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ABSTRACT

INTRODUCTION: A few months after the beginning of the coronavirus disease of 2019 (COVID-19) vaccination, several reports of myocar-
ditis secondary to the vaccines were published, sometimes with fulminant cases, but until today there is no proven causal link between these
2 events, but with many hypotheses proposed.

METHODS: A systematic review of current evidence regarding myocarditis after COVID-19 vaccination was performed by searching several
databases including PubMed/Medline and Web of Science. The quality of Meta-analysis was assessed using the AMSTAR-2 tool as well as
other qualitative criteria.

RESULTS: Our umbrella review appraised 4 Meta-analysis of retrospective studies (range: 5-12), The number of vaccine doses included
ranged from 12 to 179 million, with the number of myocarditis cases observed ranging from 343 to 1489. All types of vaccines were evalu-
ated, with no exclusions. The overall incidence ranged from 0.89 to 2.36 cases of myocarditis per 100000 doses of vaccine received. Het-
erogeny was assessed in 3 of the Meta-analysis, and was highly significant (>75%) in all included studies, and with a significant P-value
(P<.05). Regarding publication bias, 3 of the Meta-analysis conducted the egger and begg regression, with a significant result in only 1.
Regarding the assessment of the methodology by the AMSTAR-2 scale indicating that the quality was very critical in 1, low in 2, and moder-
ate in 1 Meta-analysis.

CONCLUSION: The quality of current non-randomized evidence on real causality and incidence of myocarditis after COVID-19 vaccine is

still low.
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Introduction

Coronavirus 2019 (COVID-19) has put the world on an unu-
sual health alert, with serious socio-economic implications.
The so-called COVID-19 disease is secondary to infection
with the newly emerging strain of the coronavirus family,
which will eventually give rise to coronavirus-2 severe acute
respiratory syndrome (SARS-CoV-2).! Although initially
considered a purely respiratory condition, COVID-19 is now
considered a general disease with several possible conditions,
mainly thrombo-embolic,? and cardiovascular disease, which
represents a prognostic impairment of the disease.> Among the
cardiovascular disorders described, it was indeed myocarditis,*
this can be fatal, due to its mainly rhythmic and hemodynamic
complications and worsens the prognosis in the short and
medium term.> Given the severity of COVID-19, the world
needed to have such an effective vaccine as soon as possible.
Since the beginning of 2021, several vaccines have been
urgently approved for use after passing the necessary clinical

trials.® After the start of the vaccination in the majority of the
countries of the world, and of course the close monitoring of
the effectiveness of the vaccine on the one hand which proved
by the decrease of severe cases, as well as the decrease of the
rate of hospital admission for a COVID-19 disease and the
safety by reporting any adverse event. A few months after the
start of 2021, several reports of myocarditis secondary to
COVID-19 vaccination are published, in some cases with ful-
minant cases, but to date there is no established causal link
between these events, but several hypotheses are proposed.
Among these hypotheses we cite the immune hypothesis, with
dysregulation of the immune response, with the synthesis of
autoantibodies against cardiac myocytes, adding to this, molec-
ular mimicry between autoantigens and the virus’spike protein,
which will subsequently lead to an aggressive immune response
with inappropriate cytokine secretion, and subsequent aggres-
sion of cardiac myocytes.” We conducted an umbrella review of
all systematic reviews with meta-analyses published in this
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sense, in order to carry out a critical review to be able to draw
relevant conclusions for our practice.

