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Abstract

Amiodarone, one of the most widely prescribed antiarrhythmic drugs to treat both ventricular and supraventricular arrhyth-
mias, has been identified as a candidate drug for use against the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). We present the rationale of using amiodarone in the COVID-19 scenario, as well as whether or not amiodarone
administration represents a potential strategy to prevent SARS-CoV-2 infection, rather than simply used to treat patients
already symptomatic and/or with severe coronavirus disease 2019 (COVID-19), based on current evidence.

Key Points

Amiodarone has been identified as a candidate drug for
use against the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2).

A multicenter study, the ReCOVery-SIRIO, is investigat-
ing the role of amiodarone in hospitalized patients with
coronavirus disease 2019 (COVID-19) during the initial
stages of infection.

Evidence on amiodarone use in COVID-19 patients is
still scarce; we need to stay cautious and remain attentive
for new results to obtain more robust conclusions.

While we wait for newly emerging evidence, both ven-
tricular and supraventricular arrhythmias in COVID-19
patients should be treated with antiarrhythmic drugs in
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has been targeted as a therapeutic strategy in COVID-19 [1].
Several groups have identified amiodarone as a candidate
drug for use against the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [2, 3]. Some have recommended
administration of prophylactic intravenous amiodarone to miti-
gate the risk of sudden cardiac death (SCD) among patients
infected with the novel SARS-CoV-2 [4]. A randomized
study called ReCOVery-SIRIO has been started to evaluate
the effects of amiodarone compared with usual care in symp-
tomatic patients hospitalized with confirmed COVID-19 infec-
tion (ClinicalTrials.gov identifier: NCT04351763).

Amiodarone is among the most widely prescribed antiar-
rhythmic drugs to treat both ventricular and supraventricular
arrhythmias, while also being important for maintaining sinus
rhythm in patients with atrial fibrillation (AF) [5]. Although
it does not decrease all-cause mortality in the primary pre-
vention population, amiodarone is the most effective antiar-
rhythmic drug to prevent SCD [5]. Importantly, amiodarone
reduces automatic implantable cardioverter defibrillator (ICD)
shocks, being a first relatively easily available treatment option
in patients experiencing electrical storm and repeated ventricu-
lar arrhythmias leading to recurrent ICD shocks [6]. In addi-
tion, amiodarone possesses anti-inflammatory and antioxidant
properties [7, 8], i.e. pleiotropic effects, which can indirectly
suppress ventricular arrhythmias [5]. However, amiodarone
is not free of secondary adverse effects, contraindications and
interactions with other drugs, including the potential to cause
pulmonary toxicity and fibrosis, thyroid disease, hepatic tox-
icity, increased creatine levels, QT interval prolongation, and
bradyarrhythmia [9]. Most of these adverse effects are more
likely with long-term use of amiodarone. COVID-19 seems to
be associated with higher rates of arrhythmia, either pre-exist-
ing or secondary to the disease [10, 11]. COVID-19 patients
are at risk of developing acute respiratory distress syndrome
(ARDS), which makes amiodarone less attractive, but the sick-
est patients with viral infection have limited antiarrhythmic
options. Thus, one question arises: can we use amiodarone to
treat arrhythmias in COVID-19 patients? Arrhythmias, par-
ticularly AF, are common in COVID-19 patients, and ami-
odarone may be an effective and additive antiarrhythmic drug
in these patients. We present here the rationale for amiodarone
use in the COVID-19 scenario, as well as whether or not ami-
odarone administration represents a potential strategy to pre-
vent SARS-CoV-2 infection, rather than simply used to treat
patients already symptomatic and/or with severe COVID-19,
based on current evidence.
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2 Rationale for Amiodarone Use
2.1 Pros

2.1.1 Infection Prevention or Treatment with Amiodarone
Administration

There is evidence that cationic amphiphilic drugs should
be studied for possible interference with the life cycle of
positive-stranded RNA viruses [12]. Specifically, the cati-
onic amphiphilic drug amiodarone and its major metabo-
lite N-desethylamiodarone (N-DEA) inhibit the entry of
filoviruses (a family that includes Ebola virus) at simi-
lar concentrations to those found in the blood of patients
treated for arrhythmias [13]. Amiodarone can interfere
with SARS-CoV entry and amplification, and is able to
block the spread of SARS-CoV in cell cultures by inhibit-
ing infection at a postendosomal level. It accomplishes
this without modifying the density of angiotensin-con-
verting enzyme (ACE)-2 receptors on the cell surface or
interfering with the attachment of SARS-CoV to the cells
[14]. Thus, amiodarone has been described as an inhibi-
tor of SARS-CoV spread through its ability to interfere
with the endocytic pathway and by blocking ion channels,
even when SARS-CoV could deliver its genome into the
cytoplasm through the plasma membrane, thus bypassing
the endocytic compartment [14]. Recently, Aimo et al.
[15] proposed amiodarone as a candidate treatment of
COVID-19 infection, either alone or as part of a combina-
tion of drugs. The authors also speculated that amiodarone
administration is more effective in the setting of low viral
loads, suggesting that amiodarone should be evaluated for
use in previously exposed but asymptomatic individuals.
ReCOVery-SIRIO is a multicenter effort investigating the
role of amiodarone in hospitalized patients with COVID-
19 during the initial stages of infection to target virus rep-
lication by ion channel inhibition. This effect might be
instrumental to attenuate virus entrance and replication
before the cytokine storm caused by host immune response

(Fig. 1).

