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Summary
The benefits of vaccination – regarding COVID-19 infec-
tion and transmission, as well as COVID-associated com-
plications – clearly outweigh the potential risk of vaccine-
associated inflammation of the heart and other adverse
events. Given the current state of knowledge, the outcome
of myocarditis and pericarditis following vaccination is
generally good. This review aims to guide physicians in
the early diagnosis and management of suspected my-
ocarditis following mRNA COVID vaccination. The initial
work-up should include detailed history, a 12-lead elec-
trocardiogram and serological biomarkers (high-sensitivity
cardiac troponin T/I, natriuretic peptides and markers of
inflammation) in accordance with the assessments rec-
ommended in current clinical practice guidelines for pa-
tients presenting with acute chest pain. In patients with
suspected myocarditis, further assessment with transtho-
racic echocardiography and cardiovascular magnetic res-
onance imaging should be undertaken to confirm peri-
/myocarditis and to distinguish the findings from other
diseases with similar presentation. Patients with mRNA
vaccine-associated myocarditis should be followed-up at
least once to exclude chronic myocardial inflammation and
deterioration of left ventricular ejection fraction. Consulta-
tion with an expert such as an immunologist with experi-
ence in vaccination regarding further mRNA vaccinations
is advised in all patients with mRNA vaccine-associat-
ed perimyocarditis. Reporting of mRNA vaccine-associat-
ed myocarditis to Swissmedic is mandatory. Cohort stud-

ies prospectively follow-up on young adult and paediatric
populations following immunisation with an mRNA COVID
vaccine to monitor cardiac and immune parameters would
generate valuable knowledge to better understand patho-
genesis and risk factors for vaccine-associated perimy-
ocarditis.

COVID-19 mRNA vaccination

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) causing coronavirus disease 2019
(COVID-19) reached pandemic levels in March 2020 and
has caused repeated waves of outbreaks across the globe.
COVID-19 has imposed an enormous burden on global
healthcare systems, with more than 221 million document-
ed infections and more than 4.5 million deaths associated
with SARS-CoV-2 as of 8 September 2021. It also has led
to long-standing social restrictions and to a negative im-
pact on global economies. Long-term socio-medical seque-
lae of COVID-19 including long COVID syndrome are not
yet foreseeable in their full scope. The successful time-
ly development and global deployment of COVID-19 vac-
cines and, most importantly, their administration play a
key role in limiting disease severity and overcoming the
pandemic. In Switzerland, two novel types of messenger
ribonucleic acid (mRNA) vaccines, namely Comirnaty®

(Pfizer/BioNTech) and Spikevax® (Moderna) were ap-
proved by Swissmedic in late 2020 after their safety and
effectiveness had been demonstrated in large clinical trials
[1, 2].
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Robust data from these double-blind randomised con-
trolled trials, as well as real-life studies, clearly established
that mRNA vaccines are highly effective in the protection
against COVID-19 and post-COVID complications [1,2].
Accordingly, the Eidgenössische Impfkommission recom-
mends vaccination against COVID-19 for all persons
above the age of 12 years [3].

After more than a billion doses of mRNA COVID-19 vac-
cinations were applied all over the world, several cases
of myocarditis and pericarditis were reported as adverse
events related to vaccination [4]. Given the enormous
global impact of COVID-19 and vaccination currently
have on our societies, there has been intensive media cov-
erage. Most regulatory agencies now have added a warning
about the risk of myocarditis and pericarditis for
COVID-19 mRNA vaccines as new adverse effects [5].

Despite the broad availability of COVID-19 vaccine doses
and the easy access to vaccination centres in Switzerland,
Switzerland currently has one of the lowest vaccination
rates in western Europe, with only 53% of the population
being twice vaccinated as of 10 September 2021. At the
same time, Switzerland has, tied with France, the highest
rate of patients hospitalised in intensive care units (both
numbers above according to the Federal Office of Public
Health, Bundesamt für Gesundheit [BAG] and www.our-
worldindata.org, 10 September 2021). The current, fourth
wave of COVID-19 is predominantly caused by the more
virulent delta variant and is a "wave of the unvaccinated"
with approximately 9 out of 10 intensive care unit patients
being unvaccinated. Additional efforts to increase vaccina-
tion rates are urgently needed.

Yet the uncertainty caused by reports of new adverse ef-
fects associated with COVID-19 vaccines is currently
jeopardising the success of COVID-19 vaccines. The
widespread general vaccine scepticism is in striking con-
trast to the huge success of former mass vaccination pro-
grammes in eradicating other diseases such as smallpox or
diphtheria.

