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Inflammatory cytokines and cardiac
arrhythmias: the lesson from COVID-19
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arrhythmias.

Cardiac arrhythmias are a leading cause of morbidity
and mortality in Western countries, but the underlying
mechanisms are still ill-defined. Over the past decade,
systemic inflammation has been shown to promote a
wide spectrum of cardiac arrhythmias, particularly atrial
fibrillation, long-QT syndrome and Torsades de Pointes
and atrioventricular blocks'. Moreover, inflammatory
cytokines also seem to be involved in arrhythmogenic
cardiomyopathy and other arrhythmogenic syndromes'.
Nevertheless, inflammation is still largely overlooked
in the management of arrhythmias, and as yet, agents
that target the immune-inflammatory system have not
become standard treatments as antiarrhythmics'. There
is increasing evidence that these medications may
be effective in the clinic; however, large randomized
placebo controlled trials are yet to be carried out'.

The unexpectedly high prevalence of arrhythmic
events after COVID-19 has caused a marked increase in
interest in this topic. Suddenly, millions of patients share
the same, repetitive and well-defined cause of systemic

2,3

inflammation along with frequent cardiac arrhythmias®’.

Arrhythmogenic effects of cytokines

It is well known that inflammatory cytokines, particu-
larly TNF, IL-1 and IL-6, exert important arrhythmo-
genic effects via several mechanisms, including direct
cardiac activities and indirect systemic changes’ (FIC. 1).
Direct effects include cardiac remodelling, characterized
by structural and electrical changes. Electrical changes
occur early (hours to days after exposure to cytokines)
and result from complex modulatory activities of
inflammatory cytokines on the expression and func-
tion of specific ion channels and gap junction-forming
connexins, which cause inflammatory cardiac chan-
nelopathies, as well as on intracellular proteins respon-
sible for calcium handling in cardiomyocytes, such as
ryanodine receptors'. Cytokines can also induce (over
weeks or months) structural remodelling by activating
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Although inflammatory cytokines are implicated in the pathogenesis of cardiac arrhythmias,

inflammation is still largely overlooked in the current management of heart rhythm disorders.
Now, COVID-19, a systemic inflammatory disease, causes an unexpectedly high prevalence of
arrhythmic events, emphasizing the relevance of inflammation in the pathogenesis of cardiac

myofibroblast-driven synthesis of extracellular matrix
responsible for cardiac fibrosis'. Overall, these phe-
nomena lead to a prolonged action potential duration
or corrected QT (QTc) interval, enhanced ectopic firing
and slowed or heterogeneous propagation of electric
impulses throughout the working and conducting myo-
cardium. In turn, this promotes triggered and re-entry-
driven tachyarrhythmias and bradyarrhythmias, as well
as conduction disturbances' (FIG. 1).

COVID-19 and cardiac arrhythmias

Large studies have reported an overall prevalence
of arrhythmias after SARS-CoV-2 infection that
ranges from 10 to 20%, although the incidence is
greatly increased in individuals with severe disease.
Supraventricular tachyarrhythmias, particularly atrial
fibrillation, comprise more than 60% of these arrhyth-
mias. The remaining arrhythmias are ventricular
tachyarrhythmias, bradyarrhythmias and conduction
defects, which are associated with remarkably high
mortality’.

In the initial phases of the pandemic, it was thought
that COVID-19-associated arrhythmias mostly
resulted from disease-specific mechanisms, such as
cardiac injury due to direct viral invasion, or electro-
physiological effects of repurposed ‘off-label’ drugs,
particularly antimalarials, azithromycin and protease
inhibitors. However, it has become evident that direct
virus-induced cardiac damage occurs in only a small
minority of patients. Moreover, although the above men-
tioned drugs were progressively abandoned owing to a
lack of efficacy, the risk of arrhythmia remained high.