2.1.2 Anti-Inflammatory and Antioxidant Effects

COVID-19 is associated with a high inflammatory burden
[16], which may lead to vascular inflammation, myocar-
ditis, and cardiac arrhythmias. It has been suggested that
amiodarone administration prevents cytokine production
and oxidative stress, which may protect lung tissue dur-
ing the sepsis cascade. Particularly, SARS-CoV-2 infec-
tion triggers the activation of dendritic cells and cells of
the monocyte/macrophage lineage, which activates the
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Fig. 1 Central illustration presenting the rationale for amiodarone use
in COVID-19 patients: pros and cons. ALl acute lung injury, ARDS
acute respiratory distress syndrome, BZPs benzodiazepines, COVID-
19 coronavirus disease 2019, CRP C-reactive protein, GR glutathione
reductase, GSH glutathione, HCQ hydroxychloroquine, HIV human

secretion of proinflammatory cytokines such as interleukin
(IL)-6, monocyte chemoattractant protein 1 (MCP-1), and
tumor necrosis factor (TNF)-a, among others [17]. More-
over, angiotensin 1,7 (Ang 1,7) activity also decreases,
leading to vasoconstrictive, inflammatory, oxidative, and
fibrotic injuries [17].

Regarding proinflammatory cytokines, Polat et al. [7]
reported that the administration of amiodarone 25-50 mg/
kg decreased the circulating levels of the inflammatory
cytokines IL-1p, IL-6, and TNFa, as well as 8-iso-prosta-
glandin F2a levels in lung tissue of amiodarone-treated rats.
Likewise, both the activity of superoxide dismutase and total
glutathione levels increased in lung tissue [7]. This is con-
sistent with Matsumori et al. [8], who showed that amiodar-
one inhibited IL-1p, IL-6, and TNFa production in human
peripheral blood mononuclear cells. In a murine model
of viral myocarditis induced by the encephalomyocarditis
virus (EMCV), Ito et al. [18] also reported that amiodarone
administration (30 mg/kg/day; equivalent to 2.5 mg/kg in
humans) significantly decreased IL-6 concentration in myo-
cardial tissue and increased survival, while TNFa levels did
not change. Noticeably, the production of these cytokines
was enhanced by administering other antiarrhythmic drugs
such as quinidine and disopyramide [8]. Oral et al. [19]
evaluated the effect of chronic amiodarone use on TNFa
levels in patients with ischemic and non-ischemic cardiomy-
opathy. To this end, the authors analyzed circulating TNFo
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levels at baseline and at 1 and 2 years in 40 New York Heart
Association (NYHA) class III patients treated with placebo
and 40 NYHA class III patients treated with amiodarone.
No changes were found in patients with non-ischemic car-
diomyopathy, while amiodarone use increased TNFa levels
in patients with ischemic cardiomyopathy at 1 year but not
at 2 years, which suggests different effects of amiodarone
depending on the duration of administration. In monocytes
of patients with idiopathic dilated cardiomyopathy (DCM),
Hirasawa et al. [20] found that amiodarone administration
for 4 weeks attenuated monocyte cytokine and chemokine
production in response to C-reactive protein (CRP), par-
ticularly decreasing both TNFoa and MCP-1. These authors
speculated that amiodarone might improve cardiac function
through its anti-inflammatory effects, although this has not
yet been proven in living humans. Regarding the mechanism
involved in the reduction of certain cytokines, such as IL-6
or TNFa, it has been hypothesized that amiodarone reduces
their production by modulating the voltage-gated potassium
channel, which regulates the activation of T lymphocytes
[18], although further investigation is needed to clarify the
specific mechanisms.

On the other hand, oxidative stress also plays a signifi-
cant role in the pathophysiology of ischemic heart disease
and heart failure, therefore improvements in antioxidant
capacity might be beneficial in the treatment of these
patients. Halici et al. [21] studied the effects of amiodarone
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administration on glutathione levels and the activity of
superoxide dismutase, catalase, glutathione S-transferase,
glutathione reductase and myeloperoxidase, in rats with
carrageenan-induced paw edema. In this investigation, ami-
odarone reduced carrageenan-induced paw edema, relieved
increases in the activities of catalase and glutathione S-trans-
ferase enzymes, minimized decreases in glutathione levels
and the activities of superoxide dismutase and glutathione
reductase enzymes, and amplified myeloperoxidase activity
associated with paw edema. These results suggest that the
anti-inflammatory activity of amiodarone may be related to
its antioxidative effects. Ide et al. [22] determined the scav-
enging effects of amiodarone on oxygen free radicals, and
its protective effects against oxygen radical-mediated injury
in cardiac myocytes. Amiodarone decreased the intensity of
the 5,5-dimethyl pyrroline-N-oxide (DMPO)-OH signals in a
dose-dependent manner, whereas disopyramide and atenolol
had no such effects. Amiodarone also protected intact adult
canine cardiac myocytes against ‘OH-mediated myocyte
injury at a concentration of 10 mmol/L, which suggests that
amiodarone can protect cardiac myocytes against oxidative
stress-mediated injury by directly scavenging oxygen free
radicals [22].

