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Abstract: Coronavirus Disease 2019 (COVID-19) has
been a significant cause of global mortality and mor-
bidity since it was first reported in December 2019 in
Wuhan, China. COVID19 like previous coronaviruses
primarily affects the lungs causing pneumonia, inter-
stitial pneumonitis, and severe acute respiratory dis-
tress syndrome (ARDS). However, there is increasing
evidence linking COVID-19 to cardiovascular compli-
cations such as arrhythmias, heart failure, cardiogenic
shock, fulminant myocarditis, and cardiac death.
Given the novelty of this virus, there is paucity of data
on some cardiovascular complications of COVID-19,
specifically myocarditis. Myocarditis is an inflamma-
tory disease of the heart muscle with a heterogenous
clinical presentation and progression. It is mostly
caused by viral infections and is the result of interac-
tion of the virus and the host’s immune system. There
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have been several case reports linking COVID-19 with
myocarditis, however the true mechanism of cardiac
injury remains under investigation. In this paper we
review the clinical presentation, proposed pathophysi-
ology, differential diagnoses and management of myo-
carditis in COVID-19 patients. (Curr Probl Cardiol
2022;47:101268.)

Introduction

oronaviruses (CoVs) are a family of human and animal viral
pathogens who target multiple organ systems including the

respiratory and cardiovascular systems.'* Zoonotic transmission
of CoVs have been responsible for previous outbreaks of severe acute
respiratory syndrome (SARS)-CoV and Middle East respiratory syn-
drome (MERS)-CoV. '+

Novel Coronavirus Disease 2019 (COVID-19) was first reported in
December 2019 in Wuhan, China and as of May, 2022, has led to greater
than 500 million cases worldwide with greater than 6 million deaths. In
the US there has been over 81million reported cases and greater than
900,000 deaths.”

Myocarditis is a known complication associated with viral illnesses
and is the result of interaction of the viral and the host’s immune system.
Mortality rates with myocarditis vary widely depending on the etiology,
subclass and degree of cardiac dysfunction developed. however, some
studies have demonstrated a 5-year mortality as high as 56% in endomyo-
cardial biopsy proven myocarditis.” While a broad range of infectious eti-
ologies are associated with myocarditis, preceding viral infection is most
common in the development of myocarditis.” Myocarditis can clinically
mimic acute coronary syndrome, however, by definition, myocarditis is
myocyte injury in the absence of obstructing coronary lesions.

While acute respiratory distress was documented and studied in both
SARS and MERS, there is scant data on cardiovascular complications
from these viruses. Specifically, the true incidence of COVID-19 induced
myocarditis remains unknown but there have been several case reports on
myocarditis or myocardial injury.”* Observational studies of COVID-19
patients report myocardial damage, often in the absence of obstructing
coronary disease that is suggestive of myocarditis, cardiogenic shock and
ventricular arrhythmias.”'"
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We present a detailed review of the clinical presentation of these
patients with respect to the broad differential diagnoses, inpatient man-
agement, and the pathophysiology of myocarditis in COVID-19 patients.

Pathophysiology

The pathophysiology of viral myocarditis can be described in four dis-
tinct phases. The first phase is direct myocardial injury, during which the
virus binds to its receptor on the cardiomyocyte. This leads to endocytosis
of the virus and subsequent degradation of cellular structures and overall
myocyte injury.'' "> Release of proinflammatory cytokines and activation
of the innate immune system occurs because of this cardiac injury. Most
patients recover fully after this phase.'” Phase 2 involves viral clearing
via release of inflammatory cytokines such as interferon-y, tumor necro-
sis factor (TNF), interferon 1 & 2.'"'*'® These inflammatory cytokines
however are also responsible for the development of myocarditis, in part
induced by immune dysregulation and molecular mimicry.'*'> Molecular
mimicry is caused by similarities between viral antigens and cardiac anti-
gens resulting in an activation of autoreactive T-cells. The third phase is
acquired immune response, where CD4+ T helper (Th) cells and cyto-
toxic CD8+ cells are recruited to the site of injury and exercise their
effect by lysing virus infected cells and neutralizing antiviral antibodies
and autoantibodies.'"'” In the final stage, the virus is either cleared effec-
tively with the resolution of inflammation or there is ineffective viral
clearance leading to persistent low level inflammation with concomitant
myocardial remodeling and left ventricular dilation known as inflamma-
tory cardiomyopathy.'' "

