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Coronavirus disease 2019 (COVID-19) has encompassed the globe
since it was first observed just under 2 years ago. Although the dis-
ease is predominantly a respiratory illness, there have been observed
complications throughout the various organ systems. Namely, cardio-
vascular complications, and, more specifically, arrhythmic complica-
tions have been described throughout the pandemic in patients with
COVID-19. Management of atrial arrhythmias, ventricular arrhyth-
mias, and bradyarrhythmias in patients with COVID-19 infection
has been largely guided by our prior experience in the management
of these arrhythmias in similar patient populations without infection.
However, this review aims to highlight the specific considerations as
they pertain to severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) and the various arrhythmic manifestations observed
with this disease.
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Background

Coronavirus disease 2019 (COVID-19) is transmitted
through the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and is a significant and widespread interna-
tional health threat. As of the time of this writing, there have
been more than 250 million COVID-19 cases globally with
over 5 million deaths." Significant differences in patient pre-
sentation have been observed in the disease, with signifi-
cantly fewer hospitalizations and death recorded initially
for patients under 50 years of age.” While immediate symp-
toms of the disease are well known, such as anosmia, longer-
term complications of COVID-19 are receiving increasing
coverage under the umbrella of postacute sequelae of
COVID-19 (PASC). These longer-term complications have
been numerous, ranging from pulmonary to cardiovascular
complications.””

While respiratory complications have seemed to be the
most commonly reported among infected patients, cardiac ar-
rhythmias have emerged as a well-documented complication
of the virus, with a wide variety of arrhythmias reported with
unique management considerations (Table 1).” In a world-
wide survey of 4526 patients admitted to the hospital with
COVID-19, a cardiac arrhythmia was identified in 827 pa-
tients.” Unsurprisingly, cardiovascular comorbidities such
as hypertension (69%), diabetes mellitus (42%), coronary ar-
tery disease (24%), and congestive heart failure (30%) were

' Authors contributed equally to this manuscript. Address reprint requests
and correspondence: Dr Elaine Wan, MD, FACC, FAHA, FHRS, Esther
Aboodi Associate Professor of Medicine, 622 W 168th St, PH 3-Center,
New York, NY 10032. E-mail address: eyw2003 @cumc.columbia.edu.

2666-5018/© 2022 Heart Rhythm Society. Published by Elsevier Inc. This is an open access article

common in the patients who developed cardiac arrhythmias.”
More generally, arrhythmia in this patient population is asso-
ciated with older age, disease severity, history of congestive
heart failure, and troponin levels.” While the exact prevalence
of cardiovascular complications in patients suffering from
COVID-19 is not yet known, previous studies have sug-
gested that those with preexisting cardiovascular disease
might be most susceptible to these types of complica-
tions.®'” One meta-analysis of 1527 patients found that pa-
tients with COVID-19 that required intensive care unit
(ICU) treatment were 3 times as likely to have preexisting
cardiovascular conditions compared to patients who did not
require ICU treatment.'" Furthermore, this same analysis
found that 8% of patients infected reported some type of
cardiac-related injury. In addition to injury during the acute
phase of the illness, PASC-related cardiac injury has also
been frequently reported, often in conjunction with larger
multiorgan manifestations.'> While dyspnea is the most
commonly reported complaint of these PASC patients, with
a likely cardiac component as part of its etiology, our under-
standing of the long-term frequency of arrhythmias associ-
ated with COVID-19 is still evolving.I3 For instance, while
atrial arrhythmias, including both bradyarrhythmias and
tachyarrhythmias, are the most commonly reported arrhyth-
mias in the setting of acute illness, their long-term prevalence
remains an area of active investigation.'”'> Other arrhyth-
mias such as ventricular tachycardia (VT), ventricular fibril-
lation (VF), atrioventricular block, inappropriate sinus
tachycardia, and postural orthostatic tachycardia syndrome
have all been reported in relation to the virus.” Whether novel
COVID-19 therapies and vaccines have any impact on the
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m Infection with COVID-19 has been associated with
many extrapulmonary manifestations; cardiac arrhyth-
mias have become one of the more commonly reported.
This review highlights the diagnosis and management
of the most common arrhythmic manifestations asso-
ciated with COVID-19.