Therefore, although the precise molecular mechanism
by which amiodarone exerts an anti-inflammatory and/or
antioxidant effect remains unclear, amiodarone-induced
inhibition of cytokine and chemokine production and anti-
oxidant capacity improvement may be critical factors medi-
ating potential amiodarone-positive effects on COVID-19
therapy [23].

2.2 Cons

The use of amiodarone has significant limitations. In brief,
during the early months of the pandemic, the combination
of hydroxychloroquine and azithromycin was widely recom-
mended to treat COVID-19; however, this treatment remains
highly controversial in terms of efficacy and may prolong
QTc. Amiodarone might aggravate this QT prolongation,
which is associated with an increased risk of SCD [24].
Furthermore, the clinical application of amiodarone is
limited by its marked extracardiac toxicity. Amiodarone has
been associated with hepatic transaminitis, thyroid dysfunc-
tion, and pulmonary toxicity, although these adverse effects
are directly related to the duration of treatment (amiodar-
one toxicity is cumulative and dose-dependent) [25]. Ami-
odarone’s iodine moieties and extreme lipophilic character
importantly contribute to its toxicity. Amiodarone-induced
pulmonary toxicity can occur following acute or chronic
treatment and is characterized by acute pulmonary hyper-
sensitivity with patchy infiltrates or chronic pulmonary
interstitial fibrosis, respectively. It is important to keep in
mind that amiodarone-induced pulmonary fibrosis is a rare
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event that typically occurs after months to years of continued
drug administration. It has also been shown that prehospital
use of amiodarone may independently increase the risk for
ARDS in patients with predisposing conditions for acute
lung injury (ALI) [26]. Contributing factors to amiodarone-
induced pulmonary toxicity include its direct cytotoxic
effects (principally mediated by N-DEA), phospholipidosis,
immunological mechanisms, and activation of the angio-
tensin system; however, the precise mechanisms contrib-
uting to amiodarone-induced pulmonary toxicity remain
incompletely understood. Importantly, pulmonary toxicity
is more common in older people, increasing threefold every
10 years of age in patients aged over 60 years. Moreover,
amiodarone affects metabolism, increasing circulating levels
of other drugs such as warfarin, digoxin, non-steroidal anti-
inflammatory drugs, statins and benzodiazepines. Amiodar-
one also interacts with many antiretroviral medications used
for the treatment of HIV infection. Finally, dronedarone, an
amiodarone derivate, has also been identified as an active
inhibitor of SARS-CoV-2 virus among a panel of US FDA-
approved drugs screened to identify antiviral drug candi-
dates for COVID-19 treatment [27]. Because dronedarone
is less lipophilic than amiodarone, it has a smaller volume
of distribution and a shorter elimination half-life, which ulti-
mately reduces its toxicity. These features make dronedarone
a worthwhile candidate to be considered.

3 Conclusions and Future Perspectives

First, despite the positive effects mentioned above, it should
be noted that evidence on amiodarone use in COVID-19
patients is still scarce; we need to stay cautious and remain
attentive to the expected results of the ongoing clinical
trial in order to obtain more robust conclusions. That being
said, the safety/risk profile of amiodarone is well known
and it appears to be another candidate for clinical trials in
the current COVID-19 scenario. A short-term use of ami-
odarone is relatively well tolerated. It may be speculated
that amiodarone is more efficient with low viral loads and
at the early stages of the COVID-19 infection. Accordingly,
clinical trials of amiodarone should be mainly performed in
individuals who are currently asymptomatic or with early
disease, rather than severely symptomatic patients with
severe COVID-19 infection. In the former, amiodarone
should be better evaluated as an adjuvant drug. We must
keep in mind that COVID-19 is characterized by ALI [9],
and this could potentially be aggravated by long-term ami-
odarone administration. Therefore, shorter-term intervention
trials with amiodarone could be preferred in the first stages
of future studies. Moreover, in our opinion, retrospective
and prospective studies in asymptomatic individuals previ-
ously exposed to SARS-CoV-2, as well as the incidence of
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infection between the present and prior users of amiodarone,
are recommended.

While we wait for newly emerging evidence, arrhythmias
in COVID-19 patients should be treated with antiarrhythmic
drugs in the same manner as patients who are not infected
with COVID-19. Arrhythmias, particularly AF, are com-
mon in COVID-19 and are associated with higher risk for
morbidity and mortality. Amiodarone may be a particularly
effective antiarrhythmic agent for these hospitalized patients
who are prone to supraventricular and ventricular arrhyth-
mias, although its safety and efficacy have to be better stud-
ied before wider-scale clinical recommendations.
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