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REVIEW

Myocarditis and coronavirus disease 2019 vaccination:
A systematic review and meta-summary of cases
Pandit Bagus Tri Saputra 1, Roy Bagus Kurniawan 2, Desy Trilistyoati 2, Makhyan Jibril Al Farabi 1, Hendri Susilo 3∗ ,
Mochamad Yusuf Alsagaff 1 ,3, Yudi Her Oktaviono 1, Henry Sutanto 4, Arief Gusnanto 5, and Citrawati Dyah Kencono Wungu 6 ,7∗

Vaccination is significant to control, mitigate, and recover from the destructive effects of coronavirus disease 2019 (COVID-19). The
incidence of myocarditis following COVID-19 vaccination has been an increasing and growing public concern; however, little is known
about it. This study aimed to systematically reviewmyocarditis following COVID-19 vaccination. We included studies containing
individual patient data of myocarditis following COVID-19 vaccination published between January 1, 2020 and September 7, 2022 and
excluded review articles. Joanna Briggs Institute critical appraisals were used for risk of bias assessment. Descriptive and analytic
statistics were performed. A total of 121 reports and 43 case series from five databases were included. We identified 396 published
cases of myocarditis and observed that the majority of cases were male patients, happened following the second dose of mRNA vaccine
administration, and experienced chest pain as a symptom. Previous COVID-19 infection was significantly associated with the risk of
myocarditis following the administration of the first dose (p< 0.01; OR, 5.74; 95% CI, 2.42–13.64), indicating that its primary
mechanism is immune mediated. Moreover, 63 histopathology examinations were dominated by non-infective subtypes.
Electrocardiography and cardiac marker combination is a sensitive screening modality. However, cardiac magnetic resonance is a
significant non-invasive examination to confirmmyocarditis. Endomyocardial biopsy may be considered in confusing and severe cases.
Myocarditis following COVID-19 vaccination is relatively benign, with a median length of hospitalization of 5 days, intensive care unit
admission of<12%, and mortality of<2%. The majority was treated with non-steroidal anti-inflammatory drugs, colchicine, and
steroids. Deceased cases had characteristics of being female, older age, non-chest pain symptoms, first-dose vaccination, left
ventricular ejection fraction of<30%, fulminant myocarditis, and eosinophil infiltrate histopathology. Systematic review registration:
PROSPERO (CRD42021271806).

Keywords: Myocarditis, coronavirus disease 2019 (COVID-19) vaccination, vaccine, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), side effect.

Introduction
Since first identified and reported in China in late 2019,
coronavirus disease 2019 (COVID-19) has rapidly and exten-
sively spread among countries, escalating into a pandemic.
The COVID-19 pandemic has severely affected economic, social,
political, and cultural sectors [1] and has persisted in attracting
worldwide attention.

To control,mitigate, and recover from thedestructive effects
of COVID-19, vaccination is critical. Recent evidence regard-
ing the ineffectiveness of COVID-19 vaccines for some strains.
However, COVID-19 vaccination may pose beneficial effects,
particularly, for high-risk populations, including older adults
and individuals with multiple comorbidities [2]. To support
international vaccination coverage, the World Health Organi-
zation (WHO) issued authorization for COVID-19 vaccine emer-
gency use [3] in combination with government regulation to

accelerate [4] COVID-19 vaccination up to 12 billion doses,
which continues to increase globally [5]. With the rapid
increase in vaccination shots comes several reported adverse
events complained by patients, ranging from minor to major
events [6].

COVID-19 vaccination induced several adverse symp-
toms including pain at the injection site, fever, myalgia,
arthralgia, headache, and abdominal discomfort [6, 7]. Several
vaccine-related diseases have also been reported in different
organs, including the respiratory tract (e.g., asthma attack,
diffuse alveolar hemorrhage, and eosinophilic pneumonia),
gastrointestinal tract (e.g., appendicitis, autoimmune hepatitis,
intestinal ulcer, and perforation), skin (e.g., alopecia areata,
bullous pemphigoid, psoriasis, and eosinophilic cellulitis), and
endocrine organs (e.g., Graves’ disease, hypophysitis, hypothy-
roidism, and diabetesmellitus) [8]. Emergingmyocarditis cases
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have received media attention. Various literature reported
myocarditis following COVID-19 vaccination, which is con-
sidered one of the serious adverse events [9]. The number
of these reports has been increasing as more individuals get
vaccinated, thereby growing public concern regarding COVID-
19 vaccination [10].

Therefore, to provide appropriate information and a stand-
ing position for the public and clinicians, includingmyocarditis
followingCOVID-19 vaccination, any vaccination-related issues
should be thoroughly investigated. However, most reports on
myocarditis following COVID-19 vaccination were case reports
and case series, and little is known regarding the nature and
characteristics of this phenomenon. Therefore, this systematic
review aimed to describe the characteristics of myocarditis
following COVID-19 vaccination by collecting detailed individ-
ual patientdata (IPD) fromthoseavailable reports and literature
to create a systematic review and meta-summary of cases of
myocarditis following COVID-19 vaccination.

Materials andmethods
This review followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020 [11] and
was registered and can be accessed in the PROSPERO database
(CRD42021271806).Noethical approvalwas required asweonly
analyzed secondary data from published literature.

Eligibility criteria
The following study types were included in this review:
case reports, case series, and observational studies (cross-
sectional, case-control, and cohort studies). Screening of
eligible studies was based on the following inclusion cri-
teria: (1) patients of all ages with myocarditis following
any COVID-19 vaccination type as participants according to
the definition from European Society of Cardiology (ESC)
guidelines for myocarditis [12] or Centers for Disease Control
and Prevention (CDC) updates on myocarditis following
COVID-19 vaccination [13]; (2) individual-specific patient data
were available; (3) all COVID-19 vaccine types (mRNA and
non-mRNA vaccines); and (4) reported in English. Diagnosis
of myocarditis was based on the combination of clinical signs,
electrocardiography (ECG), cardiac markers, echocardiogra-
phy/angiocardiography, cardiac magnetic resonance (CMR),
and, if available, histopathologic examination (autopsy or
endomyocardial biopsy) according to the ESC [12] and CDC
updates on myocarditis [13].

We excluded nonscientific articles (popular magazines),
randomized-controlled trials, reviews, unavailable text, dupli-
cation, and studies that report unclear populations (e.g., peri-
carditis without myocardial involvement or heart failure and
myocardial injury insteadofmyocarditis).Myocarditis thatwas
not due to COVID-19 was excluded. If needed, we contacted the
authors to ask for additional patient information.

Search strategy
On September 7, 2022, a literature search was systematically
performed on ScienceDirect, Scopus, PubMed, CINAHL via
EBSCO, and ProQuest using keywords and medical subject

headings with English language restrictions. Published arti-
cles from January 1, 2020, the month of COVID-19 discov-
ery, to September 7, 2022 were included. The search terms
were (“COVID19”OR “COVID-19”OR “coronavirus disease 2019”
OR “SARS-CoV-2”) AND (“vaccine” OR “vaccination”) AND
(“myocarditis” OR “myocardial injury” OR “myopericarditis”).

Study selection
Titles and abstractswere independently screened for eligibility.
Subsequently, studies with potentially eligible abstracts were
reviewed for full-text articles according to previously deter-
mined inclusion and exclusion criteria. Any disagreements
were resolved by consensus of those authors.

Data extraction
The following data were extracted from included studies: the
number of cases; sex; age; region; comorbidities; previous
COVID-19 infection; current COVID-19 infection status; vac-
cine types; vaccine doses; from the day(s) of vaccination to
specific myocarditis symptoms; from the day(s) of vaccina-
tion to the emergency department (ED) admission; from the
day(s) of specific symptom onset to ED from specific myocardi-
tis symptoms; preceding symptoms; presenting symptoms; car-
diac markers, including troponin I, high-sensitive troponin I
(hsTnI), troponin T, high-sensitive troponin T (hsTnT), cre-
atinine phosphokinase (CPK), creatinine kinase myocardial
band (CKMB), brain natriuretic peptide (BNP), and Pro-BNP;
D-dimer; white blood cells (WBCs); erythrocyte sedimentation
rate (ESR); C-reactive protein (CRP); ECG/Holter stress test;
echocardiography/angiography; CMR; cardiac histopathologic
examination; length of hospitalization (LoH);management; and
outcomes (deceased or recovery).

In the context of day(s) from the event (e.g., vaccination day)
to the event (e.g., specific symptoms), the first event was deter-
mined as day one. The specific symptoms included chest pain,
dyspnea, palpitation, syncope, or cardiac arrest [13], which led
patients to the ED. Preceding symptoms were determined as
any symptoms or signs that occurred before specific symp-
toms. CMR data were collected and mainly classified as edema,
hyperemia,fibrosis/scar, andpericardial involvement [12], [14].
Patients were classified into probable and confirmed cases
according to the CDC criteria [13], and their myocarditis score
was also evaluated based on the ESC criteria [12]. All collected
data were independently compared as pre-piloted forms, and
any discrepancy was resolved through consensus.

Quality assessment
We independently analyzed and judged the risk of bias of
included studies using the Joanna Briggs Institute (JBI) for case
reports and case series critical appraisal instruments [15]. The
JBI critical appraisal for case reports consists of eight questions,
whereas JBI critical appraisal for case series consists of tenques-
tions. However, we combined questions number 4 and 5 in the
JBI appraisal as they represent the same domain (bias selection
of participants into the study), and we did not include question
number 10, considering statistical analysis is not an appropriate
characteristic in this context.
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This critical appraisal consists of yes/no/unclear answers for
each question [16]. The studies were classified as low, medium,
and high risks of bias according to the total “yes” answers of
≥74%, 50%–74%, and≤49% of total questions, respectively.

Statistical analysis
All collected IPD from the included study were combined
in a meta-summary. Patients with confirmed cases were
compared with probable cases. A p-value threshold of 0.05
was considered statistically significant. The Shapiro–Wilk test
was used to determine the normality distribution of the
data [17]. Categorical variables were presented as frequen-
cies and percentages. Continuous variables were presented
as means and standard deviations; otherwise, median and
range (minimum–maximum) were considered. As indicated,
categorical data were compared using Chi-square or Fisher’s
exact test [18]. Moreover, normally distributed data were
compared by employing the independent T-test. Otherwise,
the Mann–Whitney test would be used when the data were
abnormally distributed by the Shapiro–Wilk test. We identi-
fied demographic and comorbid factors that may contribute

to the occurrence of myocarditis following the first COVID-19
vaccination by multivariate analysis (logistic regression). Only
variables with a p-value of <0.25 were included in the multi-
variate analysis [19]. The Spearman or Pearson correlation test
was used to evaluate the correlation between clinical parame-
ters and outcomes by considering data distribution. We used a
statistical software, IBM SPSS Statistics for Windows, version
22 (IBM Corp., Armonk, NY, USA), during statistical analysis
processes.

Results
Study selection
In the primary search, 6370 studies were identified after the
removal of 2941 irrelevant research articles by the automa-
tion feature of each search engine and 1426 duplications.
A total of 6184 articles were excluded during the title and
abstract screening, leaving 186 studies for full-text reviews.
Subsequently, 24 studies were excluded, while 164 studies
consisted of 121 case reports [20–130] and 43 case series
[131–178], with a total of 396 cases included (Figure 1) in this

Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram of the study selection process.
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meta-summary. Some studies, such as those by Diaz et al. [179]
and Montgomery et al. [180] fulfilled the inclusion criteria and
consisted of several participants. However, we excluded them
because specific individual data could not be extracted.We only
included patients who fulfilled themyocarditis criteria, such as
in the case series reported by Patel et al. [178].

Meta-summary of cases
IPD from 396 cases was included in this systematic review
(Table S2). The basic data and comparison of demographic,
clinical characteristics, andmanagement betweenprobable and
confirmed cases are presented in Table 1.

Notably, not all cases describe all variables and that made
each variable have a different number of reported cases. For
example, reported data on age, sex, and previous COVID-19
infection are available in 370, 384, and 167 cases, respectively.
That also applies to other variables, which are subsequently
named as reported cases in Table 1. Furthermore, due to differ-
ent reported cases in each variable, the numbers of probable
and confirmed cases (which act as the denominator for each
group) are different in each variable. The number of probable
and confirmed cases for each variable is not shown.

Demographic characteristics
Themajority of reportedmyocarditiswasmRNA-type vaccines,
including BNT162b2 (68.5%) and mRNA-1273 (23.9%). More-
over, we observed myocarditis following the administration of
viral vector-based vaccine (6%, consisting of 8, 14, and 1 cases of
Ad26.COV2.S, AZD1222, and rAd26-rAd5, respectively), inacti-
vated virus vaccine (3 cases), and recombinant protein vaccine
(1 case of NVX-CoV2373). The median age was 22 (range 12–88)
years, and themajority (87.6%) weremale patients. There were
121 cases of children under 18 years old, with eight cases of chil-
dren under 13 years old. According to WHO regional area, the
majority of reported articles were from Europe (40.5), America
(39.2%), and Western Pacific (15.2%). Less than 10% of reports
were from Asian and African regions.

Clinical characteristics
Of 231 reported cases, 43.3% had comorbidities, including
psychiatric disorders (6.1%), immune/inflammatory disorders
(6.1%), hypertension (5.6%), bronchial asthma (5.6%), history of
myocarditis (4.8%), dyslipidemia (4.3%), and others (Table 1).
There were 33 of 167 (19.8%) reported cases with previous
COVID-19 infection. The majority (76.8%) of the cases were
associatedwith the seconddose of theCOVID-19mRNAvaccine.

Preceding symptoms accompanied 33% of cases; the most
reported preceding symptoms were fever (44.7%), myalgia
(21.9%), malaise (14.4%), headache (11.2%), and chills (9.8%).
Other preceding symptoms are listed in Table 1.

Chest pain was the most common presenting (83.5%)
(Table 1) and myocarditis-specific (97%) symptom (Table S3).
Other specific symptoms included dyspnea (14.5%), palpita-
tion (5.9%), hypotension/syncope/heart failure (4.4%), and
diaphoresis (1.8%). Three patients (0.8%) had cardiac arrest
events in the ED. The three most common constitutional symp-
toms were fever (14.7%), malaise (9%), and headache (6.5%).

The median of vaccination day to the presence of specific
symptoms and from the vaccination day to the ED admission
was 3 (1–90) and 4 (1–90) days, respectively. Meanwhile, most
cases reported that the patients came to the ED on the day of
specific symptom onset. The confirmed group had a signifi-
cantly shorter interval of the day(s) of vaccination to specific
symptoms and day(s) of specific symptoms to the ED (p < 0.01
and p< 0.03, respectively) than the probable group (Table 1).

Laboratory examination
In this meta-summary, all inflammatory markers, except for
WBC (40%), were increased in more than half of the cases: CRP
(78.2%), D-Dimer (54.5%), and ESR (52.2%). No differences in
inflammatory marker abnormality between the probable and
confirmed groups were noted (Table 1).

Electrocardiography
Of 352 ECG results, typical abnormalities were noted in
290 (82.3%) cases (Table 2). ST-segment abnormalities were
observed as 83% of abnormalities and 68.5% of overall ECG
results. The most common ST-segment abnormality was
ST-segment elevation (81.7%), whereas 36% was diffuse
ST-segment elevation. T-wave abnormalitieswere noted in 10%
of the ECG results. Intraventricular conduction abnormalities
(LBBB, RBBB, and nonspecific wide QRS complex) were more
commonthanatrioventricularblock (grades I–III) (6.8%vs 1.4%,
respectively). Additionally, ventricular-origin arrhythmia was
more common than atrial-origin arrhythmia (6.3% vs 1.7%,
respectively).

Cardiac markers
Eight cardiac markers were reported in this meta-summary
(e.g., troponin I, hsTnI, troponin T, hsTnT, CPK, CKMB, BNP,
and pro-BNP) (Table 1). Among abnormal cardiac markers,
the three most commonly reported markers were troponin I
(165 cases), troponin T (67 cases), and CPK (58 cases). All tro-
ponins increased in more than 90% of reported cases, whereas
CPK and CKMB increased in 85.3% and 84.2% of reported cases,
respectively. Moreover, hsTnT was only reported in 43 cases;
however, all of those cases increased. Of 379 reported cardiac
markers, 372 (98.4%) showed abnormal results.