m Managing arrhythmias in patients with COVID-19 can
bring a unique set of challenges not experienced in
other patients with the same arrhythmia. These unique
challenges are addressed with proposed management
strategies.

m In addition to the disease itself, there have been car-
diovascular implications of the various therapeutics
used to combat COVID-19, which are also highlighted in
this manuscript.

burden of arrhythmias is yet to be fully understood. Interest-
ingly, in the RECOVERY trial, which demonstrated a mor-
tality benefit with the use of dexamethasone in hospitalized
patients with severe COVID-19, as published in the Supple-
mental Appendix (published as part of the RECOVERY
trial), the use of steroids did not seem to have an impact on
the rate of “major cardiac arrhythmias” (atrial fibrillation
[AF]/flutter [AF1], supraventricular tachycardia, VT, VF, or
atrioventricular block) with rates of 5.3% in the steroid group
and 6.3% in the control arm.'® In this review, we aim to high-
light the various arrhythmias experienced during COVID-19,
potential mechanisms underlying them, and proposed man-
agement strategies (Table 1).

Pathogenesis and potential mechanisms of

arrhythmia

Arrhythmic manifestations are just one aspect of the cardiac
sequelae of COVID-19, and there have been several pro-
posed mechanisms. The angiotensin-converting enzyme 2
(ACE2) receptor, the SARS-CoV-2 virus’s receptor of cell
entry, has been notably demonstrated to be expressed in the
heart at higher levels than in the lungs.'” This may explain
the nature of cardiac complications of the disease, including
cardiac arrhythmias.'”'® A well-established risk factor for
the development of cardiac arrhythmias is myocardial
ischemia."” Ischemia in myocytes results in increases in
extracellular potassium and increases in intracellular potas-
sium, which results in significant alterations in action poten-
tials and resultant arrhythmia.'” Infection with SARS-CoV-2
is associated with high rates of severe pulmonary illness and
acute respiratory distress syndrome, which is associated with
substantial hypoxemia, which can result in myocardial
ischemia, particularly in those with underlying cardiovascu-
lar disease.”’ SARS-CoV-2 infection has also been associ-
ated with severe systemic inflammation and cytokine
storm.”' Several of these inflammatory markers, specifically

interleukin (IL)-6, tumor necrosis factor o, and IL-1, have
been shown to prolong the ventricular action potential, which
also may be responsible for the arrhythmogenesis seen in crit-
ically ill patients with COVID-19.?” As a possible underlying
mechanism for this observation, rat and stem cell-derived
myocytes that were bathed in serum derived from critically
ill patients with COVID-19 were shown to have perturbations
of calcium homeostasis in vitro, which can be proarrhyth-
mic.” Interestingly, the addition of canakinumab, an IL-18
antagonist, to the serum had no impact on the observed proar-
rhythmogenic calcium release, suggesting alternate pathways
may be responsible for this observation.

Myocardial damage may also result from mechanisms
other than ischemia. Myocarditis has been a well-described
clinical complication of patients with SARS-CoV-2 infec-
tion.”* As the spike protein of SARS-CoV-2 binds to
ACE?2 on the surface of cells to gain entry and ACE2 is pre-
sent on cardiomyocytes, this is one possible mechanism
through which SARS-CoV-2 can result in direct cardiomyo-
cyte toxicity and cause myocarditis.”* Myocarditis of all
causes has been associated with high rates of ventricular ar-
rhythmias and is potentially responsible for some of the
arrhythmia associated with COVID-19.%