Methods
Search strategy

Before proceeding with our systematic review, and based
on international guidelines for the proper conduct of a system-
atic review, we first registered our systematic review in the
PROSPERO International Prospective Register of Systematic
Reviews (registration number : CRD42021297893), this is an
international database from the University of York (UK), whose
main objective is to prospectively register systematic reviews as
well as meta-analyses for the purpose of limiting duplication and
improving transparency of work.® After this registration stage, a

search was conducted for systematic reviews and meta-analyses
published in the literature that report or study the occurrence of
myocarditis after vaccination against COVID-19, from
December 2021 to October 2022. First, the search is done in the
PUBMED/MEDLINE database, where the majority of medi-
cal journals are indexed, using the following keywords:
[(coronavirus vaccine) OR COVID-19 vaccine OR SARS-
COV-2 vaccine] AND (Myocarditis OR Myocardial inflam-
mation OR Myopericarditis) AND (Systematic review OR
meta-analysis), additional searches are performed in the
Scopus, google Scholar databases. To limit the language bias,
we performed a search onscience direct and Em-consulte for
articles published in French, and CNKI (China Nationale
Knowledge Infrastructure) for Chinese. Eligible articles are
carefully examined in full text and reviewed (Figure 1).
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Eligibility criteria

Before being selected for inclusion in our umbrella review, all
articles selected for inclusion in the review fulfilled our inclu-
sion criteria which are: (a) a systematic review and/or meta-
analysis and (b) the study population is patients with confirmed
myocarditis either by cardiac magnetic resonance imaging
(MRI) or endo-myocardial biopsy in the immediate aftermath
of vaccination. Narrative, editorial, commentary and hypothesis
articles are excluded from our review.

Study selection and assessment of methodological
quality

The quality of our review method was assessed using the
AMSTAR-2 checklist. This tool is highly recommended for
assessing the quality of meta-analyses of human observational
and interventional studies and systematic reviews. It is based
on a grid of 16 questions in total, 7 of which are core ques-
tions (Q2, Q4, Q7, Q9, Q11, Q13, and Q15), and is not
intended to calculate an overall score. Based on these ques-
tions, the quality of systematic reviews and meta-analyses is
classified as high, moderate, low, or very low. The assessment
based on AMSTAR-2 was first performed by AB and
reviewed independently by SB, with disagreements sorted by
consensus.

Data extraction

For all included reviews, both authors (AB and SB) collected
data manually. Firstly, we started with the collection of the
parameters on which we performed the general description of
the reports and this on the following parameters: author and
country, type of vaccine evaluated, journal of publication, num-
ber of included studies as well as the type of studies, and then
the number of events described in relation to the number of
included patients. Then for the meta-analysis, the main event
described, the risk ratios with 95% confidence intervals, the
heterogeneity with its P-value, and the risk of bias analysis by
determining the P-value of the Egger and Begg test for each
meta-analysis were described. Finally, to assess the quality of
each MA, we determined the following parameters: registra-
tion or not in the PROSPERQO database, use or not of the
Newcastle Ottawa Scale (NOT); subgroup analysis, grey litera-
ture search and finally funding. Forest plotting of overall effects
based on RRs and their confidence intervals was performed
using data extracted from each meta-analysis.

Grading the evidence

The evidence was graded into 4 classes, according to the type
of studies included (prospective or retrospective), P-value of
the overall effect, level of heterogenicity, sample size, or inclu-
sion or not of the null value in the 95% confidence interval.

The 4 classes of evidence are as follows’:

e Class I (convincing): when number of cases>1000,
P<107%, 2 <50%, 95% prediction interval excluding the
null, no small-study effects, and no excess significance
bias.

o Class II (highly suggestive): number of cases>1000,
P<10¢, largest study with a statistically significant
effect and class I criteria not met.

e Class III (suggestive): number of cases>>1000, P<<10-3
and classes I and 1T criteria not met

e Class IV (weak): P<.05and classes I and III criteria not
met

e Non-significant when P> .05

Results

General characteristics of included systematic
reviews and meta-analyses

General characteristics. We included 4 systematic reviews
(SRs) with meta-analyses (MAs) in our umbrella review
(Table 1). All of these reviews are published in 2022, with the
number of included studies ranging from 5 to 12 studies. All
studies included in these SRs were retrospective observational.
The number of vaccine doses ranged from 12 to 179 million,
with the number of myocarditis cases observed ranging from
343 to 1489. All types of vaccines were evaluated, with no
exclusions.