On the basis of these observations, focus then
shifted to the potential role of other arrhythmogenic
factors, such as tissue hypoxia due to lung damage and
the systemic high-grade inflammatory state. Indeed, it
was demonstrated that both factors can induce cardiac
injury, as reflected by an increase in troponin levels, and
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Fig. 1| Arrhythmogenic effects of inflammatory cytokines. Inflammatory
cytokines, particularly TNF, IL-1 and IL-6, can direct and indirectly promote
cardiac arrhythmias. Direct effects consist of complex modulatory activities
on the function and expression of cardiomyocyte proteins such as cardiac ion
channels, leading to the prolongation of action potentials due to inhibition
of outward repolarizing currents (I, I, l,) and enhancement of inward depo-
larizing currents (I, Iy,,); key intracellular Ca?*-handling proteins of the
cardiomyocyte, such as ryanodine receptors (RyR), sarco-endoplasmic reti-
culum calcium ATPase (SERCA) and phospholamban (PLB), favouring spon-
taneous sarco-endoplasmic reticulum (SR) Ca?* release; and connexins
(particularly connexin 40 (Cx40) and Cx43) responsible for gap-junction
dysfunction and abnormal impulse conduction. In addition, inflammatory
cytokines can induce cardiac fibrosis by activating myofibroblast-driven
extracellular matrix synthesis, further impairing velocity and homogeneity of
cardiac conduction. Indirect effects comprise the inhibition of cytochrome
p450 (CYP450) in the liver, significantly increasing bioavailability of concom-
itant QT-prolonging drugs; stimulation of aromatase activity in adipose tissue
with enhanced androgen-to-oestrogen conversion, promoting action poten-
tialand QTc prolongation (in males) due to reduced testosterone levels; and
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several effects on the nervous system, including fever and related
temperature-mediated changes in cardiac ion channel biophysical proper-
ties (such as I, decrease), and enhanced cardiac sympathetic system activa-
tion, via central hypothalamus-mediated (inflammatory reflex) and peripheral
(left stellate ganglia activation) pathways, in turn further promoting action
potential prolongation and intracellular Ca?* overload. Overall, these phe-
nomena are responsible for a slowed and heterogenous intra-cardiac con-
duction, favouring the development of bradyarrhytmias and conduction
disturbances, but also re-entry circuit formation, which represents a key
electrophysiological mechanism for re-entrant arrhythmias. At the same
time, ectopic firing leading to triggered tachyarrhythmias is enhanced, this
is due to an increased propensity to early and delayed after depolarizations
(EADs and DADs, respectively) because of intracellular Ca?* overload. These
alterations are the result of action potential prolongation, which facilitates
inward I, reactivation, and Ca**-handling protein dysfunction-induced
spontaneous SR Ca?* release, respectively. I, , L-type calcium current;
I, or I, slow or rapid, respectively, component of the delayed-rectifier potas-
sium current; |, transient outward potassium current; I, sodium current;
LQTS, long QT-syndrome; SG, stellate ganglia; TdP, Torsades de Pointes.

the rates and severity of this complication are similar in
non-COVID-19 severe pneumonia or sepsis. Here, the
contribution of inflammatory cytokines to cardiac injury
may be particularly relevant. It has become apparent
that several patients with COVID-19, as well as indi-
viduals with non-COVID-19 pneumonia, can develop
life-threatening arrhythmic events, despite the absence
of a severe respiratory impairment, when an intense sys-
temic inflammatory activation was present’. In patients

with COVID-19, increased levels of circulating proin-
flammatory cytokines directly correlated with increased
troponin levels’. Moreover, in vitro treatment of cardio-
myocytes with IL-6 and IL-1p resulted in disorganiza-
tion of myofibrils, as well as reduced and erratic beating,
similar to what was observed after infection of these cells
with SARS-CoV-2 (REF?). Thus, it is likely that cytokines
also increase myocardial electric instability as a result
of a direct cell injury, which indicates that the inherent
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arrhythmogenic effects of inflammatory cytokines are
important drivers of COVID-19-associated arrhythmias,
similar to what is observed in other inflammatory condi-
tions. Indeed, it was reported that increased levels of IL-6
and IL-10 were predictive of the risk of atrial and ventricu-
lar arrhythmias in patients hospitalized with COVID-19
(REF.5). In a larger cohort of almost 1,000 patients hos-
pitalized with COVID-19, an independent association
between infection status and QTc prolongation and a
direct correlation between IL-6 levels and QTc maxi-
mum were shown’. More recently, a retrospective analy-
sis of almost 4,000 patients hospitalized with COVID-19
found that new-onset atrial fibrillation or atrial flutter was
associated with inflammatory markers, including IL-6,
regardless of patient baseline characteristics®. Notably, the
authors also analysed patients who were hospitalized with
influenza in the previous 3 years and observed similar
rates of atrial fibrillation or atrial flutter, along with com-
parable levels of IL-6 and troponin®. In a study of arrhyth-
mia prevalence in critically ill patients with COVID-19
or severe pneumonia of other origin, matched according
to comorbidities and predisposing risk factors, increased
levels of IL-6 were associated with high rates of atrial
fibrillation and ventricular tachyarrhythmias’.

Conclusion

COVID-19 has provided us with the unique opportu-
nity to observe how systemic cytokine release increases
arrhythmic risk. It is increasingly evident that a very
similar increase of arrhythmic events is also found in
other inflammatory conditions. Although some clinical
studies show beneficial effects of targeting inflamma-
tion and inflammatory cytokines to reduce arrhyth-
mic risk’, this field is still largely unexplored. Notably,

a large meta-analysis of randomized controlled trials
recently demonstrated that therapy with glucocorticoid
and/or IL-6 receptor antagonist significantly reduced
short-term mortality in patients with severe COVID-19,
including cardiovascular death'. Therefore, it is impor-
tant to consider inflammation as an essential contrib-
utor to cardiac arrhythmic events, especially given that
its clinical impact is likely to be relevant in conditions
beyond COVID-19.
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