to hydroxychloroquine 
or chloroquine

Type Effect

Electrophysiological effects - Atrioventricular block [48]
- Sinus bradycardia [47]
- T-wave flattening [28]
- Right bundle branch block or left 

anterior fascicular block [18]
- Prolonged QT interval [27]
- Torsades de pointes [35]

Structural effects - Concentric hypertrophy [16]
- Left ventricular dysfunction [10]
- Valvular abnormalities [25•]
- Bi-atrial enlargement [16]

Other - Hypotension [27]
- Pulmonary arterial hypertension [25•]
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[30]. Additionally, many of these patients with severe 
COVID-19 may also have biochemical changes includ-
ing hypokalemia, hypomagnesemia, and fever which can 
further enhance QT prolongation [10].

QT Interval Prolongation

Perhaps the best understood electrophysiological effect of 
HCQ/CQ is QT prolongation, which occurs through block-
ade of the delayed rectifier potassium current (Ikr) involved 
in phase 3 of the cardiac myocyte action potential (Fig. 2B) 
[30, 31, 33, 34]. HCQ inhibits the Ikr by human ether-a-go-
go-related gene (hERG) channel blockade, which results in 
increased action potential duration, followed by early after-
depolarizations due to calcium depolarizing currents, and 
triggered premature ventricular complexes. Ultimately, these 
changes can lead to QT prolongation which may evolve into 
a polymorphic ventricular tachycardia, specifically Torsades 
de Pointes (TdP) [35]. When used in rheumatological condi-
tions, the rate of QTc prolongation is relatively low [36–38].

When HCQ is used in patients with COVID-19, QT inter-
val prolongation was a commonly noted adverse effect [34, 
39, 40]. This risk was further exacerbated by the concurrent 

use of macrolides, such as azithromycin, which are another 
commonly used drug class implicated in QT prolongation 
through hERG blockade [40–42]. Use of HCQ/CQ and 
azithromycin concurrently may have an augmentation effect 
on QT interval prolongation which can lead to ventricular 
arrhythmias, discontinuation of therapy, and rarely episodes 
of TdP [30, 34, 40]. Overall, to mitigate the arrhythmia risk 
while using HCQ/CQ in COVID-19 patients, or other critical 
illness; baseline electrocardiograms (ECGs) should be com-
pleted as these illnesses can induce systemic inflammatory 
cascades and electrolyte imbalances that may predispose 
patients to these fatal cardiac arrythmias [30, 43, 44].

Other Arrhythmic Effects

There are some other less well-defined effects of HCQ 
on cardiac rhythm, including bradycardia and conduction 
blocks. There are some case reports that have demonstrated 
that HCQ may induce sinus bradycardia, including during 
the COVID-19 pandemic [45, 46]. Early translational work 
has proposed that HCQ may act as a bradycardic agent by 
reducing the spontaneous action potential (AP) firing rate in 
sinoatrial node myocytes [47]. This reduction in AP firing 

Fig. 2   QT prolongation in 
patients with COVID-19 treated 
with hydroxychloroquine. 
Predisposing risk factors to QT 
prolongation in patients with 
COVID-19 (A). Electrophysi-
ological mechanism of action of 
QT prolongation with hydroxy-
chloroquine treatment (B). HCQ 
inhibition of the potassium 
rectifier current (Ikr) through 
inhibition of the human ether-
a-go-go-related gene (hERG) 
channel leads to increased 
action potential duration and 
subsequent QT prolongation. 
QT prolongation may ultimately 
lead to Torsades de Pointes. 
HCQ indicates hydroxychloro-
quine; hERG, human ether-a-
go-go-related gene; AP, action 
potential. Figure created in 
Biorender
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rate may be due to modulation and reduction of through 
inhibitory modulation of the If, Ikf, and ICaL currents. There 
is also evidence that HCQ usage may be associated with the 
development of conductive heart disorders, such as right 
bundle branch block, left anterior fascicular block, and 
complete atrioventricular (AV) block [18, 48]. It was noted 
that these conductive disorders may precede heart failure 
symptoms and typically progress gradually from right bun-
dle branch block, first- or second-degree AV block to com-
plete AV blocks [18]. Amongst these patients, it is possible 
that as they get older, they may already be predisposed to 
increased risk of developing cardiac arrhythmias, and par-
ticular attention should be given to this population before 
initiating therapies [49]. The risk of bradycardia and heart 
block may be another indication that baseline electrocar-
diogram and follow-up electrocardiogram be performed as 
a screening tool for early conductive disease when patients 
are initiated on HCQ therapy.

It was initially proposed that HCQ may be used in the 
treatment of atrial fibrillation [50], as similarly quinidine, an 
anti-malarial agent that is also a Vaughan-William Class-1a 
anti-arrhythmic was once commonly used as an anti-fibrilla-
tory agent [51]. Interestingly, there is some clinical evidence 
that supports this notion as there is a reduced incidence of 
atrial fibrillation in SLE patients being treated with hydroxy-
chloroquine [52]. Additionally, despite the pro-arrhythmic 
effects discussed previously, there are studies showing that 
use of HCQ did not significantly increase arrhythmia risk 
or life-threating arrythmia risk amongst these patients [53]. 
Further work is likely required to assess the potential utility 
of HCQ as an anti-arrhythmic agent, and there is one clinical 
trial (NCT03592823) in progress to assess the potential for 
HCQ to reduce atrial fibrillation recurrence in patients who 
have undergone radiofrequency catheter ablations.

