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ABSTRACT



RESUM
E

The mRNA vaccines against COVID-19 infection have been effective in
reducing the number of symptomatic cases worldwide. With widespread uptake, case series of vaccine-related myocarditis/pericarditis
have been reported, particularly in adolescents and young adults. Men
tend to be affected with greater frequency, and symptom onset is usually within 1 week after vaccination. Clinical course appears to be mild
in most cases. On the basis of the available evidence, we highlight a
clinical framework to guide providers on how to assess, investigate,
diagnose, and report suspected and conﬁrmed cases. In any patient
with highly suggestive symptoms temporally related to COVID-19
mRNA vaccination, standardized workup includes serum troponin
measurement and polymerase chain reaction testing for COVID-19
infection, routine additional lab work, and a 12-lead electrocardiogram. Echocardiography is recommended as the imaging modality of
choice for patients with unexplained troponin elevation and/or pathologic electrocardiogram changes. Cardiovascular specialist consultation and hospitalization should be considered on the basis of the
results of standard investigations. Treatment is largely supportive, and
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The mRNA vaccines against COVID-19 have shown unprecedented efﬁcacy with respect to prevention of symptomatic

infection and severe illness. With the development of
COVID-19 variants of concern including variant B.1.617.2
for which 2 vaccinations are needed to confer immunity, continued public health initiatives promoting vaccine use has
continued. Recently, an association with myocarditis and pericarditis has been reported to be related to mRNA vaccination.1 Historically, myocarditis/pericarditis has been reported
after a smallpox live vaccine, with an incidence of 2.16-7.8
per 100,000 vaccines with reports occurring up to 30 days
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myocarditis/pericarditis that is diagnosed according to deﬁned clinical
criteria should be reported to public health authorities in every jurisdiction. Finally, we recommend COVID-19 vaccination in all individuals in
accordance with the Health Canada and National Advisory Committee
on Immunization guidelines. In patients with suspected myocarditis/
pericarditis after the ﬁrst dose of an mRNA vaccine, deferral of a second dose is recommended until additional reports become available.
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post vaccination. Most of these patients recover without any
long-term sequelae. Other live viral vaccines (including measles-mumps-rubella, varicella, oral polio, or yellow fever vaccine) have a lower incidence of myocarditis/pericarditis (0.24
per 100,000 vaccines). The likelihood of an association
between COVID-19 mRNA vaccines and myocarditis/pericarditis has understandably generated signiﬁcant interest
among health care providers, the scientiﬁc community, and
the public. This issue is particularly germane during this phase
of the pandemic with public health efforts increasingly
focused on vaccination of adolescents and young adults, and
because further expansion of vaccine efforts in children younger than 12 years of age is anticipated in the coming months.
The aim of this commentary is to provide a real-time pragmatic framework for cardiovascular care providers in Canada
to address concerns of myocarditis/pericarditis potentially
related to mRNA vaccination. The author group includes
expertise in adult and pediatric cardiology, primary care,
emergency medicine, policy, public health and vaccinology.
Herein, we summarize the current state of knowledge regarding incidence and preliminary outcomes of mRNA vaccinerelated myocarditis/pericarditis, address the evaluation, management, and reporting of suspected cases, and provide a suggested approach to informed decision-making with patients
who receive the COVID-19 mRNA vaccination.
We recognize that this is a rapidly evolving area of great
interest to multiple stakeholders, especially young patients
and their families, and our understanding of the link between
myocarditis/pericarditis and mRNA vaccines will likely be
informed by new and emerging data. This commentary has
been endorsed by the Canadian Cardiovascular Society’s
COVID-19 Rapid Response Team and by the Canadian Pediatric Cardiology Association.

frequent than in women). Similar to previous reports of myocarditis/pericarditis with other vaccines, one suspects that there is likely
under-reporting of the true incidence on the basis of subclinical
disease. Through June 5, 2021, an incidence of 12.6 cases per million second doses in the 12- to 39-year-old age group was
observed in the 21 days after vaccination, with clustering within
the ﬁrst 6 days.1 Surveillance data in Canada (up to July 9, 2021)
includes 163 cases of myocarditis/pericarditis, where cases have
been seen after the ﬁrst and second dose of vaccine, and between
5 hours and 92 days post exposure.2 These clinical ﬁndings are
similar to multiple series reported worldwide. The references for
these cases series are included in Supplemental Appendix S1. To
date, myopericarditis has been reported to occur after both available mRNA vaccines (Moderna and Pﬁzer-BioNTech).