A large cohort of patients admitted with COVID-19 infec-
tion compared to patients without COVID-19 showed that
infection with COVID-19 was associated with a longer cor-
rected QT (QTc) interval on electrocardiogram (mean QTc,
448.83 [95% CI, 440.53-457.13] ms vs 424.1 [95% CI,
409.41-437.78] ms; modeled mean difference, 24.73 [95%
CI, 10.74-38.73]; P <.001), which was not impacted after
adjustment for treatment with QT-prolonging medications.”®
Thus, QTc can be prolonged and promote arrhythmia in pa-
tients with SARS-CoV-2 infection through infection alone,
as well as through the use of QTc-prolonging medications
that may be required during the management of patients hos-
pitalized with COVID-19. These are a few of the proposed
mechanisms for the arrhythmias that are observed in hospital-
ized patients with COVID-19.

Atrial arrhythmias

Atrial arrthythmias are the most commonly reported arrhyth-
mias in patients with severe COVID-19.”"** In a retrospec-
tive analysis of 3970 patients admitted with polymerase
chain reaction (PCR)-confirmed COVID-19, the overall inci-
dence of AF and AFI as assessed by manual chart review was
13% and 6.6% in those without a prior history of atrial
arrhythmia.”” In this study, those with AF or AFl were
more likely to be older and had higher inflammatory markers
(C-reactive protein and IL-6), as well as higher levels of
markers of myocardial dysfunction (peak troponin and B-
type natriuretic peptide).”” The presence of in-hospital AF
or AFl was also associated with increased mortality (46%
vs 26%, relative risk 1.78, P < .01). Similarly, a large
meta-analysis with a pooled total of 21,582 hospitalized pa-
tients with PCR-confirmed COVID-19 found a prevalence
of AF of 11%.’" There was a 2.5-fold increase in the
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Table 1 Management considerations for arrhythmias reported in COVID-19 infection
Arrhythmia Primary management considerations

Atrial fibrillation, atrial flutter

Supraventricular tachycardia

Ventricular tachycardia, ventricular fibrillation

Bradyarrhythmia

Postural orthostatic tachycardia syndrome (POTS), inappropriate
sinus tachycardia (IST)

QT prolongation

e Rhythm or rate control and anticoagulation in patients who meet
criteria where benefits may outweigh possible risks

e Cardioversion

e Ablation when stable and as appropriate

e Rate control

e Ablation when stable and as appropriate

e Antiarrhythmics, beta blockers, sedation as appropriate

e Avoid QT prolongation; replenish electrolytes and consider
ablation and/or ICD implantation when stable/appropriate

e Avoid agents that may cause bradycardia

e Myocarditis should be considered a possible cause of bradycardia

e Consider temporary venous pacemaker or IV dopamine/atropine

e Pacemaker implantation when stable and as appropriate

e Oral hydration

e Compression stockings

e Beta blockers, possible consideration of off-label use of

ivabradine

e (ardiac rehabilitation

e Avoid QT-prolonging agents, replenish electrolytes, closely
monitor ECG

ECG = electrocardiogram; ICD = implantable cardioverter-defibrillator; IV = intravenous.

prevalence of AF in those over age 60 compared to those
younger than 60 and a 6-fold increase in the prevalence in
those with severe disease compared to those with milder dis-
ease.”’ Of the portion of studies reporting mortality out-
comes, the presence of AF was associated with an increase
in all-cause mortality (50.6% vs 29.3%, OR 2.98, 95% CI
1.91-4.66)."