Proposed pathophysiology of COVID 19 myocarditis

There have been several case reports linking COVID-19 with myocar-
ditis, however the true mechanism of cardiac injury remains under inves-
tigation. Different mechanisms have been postulated to explain the
COVID-19 related cardiac injury including direct myocardial injury
mediated via ACE2, immune dysregulation mediated by cytokine storm
and hypoxia from imbalance in oxygen supply and demand."”""/(Fig 1).

Direct Myocardial Injury. SARS-CoV-2 infects host cells by binding its
surface spike protein to the human ACE2 receptor. Prior to binding, the
spike protein must be activated by transmembrane protease serine 2
(TMPRSS?2), this allows for fusion of viral and cellular membranes
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FIG 1. Proposed pathophysiology of COVID-19 induced myopericarditis.

thereby facilitating viral entry into the cell.'®'® It is proposed that inter-

action of SARS-CoV-2 and the ACE2 receptor can lead to alteration of
ACE2 pathway and consequential cardiac injury. Similarly, previous
research on SARS demonstrated that ACE2 dependent SARS-COV infec-
tion led to a decreased myocardial ACE2 protein expression and was
associated with macrophage infiltration and myocardial damage.'”

Immune dysregulation & Cytokine Storm. Multiple studies have shown
an increase in proinflammatory cytokines such as IL-2, IL-6, IL-7, tumor
necrosis factor - a (TNF-a), C-X-C motif cytokine 10 (CXCL10), and C-
C motif ligand 2 (CCL2) in patients with severe COVID-19
infection.'>'® The release of these cytokines into circulation in what is
described as a cytokine release syndrome (CRS) leads to an
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overactivation of T-lymphocytes that can result in myocardial damage.
Elevated serum levels of IL-6 observed in CRS, has been identified as a
predictor of mortality and morbidity in retrospective studies from
COVID-19."

Clinical Manifestations

The clinical signs of SARS-COV-2 myocarditis are highly variable,
and often nonspecific, making it challenging to distinguish it from other
cardiopulmonary conditions. The presenting complaints are usually part
of a continuum of symptoms associated with the viral prodrome. These
may include fever, myalgias, diarrhea, nausea, and other respiratory
symptoms. In a retrospective study of SARS-COV-2 infected patients
with possible myocarditis, dyspnea, chest tightness, cough and fever
were the most common symptoms at presentation.*>’

Some patients may also exhibit a more severe clinical presentation
including ventricular arrhythmia, pericardial effusion or fulminant myo-
carditis with subsequent cardiogenic shock and death.””"** In a single
center retrospective study of 112 patients with SARS-COV-2 infection,
12.5% had abnormalities suggestive of myocarditis.”> SARS-COV-2
myocarditis can occur unexpectedly at any stage during hospitalization
and is increasingly being recognized as a late complication that can
develop after improvements in a patient’s respiratory condition.” There-
fore, a high index of suspicion for myocarditis is required to allow for
prompt investigation and timely initiation of appropriate treatment.

Diagnosis

Electrocardiography (ECG). Arrhythmias are a common occurrence in
SARS-CoV-2. A retrospective study out of Wuhan, China, Hubei showed
that among 138 COVID-19 patients enrolled, arrhythmia was observed in
7% of patients who did not require ICU treatment and in 44% of patients
who did require ICU admission.”* These arrhythmias included but were
not limited to, atrial fibrillation, conduction block, ventricular tachycar-
dia, and ventricular fibrillation.”* In addition to arrhythmias, several stud-
ies and case reports have showed findings of dynamic diffuse ST
Elevation or T wave inversion as was also seen with MERS-CoV.””%’
Conventionally, ST changes occur as a result of atherothrombotic type 1
MI or type 2 MI, vasospasms and acute pericarditis. However, recent
data suggest that dynamic ST elevation can be observed in SARS-CoV-2
likely related to myopericarditis.”® In this regard, ECG remains a very
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important and readily available test that allows for timely recognition of
life-threatening conduction block abnormalities and arrhythmias.”®
Despite its low sensitivity, it is a useful test for risk stratification.