Myocarditis/Pericarditis and COVID-19 mRNA
Vaccines
Ongoing surveillance of COVID-19 mRNA vaccines has
identiﬁed potential post-vaccination adverse events. Recently, data
presented to the Advisory Committee on Immunization Practices
by the Centers for Disease Control and Prevention reported on
incidence of myocarditis/pericarditis after approximately
300,000,000 COVID-19 mRNA doses in the United States.
Cases were much more common after the second dose, with a preponderance of men affected (approximately 5-10 times more

Case Deﬁnitions
Standardized case deﬁnitions are important to understand
the true incidence of myocarditis and pericarditis after mRNA
COVID-19 vaccination. This poses a number of challenges: the
World Health Organization Global Advisory Committee on
Vaccine Safety uses the Brighton Collaboration case deﬁnition
for myocarditis, which discriminates 5 levels of certainty for the
diagnosis. As a comparison, the Vaccine Adverse Events Reporting System in the United States draws from historic case deﬁnitions for myocarditis, categorizing events as suspected, probable,
or conﬁrmed—the latter speciﬁcally requires the presence of
pathognomonic histological ﬁndings of myocardial inﬂammation to be present at biopsy or autopsy. In the Vaccine Adverse
Events Reporting System, events may be self-reported and adjudication is challenging in the absence of medical records review
and conﬁrmatory diagnostic testing. Finally, and most relevant
to the practitioner, myocarditis and pericarditis diagnostic criteria for the purpose of direct patient care might be different from
those used by surveillance systems to classify a reported event
with respect to certainty of diagnosis. In this regard, the Centers
for Disease Control and Prevention working case deﬁnition for
myocarditis, which categorizes cases as probable or conﬁrmed,
best aligns with our understanding of how myocarditis is currently worked up in Canada (a summary of the case deﬁnitions
and references are shown in Supplemental Table S1).
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Reporting
Adverse events after immunization should be reported to
the Public Health authority, which in most provinces and territories is the local Medical Ofﬁcer of Health (https://www.
canada.ca/en/public-health/services/immunization/federal-pro
vincial-territorial-contact-information-aeﬁ-related-questions.
html). This is important for detection of potential safety signals as well as future immunization recommendations for the
individual recipient. Health care providers should report any
serious or unusual events suspected to be associated with vaccination. Deﬁnitive proof of a causal association is not necessary, and for many events, cannot be obtained; however,
events with a clear alternate explanation should not be
reported. Myocarditis/pericarditis is not a listed adverse event
on the current reporting forms in most jurisdictions because
these are on the basis of the national form (https://www.can
ada.ca/content/dam/phac-aspc/documents/services/immuniza
tion/aeﬁ-form-july23-2020-eng.pdf), but should be reported
as “Other events—Other serious or unexpected events not
listed on the form.”
All Canadian provinces and territories report into the
Canadian Adverse Events Following Immunization Surveillance System, the national system for detection of serious and
rare events that generates estimates of incidence (https://
www.canada.ca/en/public-health/services/immunization/cana
dian-adverse-events-following-immunization-surveillance-sys
tem-caeﬁss.html). The Canadian Adverse Events Following
Immunization Surveillance System has issued weekly summaries of reported adverse events with a focus on serious events
and adverse events of special interest. This process also
informs Health Canada, the vaccine regulatory authority,
with responsibility for initial authorization of products for use
and periodic updates to the product monograph including
safety ﬁndings. Such updates have been made several times
since initial emergency use authorizations of the COVID-19
vaccines, initially for the AstraZeneca/COVISHIELD vaccines for thrombosis with thrombocytopenia syndrome and
capillary leak syndrome, and most recently for the mRNA vaccines with respect to myocarditis/pericarditis. Clinicians can
remain current with such safety signals through subscribing to
the MedEffect Canada system (https://www.canada.ca/en/
health-canada/services/drugs-health-products/medeffect-can
ada.html).
Evaluation of Suspected Myocarditis/Pericarditis
Patients with suspected myocarditis or pericarditis after
vaccination do not usually require extensive evaluation if
symptoms are mild. Myocarditis/pericarditis should be suspected in patients who present with symptoms of chest pain,
shortness of breath, palpitations, syncope, diaphoresis, or
fatigue without obvious cause, which are also associated with
evidence of myocardial injury by elevation in cardiac biomarkers (ie, a serum troponin level). Serum troponin level elevations in myocarditis are often signiﬁcant (> 10 times the
upper limit of normal) in patients with myocarditis. Electrocardiogram (ECG) changes are common and include ST elevation in multiple leads, nonspeciﬁc ST/T changes, and
diffuse T-wave inversions. The differential diagnosis remains
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broad and includes infectious causes (viral, bacterial, fungal),
including acute COVID-19 infection, or post-COVID-19
Multisystem Inﬂammatory Syndrome in Children (MIS-C)/
Adults, drugs and toxins, systemic autoimmune disease, or
speciﬁc etiologies such as sarcoidosis and giant cell myocarditis. Due diligence must be maintained to rule out other causes
depending on the clinical presentation; myocardial ischemia
due to coronary disease might also need to be considered in
young persons with symptoms indicative of myocarditis/pericarditis.
Suggested evaluation of a patient with high pretest probability of myocarditis/pericarditis should follow a rational clinical approach (Table 1, Fig. 1). Careful history and physical
examination are indicated for all patients with careful attention to timing of and type of antecedent vaccination. Most
reports suggest that typical onset of myocarditis/pericarditis
symptoms occurs within 5 days after COVID-19 mRNA vaccine exposure. Initial evaluation should include an ECG and
laboratory tests: complete cell count, electrolytes, renal function, liver function tests, C-reactive protein and troponin,
and COVID-19 polymerase chain reaction testing. Clinically
signiﬁcant myocarditis is unlikely in the setting of a normal
ECG and cardiac biomarkers. Normal troponin level and a
normal ECG on presentation does not exclude isolated pericarditis. Treatment should be started if there is a high index
of suspicion. The need for more extensive cardiac imaging
and additional testing will depend upon the results of the
screening tests as listed. Echocardiography should be performed in cases compatible with myocarditis/pericarditis,
especially in the setting of an elevated troponin level (in the
absence of an alternative explanation). Cardiac magnetic resonance imaging may be considered where available and where
an effect on management can reasonably be expected (ie,
when echocardiography is normal with elevated troponin
level, yet clinical suspicion remains high). Coronary artery
imaging should be considered in appropriate cases to rule out
myocardial infarction as a cause of biomarker/ECG abnormalities. An assessment ﬂow diagram is presented in Supplemental Figure S1.
Management of mRNA Vaccine-Related
Myocarditis/Pericarditis
There is no clear evidence to support the use of antiinﬂammatory therapy for all patients with myocarditis/pericarditis. Spontaneous resolution of symptoms is reportedly
prevalent. Overall, the therapeutic approach for symptomatic
patients might include pain management and nonsteroidal
anti-inﬂammatory agents with or without colchicine (the latter suggested particularly when pericarditis is the predominant
presentation). Use of intravenous immune globulins, corticosteroids, and biologic immune-modulating agents have been
reported, and might be considered in severe cases.
For rare cases of hemodynamic instability requiring inotropic support, patients should be managed at tertiary care
centres with the capacity for managing cardiogenic shock and
critically ill cardiac patients. Supportive measures might
include inotropic/vasoactive drugs, antithrombotic therapy,
mechanical ventilation, or mechanical circulatory support
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Table 1. Evaluation of symptomatic patients with suspected myocarditis/pericarditis
Investigation