Based on the current, rapidly changing knowledge and
experience, this article aims to give a short summary of
what is currently known about mRNA COVID-19 vacci-
nation-associated inflammation of the heart and to give
some practical clinical recommendations on how to detect
and manage it. This position paper has been approved by
the Swiss Society of Cardiology (SSC), Working Group of
Echocardiography and Cardiac Imaging of the SSC and the
Swiss Society of Paediatric Cardiology.

Clinical suspicion, diagnosis, management and
follow-up of cardiac inflammation associated
with mRNA vaccination

COVID-19 is known to cause vascular and myocardial in-
flammation, with worse outcomes in particular in patients
with pre-existing cardiovascular disease, hypertension and
related conditions [6]. In contrast to COVID-19-associat-
ed myocarditis, cases of mRNA vaccine-associated my-
ocarditis have been almost exclusively (96%) reported in
younger, healthy males (12–29 years) [7]. They usually oc-
cur 3 to 5 days after administration of the second dose of
vaccine, suggesting an immune-mediated mechanism (au-
toimmune/hypersensitivity myocarditis) [8–10]. Most pa-

tients present with chest pain (95100%), myalgia, fatigue
or fever (63%) and elevated troponin levels (100%), as
well as elevated markers of inflammation (C-reactive pro-
tein). Similarly, a large retrospective case series studied the
occurrence of myocarditis following mRNA COVID-19
vaccination among members of the US military. After
more than 2.8 million doses of mRNA COVID-19 vac-
cines had been administered, a total of 23 male patients
with a median age of 25 years had the final diagnosis of
vaccine-associated myocarditis without identifiable infec-
tious, ischaemic or other autoimmune aetiology apart from
the vaccine. Of note, only 8 of these 23 patients had car-
diovascular magnetic resonance imaging (CMR) for diag-
nosis and none of them histopathological evidence (proba-
ble myocarditis) [11].

The initial work-up should include detailed history, a
12-lead electrocardiogram (ECG) and serological bio-
markers, particularly high-sensitivity cardiac troponin T/
I (hs-cTnT/I) in accordance with the assessments recom-
mended in current clinical practice guidelines for patients
presenting with acute chest pain [12]. The diagnosis of
myocarditis is often challenging. Clinically, myocarditis
may closely resemble acute myocardial infarction and also
takotsubo syndrome regarding presentation, ECG abnor-
malities and biomarkers. Therefore, careful individual
evaluation is necessary to select those patients in
whom exclusion of acute coronary syndrome by invasive
angiography or computed tomography angiography is
deemed necessary. This includes assessment of the respec-
tive pretest probabilities and consideration of local and
timely availability of diagnostic examinations. Of note,
normal troponin levels and a normal ECG at presentation
do not exclude isolated pericarditis. Assessment of sero-
logical evidence for prior SARS-CoV2 infection (determi-
nation of SARS-CoV2-Nucleocapsid-IgG) should be con-
sidered, especially in subjects with myocarditis after the
first dose.

The majority of patients present with ECG abnormalities
suggestive of perimyocarditis (87%) (fig. 1) [7]. Like pa-
tients with presumed myocarditis without previous
COVID vaccination, further assessment of cardiac func-
tion and morphology should be undertaken, primarily with
echocardiography and CMR for assessment of peri-/my-
ocardial inflammation and tissue damage according to cur-
rent CMR recommendations [13]. Of note, active my-
ocarditis may engender regional or global contractile
dysfunction. However, often there can be extensive tissue
injury (subepicardial late gadolinium enhancement by
CMR) with comparably minimal impact on cardiac con-
tractility, as endocardial myocytes, the prime movers in
normal ventricular function, are usually spared [14].

Given the lack of well-designed contemporary clinical
studies in the field of acute myocarditis and chronic in-
flammatory cardiomyopathies, there is no specific treat-
ment. General heart failure treatment (primarily an-
giotensin converting enzyme [ACE] inhibitors and beta
blockers) should be evaluated in all patients [15]. Its in-
dication should be re-evaluated during follow-up consul-
tation. There is no contraindication for nonsteroidal anti-
inflammatory medication (NSAIDs). The use of
immunomodulatory therapy such as colchicine (in cases
with presumed pericardial inflammation) and intravenous
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globulins or corticosteroids should be individually as-
sessed in severe cases [4, 10, 16]. Chest pain can be treated
with paracetamol, novaminsulfone, NSAIDs, or morphine
as needed [4, 10, 16].

Clinical outcome and risk evaluation

Clinical outcome of mRNA vaccine-associated myocardi-
tis has been mostly very favourable without relevant ar-
rhythmias and with rapid complete spontaneous recovery
[7, 10]. Only a few cases in older adults have been reported
with outcomes varying depending on other pre-existing
conditions [7], in addition to two cases with a fulminant
course [17].

