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Coronavirus disease 2019 (COVID-19) has become a global pandemic. It is still uncontrolled
in most countries and no therapies are currently available. Various drugs are under investi-
gation for its treatment. The disease is known to have worse outcomes in patients who have
underlying cardiovascular disease. Chloroquine/hydroxychloroquine, azithromycin, remde-
sivir and lopinavir/ritonavir are currently being studied in trials and show some promise.
Conduction disorders, heart failure, and mortality have been reported with the use of these
drugs. It is important to have knowledge of potential cardiotoxic effects of these drugs
before using them for COVID-19 patients for better allocation of healthcare resources and

improvement in clinical outcomes.
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The current outbreak of coronavirus disease 2019
(COVID-19) has been declared as a global pandemic. It
is caused by the severe acute respiratory distress syn-
drome coronavirus 2 (SARS-CoV-2) and has thus far
infected >1.5 million people with >500,000 cases in the
Unites States alone.' Physicians and scientists are work-
ing tirelessly to find a potential drug or vaccine for its
treatment. Increased disease severity and mortality have
been noted in those with cardiovascular disease who
develop COVID-19.” Moreover, a decreased potassium
level has also been reported in patients with COVID-19,
which can cause electrocardiographic changes like pro-
longed QT interval and may increase the risk of adverse
reactions with pharmacotherapies. Hence, understanding
the cardiovascular risks of potential pharmacotherapies
being investigated for COVID-19 is of utmost impor-
tance. Numerous drugs are currently under investigation,
some in early phase clinical trials. The drugs of highest
interest to-date include chloroquine/hydroxychloroquine
(CQ/HCQ) alone or in combination with azithromycin,
remdesivir, lopinavir/ritonavir, and interferon alpha—Zb.4
This article reviews the potential cardiovascular risks
associated with these drugs.

Chloroquine/Hydroxyxhloroquine

CQ/HCQ are quinoline medications widely used in
treatment of malaria, rheumatoid arthritis (RA) and dis-
coid or systemic lupus erythematosus (SLE). However,
they have been shown to be cardiotoxic due to lyso-
somal dysfunction and accumulation of glycogen and
phospholipids.’
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The cardiotoxic effects of CQ/HCQ appear to be related to
the cumulative dose. High cumulative doses of CQ/HC have
been shown to be associated with atrioventricular blocks and
cardiac arrest.” Sick sinus syndrome and QT prolongation
have also been reported with high doses.”* In some of these
cases, baseline QT interval was found to be mildly prolonged
and hence QT interval is such patients should be closely mon-
itored to prevent risk of ventricular arrhythmias. Given the
fact that hypokalemia causes prolongation of QTc interval,
low potassium levels in patients with severe COVID-19 may
further exacerbate the arrhythmogenic potential of CQ/HCQ.
CQ has been found to be more associated with conduction
defects compared to HCQ. In a study of 85 patients treated
with HCQ for a minimum of 1 year and who had no under-
lying cardiac disease, HCQ was found to be safe with only
2 patients developing right bundle branch block and 1
patient developing left bundle branch block.” There were
no instances of atrioventricular blocks or QT prolongation.

Echocardiographic abnormalities have also been reported
in patients exposed to high cumulative doses of CQ/HCQ. In
a robust systematic review, Chatre et al found that patients
with cardiac complications attributed to CQ/HCQ were
mainly female (65%) and had a median age of 56 years.'"
Conduction disorders accounted for almost 85% of the
reported cardiac complications. Other reported toxic-
ities included left ventricular hypertrophy (22%), heart
failure (27%), valvular dysfunction (7%), and pulmonary
hypertension (4%).

Cardiac magnetic resonance imaging (cMRI) in such
patients has shown patchy delayed contrast enhancement.”"’
Endomyocardial biopsy in such patients shows no evidence
of inflammation or vasculitis.'' Instead, the important find-
ings are swollen myocytes with vacuolated cytoplasm filled
with numerous curvilinear bodies, myeloid bodies and large
secondary lysosomes. The curvilinear bodies are membrane
bound and closely associated with lysosomes and contain
partially digested lipids. After discontinuation of the drug,
complete recovery of cardiac function has been reported in
<half of the patients.'” Irreversible damage including death
and need for pacemaker and heart transplantation has been
described in literature.'”
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A recent small randomized study has shown beneficial
effects of HCQ treatment on time to clinical recovery and
pneumonia resolution.'” For patients infected with COVID-
19, CQ/HCQ are currently recommended for a 10- to 14-day
course. The cumulative dose for this duration may not be
high, but the prolonged recovery time and uncertainty about
the best duration of treatment may potentially lead to cardio-
toxicity. Moreover, as noted, the cardiotoxic effects may still
occur even with low cumulative doses.