Transthoracic Echocardiography. Echocardiographic findings of myo-
carditis may include reduced left ventricular ejection fraction (LVEF)
(<50%), segmental wall motion abnormalities, or left ventricular wall
thickening (>10 mm) and/or presence of pericardial effusion (>5
mm).””*" Case reports of patients with confirmed SARS-COV-2 and sus-
pected myocarditis have documented the presence of pericardial effusion,
left ventricular systolic dysfunction, and wall motion abnormalities.”'**
Although these findings are nonspecific, they are often crucial for proper
diagnosis and prognosis.

Cardiac MRI. Cardiac MRI (CMR) is also useful in diagnosing myocar-
ditis in COVID-19 patients most especially among young patients. One
of the earlier cases of COVID associated myocarditis documented by
CMR was in a young adult who tested positive for COVID and presented
with chest pain and fatigue without fever or cough or elevated troponin
and normal left ventricular ejection fraction by echocardiography.’” Car-
diac MRI showed late subepicardial late gadolinium enhancement pre-
dominantly in the inferior and lateral walls.™

Coronary Angiography. The role of coronary angiography in the diagno-
sis of SARS-CoV-2 induced myocarditis is to rule out coronary pathology
and most importantly type 1 myocardial infarction. However, performing
coronary angiography during the COVID-19 pandemic has posed unique
challenges.” To reduce the spread of infection, elective catheterizations
are being deferred and the risk of staff exposure vs patient benefit is
weighed individually. In stable COVID 19 patients presenting with
STEMI or NSTEMI conservative management such as fibrinolytic ther-
apy is now being considered in lieu of percutaneous coronary interven-
tion.” This creates a diagnostic challenge as up to 17% of patients
hospitalized with COVID-19 may present with acute myocardial injury.”®
Distinguishing between acute myocarditis and acute coronary syndrome
can be challenging particularly when angiography cannot be performed.””
A study of COVID-19 patients with suspected STEMI who underwent
coronary angiography showed that approximately 40% of the cases had
no identifiable culprit lesion.”® However, it was unclear if this presenta-
tion was due to SARS-COV-2 induced myocarditis or coronary vaso-
spasm.” In patients with clinical presentation of myocardial infarction
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without evidence of obstructive coronary disease on angiography, myo-
carditis is a likely diagnosis given previous studies have shown up to
40% of patients with the former presentation have diffuse myocarditis or
focal myocarditis. ™

Histology/Endomyocardial Biopsy. Per gold standard diagnostic test set
by the “Dallas Criteria” in 1987, myocarditis is diagnosed based on endo-
myocardial biopsies (EMB).”’ Active myocarditis requires the presence
of inflammatory infiltrates of non-ischemic origin in myocardial tissue
associated with necrosis and/or degeneration of adjacent cardiomyo-
cytes.”® Previously, biopsy proven studies of myocarditis have shown
that viral antigens such as Enteroviruses, Adenovirus, Parvovirus, and
Human Herpes Virus genomics persist in the myocardium postinfectivity
state.””*"

Only limited reports exist on the histological presentation of SARS-
CoV-2 related myocarditis.