There is also a growing body of evidence that a history of
prior AF is associated with worsened outcomes in patients
hospitalized with COVID-19. In 696 consecutive patients
admitted with COVID-19 in 13 cardiology centers across
Italy, patients with a history of prior AF had a higher rate of
death (38.7% vs 20.8%, P < .001) and this association re-
mained after adjusting for confounders of clinical disease
severity.”' Additionally, in a single-center retrospective study
of 350 patients hospitalized with COVID-19, AF was indepen-
dently associated with in-hospital death when adjusting for age
and comorbidities through multivariate analysis (hazard ratio:
2.426,95% CI 1.089-5.405, P = .032)." In another study per-
formed in Berlin, 15.9% of patients who required ICU treat-
ment had a prior history of arrhythmia, with the most
common being AF or AFl, consisting of 14.2% of those
requiring ICU treatment. In this study, 44.2% of patients had
sustained atrial arrhythmias, while 33.6% had nonsustained
atrial arrthythmias, with AF being the most common atrial
arrthythmia in both sustained and nonsustained categories.
This high proportion of patients reporting arrhythmias also
closely aligned with a high proportion (79.6%) of patients
treated with mechanical ventilation.™

There are significant management considerations that
must be considered for atrial arrhythmias from COVID-19
infection. AF is typically treated with a combination of
rhythm control, rate control, and anticoagulation in patients

without contraindications owing to bleeding risks.”* It is
worth noting that consideration for therapeutic anticoagula-
tion with heparin, regardless of AF, should be considered
for all non—critically ill hospitalized patients with COVID-
19 based on recent data reporting an improved probability
of organ support—free survival to hospital discharge with
therapeutic anticoagulation compared to prophylactic
dose.”” Standard therapies for rate control consist of pharma-
cological management, typically with calcium channel
blockers or beta blockers. Owing to possible concern of res-
piratory bronchoconstriction with beta-blocker usage for pa-
tients with acute respiratory illness such as COVID-19,
calcium channel blockers are an alternative option as rate
control agents.”** It is critical to be mindful of drug-drug in-
teractions and the potential need to modify agents used for
rhythm control, as patients with COVID-19 are often treated
with many additional medications.’’ On a case-by-case basis,
rhythm control agents such as amiodarone, flecainide, ibuti-
lide, and sotalol may be used as dictated by the comorbid
conditions and drug-drug interactions as recommended in a
summary statement providing guidance on short-term man-
agement of AF published in the Journal of the American
Heart Association.”” Tn any hemodynamically unstable pa-
tient with AF, direct current cardioversion should be
used.”’ In a nonemergent setting, the American Society of
Echocardiography provided recommendations suggesting
alternate imaging modalities for clearance of the left atrial
appendage prior to cardioversion, such as computed tomog-
raphy or magnetic resonance imaging, owing to the increased
risk of aerosolization associated with transesophageal echo-
cardiography.”®

The use of prophylactic antiarrhythmic therapy aimed
to prevent atrial arrthythmias has been suggested for



Lavelle et al  Arrhythmia and COVID-19

11

COVID-19, given the commonality of these atrial arrhyth-
mias. However, caution has been recommended given
possible QT-prolonging effects of many of these drugs and
interactions with COVID-19 pharmacotherapy.”®"’

Ventricular arrhythmias

Ventricular arrhythmias are typically not the predominant
arrhythmia identified in hospitalized patients with COVID-
19, with studies estimating nonsustained VT, VT, and VF
comprising up to approximately 20% of all arrhythmias.”
In an inpatient cohort at a single center in New York City
at the height of the pandemic, management of ventricular
arrhythmias made up 7% of the electrophysiology consulta-
tions.”” One study examining the etiologies of 136
in-hospital cardiac arrests in patients admitted with severe
COVID-19 pneumonia found that VI/VF was responsible
for only 5.9% of cases."'