Azithromycin

Azithromycin is a semisynthetic macrolide antibiotic
and is the most common prescribed antibiotic in the United
States. It works against gram positive, gram negative, and
atypical pathogens. It has been postulated as a possible cure
for COVID-19 in combination with CQ/HCQ." Initially
thought to be free of cardiotoxic effects, it was later found
to cause QT prolongation and higher risk of cardiovascular
morbidity and mortality. Multiple studies have shown the
risk of QT prolongation and ventricular tachycardia with
azithromycin. Its use has also been linked to risk of atrial
fibrillation and cardiac arrest. In a large multinational case-
control study, azithromycin use was found to be associated
with an increased risk of ventricular tachycardia (adjusted
odds ratio [OR] 1.97, 95% confidence interval [CI] 1.35 to
2.86).13 However, other studies have not revealed similar
findings. In a large Canadian cohort, azithromycin use was
not associated with risk of ventricular arrhythmia (relative
risk [RR] 1.06, 95% CI 0.83 to 1.36)."* The mechanism by
which azithromycin causes arrhythmias is still under inves-
tigation. QT prolongation and ventricular arrhythmias have
been postulated to be due to increased Na* current and inhi-
bition of outward flow of K* ions from ventricular myo-
cytes.”” QT interval usually returns to baseline once the
drug is stopped. However, this could be clinically signifi-
cant especially when taken for prolonged period or in those
patients who are on other QT prolonging drugs. Taking into
account the published literature, FDA released a statement
in 2013 cautioning the use of azithromycin in patients with
underlying cardiovascular disease due to risk of fatal arrhyth-
mias.'® Again, as discussed before, hypokalemia seen in
COVID-19 patients can further prolong the QTc interval and
cause ventricular arrhythmias.

Multiple studies have been performed to evaluate risk of
all-cause and cardiovascular mortality with use of azithro-
mycin. In a large cohort study, Ray et al found a 5-day
course of azithromycin to be associated with a significantly
higher risk of cardiovascular death (hazard ratio HR 2.88,
95% CI 1.79 to 4.63, p <0.001) and all-cause death (HR
1.85, 95% CI 1.25 to 2.75, p=10.002) compared with those
on no antibiotics.'’ However, other studies have found no
association between azithromycin and cardiovascular dis-
ease or mortality. In a large observational study, Svanstrom
et al found increased risk of cardiovascular death with use
of azithromycin compared with no antibiotic use (rate ratio
2.85,95% CI 1.13 to 7.24)."° However, no difference was
found between those on azithromycin versus those on peni-
cillin V (rate ratio 0.93, 95% CI 0.56 to 1.55). The authors
concluded that excess mortality in patients on azithromycin
when compared to those not on antibiotics was most likely

due to the mortality risk of the underlying infection itself.
An interesting finding among some studies is a trend toward
higher mortality in first 5 days of azithromycin use com-
pared with other antibiotics, but no difference from day 6."”

A large meta-analysis of 33 randomized and observa-
tional studies found azithromycin use to be associated with
higher risk of cardiovascular death but not with all-cause
death.”” In this meta-analysis, authors also found a higher
risk of ventricular arrhythmias and sudden death (RR 3.40,
95% CI 1.68 to 6.90) with the use of azithromycin. As evi-
dent from the above, the cardiovascular risks associated
with azithromycin have yet to be fully elucidated, and further
prospective studies are needed.

We suggest clinicians be careful in patients who are
elderly, have underlying cardiovascular disease, those who
are on drugs known to prolong QT interval and those with
renal failure. We recommend electrocardiography (EKG)
before starting HCQ or azithromycin for all patients, and
then serially monitoring QT interval in patients at risk for
torsade de pointes.

Remdesivir

Remdesivir is 1’-cyano-substituted adenosine nucleotide
prodrug which inhibits viral RNA synthesis which was first
studied in treatment for ebolavirus. The data are scant on
potential efficacy and risks with remdesivir. The only study
evaluating effects of remdesivir in humans randomized 681
patients infected with ebolavirus to 4 different treatment
strategies, out of which 175 patients received remdesivir.
Only 1 patient who received remdesivir had hypotension
and subsequently died due to cardiac arrest.”' However, the
authors could not exclude the death in this patient was
related to underlying ebolavirus itself. If this drug does
show therapeutic efficacy in treatment of COVID-19, then
ongoing surveillance would be needed to study its potential
cardiovascular adverse effects.

Lopinavir-Ritonavir

Lopinavir/ritonavir are protease-inhibitors frequently
used in the treatment of human immunodeficiency virus
(HIV) infection. This combination has been studied for
treatment of SARS and MERS. However, a randomized
comparison between this combination and standard care
showed no difference in mortality in patients with severe
COVID-19 illness, though there was a trend toward short-
ened median time to clinical improvement.”” In this study,
only 1 patient in the lopinavir/ritonavir group was found to
have prolongation of QT interval. More studies are ongoing
evaluating its efficacy in patients with COVID-19.