Radiology examination
Echocardiography or angiography informationwas available in
326 of 396 cases, of which 113 (34.7%) revealed abnormal results
(Table 2). The three most common abnormalities were hypoki-
nesia (35.6%), reduced left ventricular ejection fraction (LVEF)
(34.7%), and pericardial effusion (10%). The median LVEF
was 55%.

Of 286 CMR examinations, 259 (90%) revealed abnormal
results. Based on ESC and CDC recommendations for CMR in
myocarditis, the prevalence of fibrosis/scar (late gadolinium
enhancement [LGE]), myocardial edema (increased global or
regional myocardial signal intensity), and hyperemia (early
gadolinium enhancement) in this meta-summary were 84.6%,
44.1%, and4.2%, respectively. LGEwas themost commontypical
myocarditis sign onCMRexamination. Pericardial involvement
was observed in 7.3% of CMR examinations.
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Table 1. Characteristics and comparisons between published probable and confirmed cases of myocarditis following vaccination

CDC VAERS Myocarditis Status# [13]

Variables
Reported
cases*

Percentage or
median (%)** Probable (%) Confirmed (%) p-valuea

Age 370 22 (12–88)b 20 (12–88)b 23 (12–80)b 0.04c

Male 384 361 (87.6) 73 (90.1) 263 (86.8) 0.57h

**WHO regional area 383

Africa (AFR) 1 (0.3) 1 (1.2) 0 N/A
America (AMR) 150 (39.2) 33 (40.2) 117 (38.9) N/A
South-East Asia (SEAR) 2 (0.5) 1 (1.2) 1 (0.3) N/A
Europe (EUR) 155 (40.5) 27 (32.9) 128 (42.5) N/A
Eastern Mediterranean (EMR) 16 (4.2) 10 (12.2) 6 (2.0) N/A
Western Pacific (WPR) 59 (15.4) 10 (12.2) 49 (16.3) N/A

**Vaccine type 394

BNT16 2b2 270 (68.5) 61 (75.3) 209 (66.8) N/A
mRNA-1273 97 (24.6) 16 (19.8) 81 (25.9) N/A
Ad26.COV2. S 8 (2.0) 2 (2.5) 6 (1.9) N/A
AZD1222 14 (3.6) 2 (2.5) 12 (3.8) N/A
BBV152 1 (0.3) 0 (0) 1 (0.3) N/A
rAd26 and rAd5 1 (0.3) 0 (0) 1 (0.3) N/A
NVX-C oV2373 1 (0.3) 0 (0) 1 (0.3) N/A
Inactivated SARS-CoV-2 2 (0.5) 0 (0) 2 (0.6) N/A

**Previous SARS-CoV-2 infection 167 33 (19.8) 4 (11.1) 29 (22.1) 0.22h

COVID-19 vaccination history 384

First dose 89 (23.2) 16 (19.8) 73 (24.1) 0.50h

Second/Third doses 295 (76.8) 65 (80.2) 230 (75.2)

Comorbidities 231

None 131 (56.7) 24 (42.9) 107 (61.1) 0.03g,h

Psychiatric/functional disorders 14 (6.1) 4 (7.1) 10 (5.7) 0.75
Immune system/inflammatory disorders 14 (6.1) 6 (10.7) 8 (4.6) 0.11
Hypertension 13 (5.6) 5 (8.9) 8 (4.6) 0.31
Bronchial asthma 13 (5.6) 6 (10.7) 7 (4.0) 0.09
Myocarditis 11 (4.8) 5 (8.9) 6 (3.4) 0.14
Dyslipidemia 10 (4.3) 3 (5.4) 7 (4.0) 0.71
Miscellaneous atopic disease 6 (2.6) 1 (1.8) 5 (2.9) 1.00
GERD/gastritis 5 (2.2) 1 (1.8) 4 (2.3) 1.00
Dysrhytmia 5 (2.2) 1 (1.8) 4 (2.3) 1.00
Hypothyroidism 5 (2.2) 1 (1.8) 4 (2.3) 1.00
Genetic/chromosomal disease 5 (2.2) 2 (3.6) 3 (1.7) 0.60
Obesity 4 (1.7) 3 (5.4) 1 (0.6) 0.05g

DMT2/insulin resistance 4 (1.7) 3 (5.4) 1 (0.6) 0.05g

Coronary arterial disease 4 (1.7) 3 (5.4) 1 (0.6) 0.05g

Malignancy 4 (1.7) 0 4 (2.3) 0.58
Infections 3 (1.3) 0 3 (1.7) 1.00
Congestive heart failure 2 (0.9) 2 (3.6) 0 0.06
Multiple sclerosis 2 (0.9) 2 (3.6) 0 0.06
Obstructive sleep apnea 1 (0.4) 0 1 (0.6) 1.00
Aortic root dilatation 1 (0.4) 0 1 (0.6) 1.00
Vitiligo 1 (0.4) 1 (1.8) 0 0.24
COPD 1 (0.4) 1 (1.8) 0 0.24
Recurrent pneumothorax 1 (0.4) 0 1 (0.6) 1.00
Encephalopathy 1 (0.4) 1 (1.8) 0 0.24

Preceding symptoms 215

None 71 (33.0) 20 (43.5) 51 (30.2) 0.13h

Fever 96 (44.7) 15 (32.6) 81 (47.9) 0.09h

Myalgia 47 (21.9) 8 (17.4) 39 (23.1) 0.53h

Malaise 31 (14.4) 5 (10.9) 26 (15.4) 0.60
Headache 24 (11.2) 5 (10.9) 19 (11.2) 1.00h

(Continued)
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Table 1. Continued

CDC VAERS Myocarditis Status# [13]

Variables
Reported
cases*

Percentage or
median (%)** Probable (%) Confirmed (%) p-valuea

Chills 21 (9.8) 5 (10.9) 16 (9.5) 0.78
Nausea 10 (4.7) 2 (4.3) 8 (4.7) 1.00
Diarrhea 10 (4.7) 2 (4.3) 8 (4.7) 1.00
Vomiting 9 (4.2) 4 (8.7) 5 (3.0) 0.10
Dry cough 9 (4.2) 1 (2.2) 8 (4.7) 0.69
Palpitation 9 (4.2) 0 9 (5.3) 0.21
Shortness of breath 9 (4.2) 3 (6.5) 6 (3.6) 0.41
Limb pain 7 (3.3) 1 (2.2) 6 (3.6) 1.00
Diaphoresis 5 (2.3) 1 (2.2) 4 (2.4) 1.00
Injection site pain 4 (1.9) 0 4 (2.4) 0.58
Arthralgia 4 (1.9) 0 4 (2.4) 0.58
Sore throat 4 (1.9) 0 4 (2.4) 0.58
Back pain 3 (1.4) 1 (2.2) 2 (1.2) 0.52
Abdominal pain 2 (0.9) 1 (2.2) 1 (0.6) 1.00
Hematuria 1 (0.5) 0 1 (0.6) 1.00
Epistaxis 1 (0.5) 0 1 (0.6) 1.00

Presenting symptoms 387

Chest pain 323 (83.5) 68 (84.0) 255 (83.3) 1.00h

Fever 57 (14.7) 9 (11.1) 48 (15.7) 0.39h

Dyspnea or SoB 56 (14.5) 12 (14.8) 44 (14.4) 1.00h

Malaise/fatigue 35 (9.0) 11 (13.6) 24 (7.8) 0.17h

Headache 25 (6.5) 5 (6.2) 20 (6.5) 1.00h

Tachycardia/palpitation 23 (5.9) 6 (7.4) 17 (5.6) 0.60
Gastrointestinal symptoms 18 (4.7) 4 (4.9) 14 (4.6) 1.00
Myalgia 15 (3.9) 2 (2.5) 13 (4.2) 0.75
Chills 10 (2.6) 3 (3.7) 7 (2.3) 0.44
Diaphoresis 7 (1.8) 1 (1.2) 6 (2.0) 1.00
Syncope 7 (1.8) 1 (1.2) 6 (2.0) 1.00
Hypotension 6 (1.6) 1 (1.2) 5 (1.6) 1.00
Limb pain 4 (1.0) 1 (1.2) 3 (1.0) 1.00
Shock 4 (1.0) 1 (1.2) 3 (1.0) 1.00
Arrest 3 (0.8) 0 3 (1.0) 1.00
Athralgia 1 (0.3) 0 1 (0.3) 1.00
Paresthesia 1 (0.3) 1 (1.2) 0 0.21
Heart failure 1 (0.3) 0 1 (0.3) 1.00
Cough 1 (0.3) 1 (1.2) 0 0.21
Back pain 1 (0.3) 0 1 (0.3) 1.00

From vaccination to specific symptoms (days) 344 3 (1–90)b 3 (1–60)b 3 (1–90)b 0.00c,g

From vaccination to the ED (days) 211 4 (1–90)b 3 (2–60)b 4 (1–90)b 0.28c

Specific symptoms to the ED (days) 202 0 (0–21)b 0 (0–18)b 0 (0–21)b 0.03c,g

Clinical laboratoryf

CRP 262 205 (78.2) 36 (81.8) 169 (77.5) 0.68h

White blood cells 110 44 (40.0) 10 (45.5) 34 (38.6) 0.73h

ESR 67 35 (52.2) 10 (66.7) 25 (48.1) 0.33h

D-dimer 44 24 (54.5) 11 (68.8) 13 (46.4) 0.26h

**Cardiac-specific examinationf

hsTroponin I 48 43 3 (100.0) 40 (88.9) 1.00
Troponin I 177 165 (93.2) 47 (97.9) 118 (91.5) 0.18
hsTroponin T 43 42 (97.7) 3 (75.0) 39 (100.0) 0.09
Troponin T 74 67 (90.5) 9 (81.8) 58 (92.1) 0.28
CPK 68 58 (85.3) 10 (90.9) 48 (84.2) 1.00
CKMB 57 48 (84.2) 9 (81.8) 39 (84.8) 1.00
BNP 82 42 (51.2) 5 (38.5) 37 (53.6) 0.48h

NT-proBNP 65 47 (72.3) 4 (50.0) 43 (75.4) 0.20

(Continued)
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Table 1. Continued

CDC VAERS Myocarditis Status# [13]

Variables
Reported
cases*

Percentage or
median (%)** Probable (%) Confirmed (%) p-valuea

Left ventricular rejection fraction (LVEF) (%) 265 55 (5.0–72.0) 57 (10–70) 54 (5.0–72.0) 0.11c

LVEF< 50.00 % 265 86 (32.7) 12 (26.7) 74 (33.9) 0.44h

ESC score 396 3 (1–5) 2 (1–4)b 3 (1–5)b <0.01c,g

Length of hospitalization (day) 248 5 (0–79) 3 (1–16)b 5 (0–79)b <0.01c,g

Management 322

None/observation 33 (10.2) 9 (11.8) 24 (9.8) 0.76h

NSAIDs 177 (55.0) 50 (65.8) 127 (51.6) 0.04g,h

Colchicine 81 (25.2) 19 (25.0) 62 (25.2) 1.00h

Corticostesroids 64 (19.9) 11 (14.5) 53 (21.5) 0.24 h

Beta-blockers 54 (16.8) 8 (10.5) 46 (18.7) 0.14h

ACEIs/ARBs 50 (15.5) 6 (7.9) 44 (17.9) 0.55h

Intensive care unit 39 (12.1) 11 (14.5) 28 (11.4) 0.60h

IVIGs 34 (10.6) 5 (6.6) 29 (11.8) 0.28h

Diuretics 19 (5.9) 2 (2.6) 17 (6.9) 0.26
Inotropic agents 15 (4.7) 3 (3.9) 12 (4.9) 1.00
Gastric acid suppressors 14 (4.3) 6 (7.9) 8 (3.3) 0.11
Antibiotics 11 (3.4) 3 (3.9) 8 (3.3) 0.73
Anticoagulants 10 (3.1) 0 10 (4.1) 0.13
ECMO 10 (3.1) 1 (1.3) 9 (3.7) 0.46
MHS 10 (3.1) 2 (2.6) 8 (3.3) 1.00
Paracetamol 9 (2.8) 4 (5.3) 5 (2.0) 0.22
Antiplatelets 9 (2.8) 1 (1.3) 8 (3.3) 0.69
Miscellaneous analgesia 8 (2.5) 2 (2.6) 6 (2.4) 1.00
Anti-arrhythmias 7 (2.2) 1 (1.3) 6 (2.4) 1.00
Vasodilators 6 (1.9) 2 (2.6) 4 (1.6) 0.62
Intubation/ventilator 5 (1.6) 2 (2.6) 3 (1.2) 0.34
Hemodialysis 4 (1.2) 2 (2.6) 2 (0.8) 0.24
CPR 4 (1.2) 1 (1.3) 3 (1.2) 1.00
Heart failure 2 (0.6) 0 2 (0.8) 1.00
Statin 2 (0.6) 1 (1.3) 1 (0.4) 0.42
Immunosuppressant 2 (0.6) 0 2 (0.8) 1.00
Bronchodilators 1 (0.3) 1 (1.3) 0 0.24
Interleukin antagonist 1 (0.3) 0 1 (0.4) 1.00
MgSO4 1 (0.3) 1 (1.3) 0 0.24
Vitamin D 1 (0.3) 0 1 (0.4) 1.00

#The definition of probable and confirmed cases is based on the Centers for Disease Control and Prevention classification of myocarditis [13]. *A case is
defined as individual patient data (IPD). Reported cases refer to the number of cases that reported a specific variable. Notably, not all cases describe all
variables and that made each variable have a different number of reported cases. For example, reported data on age, sex, and previous COVID-19 infection
are available in 370, 384, and 167 cases, respectively. The numbers of reported cases (which act as the denominator for each group) between the probable
and confirmed groups are also different (not shown). **This refers to the percentage of variable (with the reported cases of variable as the denominator).
Furthermore, this refers to the median in variables with continuous data (e.g., age, from vaccination to the specific symptom, from vaccination to the ED,
from specific symptoms to the ED, ESC score, and length of hospitalization).
aThe p-values (rightmost column) of the result of testing the hypothesis between the probable and confirmed groups a Fisher’s exact test; bmedian
(minimum–maximum); cMann–Whitney test; dmean ± standard deviation; eindependent T-test; fan increase of more than their reference ranges;
gsignificant at p≤ 0.05; hChi-square test.
N/A: Not applicable; ED: Emergency department; DMT2: Diabetes mellitus type 2; GERD: Gastroesophageal reflux disease; COPD: Chronic obstructive
pulmonary disease; WBC: White blood cell; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; CKMB: Creatinine kinase myocardial band;
BNP: B-type natriuretic peptide; NT-proBNP: N-Terminal pro-BNP; ESC: European Society of Cardiology; NSAIDs: Nonsteroidal anti-inflammatory drugs;
IVIG: Intravenous immunoglobulin; ACE: Angiotensin-converting enzyme; ECMO: Extracorporeal membrane oxygenation; MHS: Mechanical hemodynamic
support; CPR: Cardiopulmonary resuscitation.