Overall rates of ventricular arrhythmia are low, so the use of
prophylactic antiarrhythmic therapy does not have any clear
role. Furthermore, the use of antiarrhythmic medications like
amiodarone may contribute to QTc prolongation and increase
the risk of torsades de pointes.” Management of ventricular ar-
rhythmias in patients with SARS-CoV-2 infection should
follow a similar algorithm to other patients with ventricular ar-
rhythmias: antiarrhythmics, such as amiodarone; beta
blockers; and intubation and sedation as needed. Recommen-
ded practice guidelines from the Heart Rhythm Society pub-
lished during the peak of the pandemic do not recommend
delaying urgent, nonelective procedures such as ablation of
medically refractory VT storm or implantation of a secondary
prevention automatic implantable cardioverter-defibrillator,
though decisions need to be individualized for each case."”
However, in certain situations, the use of a temporary wearable
cardioverter-defibrillator may be reasonable if the ongoing risk
of a permanent implantable device are outweighed by the ben-
efits (eg, ongoing infection, thrombosis complicating access,
potential improvement in ventricular function, etc).’” Mitac-
chione and colleagues™ report a case of successful ablation
of VT in a patient with electrical storm through substrate modi-
fication in a critically ill patient with COVID-19 pneumonia,
which supports the feasibility of performing such procedures
in this patient population. One other patient population in
which ventricular arrhythmias may be an important consider-
ation is those with COVID-19-associated myocarditis. As has
been reported in acute myocarditis from other causes, as high
as 79% of patients have ventricular arrhythmia (nonsustained
VT, VT, or VF) as part of their presentation.”” Data regarding
the prevalence of ventricular arrhythmias specifically in
COVID-19-related myocarditis is still developing, though pro-
posed mechanisms include direct myocyte injury, microvas-
cular ischemia, reentrant arrhythmia related to myocardial
scar/fibrosis, and the proarrhythmogenic features previously
described with cytokine storm.”*

As previously discussed, infection with COVID-19 is asso-
ciated with prolonged QTc interval, irrespective of treatment
with known QTc-prolonging medications.”® Thus, monitorin g

the QTc interval regularly in these patients, particularly those
receiving any additional medications known to prolong the
QTc, is a critical consideration in this patient population. Tor-
sades de pointes in the setting of severe COVID-19 pneumonia
and treatment with QTc-prolonging medications has been
described previously in the literature.'> Management with defi-
brillation, intravenous magnesium, repletion of electrolytes,
and discontinuation of offending agents resulted in resolution
of the ventricular arrhythmia in this case, which emphasizes
the importance of careful monitoring of the QTc interval in
these patients and using established management algorithms
for management of ventricular arrhythmias that can result.'”

Bradyarrhythmias

Arrhythmic complications observed during infection with
COVID-19 also include bradyarrhythmias. In a worldwide
survey reporting on arrhythmias observed in more than 800
hospitalized patients with SARS-CoV-2 infection, brady-
cardia and atrioventricular block accounted for 12.8% and
8.6% of arrhythmias, respectively. Single-center experience
from a New York City hospital at the height of the pandemic
revealed that bradyarrhythmia accounted for 16% of the
cases of inpatient electrophysiology consultation re-
quested.”” Because bradyarrhythmias account for a signifi-
cant portion of the arrhythmias observed in inpatients with
COVID-19, management of bradyarrhythmias is an impor-
tant consideration in this patient population.