Earlier this year, a case of a 43-year-old COVID-19 patient with diag-
nosed acute myocarditis was reported in whom the EMB results were
consistent with myocarditis with evidence of myocardial inflammation
and diffuse T-lymphocytic inflammatory infiltrates, interstitial edema,
and limited focal necrosis.”' More recently, biopsy proven viral genomes
was detected in a child diagnosed with COVID-19-related multisystem
inflammatory syndrome.*”

Management

Patients with left ventricular dysfunction should be treated with current
guideline recommended heart failure therapy including angiotensin-con-
verting enzyme inhibitors (ACEls)/angiotensin II receptor blockers
(ARBs)/angiotensin receptor-neprilysin inhibitors (ARNIs), mineralocor-
ticoids receptor antagonists, and beta blockers.”” However, caution
should be used in the acute setting and one should insure hemodynamic
stability before starting these therapies.”” Temporary mechanical circula-
tory support is often used in cases of fulminant viral myocarditis with
clinical deterioration despite optimal pharmacological therapy.**

Similarly, data on treatment of myocarditis is limited and current man-
agement consists of symptomatic supportive treatment and experimental
drug therapies. A multidisciplinary team (shock team) approach is recom-
mended to improve patient outcomes. Treatment algorithms have been
suggested to assist with diagnosis, risk stratification, and to aid with clini-
cal decision making (Fig 2).***"
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FIG 2. Flow chart for evaluation and management of suspected COVID-19 induced myocarditis.

Recently Investigated Therapies for COVID 19 induced
Myocarditis. Based on the proposed mechanisms of COVID 19 induced
myocardial injury, various clinical therapies have been investigated
including anti-inflammatory agents, antivirals, and cytokine and immune
modulators however randomized trials supporting the sue of specific ther-
apies are still lacking.

Colchicine. Colchicine has been used as a nonsteroidal anti-inflamma-
tory treatment, particularly in the setting of pericarditis and gout. It has
been hypothesized to have potential antiviral effects based on prior stud-
ies in which treatment showed decreased levels of cytokines including
interleukins (IL) 1 and 6, granulocyte macrophage colony stimulating
factor, and the nucleotide-binding oligomerization leucine-rich repeat
and pyrin domain (NLRP3) inflammasome.””"° It is suggested that treat-
ment with colchicine therefore may be beneficial in suppressing the cyto-
kine storm that results in ARDS secondary to COVID-19 infection."®
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The recently concluded GRECCO-19 trial*’ sought to evaluate the
effect of colchicine on cardiac and inflammatory biomarkers in the setting
of hospitalized COVID-19 patients. This open label randomized clinical
trial in Greece randomized patients in a 1:1 allocation to either standard
medical treatment or colchicine with standard medical treatment. The
study showed similar biochemical evidence of myocardial injury, based
on high sensitivity troponin, between the 2 groups but those that received
colchicine had a statistically significant reduced rate of clinical deteriora-
tion.”” The results showed similar levels of C-reactive protein (CRP) but
did show a significant reduction in dimerized plasma fragment D (D-
Dimer) levels in the treatment group which raises the possibility of an
antithrombotic in addition to an anti-inflammatory mechanism."’

Corticosteroids. Although corticosteroids have been used empirically in
severe cases of patients with biopsy proven myocarditis***’ the benefit of
this approach in COVID 19 myocarditis remain unknown.

The RECOVERY trial®’ demonstrated accelerated ventilation weaning
in addition to reduced mortality in patients with ARDS secondary to
COVID-19 with short term use of dexamethasone.

In the dexamethasone group, 482 patients (22.9%) compared to 1110
patients (25.7%) in the usual care group died within 28 days after ran-
domization (age-adjusted rate ratio, 0.83; 95% confidence interval [CI],
0.75-0.93; P < 0.001).”" In those receiving invasive mechanical ventila-
tion, the differences were more pronounced. In the dexamethasone group,
the incidence of death was lower than that in the usual care group among
patients receiving invasive mechanical ventilation (29.3% vs 41.4%; rate
ratio, 0.64; 95% CI, 0.51—0.81).5(’ Interestingly, no clear benefit of dexa-
methasone was shown among patients who did not require oxygen at ran-
domization (17.8% vs 14.0%; rate ratio, 1.19; 95% CI, 0.91-1.55).”"
Despite these promising results, more data is needed to better understand
the role of corticosteroids in COVID-19 induced myocarditis.