Histopathology examination
Histopathology examinations were reported in 63 (16%) cases,
of which 88% revealed abnormal results. Lymphocytic and
lymphohistiocytic myocarditis were the two most common
histopathology subtypes, accounting for 17 (27%) and 12 (19%)

examinations, respectively (Table S3). Fulminant myocarditis
with extensive cardiomyolysis or necrosis was observed in 13
(20%) cases, whereas the rest of fulminant myocarditis had
relatively minimal inflammation. One case had normal EMB;
however, it became fulminantmyocarditis during autopsy [70].
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Table 2. Cardiac-specific examination findings

Examination Number of cases (%)

ECG

Available ECGa 352 (96)

PR-segment depression 26 (7.4)
ST-segment abnormality 241 (68.5)
ST depression 11 (3.1)
ST elevation* 197 (56)
Nonspecific ST abnormality 29 (8.2)

T abnormality 35 (9.9)
Peak T wave 5 (1.4)
T inversion 24 (6.8)
Unspecified abnormality 16 (4.5)

Intraventricular conduction 24 (6.8)
Left-BBB 3 (0.9)
Right-BBB 14 (4)
Unpacified wide QRS complex (≥0.12 s) 7 (2)

Atrioventricular block (grades I–III) 5 (1.4)
Premature atrial contraction 2 (0.6)
Atrial fibrillation 2 (0.6)
Supraventricular tachycardia 2 (0.6)
Premature ventricular contraction 6 (1.7)
Ventricular tachycardia 14 (4)
Ventricular fibrillation 2 (0.6)
Other arrhythmias (e.g., long QT interval, W wave
inversion, early repolarization, poor R regression,
AVD, JER, and poor QRS)

9 (2.6)

Abnormal ECG 290 (82.3)

Cardiac markers

Available cardiac markerb 379 (97.2)

Abnormal cardiac marker 372 (98.4)

Echocardiography/angiography

Available echocardiography/angiographyc 326 (82.1)

Hypokinesia 116 (35.6)
Pericardial effusion 33 (10)
LVEF< 55% 113 (34.7)

Abnormal echocardiography/angiography 113 (34.7)

CMR

Available CMRd 286 (75.9)

LGE/fibrosis/scar 242 (84.6)
Myocardial edema 126 (44.1)
EGE/hyperemia 12 (4.2)
Pericardial involvement 21 (7.3)

Abnormal CMR 259 (90)

Histopathology examination

Available histopathology examinatione 63 (16)

Lymphocytic 17 (27)
Lymphohistyocytic 12 (19)
Giant cell 4 (6.4)
Eosinophilic 3 (4.8)
Mixed 3 (3.8)
Neutrophil predominance:
histiocyte/lymphocyte

2 (3.2)

Histiocyte predominance 1 (1.6)
Not mentioned 15 (23.8)

Abnormal histopathology examination 56 (89)

(Continued)

Diagnosis and management
According to the CDC classification of myocarditis, 312 and 84
caseswere classified as confirmed and probable groups, respec-
tively (Table S2). Based on the ESC score for myocarditis, an
ESC score of 3 (39.7%) was the most common, followed by 2
(29.5 %), 4 (18.4%), 1 (8.6%), and 5 (3.8%). The confirmed group
had a significantly higher ESC score than the probable group
(p= 0.00).

No specific intervention and/or observation were reported
in 33 (11.8%) cases. The majority of patients were treated
with nonsteroidal anti-inflammatory drugs (NSAIDs) (55%),
colchicine (25%), and steroids (20%). Intravenous immunoglob-
ulins (IVIGs) were administered in 34 (10.6%) cases. Common
cardiovascular drugs were beta-blockers (16.8%), ACEis/ARBs
(15.5%), anddiuretics (6%). Thirty-nine (12%) caseswere admit-
ted to the intensive care unit (ICU), whereas extracorporeal
membrane oxygenation (ECMO), mechanical hemodynamic
support, and cardiopulmonary resuscitation (CPR) were pro-
vided to 10, 10, and 4 cases, respectively. Antiarrhythmic drugs,
antiplatelets, and anticoagulantswere also used in a small num-
ber of cases (Table 1). The probable group used NSAIDs more
than the confirmed group (p= 0.04).

Outcomes
Seven cases (<2%) were deceased (4 females and 3 males,
respectively), whereas the other 98% recovered. BNT162b2
(4 cases) [42, 53, 125, 145] was the most common vaccine type
in deceased cases, followed by Ad26.COV2.S (2 cases) [106, 113]
and mRNA-1273 (1 case) [70]. Four of the seven deceased cases
were older than the age of 55. All deaths occurred following the

Table 2. Continued

*Diffuse ST-segment elevation is the most common type and is observed in
71 reported cases (36% of the total ST-segment elevation).
aAvailable ECG refers to the number of cases that reported ECG examination.
Its percentage is derived from the number of cases divided by the total
cases (396 cases). The number of cases serves as the denominator for ECG
finding/abnormality; bAvailable cardiacmarker refers to the number of cases
that reported cardiac marker examination. Its percentage is derived from
the number of cases divided by the total cases (396 cases). The number of
cases serves as the denominator for cardiac marker abnormality; cAvailable
echocardiography/angiography refers to the number of cases that reported
echocardiography/angiography examination. Its percentage is derived from
the number of cases divided by the total cases (396 cases). The num-
ber of cases serves as the denominator for echocardiography/angiography
findings/abnormality; dAvailable CMR refers to the number of cases that
reported CMR examination. Its percentage is derived from the number of
cases divided by the total cases (396 cases). The number of cases serves as
the denominator for CMRfindings/abnormality; eAvailable CMR refers to the
number of cases that reported CMR examination. Its percentage is derived
from the number of cases divided by the total cases (396 cases). The number
of cases serves as the denominator for CMR findings/abnormality; fAvailable
histopathology examination refers to the number of cases that reported
histopathology examination. Its percentage is derived from the number of
cases divided by the total cases (396 cases). The number of cases serves as
the denominator for histopathology examination findings/abnormality.
BBB: Bundle branch block; AVD: Atrioventricular dissociation; JER: Junctional
escape rhythm; CMR: Cardiac magnetic resonance; LGE: Late gadolinium
enhancement; EGE: Early gadolinium enhancement.
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Table 3. Bivariate and multivariate analyses of patients characteristics and myocarditis following the first-dose vaccination

Bivariate Analysis

Variables Total First dose Second/third doses p-value

Age (years)a 369 28 (12–80) 21 (12–88) 0.00

Sexb

Male 335 (87.5%) 68 (77.3%) 267 (90.5%) 0.00
Female 48 (12.5%) 20 (22.7%) 28 (9.5%)

Comorbid factorsb

Presence 91 (40.8%) 19 (31.1%) 72 (44.4%) 0.10
Absence 132 (59.2%) 42 (68.9%) 90 (55.6%)

Previous COVID-19 infectionb

Yes 33 (20.4%) 18 (43.9%) 15 (12.4%) 0.00
No 129 (79.6%) 23 (56.1%) 106 (87.6%)

Multivariate Analysis

Variables p-value Odds ratio Lower 95% CI Upper 95% CI

Age 0.95 1.0 0.97 1.03

Sex

Male 0.03 0.18 0.04 0.82
Female Reference

Previous COVID-19 infection

Yes 0.00 5.74 2.42 13.64
No Reference

aMann–Whitney test; bFisher’s exact test.
COVID-19: Coronavirus disease 2019; CI: Confidence interval.

first dose of vaccination except for one case [145]. The LVEF
was <30% in all deceased cases except for one case [125]. All
cases had no significant comorbidity except for one case [106].
All the available data showed that the patients went to the ED
on the same day of symptom onset (chest pain, 2 cases [42, 53];
hypotension, 1 case [145]; shortness of breath, 1 case; fever,
1 case [125]; palpitation, 1 case [113]; and cardiac arrest, 1
case [70]). Five of the seven cases that reported histopathol-
ogy examination revealed abnormal findings (including one
case that revealed normal findings in endomyocardial biopsy
although revealed fulminant myocarditis in autopsy) [70].
Three of the five cases had fulminant appearance myocardi-
tis, whereas extensive inflammation or necrotic eosinophil was
noted in all cases [42, 53, 70, 106, 113, 125, 145].

Bivariate and multivariate analyses of factors affecting
myocarditis following the first-dose vaccination compared with
second/third vaccinations
We analyzed demographic and comorbidity associated with
myocarditis following the first dose of COVID-19 vaccination
compared with the second and third doses of vaccination.
Bivariate analysis showed that older age (p < 0.01), female sex
(p < 0.01), and previous COVID-19 infection (p < 0.001) were
significantly associated with the risk of myocarditis following
thefirst dose of vaccination (Table 3).After adjustingwithother
variables in multivariate analysis, compared with the second
and third doses of vaccination, previous COVID-19 infection

was positively associated (p < 0.01; odds ratio [OR], 5.74; 95%
confidence interval [CI], 2.42–13.64) whereas being male was
negatively associated (p = 0.03; OR, 0.16; 95% CI, 0.04–0.82)
with the risk of myocarditis following the first dose of vaccina-
tion (Table 3).

Correlation analysis
The median LoH was 5 (0–79) days. The confirmed group had
a significantly longer LoH than the probable group (p < 0.01;
median, minimum–maximum: 5, 0–79 vs 3, 1–16 days). Spear-
man correlation showed that the LoH was positively correlated
with age (p < 0.001; r = 0.277) and cumulative ESC score
(p < 0.001; r = 0.251) (Table 4), whereas it was negatively cor-
related with LVEF (p< 0.001; r= −0.351).

Discussion
This is a meta-summary of myocarditis following COVID-19
vaccination from current literature. Of note, this is not the first
systematic review of the relevant topic. However, most pub-
lished articlesmainly investigated demographic characteristics
or were limited to abstract conferences. This pooled 396 IPD
provides more data for analysis (Table 1).

Hyperimmunity or immune-mediated process is suspected
as one of the principal mechanisms of myocarditis following
vaccination [181] through the activation of aberrant immune
responses to produce severe acute respiratory syndrome
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Table 4. Spearman correlation of the length of hospitalization with
LVEF, ESR, CRP, WBC, age, and ESC score

Age LVEF ESC

r= 0.28 r= −0.351 r= 0.251
LoH p< 0.01 p< 0.001 p< 0.001

n= 234 n= 146 n= 234

The ESC score refers to the total typical finding according to the ESC guide-
lines. LoH: Length of hospitalization; LVEF: Left ventricular ejection fraction;
ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: White
blood cell; ESC: European Society of Cardiology.

coronavirus 2 (SARS-CoV-2) spike antibodies that cross-react
with structurally similar cardiac-self antigens, including
α-myosin heavy chain, actin [181], or even myocardial
cell-expressed spike protein [151]. The nature of the higher
antigenicity of mRNA vaccine in producing spike antibod-
ies than that of other vaccine types [182] may explain our
finding with higher myocarditis incidence following COVID-
19mRNA vaccination than that of other observed vaccine forms
(Table 1).

The studies included in this systematic review report cases
from different populations worldwide, suggesting that the risk
of myocarditis following COVID-19 vaccination is not pop-
ulation specific. Since we noted a higher incidence of this
myocarditis inmale than that in female patients (Table 1), there
may be influences of hormonal differences between sex groups
as the previous study explains the roles of testosterone that pro-
motes a more aggressive immune response by inducing CD4+
cells and inhibiting anti-inflammatory immune cells, whereas
estrogen suppresses pro-inflammatory lymphocytes [183]. The
slightly higher proportion of female patients who developed
myocarditis following the first vaccine shot than that of male
patients may be because of a marginal effect (Table 3). More-
over, we reported that the median age was 22 years (Table 1).
The fact that myocarditis following COVID-19 vaccination had
a high incidence in the young population may also indicate
the theory of hyperimmune mechanism; however, further
research is needed to confirm this. Younger populations were
observed to have more potent immune responses than older
populations [184].

Moreover, young age was a valuable finding for diagnosing
myocarditis following COVID-19 vaccination as cardiovascular
disease is commonly associated with older age [12], whereas
more than 60% of cases were below the age of 30. Previous
COVID-19 infection may sensitize the immune system, produc-
ing a stronger immune response, even on the first vaccina-
tion dose. Our study observed that previous COVID-19 infec-
tion possessed a six-fold odd of having myocarditis following
the first COVID-19 vaccine compared with the group without
a previous history of COVID-19 infection (Table 3). A previous
meta-analysis reported that Takotsubo cardiomyopathy, which
mayhave similar symptoms tomyocarditis, ismoreprevalent in
female patients following the first dose of vaccination than that
in young male patients following the second dose of COVID-19
vaccination [185].

The results in Table 1 indicate that comorbidities are present
in less than half the number of cases. The most common
comorbidity is autoimmune or inflammatory disorders, includ-
ing asthma, hypothyroidism, and vitiligo. They constitute
one-third of cases with comorbidities. One of the possible
explanations is the aberrant immune response of patients with
autoimmune-related diseases contributes to myocarditis [186].
Surprisingly, psychiatric or functional disorders, particu-
larly attention deficit hyperactivity disorder (ADHD) and
depression, constitute the second (14%) most common comor-
bidities, which may be related to current evidence that
depression [187, 188] and ADHD [189, 190] are associated with
autoimmune disorders.

Moreover, patients with a history of myocarditis consti-
tute 11% of comorbid cases. Although those numbers were
slightly smaller than the number of hypertensive cases, they
could be considered high as hypertension prevalence was
higher than that of myocarditis. Immune-response sensiti-
zation may contribute to recurrent myocarditis [186]. None
of the studies reported myocarditis following COVID-19 vac-
cination in pregnancy. Pregnancy seems neither a risk fac-
tor for developing myocarditis nor it is a protective fac-
tor. Regarding immune mediation as the basic mechanism,
the immune system suppression state in pregnancy [191, 192]
may diminish the aberrant immune response to COVID-19
vaccination.

The preceding symptoms ofmyocarditis followingCOVID-19
vaccinationwerenot specific (e.g., fever,myalgia, and chill) and
only occurred in approximately half of the cases (Table 1). Chest
pain should be the first specific clue of myocarditis following
COVID-19 vaccination diagnosis and the main reason nearly all
patients (80.0%) came to the ED (Table 1). Considering that car-
diovascular comorbidities are relatively high, it ismandatory to
distinguish chest pain between myocarditis and other cardio-
vascular diseases [12]. Chest pain was commonly felt less than
four days following the vaccine shot, and most patients came
to the ED on the same day of specific symptom onset (Table 1).
Interestingly, confirmed patients tended to seek help in the ED
faster than probable patients (Table 1).

As previously stated, myocardial inflammation is the pri-
mary underlying process and is expected to be depicted by
laboratory examination results. We observed higher CRP levels
in 78.2% of patients, whereas WBC and ESR increments were
reported in approximately 40% of patients (Table 1). Indeed,
inflammatory parameters may be less sensitive and specific.
Cardiac-specific markers are considered far more sensitive and
increased inmost cases, particularly troponins (Tables 1 and 2).
Natriuretic peptides were highly sensitive to rule out heart
failure [193], whereas only a few cases posed symptoms. In
addition to cardiac markers, admission ECG is an inexpen-
sive and fairly sensitive examination. ST-segment abnormality
could be observed in 70% of cases, mainly consisting of dif-
fuse ST-segment elevation (Table 3). Diffuse ST-segment ele-
vation is a specific sign of myocarditis. However, it only pre-
sented in half of the cases. The combination of cardiac mark-
ers and ECG was a sensitive early screening modality for rul-
ing out myocarditis following COVID-19 vaccination. However,

Saputra et al.

COVID-19 vaccine and myocarditis 555 www.biomolbiomed.com

http://www.biomolbiomed.com
http://www.biomolbiomed.com


coronary angiographymaybeneeded to rule out acute coronary
syndrome since both would result in similar findings.

Histopathology examination revealed abnormal findings in
90% of cases (Table 2). Myocardial inflammation in myocardi-
tis has a patchy nature [194], and a negative result may be
becauseof inadequate sample collectionor samplingbiasduring
samplefixation, processing, or preparation [140, 195].Nonethe-
less, histopathology examination has an imperative stand-
ing position as the gold standard diagnosis modality, draw-
ing possible etiology of myocarditis, and considering appro-
priate management [183]. Acute lymphocytic and lymphohis-
tiocytic myocarditis are the commonest histopathology sub-
types in this review (Table 2), and both of them seem to be
associated with immune-mediated etiologies [195, 196]. The
immune-mediatedmechanism is often associatedwithminimal
inflammation ormyocytolysis [195],whichwas also observed in
this meta-summary [54, 57, 68, 88, 118, 120, 121, 145, 148, 151].
In 9 of 15 patients, the cardiomyocytes expressed SARS-CoV-
2 spikeproteins [151] thatmayprovokecardiac tissue inflamma-
tion following COVID-19 mRNA vaccination. Although human
data are limited, surprisingly, cardiomyocytes in mice also
expressed spike proteins intracellularly following a vaccine
shot [197]. In most cases, a shift from CD8+ T cells to
CD4+ T cells was noted [151], wherein CD4+ T cell is one
of the major drivers in immune-mediated myocarditis [198].
Human leukocyte antigen-DR (HLA-DR), an HLA class II region
commonly observed in several immune-mediated diseases,
was increasingly expressed in 11 of 14 patients following
COVID-19 vaccination [151]. Additionally, perforin-mediated
myocardial lysis associated with acute idiopathic [199] and
viral myocarditis [200, 201] was not observed in 15 patients
who received a vaccine shot [151]. As the temporal associa-
tion between vaccination is strong and the absence of other
alternative causes (e.g., negative viral panel), the COVID-19
vaccine is probably the primary inducer of those complex
immune-mediated processes.