Potential ﬁndings

Clinical indication

History and physical exam

Symptom onset temporally related to vaccination
 Typical onset within ﬁrst week post doseScreening
history for alternative diagnosesHistory of previous
COVID-19 infection or potential exposuresCommon
symptoms suggestive of myocarditis/pericarditis:
 Chest pain
 Dyspnea
 Palpitations
 Syncope
 Diaphoresis
 Myalgias
Exam focused on hemodynamic status of patient, evidence
for heart failure, pericardial rub, evidence of systemic illness, or alternate cause
ST elevation
 Suggests pericardial involvement or acute transmural
myocardial injury
 ST depression/T wave inversions
 Nonspeciﬁc in setting of suspected myocarditis/
pericarditis
Second- or third-degree AV block or tachyarrhythmias
Cardiac biomarkers
 Troponin elevation might be > 10 times ULN
CRP
 Elevated inﬂammatory markers are suggestive but not
speciﬁc for myocarditis/pericarditis
COVID-19 PCR testing
 Positive test suggests acute or recent COVID-19
infection
 Serology testing might be misleading in the setting of
vaccination or previous exposure to COVID-19
CBC, LFTs, creatinine
 Abnormalities might be nonspeciﬁc. Markers of end
organ dysfunction assessment should consider the
hemodynamic status of the patient
Normal biventricular function does not rule out
myocarditis/pericarditis
Reduced LV/RV function might reﬂect more severe
myocarditisPericardial effusion suggestive of pericarditis
 Pericardial effusions should be followed on the basis of
the clinical setting to rule out progression