Intravenous Immunoglobulin (IVIG). 1VIG has shown benefit in various
inflammatory settings, both clinically and experimentally. Suggested
mechanisms of action include anti-inflammatory effects and neutraliza-
tion of toxins, oxidative stress, and reduction of complement factors and
cytokines.”' IVIG has been showed to reduce parvovirus B19 viral load,
improve ejection fraction, and improve NYHA classification in patient
infected with Parvovirus B19 dilated cardiomyopathy.”” IVIG has been
associated with improvement in LVEF only when used in combination
with other treatment modalities but not as a monotherapy.”*>*
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Considering the proposed association between COVID 19 induced
myocarditis and autoantibodies, Yang et al used IVIG in 28/52 ICU
patients (53.8%).”> Shi et al noted use of IVIG was higher in patients
with cardiac injury (68 [82.9%] vs 191 [57.2%]) compared to patient
without cardiac injury.”® However, neither study was able to show statis-
tically significant benefit in the use of IVIG.

Cytokine Modulators. Given the known association between cytokine
activation and COVID 19 mediated inflammatory response, various cyto-
kine inhibitors have been studied including Toclizumab, Siltuximab, and
Sarilumab.”’ These are all interleukin 6 inhibitors and may have a poten-
tial therapeutic role in COVID 19 induced myocarditis.”’ In the REMAP-
CAP study,” Toclizumab and Sarilumab were shown to have some effi-
cacy with improved outcomes, including mortality in critically ill
patients.”® However, the role of these medications in cytokine induced
myocardial injury remains unclear and until more substantial data is
accessed on the clinical efficacy of these therapies, it should only be used
in an individualized case by case basis.

Temporary Mechanical Circulatory Support

Fulminant viral myocarditis is rare and the use of temporary mechani-
cal circulatory support (MCS) devices has only been documented in case
reports without support of randomized control trials’”®'. However, sev-
eral case series have shown that MCS may be useful as a bridge to recov-
ery.””°% In the event of non-recoverable myocardial injury, MCS can be
a short-term stabilizing support system as a bridge to cardiac transplanta-
tion or permanent durable left ventricular assist device (LVAD) place-
ment.*> %

In one of the early reports of COVID-19 fulminant myocarditis,”’ the
patient was treated with antivirals and mechanical ventilation. Ultimately
the patient required veno-venous (VV) ECMO for hypoxia. After being
treated with these supportive measures, the LVEF returned to normal.
The p;tient ultimately succumbed to secondary infection and septic
shock.

Unique Challenges of COVID 19 Myocarditis

Delay in Diagnosis. Early diagnosis of COVID 19 myocarditis relies on
our clinical skills and judgment in identifying patients who are at
risk.”** Diagnosing COVID 19 myocarditis can be challenging

10 Curr Probl Cardiol, September 2022



especially in the setting of acute patient decompensation or inability to
perform key diagnostic tests such as cardiac MRI or endomyocardial
biopsy.” Cardiac biomarkers can be helpful in the diagnosis but fail to
differentiate between myocarditis secondary to infection of cardiac tissue
from myocardial injury related to ischemia.®® Therefore we believe in ini-
tiation of empiric therapy based on clinical suspicion.

Ethical Considerations. There is an inherent duty to care for patients,
particularly during the setting of a pandemic. Yet, we are placed at a high
risk to provide patient care and have a duty to care for ourselves and
loved ones to prevent the spread of disease. This includes judicious use
of personal protective equipment. The ASE (American society of Echo-
cardiography) released a COVID statement regarding who and when to
order an ECHO.®’ Briefly, the statement recommends imaging those in
which imaging is expected to provide clinical benefit which includes fol-
lowing established appropriate use criteria (AUC).” Transesophageal
echocardiography (TEE) has a heightened risk of spreading COVID 19
and may provoke aerosolization of the virus due to coughing of gagging
during examination.®® With use of QTC prolonging medications, often in
combination, there is increased personnel exposure to EKG technicians
due to necessity for serial ECGs and equipment exposure, further strain-
ing limited supply of personal protective equipment. Some FDA-
approved consumed mobile ECG devices are capable of generating accu-
rate QTc measurements and therefore may be a reasonable alternative
during the COVID-19 pandemic to minimize patient and health exposure
and improve social distancing measures.””