Furthermore, infiltrating eosinophils were noted in 24% of
all histopathology reports (Table 3) and 100% of all deceased
cases. Eosinophils are known as one of the effectors in
hypersensitivity, and their activation promotes the secretion
of their large granules to provoke inflammatory and cyto-
toxic effects [202], which may explain why the presence of
eosinophils may be associated with higher mortality.

According to the latest ESC and CDC criteria, CMR is a sig-
nificant alternative modality to EMB in myocarditis diagnosis.
In this review, CMR sensitivity is similar to EMB (Table 3).
CMR provides noninvasive tissue characterization, including
inflammatory stages and patterns, which may be used to
rule out the ischemic cause, a common etiology that mimics
myocarditis [12]. In the present cohort, myocardial fibrosis or
scar represented by LGE, followed by myocardial edema were
the two most common typical findings to confirm the diagno-
sis of myocarditis following COVID-19 vaccination. Diagnosis
should not rely on pleural involvement as it is not a specific sign
of myocarditis and is only positive in 10% of cases.

In a recent study, the vast majority of patients were treated
withNSAIDs, thereby accelerating the resolution ofmyocardial

inflammation [203] (Table 1). However, its position remains
inconclusive inmyocarditis [12]. IVIGswere commonlyused for
ICUpatients tomodulate the immune system and inflammatory
response [204], which is proposed as the basic pathophys-
iology of myocarditis following COVID-19 vaccination [183].
Colchicine seems promising in treating pericarditis [205] and
decreasing inflammation in myocarditis [206]. Notwithstand-
ing, more clinical trials are needed regarding the finding of
its toxicity in a pre-clinical study [207]. The American Heart
Association considers steroids in severe cases although steroid
position was unclear as most cases of myocarditis following
COVID-19 vaccination were mild to moderate. In summary,
the chief management of myocarditis remains supportive, and
specific guideline-based therapy was directed for common
complications, such as heart failure and arrhythmia [12].
Nevertheless, to conclude the optimal management for
myocarditis following mRNA vaccination, further research is
needed.

The confirmed group had a longer LoH than the proba-
ble group (Table 1). One of the possible explanations was that
patientswith CMR and EMBfindingsmay be treatedmore care-
fully and appropriately or they tended to have severe clinical
manifestations; therefore, they have longer LoH. Interestingly,
LoH is correlatedwith cumulativeESC scores (Table 4). Patients
with longer LoH tended to have older age and lower LVEF
(Table 4). Generally, older age and lower LVEF are associated
with more severe outcomes [208, 209], including myocarditis
following COVID-19 vaccination.

Histopathology examination revealed that myocarditis
following COVID-19 vaccination is associated with a relatively
good prognosis. Dominant lymphocyte infiltration cells as
the most common subtype observed in this meta-summary
is associated with better outcomes than other subtypes [194],
especially since the majority of cases showed minimal inflam-
mation and cardiomyolysis. Moreover, negative perforin
cells observed in myocarditis following COVID-19 vaccina-
tion were associated with better LVEF improvement [210]
as in this review. These may explain why most myocardi-
tis following COVID-19 vaccination had relatively benign
characteristics.

Deceased cases are minor (<2%) and seem to have dis-
tinct characteristics (Table S2). Compared with overall cases,
deceased cases seem likely to occur in female patients (67% vs
12%), those without previous COVID-19 infection who present
following the first dose of vaccine shot (86% vs 23%), and
in older age (70% death in patients aged >55 years). The
geriatric population seems to have a higher mortality rate
due to myocarditis since this may be because of the senes-
cence physiologic state in the geriatric population during com-
pensated hemodynamic collapses and other pathological con-
ditions. Notably, all geriatric deaths had an LVEF of <30%
(Table S2). Owing to unspecific symptoms, underdiagnosismay
also occur and increasemortality [42]. Therefore, earlywarning
and identification are needed.

We observed that the deceased cases have sudden and severe
clinical manifestations, which may be because of the follow-
ing reasons: (1) all of them went to the ED on the day of
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specific onset, (2) severely reduced LVEF (<30%) in 4 of 5
cases, (3) extensive myocardial damage in the majority of the
cases, (4) progressive histopathology examination from nor-
mal to fulminant myocarditis, and (5) rapidly progressed dis-
ease to death in less than 2 days after admission in more
than half of the cases. Several cases have been treated with
heart failure drugs (Table 1). As the majority of EMB following
COVID-19 vaccination showed non-infectious myocarditis and
the presence of eosinophil infiltrates in all deceased cases, early
immunosuppressant drugsmay be required in addition to heart
failure and intensive therapy [12], particularly in fulminant
myocarditis.However, EMBremains the gold standard for diag-
nosing and determining etiology and appropriate therapy in
myocarditis [12, 195].

The limitation of this meta-summary was that it consisted
of case reports and case series, which are the lowest levels in
the hierarchy of evidence and may lack reported data. How-
ever, Sampayo-Cordero et al. [211] reported that aggregating
case reports or case series and quantitatively analyzing them
showed similar results to the meta-analysis of clinical study.
A meta-summary of case reports was helpful in the setting of
scarce data [212, 213]. We anticipated the bias by assessing the
included articles. In the present meta-summary, no confirmed
caseswere diagnosed by histopathology examination; however,
CMRwas a recommended [13] and valuable noninvasivemodal-
ity to confirmmyocarditis following COVID-19 vaccination.

This is not the first review of the relevant topic. Overall, the
results of this systematic review were concordant with those
of published reviews. For example, myocarditis following vac-
cination has a preponderance of young adolescents and males;
occurs following the second dose of mRNA vaccine shot; and
is characteristically manifested by chest pain, elevated cardiac
markers, and benign outcomes [214–218]. However, almost all
of the included articles did not gather the specific IPD and
focused on the pooled prevalence of each variable. In this sys-
tematic review, we collected the IPD of each case. Therefore,
this meta-summary of cases allowed for statistical analysis to
evaluate the comparison (e.g., comparison between probable
and definitive cases), correlation (e.g., the correlation between
LVEF and LoH to potential prognostic variables), and associa-
tion (e.g., multivariate analysis of cases with previous COVID-
19 infection had a six-fold odds of myocarditis following the
first dose of vaccine shot than those without COVID-19 history)
that were scarcely observed in previous reviews. Furthermore,
this systematic review quantitatively analyzed more variables,
including from the day of specific pain to the ED admission
and prodromal symptoms, which were not reported in other
reviews. Lastly, the detailed variable description (Table S2
and S3), including 63 histopathology examinations, was one of
the strengths of this systematic review.

Conclusion
Patients complaining of chest pain, particularly young males,
following the second dose of mRNA COVID-19 vaccination
should be suspected of myocarditis. Cases of myocarditis
following thefirst vaccinationdose are associatedwithprevious

COVID-19 infectionandbeing female.Comorbidities arepresent
in half of the cases, and half of them are dysregulated
immune-associated diseases. More attention should be pro-
vided to older females who come to the ED following the first
dose of COVID-19 vaccination, even when their comorbidities
are not significant and they present non-chest pain symp-
toms, as those characteristics dominate most deceased cases.
The combination of ECG and cardiac markers, particularly
troponins, is a highly sensitive screening modality, and their
normal values may be used to rule out myocarditis, whereas
CMR is preferred as a non-invasive examination to confirm
myocarditis. Histopathology examination has an imperative
value as the gold standardmodality to diagnose, determine pos-
sible etiology, and guide appropriatemanagement, particularly
in severe and confusing cases. Non-infective subtypes dom-
inate histopathology examinations with eosinophil involve-
ment. Histopathology and epidemiology evidence indicate that
immune-mediated process is the underlying mechanism of
myocarditis following COVID-19 vaccination. Themanagement
is mainly supportive.

Acknowledgments
The authors would like to thank the Department Cardiology of
Airlangga University for supporting this research.

Conflicts of interest: Authors declare no conflicts of interest.

Funding: Authors received no specific funding for this work.

Data availability:All data are available in this manuscript and
supplementary files.

Submitted: 12 January 2023
Accepted: 16 February 2023
Published online: 20 February 2023

References
[1] Yoosefi Lebni J, Abbas J, Moradi F, Salahshoor MR, Chaboksavar

F, Irandoost SF, et al. How the COVID-19 pandemic effected eco-
nomic, social, political, and cultural factors: a lesson from Iran.
Int J Soc Psychiatry 2021;67(3):298–300. https://doi.org/10.1177/
0020764020939984.

[2] Offit PA. Bivalent Covid-19 vaccines—A cautionary tale. N Engl J Med
2023;388:481–3. https://doi.org/10.1056/NEJMp2215780.

[3] World Health Organization. WHO lists additional COVID-19 vaccine
for emergency use and issues interim policy recommendations. 2021.
Available from: https://www.who.int/news/item/07-05-2021-who-
lists-additional-covid-19-vaccine-for-emergency-use-and-issues-
interim-policy-recommendations

[4] RosyichMW,Mardiansyah HT, Muharram FR, Saputra PBT, Yolanda
S, I’tishom R, et al. Panduan Penerapan Protokol Kesehatan Di
Masjid. 1st ed. In: I’tishom R, Rosyid AN, editors. Surabaya: Airlangga
University Press; 2022. https://play.google.com/books/reader?id=
LhNvEAAAQBAJ&pg=GBS.PA9&printsec=frontcover.

[5] More than 12.7 billion shots given: Covid-19 tracker. Bloomberg. 2022.
https://www.bloomberg.com/graphics/covid-vaccine-tracker-
global-distribution/

[6] Francis AI, Ghany S, Gilkes T, Umakanthan S. Review of COVID-19
vaccine subtypes, efficacy and geographical distributions. Postgrad
Med J. 2022;98(1159):389–94. https://doi.org/10.1136/postgradmedj-
2021-140654.

[7] Yolanda S, Saputra PBT, Pratama S, Putri NICA. Antihoaks pada
vaksinasi COVID-19. In: Harianto A, Meinarsari G, editors. Surabaya:

Saputra et al.

COVID-19 vaccine and myocarditis 557 www.biomolbiomed.com

http://www.biomolbiomed.com
https://drive.google.com/drive/folders/1BNINLw22ul4-cFWL2yerImPUDoQ2x77I?usp=shari
S3
https://doi.org/10.1177/0020764020939984
https://doi.org/10.1177/0020764020939984
https://doi.org/10.1056/NEJMp2215780
https://www.who.int/news/item/07-05-2021-who-lists-additional-covid-19-vaccine-for-emergency-use-and-issues-interim-policy-recommendations
https://www.who.int/news/item/07-05-2021-who-lists-additional-covid-19-vaccine-for-emergency-use-and-issues-interim-policy-recommendations
https://www.who.int/news/item/07-05-2021-who-lists-additional-covid-19-vaccine-for-emergency-use-and-issues-interim-policy-recommendations
https://play.google.com/books/reader?id=LhNvEAAAQBAJ&pg=GBS.PA9&printsec=frontcover
https://play.google.com/books/reader?id=LhNvEAAAQBAJ&pg=GBS.PA9&printsec=frontcover
https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution/
https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution/
https://doi.org/10.1136/postgradmedj-2021-140654
https://doi.org/10.1136/postgradmedj-2021-140654
http://www.biomolbiomed.com


Airlangga University Press. https://play.google.com/books/reader?
id=XxBsEAAAQBAJ&pg=GBS.PR6&printsec=frontcover.

[8] Awaya T, Moroi M, Enomoto Y, Kunimasa T, Nakamura M. What
should we do after the COVID-19 vaccination? Vaccine-associated
diseases and precautionary measures against adverse reactions. Vac-
cines 2022;10(6):866. https://doi.org/10.3390/vaccines10060866.

[9] KuehnBM.News from the centers for disease control and prevention.
J Am Med Assoc 2022;327(8):711. https://doi.org/10.1001/jama.2022.
0936.

[10] Lee ASY, Balakrishnan ID, Khoo CY, Ng CT, Loh JKX, Chan LL, et al.
Myocarditis following COVID-19 vaccination: a systematic review
(October 2020–October 2021). Hear Lung Circ 2022;31(6):757–65.
https://doi.org/10.1016/j.hlc.2022.02.002.

[11] Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71. https://doi.org/10.1136/bmj.n71.

[12] Caforio ALP, Pankuweit S, Arbustini E, Basso C, Gimeo-Blanes J,
Felix SB, et al. Current state of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis: a position statement of
the European Society of Cardiology working group on myocardial
andpericardial diseases.EurHeart J 2013;34(33):2636–48.https://doi.
org/10.1093/eurheartj/eht210.

[13] Shimabukuro T. COVID-19 vaccine safety updates advisory com-
mittee on immunization practices (ACIP). 2021. Available from:
cdc.gov/coronavirus

[14] Ferreira VM, Schulz-Menger J, Holmvang G, Kramer CM, Carbone I,
Sechtem U, et al. Cardiovascular magnetic resonance in nonischemic
myocardial inflammation: expert recommendations. JAmColl Cardiol
2018;72(24):3158–76. https://doi.org/10.1016/j.jacc.2018.09.072.

[15] Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetc R, et al.
Chapter 7: systematic reviews of etiology and risk. In: Munn Z,
editor. Joanna Briggs Institute Reviewer’s Manual. Adelaide (SA):
The Joanna Briggs Institute; 2017. https://jbi-global-wiki.refined.
site/space/MANUAL.

[16] Munn Z, Barker TH, Moola S, Tufuaru C, Stern C, and McArthur A,
et al. Methodological quality of case series studies: an introduction
to the JBI critical appraisal tool. JBI Evid Synth 2019;18(10):2127–33.
https://doi.org/10.11124/JBISRIR-D-19-00099.

[17] Rice J. Mathematical statistics and data analysis. New Delhi: Cengage
Learning; 2013. https://doi.org/10.1080/00401706.1989.10488573.

[18] Pagano M, Gauvreau K, Mattie H. Principles of biostatistics. Boca
Raton (FL): CRC Press; 2022.

[19] Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection
of variables in logistic regression. Source Code Biol Med 2008;3:1–8.
https://doi.org/10.1186/1751-0473-3-17.

[20] Deb A, Abdelmalek J, Iwuji K, Nugent K. Acute myocardial injury
following COVID-19 vaccination: a case report and review of current
evidence from vaccine adverse events reporting system database. J
Prim Care Community Health 2021;12:21501327211029230. https://
doi.org/10.1177/21501327211029230.

[21] Hasnie AA, Hasnie UA, Patel N, Aziz MU, Xie M, Lloyd SG, et al.
Perimyocarditis following first dose of the mRNA-1273 SARS-CoV-2
(moderna) vaccine in a healthy young male: a case report. BMC Car-
diovasc Disord 2021;21(1):1–6. https://doi.org/10.1186/s12872-021-
02183-3.

[22] Ammirati E, Cavalotti C, Milazzo A, Pedrotti P, Soriano F, Schroeder
JW, et al. Temporal relation between second dose BNT162b2 mRNA
Covid-19 vaccine and cardiac involvement in a patient with previous
SARS-COV-2 infection. IJC Hear Vasc 2021;34:1–4. https://doi.org/10.
1016/j.ijcha.2021.100774.

[23] Garcia JB, Ortega PP, Fernandez JAB, Leon AC, Ramirez BL, Dorta
EC. Acute myocarditis after administration of the BNT162b2 vaccine
against COVID-19. Rev Esp Cardiol 2021;74(9):802–14. https://doi.
org/10.1016/j.rec.2021.04.005.

[24] Cimaglia P, Tolomeo P, Rapezzi C. Acute myocarditis after SARS-
CoV-2 vaccination in a 24-year-old man. Port J Cardiol 2021;41:71–2.
https://doi.org/10.1016/j.repc.2021.07.005.