All patients with symptoms potentially related to
myocarditis/pericarditis temporally related to COVID19 mRNA vaccine

ECG

Routine lab work

Echocardiogram

All patients with symptoms potentially related to
myocarditis/pericarditis temporally related to COVID19 mRNA vaccine

All patients with symptoms potentially related to
myocarditis/pericarditis temporally related to COVID19 mRNA vaccination

Patients with moderate-high index of suspicion on the
basis of clinical scenario, ECG, and troponin level
elevation

Cardiac MRI

Findings might not be speciﬁc for vaccine-related
myocarditis
 Subepicardial or midmyocardial pattern of LGE
 Myocardial edema on T2 imaging

Consider where available for symptomatic patients for
whom diagnosis cannot be established with clinical
scenario/ECG/labs/echocardiography

Coronary artery assessment
 Invasive coronary angiography
 CT coronary angiography

Normal arteries suggestive of noncoronary cause for
presentation
Thrombotic occlusion, vasospasm, or dissection suggestive
of primary coronary etiology

Endomyocardial biopsy

Might be normal despite clinical picture consistent with
myocarditis
Changes consistent with myocarditis might be seen

Consider for patients with symptoms suggestive of
ischemia with typical evolution of cardiac biomarkers
and/or ECG changes suggestive of ischemia
Need to consider pretest likelihood of coronary disease in
all cases
Rarely indicated
 Consider only when speciﬁc etiology of myocarditis is
being considered and results would determine further
therapy
 Consider if the patient presents with severe/fulminant
myocarditis with hemodynamic instability or if
clinical deterioration despite supportive care

Included are the clinical indications for diagnostic testing and the ﬁndings that might be seen in a patient with myocarditis/pericarditis.
AV, atrioventricular; CBC, complete blood count; CRP, C-reactive protein; CT, computed tomography; ECG, electrocardiogram; LFTs, liver function tests;
LGE, late gadolinium enhancement; LV, left ventricle; MRI, magnetic resonance imaging; mRNA, messenger ribonucleic acid; PCR, polymerase chain reaction;
RV, right ventricle; ULN, upper limit of normal.

including extracorporeal membrane oxygenation. For patients
recovering from signiﬁcant illness, follow-up should be coordinated in consultation with a cardiovascular specialist to

provide guidance on further imaging/evaluation, treatment,
and return to regular activities because strenuous exercise
should be avoided until follow-up assessment.
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Figure 1. A summary of the clinical considerations for diagnosis and reporting of a patient with COVID-19 mRNA vaccine myocarditis/pericarditis.
https://wepik.com/. CBC, complete cell count; CDC, Centers for Disease Control and Prevention; Cr, creatinine; CRP, C-reactive protein; ECG,
electrocardiogram; LFTs, liver function tests; mRNA, messenger ribonucleic acid; PCR, polymerase chain reaction; TTE, transthoracic echocardiogram.

Recommendations regarding further COVID-19 mRNA
vaccination for those with conﬁrmed myocarditis/pericarditis
will evolve as evidence emerges. In the near term, it might be
prudent to defer or delay the second or subsequent vaccine
doses in accordance with the National Advisory Committee
on Immunization (NACI) guidance.3