Meta-analysis of the total incidence of myocarditis after COVID-
19 vaccination. All Mas evaluated the incidence of myocarditis
regardless of the type of vaccine or number of doses (Table 2).
The overall incidence ranged from 0.89 to 2.36 cases of myo-
carditis per 100000 doses of vaccine received (Figure 2). Het-
erogeny was assessed in 3 of the M As, and was highly significant
(>75%) in all included studies, and with a significant P-value
(P<.05). Three of the included MAs conducted sensitivity
analysis with a meta-regression to search for the source of het-
erogeny. In 2 Mas,1%11 the incidence did not change signifi-
cantly, but in only 1 MA,? age, gender, and ethnicity were
detected as sources of heterogeneity, although the incidence
did not change in the subgroup analysis. Regarding publication
bias, 3 of the MAs conducted the Egger and Begg regression,

with a significant result in only 1.11

Critical appraisal of included systematic reviews
and meta-snalyses

General review. Of the 4 MAs included, only 1 was not regis-
tered in the PROSPERO database (Table 3). Writing guide-
lines and reporting, including Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA), were used
in all included M As. Three of the MAs used the NOS scale to
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Table 1. General characteristics of included systematic reviews and meta-analyses.

PATIENT
ENROLLMENT

AUTHORS VACCINES

STUDIED

JOURNAL

COUNTRY NOMBRE OF
INCLUDED

STUDIES

TYPES OF INCLUDED
STUDIES

EVENTS

Ling et al.’® All types Lancet Respiratory ~ England 5 Retrospective 1489 179664 350
Medicine observational cohort

Voleti etal.’'  All types Frontiers in United States 12 Retrospective 709 55500000
Cardiovascular observational Cohort
Medicine

Gao et al.”? All types American Journal China 11 Retrospective 5473 58630611
of Preventive observational cohort
Medicine

Chou etal’®  All types Clinical Research China 12 Retrospective 343 12602625

in Cardiology observational cohort

Table 2. Outcomes, heterogeneity, and publication bias in included meta-analyses.

POOLED RATE P-VALUE OF

HETEROGENEITY

AUTHORS END POINT SOURCE OF RESULTS OF

Ling et al.’® Incidence of
myocarditis
Voleti et al." Incidence of
myocarditis
Juan et al.’? Incidence of
myocarditis
Chou et al.’® Incidence of
myocarditis

PER 100 000
DOSES [95% ClJ;
P-VALUE

0.89 (0.67; 1.18)
Not rapported

1.95 (1.44; 2.65)
Not rapported

2.36 (1.55; 3.58)
<.001

2.234 (0.846;
5.899) Not
rapported

(); P-VALUE

96% (P=.001)

73% (P=.0005)

91.4% (P <.001)

95.79%

assess the quality of the non-randomised studies included in

each, while only 1 MA used the JBI scale. Regarding subgroup

analysis, it was used in all MAs. Funding was reported in only

1 MA, and the limitations of each MA were discussed in the

discussion.

HETEROGENEITY
EVALUATED?

Yes (sensitivity
analysis and
meta-regression)

Yes (sensitivity
analysis and
meta-regression)

Yes (sensitivity
analysis and
meta-regression)

No

THE SENSITIVITY
ANALYSIS

The pooled
incidence of
myocarditis for
COVID-19
vaccines did not
change
significantly.

The pooled
incidence of
myocarditis for
COVID-19
vaccines did not
change
significantly.

Meta-regression
analysis indicated
that the
heterogeneity was
influenced by age
(P=.014), sex
(P=.033), and
location (P=.012),
but the pooled
incidence of
myocarditis for
COVID-19
vaccines did not
change
significantly.

PUBLICATION
BIAS TESTS

Egger’s tets
(P=.12)

Egger’s test
(P=.01)
Begg’s test
(P=.14)

Begg’s and
Egger’s tests
suggested that
there was no
publication bias
across the
studies (P>.05)

Critical appraisal and evidence grading of included meta-analyses
based on AMSTAR-2. Regarding the assessment of the meth-
odology by the AMSTAR-2 scale indicating that the quality
was very critical in 1, low in 2 MAs, and moderate in 1 MA
(Tables 4 and 5). For the critical questions of this scale (Q2,
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Figure 2. Forest plots of pooled hazard ratio’s for myocarditis per
100000 persons.