[25] Cereda A, Conca C, Barbieri L, Ferrante G, Tumminello G, Lucreziotti
S, et al. Acute myocarditis after the second dose of SARS-CoV-2 vac-
cine: serendipity or atypical causal relationship? Anatol J Cardiol
2021;25(7):522–3. https://doi.org/10.5152/AnatolJCardiol.2021.99.

[26] Habib MB, Hamamyh T, Elyas A, Altermanini M, Elhassan M. Acute
myocarditis following administration of BNT162b2 vaccine. IDCases
2021;25:e01197. https://doi.org/10.1016/j.idcr.2021.e01197.

[27] Patrignani A, Schicchi N, Calcagnoli F, Falchetti E, Ciampani N,
ArgaliaG, et al.Acutemyocarditis followingComirnatyvaccination in
a healthy man with previous SARS-CoV-2 infection. Radiol Case Rep
2021;16(11):3321–5. https://doi.org/10.1016/j.radcr.2021.07.082.

[28] Williams CB, Choi J-I, Hosseini F, Roberts J, Ramanathan K, Ong
K. Acute myocarditis following mRNA-1273 SARS-CoV-2 vaccina-
tion. CJC Open 2021;3(11):1410–2. https://doi.org/10.1016/j.cjco.2021.
07.008.

[29] Singh B, Kaur P, Cedeno L, Brahimi T, Patel P, Virk H, et al. COVID-
19 mRNA vaccine and myocarditis. Eur J Case Rep Intern Med
2021;2:3–6. https://doi.org/10.12890/2021.

[30] Nassar M, Nso N, Elshafey M, Gonzalez C, Lakhdar S, Alshamam M,
et al. COVID-19 vaccine-induced myocarditis: case report with liter-
ature review. Diabetes Metab Syndr Clin Res Rev 2021;15:102205.
https://doi.org/10.1016/j.dsx.2021.102205.

[31] Sokolska JM, Kurcz J, Kosmala W. Every rose has its thorns—
acute myocarditis following COVID-19 vaccination. Kardiol Pol
2021;79(10):1153–4. https://doi.org/10.33963/KP.a2021.0075.

[32] Muthukumar A, Narasimhan M, Li Q-Z, Mahimainathan L, Hitto I,
Fuda F, et al. In-depth evaluation of a case of presumed myocardi-
tis after the second dose of COVID-19 mRNA vaccine. Circula-
tion 2021;1444:487–98. https://doi.org/10.1161/CIRCULATIONAHA.
121.056038.

[33] Watkins K, Grif G, Septaric K, Simon EL. Myocarditis after BNT162b2
vaccination in ahealthymale.Am JEmergMed2021;50:815.e1–815.e2.
https://doi.org/10.1016/j.ajem.2021.06.051.

[34] D’Angelo T, Cattafi A, Carrerj ML, Booz C, Ascenti G, Cicero G.
Myocarditis after SARS-CoV-2 vaccination: a vaccine-induced reac-
tion? Can J Cardiol 2021;37:1665–7. https://doi.org/10.1016/j.cjca.
2021.05.010.

[35] Isaak A, Feisst A, Leutkens JA. Myocarditis following COVID-19 vac-
cination. IJC Hear Vasc 2021;301:E378–E379. https://doi.org/10.1016/
j.ijcha.2021.100872.

[36] Albert E, Aurigemma G, Saucedo J, Gerson DS. Myocarditis following
COVID-19 vaccination. Radiol CaseRep2021;16(8):2142–5. https://doi.
org/10.1016/j.radcr.2021.05.033.

[37] McLeanK, JohnsonTJ.Myopericarditis inapreviouslyhealthyadoles-
cent male following COVID-19 vaccination: a case report. Acad Emerg
Med 2021;28(8):918–21. https://doi.org/10.1111/acem.14322.

[38] Minocha PK, Better D, Singh RK, Hoque T. Recurrence of acute
myocarditis temporally associated with receipt of the mRNA coron-
avirus disease 2019 (COVID-19) vaccine in amale adolescent. J Pediatr
2021 Nov;238:321–3. https://doi.org/10.1016/j.jpeds.2021.06.035.

[39] Azdaki N, FarzadM. Long QT interval and syncope after a single dose
of COVID-19 vaccination: a case report. Pan Afr Med J 2021;40:67.
https://doi.org/10.11604/pamj.2021.40.67.31546.

[40] Agdamag ACC, Gonzalez D, Carlson K, Konety S, McDonaldWC,Mar-
tin CM, et al. Fulminant myocarditis following coronavirus disease
2019 vaccination: a case report. Eur Hear J Case Rep 2022;6(1):1–6.
https://doi.org/10.1093/ehjcr/ytac007.

[41] Alizadeh LS, Koch V, Yel I, Grünewald LD, Mathies D, Martin S,
et al. A case of myocarditis after COVID-19 vaccination: incidental or
consequential? Heliyon 2022;8(6):e09537. https://doi.org/10.1016/j.
heliyon.2022.e09537.

[42] Ameratunga R, Woon S-T, Sheppard MN, Garland J, Ondruschka
B, Wong CX, et al. First identified case of fatal fulminant
necrotizing eosinophilic myocarditis following the initial dose of the
Pfizer-BioNTech mRNA COVID-19 vaccine (BNT162b2, comirnaty):
an extremely rare idiosyncratic hypersensitivity reaction. J Clin
Immunol 2022;42(3):441–7. https://doi.org/10.1007/s10875-021-
01187-0.

[43] Ansari U, Britsch S, Rogowski S, Duerschmied D, Papavassiliu T. Case
report: transient increase of CMRT1mapping indices in apatientwith
COVID-19 mRNA vaccine induced acute myocarditis. Front Cardio-
vascMed 2022 Apr;9:1–7. https://doi.org/10.3389/fcvm.2022.880717.

[44] Asaduzzaman M, Purkayastha B, AlamMMJ, Chakraborty SR, Roy S,
Ahmed N. COVID-19 mRNA vaccine-associated encephalopathy,
myocarditis, and thrombocytopenia with excellent response
to methylprednisolone: a case report. J Neuroimmunol 2022
Jul;368:577883. https://doi.org/10.1016/j.jneuroim.2022.577883.

[45] Azir M, Inman B, Webb J, Tannenbaum L. STEMI mimic: focal
myocarditis in an adolescent patient after mRNA COVID-19 vaccine.
J EmergMed 2021;61(6):e129–32. https://doi.org/10.1016/j.jemermed.
2021.09.017.

Saputra et al.

COVID-19 vaccine and myocarditis 558 www.biomolbiomed.com

http://www.biomolbiomed.com
https://play.google.com/books/reader?id=XxBsEAAAQBAJ&pg=GBS.PR6&printsec=frontcover
https://play.google.com/books/reader?id=XxBsEAAAQBAJ&pg=GBS.PR6&printsec=frontcover
https://doi.org/10.3390/vaccines10060866
https://doi.org/10.1001/jama.2022.0936
https://doi.org/10.1001/jama.2022.0936
https://doi.org/10.1016/j.hlc.2022.02.002
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1093/eurheartj/eht210
https://doi.org/10.1093/eurheartj/eht210
https://doi.org/10.1016/j.jacc.2018.09.072
https://jbi-global-wiki.refined.site/space/MANUAL
https://jbi-global-wiki.refined.site/space/MANUAL
https://doi.org/10.11124/JBISRIR-D-19-00099
https://doi.org/10.1080/00401706.1989.10488573
https://doi.org/10.1186/1751-0473-3-17
https://doi.org/10.1177/21501327211029230
https://doi.org/10.1177/21501327211029230
https://doi.org/10.1186/s12872-021-02183-3
https://doi.org/10.1186/s12872-021-02183-3
https://doi.org/10.1016/j.ijcha.2021.100774
https://doi.org/10.1016/j.ijcha.2021.100774
https://doi.org/10.1016/j.rec.2021.04.005
https://doi.org/10.1016/j.rec.2021.04.005
https://doi.org/10.1016/j.repc.2021.07.005
https://doi.org/10.5152/AnatolJCardiol.2021.99
https://doi.org/10.1016/j.idcr.2021.e01197
https://doi.org/10.1016/j.radcr.2021.07.082
https://doi.org/10.1016/j.cjco.2021.07.008
https://doi.org/10.1016/j.cjco.2021.07.008
https://doi.org/10.12890/2021
https://doi.org/10.1016/j.dsx.2021.102205
https://doi.org/10.33963/KP.a2021.0075
https://doi.org/10.1161/CIRCULATIONAHA.121.056038
https://doi.org/10.1161/CIRCULATIONAHA.121.056038
https://doi.org/10.1016/j.ajem.2021.06.051
https://doi.org/10.1016/j.cjca.2021.05.010
https://doi.org/10.1016/j.cjca.2021.05.010
https://doi.org/10.1016/j.ijcha.2021.100872
https://doi.org/10.1016/j.ijcha.2021.100872
https://doi.org/10.1016/j.radcr.2021.05.033
https://doi.org/10.1016/j.radcr.2021.05.033
https://doi.org/10.1111/acem.14322
https://doi.org/10.1016/j.jpeds.2021.06.035
https://doi.org/10.11604/pamj.2021.40.67.31546
https://doi.org/10.1093/ehjcr/ytac007
https://doi.org/10.1016/j.heliyon.2022.e09537
https://doi.org/10.1016/j.heliyon.2022.e09537
https://doi.org/10.1007/s10875-021-01187-0
https://doi.org/10.1007/s10875-021-01187-0
https://doi.org/10.3389/fcvm.2022.880717
https://doi.org/10.1016/j.jneuroim.2022.577883
https://doi.org/10.1016/j.jemermed.2021.09.017
https://doi.org/10.1016/j.jemermed.2021.09.017
http://www.biomolbiomed.com


[46] Bae D-H, Kim M, Lee DI, Lee J-H, Kim S, Lee SY, et al. Simultaneous
occurrence of immune-mediated thrombocytopenia and myocarditis
after mRNA-1273 COVID-19 vaccination: a case report. J Korean Med
Sci 2022;37(21):3–7. https://doi.org/10.3346/jkms.2022.37.e169.

[47] Banala KR, Al-Anani S, Anne P, Covi S. Outcome of post-Covid vac-
cination myocarditis in an adolescent male. Clin Pediatr (Phila).
2023;62(2):162–5. https://doi.org/10.1177/00099228221116207.

[48] Bartlett VL, Thomas A, Hur DJ, Malm B. Myopericarditis with signif-
icant left ventricular dysfunction following Covid-19 vaccination: a
case report. Am J Case Rep 2021;22(1):1–6. https://doi.org/10.12659/
AJCR.934066.

[49] Aldana-Bitar J, Ramirez NR, Jaffe AS, Manubolu VS, Verghese
D, Hussein L, et al. Serial changes in troponin I in COVID-19
vaccine-associated myocarditis. Cardiol Res 2022;13(4):250–4.
https://doi.org/10.14740/cr1412.

[50] Bucur P, Smith C, Al Jaroudi W, Berman AE. Recurrent
MRI-documented myocarditis following Pfizer-BioNTech SARS-
CoV-2 vaccination. Am J Med Sci 2022 Dec;364:e79–80. https://doi.
org/10.1016/j.amjms.2022.06.024.

[51] Chachar TS, Yousuf N, Sulaibikh L, Abdulqader F, Alqahtani M. First
report of acute myocarditis post-Pfizer-BioNTech COVID-19 vaccina-
tion in the Kingdom of Bahrain. Cureus 2021;13(12):11–4. https://doi.
org/10.7759/cureus.20313.

[52] Chellapandian SB, Turkmen S, Salim I, Chinnakaruppan S, Moham-
mad J. Myocarditis following COVID-19 mRNA (mRNA-1273) vacci-
nation. Clin Case Rep 2022;10(4):8–11. https://doi.org/10.1002/ccr3.
5741.

[53] Choi S, Lee SH, Seo J-W,KimM-J, JeonYH, Park JH, et al.Myocarditis-
induced sudden death after BNT162b2 mRNA COVID-19 vaccination
in Korea: case report focusing on histopathological findings. J Korean
Med Sci 2021;36(40):1–7. https://doi.org/10.3346/jkms.2021.36.e286.

[54] Chow BT, Lai CK. Lymphohistiocytic myocarditis possibly due to
moderna mRNA-1273 vaccine. Am J Clin Pathol 2022;158(2):167–72.
https://doi.org/10.1093/ajcp/aqac029.

[55] Das KM, Al Mansoori T, Al Shamisi A, Al Bastaki UMH, Gorkom
KV, Al Koteesh JA. Post-RNA (mRNA) vaccination myocarditis:
CMR features. Diagnostics 2022;12(5):1–7. https://doi.org/10.3390/
diagnostics12051034.

[56] Dlewati M, Park K, Rawat S, Conte J, Bhadha K. COVID-19 mRNA
vaccine-associatedmyocarditis presenting as STEMI in a 48-year-old
male. Case Rep Cardiol 2022;2022:1–4. https://doi.org/10.1155/2022/
2284530.

[57] Ehrlich P, Klingel K, Ohlmann-Knafo S, Hüttinger S, Sood N,
Pickuth D, et al. Biopsy-proven lymphocytic myocarditis follow-
ing first mRNA COVID-19 vaccination in a 40-year-old male: case
report. Clin Res Cardiol 2021;110(11):1855–9. https://doi.org/10.1007/
s00392-021-01936-6.

[58] Elhouderi E, Elsawalhy E, Kabbani M. Myopericarditis after mRNA
COVID-19vaccine inapatientwith recenthistoryofCOVID-19.Cureus
2022;14(5):14–6. https://doi.org/10.7759/cureus.25264.

[59] EtukAS, Jackson IN, PanayiotouH.Arare case ofmyocarditis after the
first dose of moderna vaccine in a patient with two previous COVID-
19 infections. Cureus 2022;1(5):4–8. https://doi.org/10.7759/cureus.
24802.

[60] Fadah K, Abolbashari M, Ojha C, Alkhateeb H. Acute myopericarditis
after first dose of mRNA-1273 SARS-CoV-2 vaccine in a young adult.
Cureus 2022;14(2):14–8. https://doi.org/10.7759/cureus.22111.

[61] Farooq M, Mohammed Y, Zafar M, Dharmasena D, Rana UI,
Kankam O. COVID-19 vaccine-induced pneumonitis, myositis
and myopericarditis. Cureus 2022;14(1):1–6. https://doi.org/10.7759/
cureus.20979.

[62] Fritz RO, Betageri O, Chakrala T, Kim J, Al-Ani M, Omar A. Severe
myopericarditis following the third dose of an mRNA COVID-19 vac-
cine: utility of a multimodal treatment approach. BMJ Case Rep
2022;15(6):e249533. https://doi.org/10.1136/bcr-2022-249533.

[63] Gautam N, Saluja P, Fudim M, Jambhekar K, Pandey T, Al’Aref S. A
late presentation of COVID-19 vaccine-induced myocarditis. Cureus
2021;13(9):1–6. https://doi.org/10.7759/cureus.17890.

[64] Generette GS, Troyer J, Hemenway A, Al Zoubi M. Myopericarditis
with hemorrhagic pericardial effusion following BNT162b2 mRNA
COVID-19 vaccine. IDCases 2022 May;28:e01511. https://doi.org/10.
1016/j.idcr.2022.e01511.

[65] Gill J, Mallari AJP, Zahra F. Transient myopericarditis following vac-
cination for COVID-19. J Med Cases 2022;13(2):80–4. https://doi.org/
10.14740/jmc3876.

[66] Habedank D, Lagast A, Novoa-Usme M, Atmowihardjo I. A case of
myocarditis in a 60-year-old man 48 h after mRNA vaccination
against SARS-CoV2. Clin Res Cardiol 2022;111(2):230–2. https://doi.
org/10.1007/s00392-021-01946-4.

[67] Hassanzadeh S, Sadeghi S, Mirdamadi A, Nematollahi A. Myocarditis
following AstraZeneca (an adenovirus vector vaccine) COVID-19 vac-
cination: a case report. Clin Case Rep 2022;10(4):1–8. https://doi.org/
10.1002/ccr3.5744.