COVID-19-Related Cardiovascular Complications
Consideration of risks with COVID-19 mRNA vaccination have to be balanced against the risks of complications
from COVID-19 infection. Proposed mechanisms of cardiac
involvement in those infected with COVID-19 include sympathetic stimulation, proinﬂammatory effects, myocyte necrosis leading to myocarditis, and heightened risk of arrhythmia
and left ventricular dysfunction. In addition, the hypercoagulable state associated with COVID-19 infection, along with
direct vascular infection and concomitant cellular inﬂammation, contributes to higher risk of myocardial infarction.
Multiple studies have reported on the prevalence of cardiac
complications in adults after COVID-19 infection, which
include heart failure (23%-33.3%), myocardial injury/myocarditis (8%-27.8%), arrhythmia (16.7%), and thromboembolism (31%-40%). In those who develop myocarditis with
elevated inﬂammatory biomarkers (leukocytosis, lymphopenia, d-dimer, C-reactive proteins, and pro-calcitonin) and elevated troponin levels, high mortality rates (51%-97%) have
been described in several cases series.4
In contrast to adults, children have been largely spared
COVID-19-related acute pulmonary infection and associated
complications. However, children are vulnerable to a post
exposure hyperinﬂammatory syndrome known as MIS-C.

This syndrome can result in a severe clinical course requiring
intensive care management. Cardiovascular complications
from MIS-C include cardiac dysfunction (40.6%), shock
(35.4%), pericardial effusion (23.9%), mitral regurgitation
(25.5%), myocarditis (22.8%), heart failure (7.0%), and coronary artery dilatation or aneurysm (18.6%), with a mortality
rate of 1%-2%.5 In light of current knowledge, it is reasonable
to consider that despite the rarity of potential adverse outcomes after COVID-19 mRNA vaccine-related myocarditis/
pericarditis in adults and children, the beneﬁts from the vaccine in avoiding COVID-19 infection and its related complications outweigh the risk.
Summary and Guidance
On the basis of the current state of knowledge regarding
the potential association between mRNA vaccination and
myocarditis/pericarditis, “take away messages” for cardiovascular care providers can be articulated. These include:

 The estimated incidence of myocarditis/pericarditis after
COVID-19 mRNA vaccination across different age groups is
likely to change with additional data; at present this is a rare
event, with most reports suggesting incidence of 1 case per
10,000-100,000 vaccinations.
 Most myocarditis/pericarditis cases have been reported after a
second dose of COVID-19 mRNA vaccination, with greater
incidence in men. Presentation is usually early (within the ﬁrst
week) after vaccination.
 Most myocarditis/pericarditis cases reported have been mild and
self-limited. Severe cases that present as more fulminant
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myocarditis with cardiogenic shock are exceedingly rare and
likely merit more extensive investigation to exclude other
causes.
The approach to investigation should be tailored to the clinical
presentation. Suspected cases require a careful history and physical exam, ECG, routine laboratory work, and consideration for
echocardiography. Patients with signiﬁcant symptoms and routine testing supportive of a diagnosis of myocarditis/pericarditis
should undergo additional cardiac investigations with specialized testing on the basis of availability and likelihood of an effect
on clinical management.
Suspected cases should be reported to the Public Health Adverse
Event Following Immunization Reporting System (https://
www.canada.ca/en/public-health/services/immunization/report
ing-adverse-events-following-immunization.html) by the health
care provider of record.
No speciﬁc therapy can be recommended at present and care is
largely supportive. A cardiac care provider should assess patients
who require admission to hospital to provide guidance on monitoring, further management, and post-discharge follow-up
instructions.
COVID-19 mRNA vaccination is recommended in all populations for which a beneﬁt has been established, in accordance
with Health Canada and NACI guidelines. On the basis of our
current knowledge, the beneﬁts of COVID-19 vaccination in
all age groups far outweigh the potential risks of mRNA vaccination and that of possible COVID-19 infection in susceptible
individuals.
For patients with myocarditis/pericarditis temporally associated with the ﬁrst dose of COVID-19 mRNA vaccination,
available evidence is currently insufﬁcient to support any
clinical practice recommendations. Questions remain as to
whether these patients should avoid a second vaccination,
have further delay between doses, or have a non-mRNA
vaccine as a second dose.
As a precaution, and in accordance with NACI recommendations, patients with established myocarditis/pericarditis after the
ﬁrst mRNA vaccination should defer a second dose indeﬁnitely
pending additional data.

Conclusion
On the basis of our current state of knowledge, the association between myocarditis/pericarditis and COVID-19 mRNA
vaccines in children and younger adults merits careful consideration for practitioners. Cases tend to be mild, do not usually
require speciﬁc interventions, and potential risks of the
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vaccine are outweighed by the well deﬁned risks of COVID19 infection. Vaccination continues to be recommended in all
eligible individuals. A thoughtful approach to evaluation,
management, and reporting of suspected cases of myocarditis/
pericarditis is indicated as a key public health measure.
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