Q4, Q7, Q9, Q11, Q13, and Q15) we find: for question Q2
that all the MAs have already registered their protocols in the
PROSPERO database with a description of the rationale, the
research strategy, the inclusion and exclusion criteria and finally
the assessment of the risk of bias. For question Q4, a compre-
hensive review was only partially conducted in 3 MAs, and
fully conducted in 1 MA. For the excluded studies (Q7), none
of the MAs presented the reasons for exclusion. For the risk
bias assessment (Q9), only 1 MA did not conduct this critical
assessment tool. The methods for combining results (Q11)
were appropriate in only 1 MA, partially in 2 others, and
unclear in 1. For the impact of individual studies (Q13) and
publication bias (Q15), only 1 MA met the necessary require-
ments, 2 MAs partially met them, and finally, only 1 MA did
not conduct the meta-analysis. All MAs were classified as level
IV evidence except 1, which was classified as level I1I, and this
was due to the retrospective nature of the included studies and
the failure to report the P-value of the overall effect.

Discussion

In this umbrella review, we conducted a critical analysis of the
different published meta-analyses regarding the link between
post-vaccination myocarditis and COVID-19.

While the methodology of writing a meta-analysis was
respected in the majority of the included studies, with regard to
the registration of the meta-analysis protocol, the respect of the
PRISMA diagram to detail the studies included in the meta-
analysis, the quality assessment of each study by the newcastle
ottawa scale (NOS), but the heterogeneity was very important
even after sensitivity analysis or subgroup analysis for the
majority of the MAs. This can only be explained by the moder-
ate quality of the initial studies included in each of the meta-
analyses, and although the incidence is in the range of 0.89 to
2.36 cases of myocarditis per 100000 doses of vaccine, there is
still a need for more methodologically rigorous cohorts in order
to be able to perform high quality, outcome-relevant meta-
analyses of the true incidence of myocarditis in post-vaccina-

tion COVID-19.

Vaccination against COVID-19
The main target of the different COVID-19 vaccines is the

binding domain of the spike protein receptor characteristic of
COVID-19, which represents the main binding point to the
angiotensin-converting enzyme-2 receptor on the host cell.#
Schematically, vaccines can be divided into 4 types: the inacti-
vated vaccine, the mRINA vaccine, the viral vector vaccine, and
the peptide nanoparticle vaccine.”” Table 6 Summarizes the
different vaccines available and their characteristics.

Effectiveness of COVID-19 vaccination

The efficacy of the various COVID-19 vaccines has been well
established, especially after the second dose, and on the differ-
ent variants. This efficacy has been observed in the reduction in
the rate of admission to intensive care units for severe forms of
the disease, and in the reduction in the severity of symptoms.

The various meta-analyses which analyzed the total effec-
tiveness of the different vaccines concluded with similar results,
with total effectiveness after the first dose of the vaccine at 71%
(95% CI 0.65,0.78), and at 91% (95% CI 0.88, 0.94) after the
second dose. This effectiveness was confirmed even for the dif-
ferent variants.?’

Pathophysiology of COVID-19 post-vaccination

myocarditis

Mechanisms are likely to be involved in the generation of
myocarditis after the introduction of a COVID-19 vaccine
(Figure 3). Firstly, for RNA vaccines, the mRNA may act as an
antigen, so that it is recognized by the immune system and
activates functions of the adaptive immune system. Some of
these functions are capable of activating cardiotropic clones of
TandBcellswhichwillresultincardiacinflammation.28Molecular
autoimmune mimicry between the Spike glycoprotein and tro-
ponin C1 may account for the cardiac insult after vaccine
introduction and this may be due to an autoimmune cross-
reaction between IgM antibodies to the SARS-CoV-2 Spike
glycoprotein and cardiac autoantigens,?® and potentially induce
myocardial inflammation.?” The role of sex hormones is thus
incriminated in myocardial inflammation, given the frequency
of the latter especially in young people. This pathophysiologi-
cal hypothesis is based on the fact that testosterone activates
specific helper T-cell responses, whereas estrogen inhibits pro-
inflammatory T-cell responses. Finally, the genetic profile and
the genes coding for the human Leukocyte Antigen (HLA)
system predispose to post-vaccine cardiac inflammatory
reactions.30