[68] Hirsch VG, Schallhorn S, Zwadlo C, Zwadlo C, Diekmann J, Länger
F, et al. Giant cell myocarditis after first dose of BNT162b2—a case
report. Eur J Heart Fail 2022;24(7):1319–22. https://doi.org/10.1002/
ejhf.2590.

[69] Horiuchi K, Kosugi S, Abe H, Ueda Y. Fulminant myocarditis after
the first dose of mRNA-1273 vaccination in a patient with previous
COVID-19: a case report. Eur Hear J - Case Rep 2022;6(7):1–5. https://
doi.org/10.1093/ehjcr/ytac290.

[70] Hoshino N, YanaseM, Ichiyasu T, Kuwahara K, Kawai H, Muramatsu
T, et al. An autopsy case report of fulminant myocarditis: follow-
ing mRNA COVID-19 vaccination. J Cardiol Cases 2022 Dec;26:391–4.
https://doi.org/10.1016/j.jccase.2022.06.006.

[71] Hung Y-P, Sun K-S. A case of myopericarditis with pleuritis
following AstraZeneca Covid-19 vaccination. QJM An Int J Med
2021;114(12):879–81. https://doi.org/10.1093/qjmed/hcab278.

[72] Iwamuro A, Sasa T, Kawai T, Taguchi M, Izuhara M, Uegaito T, et al.
A 17-year-oldmale with acutemyocarditis followingmRNA-1273 vac-
cination in Japan. J Cardiol Cases 2022;26(2):108–10. https://doi.org/
10.1016/j.jccase.2022.03.012.

[73] Anthony JA, Echeverry T, Fishberg RD. The rise of mRNA COVID-19
vaccine-associated myocarditis and its implications on the future use
of this new vaccine platform. Cureus 2022;14(6):e25631. https://doi.
org/10.7759/cureus.25631.

[74] KadwalwalaM, Chadha B, Ortoleva J, JoyceM.Multimodality imaging
and histopathology in a young man presenting with fulminant lym-
phocytic myocarditis and cardiogenic shock after mRNA-1273 vac-
cination. BMJ Case Rep 2021;14(11):1–5. https://doi.org/10.1136/bcr-
2021-246059.

[75] Kang D-H, Na J-Y, Yang J-H, Moon S-H, Kim S-H, Jung J-J,
et al. Fulminant giant cell myocarditis following heterologous
vaccination of ChAdOx1 nCoV-19 and Pfizer-BioNTech COVID-19.
Medicina (Kaunas) 2022;58(3):449. https://doi.org/10.3390/
medicina58030449.

[76] KawakamiT,YahagiK, SekiguchiM, IshizawaT,NonakaH,Setoguchi
N, et al. Acute myocarditis in a patient following mRNA-1273 SARS-
CoV-2 vaccination. Intern Med 2022;61(9):1371–4. https://doi.org/10.
2169/internalmedicine.9000-21.

[77] Kawano H, Motokawa T, Kurohama H, Okano S, Akashi R,
Yonekura T, et al. Fulminant myocarditis 24 days after coronavirus
disease messenger ribonucleic acid vaccination. Intern Med
2022;61(15):2319–25. https://doi.org/10.2169/internalmedicine.
9800-22.

[78] Kawauchi H, Mitsuhashi Y, Nakamura S, Ogawa R, Miyabe T,
Kato K, et al. Course of cardiac magnetic resonance imaging find-
ings in acute myocarditis after COVID-19 mRNA vaccination. Intern
Med 2022;61(17):2625–9. https://doi.org/10.2169/internalmedicine.
9797-22.

[79] Kazama S, Okumura T, Kimura Y, Ito R, Araki T, Mizutani T, et al.
Biopsy-proven fulminant myocarditis requiring mechanical circu-
latory support following COVID-19 mRNA vaccination. CJC Open
2022;4(5):501–5. https://doi.org/10.1016/j.cjco.2022.02.004.

[80] Kim D, Choi JH, Jang JY, So O, Cho E, Choi H, et al. A case report
for myopericarditis after BNT162b2 COVID-19 mRNA vaccination in
a Korean young male. J Korean Med Sci 2021;36(39):1–7. https://doi.
org/10.3346/jkms.2021.36.e277.

[81] Kim SH, Lee SY, Kim GY, Oh JS, Kim JM Chun KJ, et al. A case of heart
transplantation for fulminant myocarditis after ChAdOx1 nCoV-19
vaccination. J Korean Med Sci 2022;37(13):6–11. https://doi.org/10.
3346/jkms.2022.37.e104.

[82] Kim HY, Cho JY, Yoon HJ, Choi Y-D, Ahn Y, Jeong MH, et al. A case
report for acute myopericarditis after NVX-CoV2373 (novavax® )
COVID-19 vaccination. J KoreanMed Sci 2022;37(34):1–5. https://doi.
org/10.3346/jkms.2022.37.e265.

[83] Kimball E, Buchwalder K, Upchurch C, Kea B. Intermittent com-
plete heart block with ventricular standstill after Pfizer COVID-19
booster vaccination: a case report. J Am Coll Emerg Physicians Open
2022;3(2):1–6. https://doi.org/10.1002/emp2.12723.

Saputra et al.

COVID-19 vaccine and myocarditis 559 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.3346/jkms.2022.37.e169
https://doi.org/10.1177/00099228221116207
https://doi.org/10.12659/AJCR.934066
https://doi.org/10.12659/AJCR.934066
https://doi.org/10.14740/cr1412
https://doi.org/10.1016/j.amjms.2022.06.024
https://doi.org/10.1016/j.amjms.2022.06.024
https://doi.org/10.7759/cureus.20313
https://doi.org/10.7759/cureus.20313
https://doi.org/10.1002/ccr3.5741
https://doi.org/10.1002/ccr3.5741
https://doi.org/10.3346/jkms.2021.36.e286
https://doi.org/10.1093/ajcp/aqac029
https://doi.org/10.3390/diagnostics12051034
https://doi.org/10.3390/diagnostics12051034
https://doi.org/10.1155/2022/2284530
https://doi.org/10.1155/2022/2284530
https://doi.org/10.1007/s00392-021-01936-6
https://doi.org/10.1007/s00392-021-01936-6
https://doi.org/10.7759/cureus.25264
https://doi.org/10.7759/cureus.24802
https://doi.org/10.7759/cureus.24802
https://doi.org/10.7759/cureus.22111
https://doi.org/10.7759/cureus.20979
https://doi.org/10.7759/cureus.20979
https://doi.org/10.1136/bcr-2022-249533
https://doi.org/10.7759/cureus.17890
https://doi.org/10.1016/j.idcr.2022.e01511
https://doi.org/10.1016/j.idcr.2022.e01511
https://doi.org/10.14740/jmc3876
https://doi.org/10.14740/jmc3876
https://doi.org/10.1007/s00392-021-01946-4
https://doi.org/10.1007/s00392-021-01946-4
https://doi.org/10.1002/ccr3.5744
https://doi.org/10.1002/ccr3.5744
https://doi.org/10.1002/ejhf.2590
https://doi.org/10.1002/ejhf.2590
https://doi.org/10.1093/ehjcr/ytac290
https://doi.org/10.1093/ehjcr/ytac290
https://doi.org/10.1016/j.jccase.2022.06.006
https://doi.org/10.1093/qjmed/hcab278
https://doi.org/10.1016/j.jccase.2022.03.012
https://doi.org/10.1016/j.jccase.2022.03.012
https://doi.org/10.7759/cureus.25631
https://doi.org/10.7759/cureus.25631
https://doi.org/10.1136/bcr-2021-246059
https://doi.org/10.1136/bcr-2021-246059
https://doi.org/10.3390/medicina58030449
https://doi.org/10.3390/medicina58030449
https://doi.org/10.2169/internalmedicine.9000-21
https://doi.org/10.2169/internalmedicine.9000-21
https://doi.org/10.2169/internalmedicine.9800-22
https://doi.org/10.2169/internalmedicine.9800-22
https://doi.org/10.2169/internalmedicine.9797-22
https://doi.org/10.2169/internalmedicine.9797-22
https://doi.org/10.1016/j.cjco.2022.02.004
https://doi.org/10.3346/jkms.2021.36.e277
https://doi.org/10.3346/jkms.2021.36.e277
https://doi.org/10.3346/jkms.2022.37.e104
https://doi.org/10.3346/jkms.2022.37.e104
https://doi.org/10.3346/jkms.2022.37.e265
https://doi.org/10.3346/jkms.2022.37.e265
https://doi.org/10.1002/emp2.12723
http://www.biomolbiomed.com


[84] Kojima N, Tada H, Okada H, Yoshida S, Sakata K, Usui S, et al. Case
report: myocarditis associated with COVID-19 mRNA vaccination
following myocarditis associated with campylobacter jejuni. Front
Cardiovasc Med 2022 Mar;9:1–5. https://doi.org/10.3389/fcvm.2022.
837759.

[85] Korosoglou G, Nunninger P, Giusca S. Case report: disappearance of
late gadolinium enhancement and full functional recovery in a young
patient with SARS-CoV-2 vaccine-related myocarditis. Front Car-
diovasc Med 2022 Mar;9:8–10. https://doi.org/10.3389/fcvm.2022.
852931.

[86] Kyaw H, Shajahan S, Gulati A, Synn S, Khurana S, Nazar N,
et al. COVID-19 mRNA vaccine-associated myocarditis. Cureus
2022;14(1):3–7. https://doi.org/10.7759/cureus.21009.

[87] LimY, KimMC,KimKH, Jeong I-S, ChoYS, Choi YD, et al. Case report:
acute fulminant myocarditis and cardiogenic shock after messenger
RNA coronavirus disease 2019 vaccination requiring extracorporeal
cardiopulmonary resuscitation. Front CardiovascMed2021Oct;8:1–6.
https://doi.org/10.3389/fcvm.2021.758996.

[88] Lin W, Yip ACL, Evangelista LKM, Wong RCC, Tan HC, Lim TW,
et al. Ventricular tachycardia from myocarditis following COVID-19
vaccination with tozinameran (BNT162b2, Pfizer-BioNTech). Pacing
Clin Electrophysiol 2022 Sep;45:1097–1100. https://doi.org/10.1111/
pace.14486.

[89] Loch A, Siew KSW, Tan KL, Azman RR. Transient severe myocarditis
and intraventricular thrombus associated with SARS-CoV-2 vaccina-
tion. Singapore Med J 2022;51(1):1–5. https://doi.org/10.11622/smedj.
202204210-0033-z.

[90] Mittal N, Pawar D, Parmar K, Sly Z, Rio-Pertuz GD, Ansari MM, et al.
Covaxin-induced lymphocytic myocarditis. Cureus 2022;14(7):1–7.
https://doi.org/10.7759/cureus.26759.

[91] Olmos CV, Trahan S, Rochon A, Ducharme A. Severe myocardi-
tis after SARS-CoV-2 vaccination in a 49-year-old woman. CMAJ
2022;194(16):E581–4. https://doi.org/10.1503/cmaj.211687.

[92] Al-Rasbi S, Al-Mqbali JS, Al-Farsi R, Shukaili MAA, Al-Riyami
MH, Falahi ZA, et al. Myocarditis, pulmonary hemorrhage, and
extensive myositis with rhabdomyolysis 12 days after first dose of
Pfizer-BioNTech BNT162b2 mRNA COVID-19 vaccine: a case report.
Am J Case Rep 2022;23(1):1–8. https://doi.org/10.12659/AJCR.934399.

[93] Alania-Torres E, Morillas-Climent H, García-Escrivá A, Vinueza-
Buitrón P, Poquet-Catalá I, Zorio E, et al. Case report: probable
myocarditis after Covid-19 mRNA vaccine in a patient with arrhyth-
mogenic left ventricular cardiomyopathy. Front CardiovascMed 2021
Oct;8:1–6. https://doi.org/10.3389/fcvm.2021.759119.

[94] AkinA,AkayC,DemirM,TüreM.Apaediatric caseofmyopericarditis
post-COVID-19 mRNA vaccine. Cardiol Young 2022;32(10):1688–91.
https://doi.org/10.1017/S1047951122000312.

[95] Tinoco M, Leite S, Faria B, Cardoso S, Hafe PV, Dias G, et al.
Perimyocarditis following COVID-19 vaccination. Clin Med
Insights Cardiol 2021;15:11795468211056634. https://doi.org/10.
1177/11795468211056634.

[96] Schmitt P, Demoulin R, Poyet R, Capilla E, Rohel G, Pons F, et al.
Acute myocarditis after COVID-19 vaccination: a case report. La
RevMédecine Interne 2021;42(11):797–800. https://doi.org/10.1016/j.
revmed.2021.10.003.

[97] Shumkova M, Vassilev D, Karamfiloff K, Ivanova R, Stoyanova K,
Yaneva-Sirakova T, et al. Acute myocarditis associated with the Pfiz-
er/BioNTech vaccine. Kardiol Pol 2021;79(11):1282–3. https://doi.org/
10.33963/KP.A2021.0095.

[98] WuB,Mittal N, Adler ED,HongKN.Acutemyocarditis after receiving
first dose of BNT162b2mRNAvaccine. J Cardiol Cases 2022;25(6):348–
50. https://doi.org/10.1016/j.jccase.2021.12.009.

[99] Wu C-T, Chin S-C, Chu P-H. Acute fulminant myocarditis after ChA-
dOx1 nCoV-19 vaccine: a case report and literature review. Front
Cardiovasc Med 2022 Apr;9:1–6. https://doi.org/10.3389/fcvm.2022.
856991.

[100] Ohnishi M, Tanaka Y, Nishida S, Sugimoto T. Case report of acute
myocarditis after administration of coronavirus disease 2019 vaccine
in Japan. Eur Hear J - Case Rep 2022;6(1):1–7. https://doi.org/10.1093/
ehjcr/ytab534.

[101] Riddell C, Edwards NC, Stewart R. Case report: mRNA COVID-19
vaccine-related acute pericarditis with evolution to myopericarditis.
Eur Hear J - Case Rep 2022;6(8):1–5. https://doi.org/10.1093/ehjcr/
ytac298.

[102] Uesako H, Fujikawa H, Hashimoto S, Wakabayashi T. Prominent
J waves and ventricular fibrillation caused by myocarditis and

pericarditis after BNT162b2 mRNA COVID-19 vaccination. Can J Car-
diol 2022;38(6):844–7. https://doi.org/10.1016/j.cjca.2022.02.005.

[103] Umei TC, Kishino Y, Watanabe K, Shiraishi Y, Inohara T, Yuasa S,
et al. Recurrence of myopericarditis following mRNA COVID-19 vac-
cination in a male adolescent. CJC Open 2022;4(3):350–2. https://doi.
org/10.1016/j.cjco.2021.12.002.

[104] SharbatdaranA,ChahalY,MolaeiM,BhavsarD.Arare caseofCOVID-
19 vaccine-inducedmyopericarditis in a young adult. Radiol Case Rep
2022;17(6):1916–20. https://doi.org/10.1016/j.radcr.2022.03.039.

[105] Sano M, Murai R, Kim K, Furukawa Y. Cardiac magnetic resonance
findings in acute myocarditis after mRNA COVID-19 vaccination. J
Cardiol Cases 2022;26(1):17–20. https://doi.org/10.1016/j.jccase.2022.
01.015.

[106] Nassar M, Nso N, Gonzalez C, Lakhdar S, Alshamam M, Elshafey M,
et al. COVID-19 vaccine-induced myocarditis: case report with liter-
ature review. Diabetes Metab Syndr Clin Res Rev 2021;15(5):102205.
https://doi.org/10.1016/j.dsx.2021.102205.

[107] Watkins K, Griffin G, Septaric K, Simon EL. Myocarditis after
BNT162b2 vaccination in a healthy male. Am J Emerg Med
2021;50:815.e1-815.e2. https://doi.org/10.1016/j.ajem.2021.06.051.

[108] Yamamoto S, Arita Y, Ogasawara N. Myocarditis following the sec-
ond dose of COVID-19 vaccination in a Japanese adolescent. Cureus
2022;6(3):4–9. https://doi.org/10.7759/cureus.23474.