The main cardiac risk associated with lopinavir/ritonavir
is progression of atherosclerosis. Elevation in plasma levels
of total cholesterol, low-density lipoprotein (LDL) and total
cholesterol to high-density lipoprotein (HDL) ratio, and
decrease in HDL levels has been reported with the use of
lopinavir/ritonavir therapy.” Cardiac conduction defects
have also been reported with the use of lopinavir/ritonavir.
Sinus arrest, first, and second degree atrioventricular blocks
have been documented with its use.”*
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Table 1
Cardiotoxic effects of potential drugs or treatment of coronavirus 2019

Drug name Cardiotoxic effects

Chloroquine/ Hydroxychloroquine

Atrio-ventricular b]ock,6 Ventricular arrhythmias,(1 Sinus arrest,7

Prolonged QTc interval,® Bundle branch block,” Biventricular hypertrophy,'®
Systolic dysfunction,'” Valvular regurgitation,'’ Congestive heart failure,'” Pulmonary hypertension'”

Azithromycin
Cardiovascular death'”'®
Remdesivir Cardiac arrest”’
Lopinavir/
Ritonavir
Interferon-alpha
Favipiravir Prolonged QTc interval®®
Vitamin C Cardiovascular mortality’

Monoclonal antibodies

Prolonged QTc interval,” Ventricular anrhythmias,”’]4 Myocardial infarction,

Elevated total cholesterol and LDL levels

20

Elevated total cholesterol and low-density lipoprotein,”* Prolonged QTc interval,”* Atrioventricular blocks”*

Cardiogenic shock,”” Cardiomyopathy,”® Arrhythmias,'* Ischemic heart disease,”® Pericardial effusion’’

30

Interferon-Alpha

Pegylated interferon-alpha («) has been also studied for
treatment of SARS and MERS. However, it has been
linked to cardiovascular adverse effects in previous stud-
ies. In a study of 295 patients who were treated with inter-
feron-« for hepatitis C, cardiac complications were noted
in 6 patients during treatment and 4 more within 1 year
after end of treatment.”” A total of 4 patients had arrhyth-
mias, 4 patients had ischemic heart disease, and 2 patients
developed cardiomyopathy in this study. The increase in
tumor necrosis factor-alpha levels during interferon-o
therapy may be the underlying mechanism mediating its
cardiotoxic effects, though this same mechanism may be
beneficial in inhibiting viral replication in patients with
COVID-19.7° Pericardial effusion has been reported to
occur with interferon-« therapy.”’

Other Potential Therapies

Some other therapies being studied for treatment of
COVID-19 are favipiravir and high-dose vitamin C. Data
are scant on potential cardiovascular risks with these drugs.
Favipiravir was reported to be associated with mild pro-
longation of QT interval in a young patient treated for
ebolavirus.” High dose of vitamin C was found to be asso-
ciated with higher cardiovascular mortality in patients with
diabetes.”” Human monoclonal antibodies that inhibit inter-
leukin-6 (IL-6) pathway by binding and blocking IL-6
receptor are also bring currently studied for treatment of
COVID-19. They have been shown to cause increases in
total cholesterol and LDL levels.”” A phase 3 trial evaluat-
ing colchicine is ongoing for treatment of patients with
COVID-19 that plans to enroll 6,000 participants [clinical-
trials.gov NCT04322682]; colchicine has not been linked
to cardiovascular side effects but may worsen bleeding.
Finally, ACE inhibitors and ARBs are also under investiga-
tion for the treatment of COVID. SAR-CoV-2 may directly
interact with the Renin-Angiotensin-Aldosterone System,
with the virus using the angiotensin converting enzyme 2
(ACE2) as its host receptor on type II pneumocytes. As
such, a link between angiotensin converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARBs) and
COVID has been proposed. However, there is little, if any,

convincing evidence to suggest discontinuation of such
drugs and ARBs are currently undergoing a clinical trial
as a treatment for severe COVID-19.

Conclusion

COVID-19 is a pandemic with high morbidity and mor-
tality burden. The patients who have underlying cardiovas-
cular disease or those who develop cardiac dysfunction
during infection with COVID-19 are at higher risk of mor-
tality. Various drugs currently under investigation for treat-
ment of the novel coronavirus have been associated with
cardiotoxic effects (Table 1). Though cumulative dose
effects impact toxicity, conduction defects, prolongation of
QTec interval, cardiomyopathy, and ischemic heart disease
have been shown to occur with use of hydroxychloroquine,
chloroquine, azithromycin, remdesivir, interferon-alpha, and
lopinavir/ritonavir therapies. Caution and careful monitoring
should be exercised when prescribing these therapies in
patients at risk for cardiac disease.
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