From clinical suspicion to diagnosis

Early detection of suspected cases of myocarditis after vaccina-
tion is an essential step in management,®? with the aim of
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Table 3. Qualitative assessment of appraised systematic reviews and meta-analyses.

AUTHORS REGISTERED ON

PROSPERO?

THE
REPORTING
GUIDELINE
USED?

ASSESSING
THE QUALITY

Ling et al.’® Yes Yes Yes (JBI scale)
(CRD42021275477)  (PRISMA)
Voletietal.’  No Yes Yes (NOT)
(PRISMA)
Juanetal’? Yes Yes Yes (NOT)
(CRD42022308108)  (PRISMA)
Chou et al.’®  Yes Yes Yes (NOT)
(CRD42022315126)  (PRISMA)

SUBGROUP GRAY FUNDING META-

ANALYSIS LITERATURE ACKNOWLEDGED? ANALYSIS

PROVIDED? SEARCHED? LIMITATIONS

STATED?

Yes Yes, but No funding Yes
excluded received

Yes Yes, but Yes Yes
excluded

Yes Yes, but No funding Yes
excluded received

Yes Yes, but No funding Yes
excluded received

Table 4. Critical appraisal of included meta-analyses based on AMSTAR-2 and evidence grading.

AUTHORS

AMSTAR-2
OVERALL

Ling et al.®® Yes Yes Yes PY Yes Yes No PY
Voleti et al." Yes Yes No PY Yes Yes No Yes
Juan et al.’? Yes Yes Yes Yes Yes Yes No PY
Chou et al.”® Yes Yes Yes PY Yes Yes No Yes

Table 5. Evidence grading of appraised meta-analyses.

AUTHORS

ENDPOINT NUMBER OF

CASES >1000

P-VALUE OF
OVERALL
EFFECT

Ling et al.”® Incidence of Yes Data not
myocarditis available

Voleti et al.™ Incidence of Yes Data not
myocarditis available

Juan et al.’? Incidence of Yes .001
myocarditis

Chou et al.® Incidence of Yes Data not
myocarditis available

establishing a very rapid therapeutic strategy to avoid fatal sce-
narios such as fulminant myocarditis and rhythmic organ fail-
ure that can lead to sudden cardiac death.33

Symptomatology usually develops 2 to 3 days after vaccine
administration and especially after the second dose.?* These are
mostly young patients with no previous history. Clinically, the
patient is generally altered, with a fever between 38° and 39°
without other infectious signs. An influenza-like syndrome is
possible with myalgias and arthralgias. The most frequent
symptom is chest pain. Dyspnea is less common but several

Yes No PY

Yes

Yes

QUALITY

Yes Yes Yes PY Yes Low quality

review

Yes PY Yes Yes Yes PY Yes Low-quality

review

Moderate-
quality review

Yes Yes Yes Yes Yes Yes Yes

No No No No No No No Critical-low-

quality review

Yes

HETEROGENEITY 95% DESIGN OF EVIDENCE
(2) <50% PREDICTION INCLUDED GRADING
INTERVAL STUDIES
EXCLUDING
THE NULL
No No Retrospective Classe IV
studies
No Yes Retrospective Classe IV
studies
No Yes Retrospective Classe lll
studies
No No Retrospective Classe IV
studies

reports have cited it as the main symptom. In some situations,
patients have had palpitations or fainting and these are cases
that have developed the fulminant form. ECG may show ST
segment abnormalities between over- and under-elevation. PQ_
segment depression is common especially in the inferior leads,
and finally supraventricular, ventricular arrhythmias or con-
ductance disorders are quite rare.