[109] Naghashzadeh F, Shafaghi S, Dorudinia A, Naji SA, Marjani M, Amin
A, et al. Myocarditis following rAd26 and rAd5 vector-based COVID-
19 vaccine: case report. ESC Hear Fail 2022;9(2):1483–6. https://doi.
org/10.1002/ehf2.13821.

[110] Morton Z, Green D, Grisham M. A case of myopericarditis follow-
ing administration of the Pfizer COVID-19 vaccine. Arch Clin Cases
2022;9(1):1–5. https://doi.org/10.22551/2022.34.0901.10195.

[111] MiqdadMA,NasserH,Alshehri A,MouradAR.Acutemyocarditis fol-
lowing the administration of the second BNT162b2 COVID-19 vaccine
dose. Cureus 2021;13(10):1–5. https://doi.org/10.7759/cureus.18880.

[112] Brage ET, Ruiz JR, Martin JG, Rodriguez JD, Tocino RV, Diego SR. Ful-
minantmyocarditis in a patientwith a lung adenocarcinoma after the
third dose of modern COVID-19 vaccine. a case report and literature
review. Curr Probl Cancer Case Rep 2022;6:100153. https://doi.org/
10.1016/j.cpccr.2022.100153.

[113] Ujueta F, Azimi R, Lozier MR, Poppiti R, Ciment A. Lymphohistocytic
myocarditis after Ad26.COV2.S viral vector COVID-19 vaccination.
IJC Hear Vasc 2021;36:100869. https://doi.org/10.1016/j.ijcha.2021.
100869.

[114] Yen KC, Ho C Te,Chin SC, Su HC, Lee KT, Chu PH. Self-limited
myocarditis after thefirst dose of coronavirus disease 2019messenger
RNA-1273 vaccine in a healthymale. Acta Cardiol Sin 2022;38(2):210–
3. https://doi.org/10.6515/ACS.202203/_38(2).20210912A.

[115] Nagasaka T, Koitabashi N, Ishibashi Y, Aihara K, Takama N, Ohyama
Y, et al. Acute myocarditis associated with COVID-19 vaccination: a
case report. J Cardiol Cases 2021;25:285–8. https://doi.org/10.1016/j.
jccase.2021.11.006.

[116] Ohtani K, Takahama S, Kato S, Higo T. Acute necrotizing
eosinophilic myocarditis after COVID-19 vaccination. Eur Heart
J 2022;43(27):2640. https://doi.org/10.1093/eurheartj/ehac239.

[117] Oka A, Sudo Y, Miyoshi T, Ozaki M, Kimura Y, Takagi W, et al.
Fulminant myocarditis after the second dose of COVID-19 mRNA
vaccination. Clin Case Rep 2022;10(2):1–5. https://doi.org/10.1002/
ccr3.5378.

[118] Oh Y, Gray J, Vecchio P, Droney L, BenhamH. Acute near-fatal multi-
system inflammatory syndromeand fulminantmyocarditis post ChA-
dOx1 nCoV-19 vaccination in a SARS-CoV-2 Naïve individual. Intern
Med J 2022;52:1838–9. https://doi.org/10.1111/imj.15883.

[119] Mengesha B, Asenov AG, Hirsh-Raccah B, Amir O, Pappo O, Asleh
R. Severe acute myocarditis after the third (booster) dose of mRNA
COVID-19 vaccination. Vaccines 2022;10(4):1–9. https://doi.org/10.
3390/vaccines10040575.

[120] Nagasaka T, Koitabashi N, Ishibashi Y, Aihara K, Takama N, Ohyama
Y, et al. Acute myocarditis associated with COVID-19 vaccination:
a case report. J Cardiol Cases 2022;25(5):285–8. https://doi.org/10.
1016/j.jccase.2021.11.006.

[121] Nguyen TD, Mall G, Westphal JG, Weingärtner O, Möbius-Winkler
S, Schulze PC. Acute myocarditis after COVID-19 vaccination with
mRNA-1273 in a patientwith former SARS-CoV-2 infection. ESCHear
Fail 2021;8(6):4710–4. https://doi.org/10.1002/ehf2.13613.

[122] Olagunju A, Moradi A, Johnson B, Lebaron Z, Johnson R, Mehdizadeh
A. Acute myocarditis following vaccination with the first dose of the

Saputra et al.

COVID-19 vaccine and myocarditis 560 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.3389/fcvm.2022.837759
https://doi.org/10.3389/fcvm.2022.837759
https://doi.org/10.3389/fcvm.2022.852931
https://doi.org/10.3389/fcvm.2022.852931
https://doi.org/10.7759/cureus.21009
https://doi.org/10.3389/fcvm.2021.758996
https://doi.org/10.1111/pace.14486
https://doi.org/10.1111/pace.14486
https://doi.org/10.11622/smedj.202204210-0033-z
https://doi.org/10.11622/smedj.202204210-0033-z
https://doi.org/10.7759/cureus.26759
https://doi.org/10.1503/cmaj.211687
https://doi.org/10.12659/AJCR.934399
https://doi.org/10.3389/fcvm.2021.759119
https://doi.org/10.1017/S1047951122000312
https://doi.org/10.1177/11795468211056634
https://doi.org/10.1177/11795468211056634
https://doi.org/10.1016/j.revmed.2021.10.003
https://doi.org/10.1016/j.revmed.2021.10.003
https://doi.org/10.33963/KP.A2021.0095
https://doi.org/10.33963/KP.A2021.0095
https://doi.org/10.1016/j.jccase.2021.12.009
https://doi.org/10.3389/fcvm.2022.856991
https://doi.org/10.3389/fcvm.2022.856991
https://doi.org/10.1093/ehjcr/ytab534
https://doi.org/10.1093/ehjcr/ytab534
https://doi.org/10.1093/ehjcr/ytac298
https://doi.org/10.1093/ehjcr/ytac298
https://doi.org/10.1016/j.cjca.2022.02.005
https://doi.org/10.1016/j.cjco.2021.12.002
https://doi.org/10.1016/j.cjco.2021.12.002
https://doi.org/10.1016/j.radcr.2022.03.039
https://doi.org/10.1016/j.jccase.2022.01.015
https://doi.org/10.1016/j.jccase.2022.01.015
https://doi.org/10.1016/j.dsx.2021.102205
https://doi.org/10.1016/j.ajem.2021.06.051
https://doi.org/10.7759/cureus.23474
https://doi.org/10.1002/ehf2.13821
https://doi.org/10.1002/ehf2.13821
https://doi.org/10.22551/2022.34.0901.10195
https://doi.org/10.7759/cureus.18880
https://doi.org/10.1016/j.cpccr.2022.100153
https://doi.org/10.1016/j.cpccr.2022.100153
https://doi.org/10.1016/j.ijcha.2021.100869
https://doi.org/10.1016/j.ijcha.2021.100869
https://doi.org/10.6515/ACS.202203/_38(2).20210912A
https://doi.org/10.1016/j.jccase.2021.11.006
https://doi.org/10.1016/j.jccase.2021.11.006
https://doi.org/10.1093/eurheartj/ehac239
https://doi.org/10.1002/ccr3.5378
https://doi.org/10.1002/ccr3.5378
https://doi.org/10.1111/imj.15883
https://doi.org/10.3390/vaccines10040575
https://doi.org/10.3390/vaccines10040575
https://doi.org/10.1016/j.jccase.2021.11.006
https://doi.org/10.1016/j.jccase.2021.11.006
https://doi.org/10.1002/ehf2.13613
http://www.biomolbiomed.com


mRNA-1273 vaccine. J Investig Med High Impact Case Rep 2022;10:1–
5. https://doi.org/10.1177/23247096221092291.

[123] Pantsios C, Anyfantakis Z-A, Xanthopoulos A, Leventis I, Skoular-
igkis S, Dimos A, et al. Acute myopericarditis after the second dose of
mRNA COVID-19 vaccine mimicking acute coronary syndrome. Case
Rep Cardiol 2022;2022:1–5. https://doi.org/10.1155/2022/1600734.

[124] Park S, You J. A case of myocarditis presenting with a hyperechoic
nodule after the first dose of COVID-19 mRNA vaccine. J Korean Med
Sci 2022;37(16):2–7. https://doi.org/10.3346/jkms.2022.37.e131.

[125] Satomi H, Katano H, Kanno H, Kobayashi M, Ohkuma Y, Hashidume
N, et al. An autopsy case of fulminant myocarditis after severe acute
respiratory syndrome coronavirus 2 vaccine inoculation. Pathol Int
2022 Oct;72:519–24. https://doi.org/10.1111/pin.13267.

[126] PashaMA, IsaacS,KhanZ.Recurrentmyocarditis followingCOVID-19
infection and the mRNA vaccine. Cureus 2022;14(7):e26650. https://
doi.org/10.7759/cureus.26650.

[127] Wong J, SharmaS,Yao JV., AggarwalA,Grigg L. COVID-19mRNAvac-
cine (comirnaty)-inducedmyocarditis. Med J Aust 2022;216(3):122–3.
https://doi.org/10.5694/mja2.51394.

[128] McCullough J, McCullough JP, Korlipara G, Kaell A. Myocarditis
post moderna vaccination: review of criteria for diagnosis. Cureus
2021;13(11):1–7. https://doi.org/10.7759/cureus.19633.

[129] Marsukjai A, TheerasuwipakornN, TumkositM, Chattranukulchai P,
Srichomkwun P, Prechawat S. Concomitant myocarditis and painless
thyroiditis after AstraZeneca coronavirus disease 2019 vaccination:
a case report. J Med Case Rep 2022;16(1):1–4. https://doi.org/10.1186/
s13256-022-03438-z.

[130] Mimouni H, Bahouh C, Amaqdouf S, Laaribi I, Baddi M, Berichi S,
et al. Cardiogenic shock revealing myocarditis after mRNA vaccina-
tion against covid-19: case report and brief review for the first case in
Morocco. AnnMed Surg 2022 Feb;74:103210. https://doi.org/10.1016/
j.amsu.2021.103210.

[131] Mansour J, Short RG, Bhalla S, Woodard PK, Verma A, Robinson X,
et al. Acute myocarditis after a second dose of the mRNA COVID-19
vaccine: a report of two cases. Clin Imag 2021 Oct;78:247–9. https://
doi.org/10.1016/j.clinimag.2021.06.019.

[132] Mouch SA, Roguin A, Hellou E, Ishai A, Shoshan U, Mahamid L.
Myocarditis following COVID-19 mRNA vaccination Saif. Vaccine
2021;39:3790–3. https://doi.org/10.1016/j.vaccine.2021.05.087.

[133] Tano E, SanMartin S, Girgis S,Martinez-Fernandez Y, SanchezVegas
C. Perimyocarditis in adolescents after pfizer-BioNTech COVID-19
vaccine. J Pediatric Infect Dis Soc 2021;10(10):962–6. https://doi.org/
10.1093/jpids/piab060.

[134] MarshallM, Ferguson ID, Lewis P, Jaggi P,GagliardoC, Collins JS, et al.
Symptomatic acutemyocarditis in 7 adolescents after pfizer-biontech
covid-19 vaccination. Pediatrics 2021;148(3):e2021052478. https://
doi.org/10.1542/peds.2021-052478.

[135] NevetA.Acutemyocarditis associatedwithanti-covid-19vaccination.
Clin ExpVaccine Res 2021;10(2):196–7. https://doi.org/10.7774/CEVR.
2021.10.2.196.

[136] Dickey JB, Albert E, Badr M, Laraja KM, Sena LM, Gerson DS, et al.
A series of patients with myocarditis following SARS-CoV-2 vac-
cination with mRNA-1279 and BNT162b2. JACC Cardiovasc Imag
2021;14(9):1862–3. https://doi.org/10.1016/j.jcmg.2021.06.003.

[137] Starekova J, Bluemke DA, Bradham WS, Grist TM, Schiebler ML,
Reeder SB. Myocarditis associated with mRNA COVID-19 vaccina-
tion. Radiology 2021;301(2):E409–11. https://doi.org/10.1148/radiol.
2021211430.

[138] Vidula MK, Ambrose M, Glassberg H, Chokshi N, Chen T, Ferrari
VA, et al. Myocarditis and other cardiovascular complications of the
mRNA-based COVID-19 vaccines. Cureus 2021;13(6):1–6. https://doi.
org/10.7759/cureus.15576.

[139] Hudson B, Mantooth R, DeLaney M. Myocarditis and pericarditis
after vaccination for COVID-19. J Am Coll Emerg Physicians Open
2021;2(4):2–5. https://doi.org/10.1002/emp2.12498.

[140] Rosner CM, Genovese L, Therani BN, Atkins M, Bakhshi H, Chaudhri
S, et al. Myocarditis temporally associated with COVID-19 vaccina-
tion. J Am Heart Assoc 2021;144:502–205. https://doi.org/10.1161/
JAHA.120.019506.

[141] Schauer J, Buddhe S, Colyer J, Sagiv E, Law Y. Myopericarditis after
the pfizer messenger ribonucleic acid coronavirus disease vaccine in
adolescents. J Pediatr 2021 Nov;238:317–20. https://doi.org/10.1016/j.
jpeds.2021.06.083317.

[142] Kim RJ, Kim HW, Jenista ER, Azevedo CF, Campbell MJ, Darty SN,
et al. Patients with acute myocarditis following mRNA COVID-19

vaccination. JAMA Cardiol 2021;6(10):1196–201. https://doi.org/10.
1001/jamacardio.2021.2828.

[143] Chamling B, Vehof V, Drakos S, Weil M, Stalling P, Vahlhaus
C, et al. Occurrence of acute infarct-like myocarditis following
COVID-19 vaccination: just an accidental co-incidence or rather
vaccination-associated autoimmune myocarditis? Clin Res Cardiol
2021;110(11):1850–4. https://doi.org/10.1007/s00392-021-01916-w.

[144] Fleming-Nouri A, Haimovich AD, Yang D, SchulzWL, Coppi A, Taylor
RA. Myopericarditis in young adults presenting to the emergency
department after receiving a second COVID-19 mRNA vaccine. Acad
EmergMed 2021;28(7):802–5. https://doi.org/10.1111/acem.14307.

[145] Abbate A, Gavin J, Madanchi N, Kim C, Shah PR, Klein K, et al. Fulmi-
nantmyocarditis and systemichyperinflammation temporally associ-
atedwithBNT162b2mRNACOVID-19vaccination in twopatients. Int J
Cardiol 2021 Oct;340:119–21. https://doi.org/10.1016/j.ijcard.2021.08.
018.

[146] Ahmed SK. Myocarditis after BNT162b2 and mRNA-1273 COVID-19
vaccination: a report of 7 cases. Ann Med Surg 2022 Apr;77:103657.
https://doi.org/10.1016/j.amsu.2022.103657.

[147] Ambati S, ColonM,MihicM, Sanchez J, BakarA. Acutemyopericardi-
tis after COVID-19 vaccine in teenagers. Case RepCardiol 2021;2021:1–
5. https://doi.org/10.1155/2021/8268755.

[148] Amemiya K, Kobayashi T, Kataoka Y, Iwai T, Nakagawa S, Morita Y,
et al. Myocarditis after COVID-19 mRNA vaccination in three young
adult males: significance of biopsy in vaccine-associatedmyocarditis.
Pathol Int 2022;72(7):385–7. https://doi.org/10.1111/pin.13234.

[149] Amir G, Rotstein A, Razon Y, Beyersdorf GB, Barak-Corren Y, God-
frey ME, et al. CMR imaging 6 months after myocarditis associ-
ated with the BNT162b2 mRNA COVID-19 vaccine. Pediatr Cardiol
2022;43(7):1522–9. https://doi.org/10.1007/s00246-022-02878-0.

[150] Butbul Aviel Y, Hashkes PJ, Dizitzer Y, Inbar K, Berkun Y, Eisen-
stein EM, et al. Case series of myocarditis following mRNA COVID
vaccine compared to pediatric multisystem inflammatory syndrome:
multicenter retrospective study. Vaccines 2022;10(8):1207. https://
doi.org/10.3390/vaccines10081207.