Other Adverse Systemic Effects of HCQ Therapy

In addition to these cardiac effects, HCQ is well documented 
to cause ocular toxicity, skin hyperpigmentation, and neuro-
muscular weakness (Fig. 1). Ocular toxicity primarily occurs 
in the form of retinal damage with reports that up to 1 in 
20 patients may develop retinopathy after 5 years of HCQ 
usage [54, 55]. Patients may have lower risk of developing 
retinopathy if their daily dose is less than 5 mg/kg [56]. Skin 
hyperpigmentation is a common dermatological adverse 
effect associated with HCQ use [57], and this hyperpigmen-
tation may be secondary to ecchymosis or bruising and more 
common in patients with pre-disposing risk factors to bruis-
ing easily [58]. There are estimates that 10–25% of patients 
with systemic lupus erythematosus will develop skin hyper-
pigmentation while taking HCQ [59]. Finally, HCQ can also 
lead to myopathy through lysosomal dysfunction leading to 
formation of curvilinear bodies, which can damage muscle 

cells [60, 61]. The incidence of HCQ-related myopathy may 
be approximately 2.5% [62]. From a side effect profile, HCQ 
use can also commonly lead to gastrointestinal symptoms, 
primarily nausea, diarrhea, abdominal pain, and vomiting 
[63, 64].

Summary of Research

In 2020, multiple clinical trials were started to assess 
the efficacy of HCQ/CQ in COVID-19 (Table 2). Initial 
results seemed promising when the first RCT by Chen 
et al. demonstrated an improvement in clinical status and 
resolution of pneumonia [2] and soon after Gautret et al. 
demonstrated substantial increase in viral clearance [65]. 
Additionally, the FDA approved HCQ/CQ for emergency 
usage for COVID-19 in March 2020 [4]. These early 
results and approval prompted multiple further trials, 
but with lack of documentation of efficacy and ongoing 
adverse events, the FDA revoked its emergency status 
and authorization shortly after in June 2020 [4]. Despite 
the randomized controlled trials (RCTs) in 2020, there 
was still very limited documented evidence of benefit 
(Table 2). Two substantial studies were the RECOV-
ERY trial and the WHO Consortium Solidarity trials 
published in late 2020, which included adult hospital-
ized patients with confirmed COVID-19 (The RECOV-
ERY trial also included suspected COVID-19 patients) 
[66•, 67•]. These were the first RCTs with thousands 
of patients, and they both demonstrated no significant 
differences in outcomes and were stopped early [66•, 
67•]. In the RECOVERY trial, the average age was 65.4, 
with 57% having at least one major coexisting illness, 
and 27% of patients having diabetes [66•]. At randomi-
zation, 17% of these patients were receiving invasive 
mechanical ventilation [66•]. In this trial, patients had a 
slightly greater risk of death from cardiac causes (0.4%, 
0.2–0.6); however, no significant difference between the 
development of supraventricular tachycardia (SVT), ven-
tricular tachycardia (VT), ventricular fibrillation (VF), 
or atrioventricular block requiring intervention [66•]. 
There was one report of a patient developing TdP related 
to HCQ [66•]. In the WHO Consortium Solidarity trial, 
81% of patients were under the age of 70 years, and 25% 
of patients had diabetes [67•]. At randomization, 8% 
were receiving invasive mechanical ventilation [67•]. In 
this trial, cardiac deaths were too few to reliably come 
to any conclusions [67•].

A systematic review published in April 2021 concluded 
that the combined odds ratio (OR) of all-cause mortal-
ity for the use of HCQ in COVID-19 was 1.11 (95% CI 
1.02–1.20) [68]. A systematic review from 2022 addi-
tionally found that cardiac adverse events were frequent 
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(0–27.3% and up to 33% if concurrent usage of azithro-
mycin) [69]. Given this overwhelming lack of evidence 
(despite some of the initial trials) (Table 2), the interest 
and usage of HCQ/CQ seem to be declining. This is likely 
in part as the initial trials had very small sample sizes, 
potential for bias, and did not assess meaningful outcomes.

Usage in COVID‑19 and Recommendations

Since the FDA revoked its emergency status and authoriza-
tion [4], and there are two large RCTs demonstrating lack 
of utility of HCQ in COVID-19, [66•, 67•], its usage is 
not recommended for the treatment of COVID-19. Mul-
tiple subsequent large systematic reviews support this 
recommendation [68, 69]. Although, there may be utility 
for further studies in outpatient COVID-19, or specific 
sub-groups, at this time, the literature is limited. Notwith-
standing the lack of efficacy, if HCQ/CQ is used (off-label) 
in the management of COVID-19, baseline electrocardio-
grams (ECGs) should be considered [30, 43, 44]. Although 
the enormous burden placed upon healthcare systems by 
the COVID-19 pandemic has led to desperation for effi-
cacious treatment options, we highlight that the use of 
treatments with limited evidence can result in more harm 
than benefit.

Conclusions

HCQ/CQ have well documented adverse events, with car-
diotoxicity becoming increasingly recognized. Although 
most adverse cardiac events related to HCQ/CQ usage in 
COVID-19 were secondary to conduction disorders given 
the short duration of treatment, it should be noted that 
HCQ/CQ can cause CM and HF, especially with chronic 
usage. Given the insufficient evidence to support its usage 
and lack of FDA approval in COVID-19, HCQ/CQ is not 
routinely recommended for COVID-19, especially with 
novel therapies now being developed [4, 68, 70]. Given 
the concurrent inflammation and critical illness associ-
ated with infections such as COVID-19, cardiotoxicity, 
especially conduction disorders secondary to HCQ/CQ 
usage can be exacerbated. In chronic usage, such as in 
rheumatologic conditions, yearly ECGs should be com-
pleted with consideration for further advanced imaging 
if clinical suspicion for HCQ/CQ cardiomyopathy exists. 
Early recognition and diagnosis of HCQ/CQ cardiomyo-
pathy are important as cessation may lead to reversal and 
recovery [20•].
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