Myocarditis after Vaccination. Cases of acute myocarditis have been
reported after a variety of vaccinations.”’”’® Smallpox and seasonal influ-
enza vaccines have resulted in rare cases of vaccine-associated immune
eosinophilic myocarditis in healthy individuals who received these vac-
cines.”' Recently, there have been reported cases of acute myocarditis
after mRNA covid-19 vaccine administration.”*’> According to the US
Center for Disease Control and Prevention, it commonly occurs in males
with the highest frequency between ages 12-29 following 2nd dose with
an incidence of 0.48 cases per 100,000.”* Similar pattern was reported in
a study conducted at a large healthcare organization in Israel although at
a higher estimated incidence of 2.13 cases per 100,000.”* In Australia,
there were 50 reports of suspected myocarditis and/ or pericarditis out of
288 total adverse events after 3.7 million doses of Pfizer mRNA vaccines
as at July 11th 2021.7° Most cases were mild or moderate in severity.’*”
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A high index of suspicion is required in identifying patients presenting
with acute symptoms following covid-19 vaccination. Typical presenta-
tions include chest pain in 85-95% of cases, dyspnea in 19%-49% and
syncope in 6% of cases with fever accompanying these symptoms in 65%
of patients.’® There is uncertainty regarding a causal relationship between
vaccinations and myocarditis. Potential mechanisms such as hypersensi-
tivity to vaccine components, inflammatory reaction, or inappropriate
activation of the immune system have been proposed. However, it is diffi-
cult to establish a true causal relationship due to the rarity of this cases.’®

Future Directions

Our understanding of the cardiovascular effects of COVID-19 contin-
ues to improve and should translate into better diagnostic, therapeutic
and management protocols for patients. While there have been case
reports on COVID-19 induced myocarditis,”’~*”" the true incidence
remains unknown. Hence, the importance of a registry at this time cannot
be understated as this will assist in collection of structured data to aid
research and inform the medical community.

Given that most patients with acute myocarditis require supportive
treatment, patients who do develop symptomatic heart failure would
require current guideline-directed medical therapy. However, further
research is hereby warranted to assess the role of these medications in
COVID-19 patients. Additionally, the role of antiviral agents and immu-
nosuppressive drugs in COVID-19 are currently under investigation. It is
our hope that ongoing clinical trials may provide support for immunosup-
pressive therapies in myocardial inflammation.

Finally, due to the novelty of this disease, the long-term complications
that may arise from COVID-induced myocarditis remain unknown. The
assumption from traditional viral myocarditis is that there is a possibility
of long term complications such as progressive heart failure with dila-
tated cardiomyopathy, and in some cases, the need for ventricular assist
devices and heart transplantation. Therefore, future research studies
focusing on outcome of COVID 19 myocarditis patients is paramount.

Conclusion

Myocarditis is an important consideration for patients with COVID-19
given the propensity for significant morbidity and mortality. Different
mechanisms have been proposed to explain the COVID-19 related car-
diac injury including direct myocardial injury mediated via ACE2,
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immune dysregulation mediated by cytokine storm and hypoxia from
imbalance in oxygen supply and demand. Given that there may be other
concomitant cardiovascular complications with similar presentations
associated with COVID-19, other diagnosis such as Acute Coronary Syn-
drome and Takotsubo syndrome/Stress cardiomyopathy must be consid-
ered. Currently, treatment remains mostly supportive, in cases of left
ventricular dysfunction current heart failure guidelines should be applied.
There may also be a role for mechanical circulatory support & extracor-
poreal membrane oxygenation as a bridge to recovery in patients who
present with acute cardiogenic shock. We hope that ongoing clinical trials
may provide more direction regarding the pathophysiology of this disease
and targeted therapeutic options.
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