So far, Israel and the United States provide most informa-
tion about vaccine-associated inflammation of the heart.
There seems to be a slightly higher than expected occur-
rence of myocardial inflammation in male adolescents and
younger adults. Based on the data available to date, my-
ocarditis occurring after mRNA vaccination is still very
rare [4]. The US Military Health System administered
more than 2.8 million doses of mRNA-based vaccines in
healthy individuals and detected only 23 myocarditis cases

[9, 11]. Up to 21 September 2021 and after more than 10.2
million doses of mRNA COVID-19 vaccines had been ad-
ministered in Switzerland, 151 potential cases of vaccine-
associated myocarditis have been reported to Swissmedic
[18].

All medical interventions need to be evaluated balancing
benefit versus harm. The benefit of COVID-19 mRNA
vaccination in terms of prevented hospitalisations com-
pared with its risk of vaccine-associated myocarditis seems
to be very clearly in favour of vaccination (fig. 2), even
more with increasing age.

Given that SARS-CoV-2 is constantly mutating, it seems
likely that globally most individuals will be contact with
this increasingly virulent virus – both the vaccinated and
unvaccinated. To vaccinate or not to vaccinate both incur
certain risks: a recently published Israeli study tried to put
risks for adverse events by the mRNA vaccine in the con-
text of the risks of the same adverse events after docu-
mented infection with SARS-CoV-2 [1]. The risk ratio of
myocarditis was estimated to increase by factor 3.2 after
mRNA vaccination, with 1 to 5 events per 100,000 persons
[1]. However, after SARS-COV-2 infection, the risk of my-

Figure 1: Summary of pretest probability, diagnostic work-up, management/treatment and follow-up in patients with mRNA vaccine-associated
myocarditis/pericarditis.
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ocarditis was increased by a factor of 18.3. Apart from my-
ocarditis, the risk of multiple other serious adverse events
was substantially higher after infection than after vaccina-
tion [1].

Currently, it is unknown whether cardiac inflammation is
specific to the mRNA platform. It should also be noted,
that a causal link has not yet been established between
COVID-19 vaccination and perimoycarditis.

Special considerations regarding mRNA vacci-
nation

In general, there is a recommendation for COVID-19 vac-
cination for all individuals ≥12 years of age. Given the rel-
atively short-term knowledge regarding adverse effects of
mRNA vaccination, certain patients need individual evalu-
ation of the indication for vaccination (table 1) [7].

Some knowledge gaps

What are the long-term effects of mRNA vaccine-associat-
ed myocarditis?

Are there subclinical injuries in other organs and why is
heart inflammation more evident?

What is the risk and best recommendation regarding future
mRNA-based vaccines in patients with mRNA-associated
inflammation of the heart?

Conclusion

Based on all available current clinical and scientific evi-
dence, the benefits of COVID-19 vaccines by far outweigh
the potential risk of vaccine associated myocarditis and
pericarditis. It is unlikely that there will ever be a com-
pletely risk-free vaccine. All medical interventions – in-
cluding vaccines – incur potential risks that need to be bal-
anced with their benefit. COVID-19 vaccines continue to
be recommended for all eligible individuals. Population-
wide vaccination is key to fighting the global pandemic,
preventing COVID-19 infection, transmission, hospitalisa-
tion, long COVID syndrome, multi-system inflammatory
syndrome in children and death, and is crucial to the fur-
ther relaxation of all social restrictions. Nevertheless, ac-
tive monitoring and research are needed to better under-
stand and prevent vaccine-associated cardiac damage.

Figure 2: Potential risk of myocarditis with COVID-19 mRNA vaccination in the 120 days after vaccination and predicted prevention of
COVID-19 hospitalisations. Adapted from Bozkurt B. et al. Circulation 2021 [7].

Table 1:
Individual evaluation of risk and benefits of vaccination. Adapted from [4, 10, 16].

Recommendation for vaccination ≥12 years of age, including in patients with

– Coronary artery disease

– Chronic heart failure

– Cardiomyopathies

– Arrhythmias, pacemaker, implantable cardioverter defibrillator

– Any congenital heart disease

Vaccination deferral Acute decompensated heart failure

Acute inflammatory cardiac diseases (myo-, peri-, endocarditis) including acute mRNA vaccine-associated perimyocarditis1

Acute rheumatic fever

Individual evaluation 12–29 years and dilated cardiomyopathy

Cardiac transplant recipients

Consultation with a vaccination expert regarding further mRNA vaccination in all patients with mRNA vaccine-associated perimyocarditis

1 Currently, until additional safety data are available, experts recommend deferring of the second dose after mRNA vaccine-associated perimyocarditis at least until symptoms
of peri-/myocarditis have completely resolved and until there are no more signs of ongoing myocardial inflammation. Administration of the second dose of an mRNA COVID-19
vaccine can be considered after individual assessment, including the risk of a severe COVID-19 infection course (e.g., age, underlying conditions) [4].
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