Echocardiography may be normal, in which case it may
show pericardial effusion, segmental or global impairment
of systolic function. Biological investigation shows the
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Table 6. Summarizes the different vaccines available and their characteristics.

TYPES

Inactivated-19

mRNAZ20-22

Recombinant23-25

Nanoparticles?5.26

NAME

BBIBP-CorV;
Strain : HB02

CoronaVac;
Strain: CN2

BBV152; Strain:
NIV-2020-770

Inactivated whole
virus COVID-19
vaccine; strain:
WIV04

mRNA-1273

BNT162b1

BNT162b2

ChAdOx1
nCoV-19 OR
AZD1222

Sputnik V,
(GamCOVID-
Vac)

NVX-CoV2373

LABORATORY

Sinopharm

Sinovac life
sciences Co.

Bharat Biotech

Sinopharm

Moderna

BioNTech and
Pfizer

BioNTech and
Pfizer

AstraZeneca

Developed by
The Gamaleya
National Center
of Epidemiology
and Microbiology

Novavax

THE TARGET

Whole virus

Whole virus

Whole virus

Whole virus

Spike glycoprotein (S-2P
antigen)

RBD of the spike protein

Full-length spike

Whole spike protein

Spike protein vector

Trimeric full-length
SARS-CoV-2 spike
glycoproteins and
Matrix-M1, a saponin-
based adjuvant Vector
type-Baculovirus

EFFICACY

79%-86%

83.5%

63.6%-77.8% for
asymptomatic
infection and
93.4% against
severe infection

NR

94.1%

93.8%

95%-100%
depending on age

Overall
efficacy—70.4%

91.6% after 2
doses

89.7%

ADVANTAGES

Induction of a humoral
immune response

The low rate of incidence
of side effects;
Seroconversion rate
above 90%, safety of
administration even in
the elderly people

The vaccine allows both
cellular and humoral
and humoral response,
as well as a long-lasting
memory

Immunogenic with a low
rate of side effects

Immunogenicity is fast
and powerful, antigen-
specific T-follicular
helper cells are induced
by prolonged protein
expression

Immunostimulators elicit
both humoral and
cell-mediated antiviral
immunity

Systematic reaction is
mild in older subjects,
with good tolerance and
efficacy in younger
subjects

Single-dose of ChAdOx1
nCoV-19 elicits
Increased spike-specific
antibody and elicit both
humoral and cellular
responses

Induced strong humoral
and cellular immune
responses in 100% of
healthy participants

Stimulates both high
neutralizing

Antibody responses and
T Cells restraining new
variants

inflammatory state by the increase of the C-reactive protein.
The increase in troponin above the upper normal range is a
specific and sensitive biological sign of myocardial injury.?® As
with other presentations of viral, hypereosinophilic, or autoim-
mune myocarditis, cardiac MRI is relevant in post-vaccine
myocarditis, and the diagnosis is based on the modified Lake
Louise criteria.®> According to a position paper of the European
Society of Cardiology on the management of myocarditis,

indicates the presence of either of the following signs: Late
gadolinium enhancement (LGE) and/or CMR oedema in
symptomatic patients mainly with thrombotic pain, fever, tro-
ponin elevations and electrical changes, in which situation
MRI retains high specificity.3¢ In contrast, in asymptomatic
patients, the presence of the 2 signs mentioned above is essen-
tial for the diagnosis. At the time of writing, there is little data
available on the imaging characteristics of post-vaccine
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Figure 3. Summarizes the myocarditis hypothesis following COVID-19 vaccination (by Furgan et al.3')

myocarditis, either due to lack of data in published reports or
failure to perform cardiac MRI in these patients, and in addi-
tion, there are few cases in published reports that meet both
imaging and histological criteria on endomyocardial biopsy
(EMB).