Given the observed association between heart block and
myocarditis, as well as the association between infection
with SARS-CoV-2 and myocarditis, myocarditis should be
a clinical consideration in any patient who develops atrioven-
tricular block with COVID-19.”*** The majority of our
knowledge about the management of bradyarrhythmias dur-
ing the pandemic comes from small observational case series
and case reports. In a case series of 7 patients with COVID-19
infection complicated by bradyarrhythmia, 5 patients had
complete heart block and 2 patients had sinus node dysfunc-
tion.”> Given the possibility of recovery of the conduction
system and the risks associated with an early invasive proced-
ure and permanent implant, temporary pacing was used in the
5 symptomatic patients with complete heart block in this case
series. Ultimately, 5 patients continued to have symptomatic
bradycardia and conduction disease after 2 weeks, at which
time permanent pacemaker implantation occurred. The 2 pa-
tients with sinus node dysfunction were managed medically
and followed without permanent device implantation.”
Other case series have reported on the transient nature of
high-grade block observed in crucially ill patients with
COVID-19.%° In this series, 2 patients with critical illness
related to COVID-19 developed high-grade atrioventricular
block during their clinical course. In both cases, as the pa-
tients improved their conduction issues resolved, and neither
required long-term permanent pacing. While bradycardia can
be seen in critically ill patients for a variety of reasons, such
as metabolic derangements, vagal tone due to pain and
tracheal suctioning, and medication side-effects, it typically
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results in first- or second-degree block and not the high-grade
block observed in these patients. Thus, likely there are
myriad different mechanisms of conduction disease as a
result of COVID-19, as has been observed with other infec-
tions (ie, Lyme with carditis).*® Given the complexity of crit-
ically ill patients with COVID-19, the risks associated with
implantation of a permanent device, and the possible tran-
sient nature of the bradyarrhythmia, it is important to
consider temporizing measures such as temporary transve-
nous pacemakers, atropine, and dopamine as viable options
until a patient clinically improves. However, as has been rec-
ommended by the guidelines from the Heart Rhythm Society
on guidance for cardiac electrophysiology during the
COVID-19 pandemic, urgent procedures such as the implan-
tation of permanent pacemakers for patients with symptom-
atic bradycardia should not be deferred.*”

Autonomic dysfunction

Survivors of COVID-19, especially those with symptoms of
PASC, have been reported to experience arrhythmias in the
form of autonomic dysfunction, typically with features of
postural orthostatic tachycardia syndrome (POTS) or inap-
propriate sinus tachycardia (IST).*"”*® POTS is typically
characterized by symptoms that are precipitated by changes
in position or standing and heart rate increase of >30 beats
per minute (or heart rate >120 beats/min) when moving
from a supine to a standing position; IST is characterized
by sinus tachycardia without an identifiable cause.’” A case
series from Sweden reported by Johansson and colleagues™®
reported on 3 patients who developed symptoms of PASC; all
had confirmed symptomatic POTS in the months following
infection with COVID-19. All patients were managed with
the use of nonpharmacologic measures such as fluid and
salt intake, avoidance of triggers, and compression stockings,
as well as the use of beta blockers and ivabradine; only 1 of
the 3 patients saw significant improvement in their symp-
toms." This finding in post-COVID-19 patients has been
further supported with other reports from the literature. In a
compilation of 6 case series (including the 3-patient series
by Johansson and colleagues) put together by Bisaccia and
colleagues,” 61 total patients were identified with evidence
of cardiovascular autonomic dysfunction following
COVID-19 infection. These patients had an average age of
42; 69% were women and 69% had a diagnosis of POTS,
with orthostatic hypotension as the next most common diag-
nosis.”” When making this diagnosis of autonomic dysfunc-
tion, it is critical to be able to rule out other causes of
tachycardia in the post-COVID-19 patient, including decon-
ditioning, anemia, anxiety, heart failure, pulmonary disease,
or ongoing hypoxia.”’ Another case series of 11 patients
referred to a cardiologist for management of unexplained
tachycardia, palpitations, and orthostatic intolerance
following PCR- or antibody-confirmed COVID-19 infection
found that of the 9 patients managed with pharmacology,
only 2 had resolution of their symptoms.”' These findings,
coupled with the findings of the series reported by Johansson

and colleagues, support that post-COVID-19 autonomic
dysfunction carries a similar prognosis to POTS and IST
with difficult-to-manage symptoms that require ongoing
follow-up. While these presentations may be more common
in patients with underlying autoimmune disease, this associ-
ation has not yet been studied for PASC.**

Considerations in specific patient populations
As we have suggested throughout this review, individuals
with previous cardiac complications are at an increased risk
of arrhythmias following COVID-19 infection, and as such,
history of structural heart disease or arrhythmias should raise
concerns over the possibilities of worsened outcomes.® "’
Additionally, certain high-risk patients, such as those with
an inherited arrhythmia syndrome like long QT syndrome,
Brugada syndrome, short QT syndrome, or catecholamin-
ergic polymorphic ventricular tachycardia, often warrant spe-
cial considerations and are at a heightened risk for
arrhythmias.”