Endomyocardial biopsy is rarely performed in the setting of
simple post-vaccine myocarditis. According to the European
Society of Cardiology (ESC) guildines and the scientific state-
ments of the American heart association (AHA), the indica-
tions for an endo-myocardial biopsy are limited to the following
situations :

(a) Acute myocarditis with acute heart failure or cardio-
genic shock

(b) Acute myocarditis with ventricular arrhythmias or
high-degree atrioventricular block

(c) Acute myocarditis or dilated cardiomyopathy suspected
as chronic inflammatory cardiomyopathy with continu-
ous/recurrent release of inflammatory and cardiac
markers

(d) When diagnosis has an impact on further therapy

The analysis should include the morpho-molecular character-
istics of the myocardial inflammatory lesions which may sug-
gest the pathophysiological mechanism involved. Among the
signs mentioned: the presence of eosinophils among the
inflammatory infiltrates of the myocardium, which may sug-
gest the possibility of a hypersensitivity reaction similar to that
described by the smallpox vaccine, and other drugs.

T/Jempeuz‘it managemeni

There is no real consensus on the therapeutic management of
this condition, but the management will be based on that of

myocarditis as indicated in the American Heart Association
guidelines.’”

Firstly, treatment of heart failure with the currently recom-
mended treatments: angiotensin-converting enzyme inhibitors
or angiotensin receptor-neprilysin inhibitors, beta-blockers,
mineralocorticoid receptor antagonists, and sodium-glucose
cotransporter 2 inhibitors.3® In the case of rhythm disorders,
the patient’s stability and thromboembolic risk should be
assessed before deciding on a therapeutic strategy. If the patient
has a conduction disorder, definitive pacing may be discussed if
the disorder is not reversible.

In the case of fulminant myocarditis, the management con-
sistsin setting up a circulatory assistance such as ExtraCorporelle
Membrane Oxygenation (ECMO) arterial-venous or Impella
while waiting to re-establish an acceptable ventricular function.??

With regard to anti-inflammatory treatment such as corti-
costeroids or immunomodulators such as immunoglobulins,
there is no evidence to date of the efficacy of these treatments
after post-vaccination myocarditis, despite diagnostic hypoth-
eses that suggest the involvement of cellular immunity in this
condition. A few case reports have discussed the benefit of glu-
cocorticoids in patients with fulminant myocarditis, but with-
out scientific evidence.

Future direction and perspectives

COVID-19 post-vaccination myocarditis is still poorly under-
stood, and despite all the work done to date, much progress is
still needed, especially with regard to the following questions:

Pathophysiological mechanism. It is necessary to know the
mechanism of myocardial damage after COVID-19 vaccina-
tion, the type of vaccines most likely to induce this damage,
after which doses the risk is high. The systems involved in the



Bouchlarhem et al

genesis of this damage. All these questions are still a matter of
debate, the answer to which requires stricter cohorts in terms of
methodology, and thus the examinations carried out, mainly
endo myocardial biopsy. Although the latter is not always indi-
cated, its performance will lead to a deeper understanding of
the histopathological mechanism.

Risk factors. Knowing the risk factors for developing myocar-
ditis may help clinicians to identify the phenotypes most likely
to be complicated by myocarditis. To date, young age, second
dose, and mRNA-type vaccines* are the main risk factors, but
it is clear that other risk factors may be overlooked, such as
HLA genetics and the role of sex hormones. Larger analytical
cohorts are needed in this respect.*!

Therapeutic management. Several reports suggest that the use
of glucocorticoids or immunoglobulins may limit myocardial
damage, but there is no scientific evidence to date, and their use
remains an expert opinion. Clinical trials in animal models
remain an avenue to be discussed in the near future in order to
confirm or deny this hypothesis.

Conclusion

In this umbrella review, we can conclude firstly that the inci-
dence of myocarditis after COVID-19 vaccination does not
differ from the incidence of other etiologies of myocarditis, as
systematic reviews published in this sense, and analyzed in our
study show a high degree of heterogeneity, not allowing us to
conclude the true causal link between the COVID-19 vaccine
and myocarditis. For these reasons, we strongly recommend
adherence to the COVID-19 vaccination campaign, since the
incidence of myocarditis does not differ from that described in
the general population prior to vaccination.
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