Management of fever is especially important in individ-
uals predisposed to ventricular arrhythmias in the setting of
viral illness or fever with underlying Brugada syndrome, a
high-risk population for the development of arrthythmias dur-
ing acute COVID-19 infection.” Like other cases of Brugada
syndrome, fever reduction with acetaminophen is typically
suggested, with subsequent hospitalization if fever cannot
be reduced, owing to high fever’s ability to precipitate ar-
rhythmias.”**” Slight changes in sympathetic or parasympa-
thetic systems can often wreak havoc in these patients, so
isolation and close monitoring is of utmost important, even
among the COVID-19 population. Special management con-
siderations in ICU settings should also be enacted owing to
the possibility of episodes of arrhythmia being precipitated
by anesthesia, and careful choice of drugs should be supple-
mented with constant cardiac monitoring for these patients.”

Patients with long QT syndrome are also particularly sus-
ceptible to arrhythmias from COVID-19. Importantly, Rubin
and colleagues™ found that COVID-19 infection itself was
independently associated with a significant increase in QTc
and a QTc greater than 500 ms. Like other viral channelopa-
thies, in which viral infection dysregulates ion channel func-
tion directly or through encoding their own ion channels
(viroporins), it is likely that long QT syndrome-related ar-
rhythmias likely manifest as a direct result of ion channel
dysfunction owing to COVID-19 infection.””-”® Management
of patients with these considerations should also make use of
drugs without significant QT prolongation, diarrhea, or hypo-
kalemia as side effects, as all of these are possible risk factors
in the development of arrhythmias associated with COVID-
19 for those with channel-related mutations.”” It is important
to note, however, that management considerations are spe-
cific to certain channelopathies. For instance, short QT syn-
drome and catecholaminergic polymorphic VT do not have
significant added concerns COVID-19 apart from avoiding
electrolyte-related imbalances.””®’ Specific guidance for
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cardiomyopathies and other inherited conditions has also pre-
viously been described.”’

As our experience with vaccination against SARS-CoV-2
continues to grow, the management of cardiovascular compli-
cations related to vaccination will continue to evolve. Rare car-
diovascular adverse effects of COVID-19 vaccines, including
myocarditis and pericarditis, have been reported, typically in
young and healthy men. In 1 case series of 5 patients with car-
diovascular complications following vaccination with the
mRNA-based COVID-19 vaccines, 2 patients were diagnosed
with myocarditis, 2 patients were diagnosed with pericarditis,
and 1 patient was diagnosed with stress cardiomyopathy.®”
The 2 patients diagnosed with myocarditis were young men
(aged 18 and 19 years) and 1 of the 2 patients was noted to
have episodes of nonsustained VT.%* Both of the patients diag-
nosed with pericarditis were women (aged 21 and 61 years); 1
was noted to have sinus tachycardia and the other new-onset
atrial fibrillation.®” It should be noted that the extent of cardio-
vascular complications and arrhythmia due to vaccines are
significantly lower than what is typically seen following
SARS-CoV-2 viral infection.”

Conclusion and future directions

As we near the end of the pandemic phase of COVID-19, it
is highly likely SARS-CoV-2 will remain endemic
throughout the world. Thus, the lessons we learned during
the acute phase must be carried forward as we continue to
build on our understanding and knowledge of the presenta-
tion and management of COVID-19 disease. In particular,
as outlined in this review, there have been a variety of
arrhythmic complications observed in patients infected
with SARS-CoV-2. Current data on the presentation and
management of these patients are largely limited to small
observational case series and case reports. Pooled data and
larger registries would help better inform the incidence
and optimal management strategies in this patient popula-
tion. Additionally, as longer-term follow-up is accrued in
larger patient populations, our understanding of both the
acute and long-term arrhythmic complications of COVID-
19 can be better understood.
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