[151] Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Ass-
mus B, et al. Intramyocardial inflammation after COVID-19 vacci-
nation: an endomyocardial biopsy-proven case series. Int J Mol Sci
2022;23(13):6940. https://doi.org/10.3390/ijms23136940.

[152] Cui G, Li R, Zhao C, Wang DW. Case report: COVID-19 vaccina-
tion associated fulminant myocarditis. Front Cardiovasc Med 2022
Jan;8:1–8. https://doi.org/10.3389/fcvm.2021.769616.

[153] Dionne A, Sperotto F, Chamberlain S, Baker AL, Powell AJ, Prakash
A, et al. Association of myocarditis with BNT162b2 messenger
RNA COVID-19 vaccine in a case series of children. JAMA Cardiol
2021;6(12):1446–50. https://doi.org/10.1001/jamacardio.2021.3471.

[154] Bews H, Bryson A, Bortoluzzi T, Tam JW, Jassal DS.
COVID-19 vaccination-induced myopericarditis: an imager’s
perspective. CJC Open 2022;4(5):497–500. https://doi.org/10.
1016/j.cjco.2022.01.007.

[155] Freise NF, Kivel M, Grebe O, Meyer C, Wafaisade B, Peiper M, et al.
Acute cardiac side effects after COVID-19 mRNA vaccination: a case
series. Eur J Med Res 2022;27(1):1–8. https://doi.org/10.1186/s40001-
022-00695-y.

[156] Istampoulouoglou I, Dimitriou G, Späni S, Christ A, Zimmermanns
B, Koechlin S, et al. Myocarditis and pericarditis in association with
COVID-19 mRNA-vaccination: cases from a regional pharmacovigi-
lance centre. Glob Cardiol Sci Pract 2021;2021(3):e202118. https://doi.
org/10.21542/gcsp.2021.18.

[157] Jahnke C, Doeblin P, Tanacli R,Witt U, SchneiderM, Stehning C, et al.
Case series of potential cardiac inflammation associated with various
SARS-CoV-2 vaccinations assessed by cardiac MRI. Front Cardiovasc
Med 2022 Apr;9:829392. https://doi.org/10.3389/fcvm.2022.829392.

[158] Kiblboeck D, Klingel K, Genger M, Traxler S, Braunsteiner N, Stein-
wender C, et al. Myocarditis following mRNA COVID-19 vaccination:
call for endomyocardial biopsy. ESC Hear Fail 2022;9(3):1996–2002.
https://doi.org/10.1002/ehf2.13791.

[159] Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN,
Saponara G, et al. Myocarditis after BNT162b2 and mRNA-1273
vaccination. Circulation 2021;144(6):506–8. https://doi.org/10.1161/
CIRCULATIONAHA.121.055913.

[160] Levin D, Shimon G, Fadlon-Derai M, Gershovitz L, Shovali A,
Sebbag A, et al. Myocarditis following COVID-19 vaccination—a
case series. Vaccine 2021;39(42):6195–200. https://doi.org/10.1016/j.
vaccine.2021.09.004

Saputra et al.

COVID-19 vaccine and myocarditis 561 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.1177/23247096221092291
https://doi.org/10.1155/2022/1600734
https://doi.org/10.3346/jkms.2022.37.e131
https://doi.org/10.1111/pin.13267
https://doi.org/10.7759/cureus.26650
https://doi.org/10.7759/cureus.26650
https://doi.org/10.5694/mja2.51394
https://doi.org/10.7759/cureus.19633
https://doi.org/10.1186/s13256-022-03438-z
https://doi.org/10.1186/s13256-022-03438-z
https://doi.org/10.1016/j.amsu.2021.103210
https://doi.org/10.1016/j.amsu.2021.103210
https://doi.org/10.1016/j.clinimag.2021.06.019
https://doi.org/10.1016/j.clinimag.2021.06.019
https://doi.org/10.1016/j.vaccine.2021.05.087
https://doi.org/10.1093/jpids/piab060
https://doi.org/10.1093/jpids/piab060
https://doi.org/10.1542/peds.2021-052478
https://doi.org/10.1542/peds.2021-052478
https://doi.org/10.7774/CEVR.2021.10.2.196
https://doi.org/10.7774/CEVR.2021.10.2.196
https://doi.org/10.1016/j.jcmg.2021.06.003
https://doi.org/10.1148/radiol.2021211430
https://doi.org/10.1148/radiol.2021211430
https://doi.org/10.7759/cureus.15576
https://doi.org/10.7759/cureus.15576
https://doi.org/10.1002/emp2.12498
https://doi.org/10.1161/JAHA.120.019506
https://doi.org/10.1161/JAHA.120.019506
https://doi.org/10.1016/j.jpeds.2021.06.083317
https://doi.org/10.1016/j.jpeds.2021.06.083317
https://doi.org/10.1001/jamacardio.2021.2828
https://doi.org/10.1001/jamacardio.2021.2828
https://doi.org/10.1007/s00392-021-01916-w
https://doi.org/10.1111/acem.14307
https://doi.org/10.1016/j.ijcard.2021.08.018
https://doi.org/10.1016/j.ijcard.2021.08.018
https://doi.org/10.1016/j.amsu.2022.103657
https://doi.org/10.1155/2021/8268755
https://doi.org/10.1111/pin.13234
https://doi.org/10.1007/s00246-022-02878-0
https://doi.org/10.3390/vaccines10081207
https://doi.org/10.3390/vaccines10081207
https://doi.org/10.3390/ijms23136940
https://doi.org/10.3389/fcvm.2021.769616
https://doi.org/10.1001/jamacardio.2021.3471
https://doi.org/10.1016/j.cjco.2022.01.007
https://doi.org/10.1016/j.cjco.2022.01.007
https://doi.org/10.1186/s40001-022-00695-y
https://doi.org/10.1186/s40001-022-00695-y
https://doi.org/10.21542/gcsp.2021.18
https://doi.org/10.21542/gcsp.2021.18
https://doi.org/10.3389/fcvm.2022.829392
https://doi.org/10.1002/ehf2.13791
https://doi.org/10.1161/CIRCULATIONAHA.121.055913
https://doi.org/10.1161/CIRCULATIONAHA.121.055913
https://doi.org/10.1016/j.vaccine.2021.09.004
https://doi.org/10.1016/j.vaccine.2021.09.004
http://www.biomolbiomed.com


[161] Ahmed T, Chishti E, Sinner GJ, Duncan MS, Leung SW, Ramachan-
dran P. A report on short-term follow-up cardiac imaging and clinical
outcomes of myocarditis after coronavirus disease 2019 vaccination.
J Cardiovasc Med 2022;23(10):691–93. https://doi.org/10.2459/jcm.
0000000000001341.

[162] Shiyovich A, Witberg G, Aviv Y, Kornowski R, Hamdan A. A
case series of myocarditis following third (booster) dose of
COVID-19 vaccination: magnetic resonance imaging study. Front
Cardiovasc Med 2022 Mar;9:839090. https://doi.org/10.3389/fcvm.
2022.839090.

[163] Schauer J, Buddhe S, Colyer J, Sagiv E, Law Y, Chikkabyrappa SM,
et al. Myopericarditis after the Pfizer messenger ribonucleic acid
coronavirus disease vaccine in adolescents. J Pediatr 2021;238:317–20.
https://doi.org/10.1016/j.jpeds.2021.06.083.

[164] Parmar K, Mekraksakit P, Del Rio-Pertuz G, Sethi P, Motes A, Hughes
M, et al. Myocarditis following COVID-19 mRNA vaccination. Bay-
lor Univ Med Cent Proc 2022;35(2):209–13. https://doi.org/10.1080/
08998280.2021.1990743.

[165] Rosner CM, Atkins M, Saeed IM, Lemos JAD, Khera A, Maghsoudi A,
et al. Patients with myocarditis associated with COVID-19 vaccina-
tion. J Am Coll Cardiol 2022 Apr;13:1317–9. https://doi.org/10.1016/j.
jacc.2022.02.004.

[166] Patel YR, Louis DW, Atalay M, Agarwal S, Shah NR. Cardiovas-
cular magnetic resonance findings in young adult patients with
acute myocarditis following mRNA COVID-19 vaccination: a case
series. J Cardiovasc Magn Reson 2021;23(1):1–8. https://doi.org/10.
1186/s12968-021-00795-4.

[167] Onderko L, Starobin B, Riviere AE, Hohl PK, Phillips CT,
Morgan RB, et al. Myocarditis in the setting of recent COVID-19
vaccination. Case Rep Cardiol 2021;2021:1–5. https://doi.org/10.1155/
2021/6806500.

[168] Meyer-Szary J, Bazgier M, Lubocka P, Dorniak K, Sabiniewicz R. Car-
diac magnetic resonance characteristics of acute myocarditis occur-
ring after mRNA-based COVID-19 vaccines immunization. Cardiol J
2022;29(1):160–2. https://doi.org/10.5603/CJ.a2021.0152.

[169] Pedersen ALD, Wood G, Frederiksen CA, Løgstrup BB, Jensen MK,
Østergaard L, et al. Clinical presentation and cardiac imaging find-
ings in patient cases of perimyocarditis and pericarditis with a tem-
poral association to SARS-CoV-2 vaccination. Front Cardiovasc Med
2022;9:964412. https://doi.org/10.3389/fcvm.2022.964412.

[170] MuraseH,ZhuY,SakaidaK,MizunoH,MoriH, IwayamaH,et al. Case
report: five patients withmyocarditis aftermRNACOVID-19 vaccina-
tion. Front Pediatr 2022Aug;10:977476. https://doi.org/10.3389/fped.
2022.977476.

[171] Sciaccaluga C, D’Ascenzi F, Cameli M, Gallotta M, Menci D, Antonelli
G, et al. Case report: two case reports of acute myopericarditis after
mRNA COVID-19 vaccine. Front Cardiovasc Med 2022 Mar;9:1–5.
https://doi.org/10.3389/fcvm.2022.827237.

[172] Watanabe K, Ashikaga T, Maejima Y, Tao S, Terui M, Kishigami T,
et al. Case report: importanceofMRI examination in thediagnosis and
evaluation of COVID-19 mRNA vaccination induced myocarditis: our
experience and literature review. FrontCardiovascMed2022Feb;9:1–
12. https://doi.org/10.3389/fcvm.2022.844626.
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Supplemental Data

Table S1. Critical appraisal of included studies. Critical appraisal table of included case reports according to the Joanna Briggs Institute Critical
Appraisal Tools 2017

No Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Total (Yes) Total (%) Category

1 Adzaki et al. 2021 Unclear Yes Yes No Yes Yes Yes 5 71.43 Medium

2 Agdamag et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

3 Albert et al. 2021 Unclear Unclear Yes Yes Yes Yes Yes 5 71.43 Medium

4 Alizadeh et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

5 Ameratunga et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

6 Ammirati et al. 2021 Unclear Yes Yes Yes No No Yes 4 57.14 Medium

7 Ansari et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

8 Asaduzzaman et al. 2022 Unclear Yes Yes Yes No No Yes 4 57.14 Medium

9 Azir et al. 2021 Unclear Yes Yes Yes Unclear No Yes 4 57.14 Medium

10 Bae et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

11 Banala et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

12 Bartlett et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

13 Bitar et al. 2022 Unclear Yes Unclear Yes Yes Yes Yes 5 71.43 Medium

14 Brage et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

15 Bucur et al. 2022 Yes Yes Yes Yes No Yes Yes 6 85.71 Low

16 Cereda 2021 Unclear Yes No Yes Yes Yes Yes 5 71.43 Medium

17 Chacar et al. 2021 Yes Yes No Yes Yes Yes Yes 6 85.71 Low

18 Chellapandian et al. 2021 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

19 Choi et al. 2021 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

20 Chow et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

21 Cimaglia 2021 Unclear Yes Yes Yes No Yes Yes 5 71.43 Medium

22 D’angelo et al. 2021 Unclear Yes No Yes Yes Yes Yes 5 71.43 Medium

23 Das et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

24 Deb et al. 2021 Unclear Yes Yes No Yes Yes Yes 5 71.43 Medium

25 Dlewati et al. 2022 Unclear Yes Yes No Yes Yes Yes 5 71.43 Medium

26 Ehrlich et al. 2021 Unclear Yes Yes Yes Unclear Unclear Yes 4 57.14 Medium

27 Elhouderi 2022 Yes No Yes No Yes Yes Yes 5 71.43 Medium

28 Etuk et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

29 Fadah et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

30 Farooq et al. 2022 Unclear No Yes Yes Yes Yes Yes 5 71.43 Medium

31 Fritz et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

32 Garcia et al. 2021 Unclear Yes Yes Yes Unclear Yes Yes 5 71.43 Medium

33 Gautam et al. 2021 Yes Yes Yes Yes No No Yes 5 71.43 Medium

34 Generette et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

35 Gill Jashan 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

36 Habedank et al. 2021 Unclear Yes Yes Yes No Yes Yes 5 71.43 Medium

37 Habib 2021 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

38 Hasnie et al. 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low
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Table S1. Continued

No Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Total (Yes) Total (%) Category

39 Hassanzadeh et al. 2022 Yes Yes Yes No Yes Yes Yes 6 85.71 Low

40 Hirsch et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

41 Horiuchi et al. 2022 Unclear Yes No Yes No Yes Yes 4 57.14 Medium

42 Hoshino et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

43 Hung et al. 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

44 Isaak et al. 2021 Unclear Yes No Yes No Yes Yes 4 57.14 Medium

45 Iwamuro et al. 2022 Unclear Yes No Yes Yes Yes Yes 5 71.43 Medium

46 Jamal et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

47 Kadwalwala et al. 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

48 Kang et al. 2022 Unclear Yes No Yes Yes Yes Yes 5 71.43 Medium

49 Kawakami et al. 2022 Unclear Yes Unclear Yes Yes Yes Yes 5 71.43 Medium

50 Kawano et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

51 Kawauchi et al. 2022 Unclear Yes Yes Yes Unclear Yes Yes 5 71.43 Medium

52 Kelle et al. 2022 Yes Unclear Yes Yes Unclear Unclear Yes 4 57.14 Medium

53 Kim Cheol et al. 2021 Unclear Yes Yes Yes Unclear Yes Yes 5 71.43 Medium

54 Kim Dongwon et al. 2021 Yes Yes Unclear Yes Yes Yes Yes 6 85.71 Low

55 Kim Hyun et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

56 Kim Hyung et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

57 Kimball et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

58 Kojima et al. 2022 Yes Yes Unclear Yes Yes Yes Yes 6 85.71 Low

59 Korsoglou et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

60 Kyaw et al. 2022 Unclear Yes Yes No Yes Yes Yes 5 71.43 Medium

61 Lim et al. 2021 Unclear Yes No Yes No Yes Yes 4 57.14 Medium

62 Lin et al. 2022 Yes Yes Yes No Yes Yes Yes 6 85.71 Low

63 Loch et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

64 Mangesha et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

65 Marsukjai et al. 20222 Yes Yes Yes Yes Unclear Yes Yes 6 85.71 Low

66 McCullough et al. 2021 Yes Yes Yes Unclear Yes Yes Yes 6 85.71 Low

67 McLean 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

68 Mimouni et al. 200 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

69 Minocha et al. 2021 Unclear Yes Yes Yes Unclear Yes Yes 5 71.43 Medium

70 Miqdad et al. 2022 Unclear Unclear Yes Unclear Yes Yes Yes 4 57.14 Medium

71 Mohammed et al. 201 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

72 Morton et al. 2022 Yes Unclear Yes Yes Yes Yes Yes 6 85.71 Low

73 Murakami et al. 2022 Yes Unclear Yes Yes Yes Yes Yes 6 85.71 Low

74 Murase et al. 2022 Yes Unclear Yes Yes Yes Unclear Yes 5 71.43 Medium

75 Muthukumar et al. 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

76 Nagasaka et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

77 Naghashzadeh et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

78 Nassar et al. 2021 Yes Yes Unclear No Yes Yes Yes 5 71.43 Medium
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Table S1. Continued

No Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Total (Yes) Total (%) Category

79 Nguyen et al. 2021 Yes Yes Yes Unclear Unclear Unclear Yes 4 57.14 Medium

80 Nitish et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

81 Nunn et al. 2022 Yes Yes Yes Yes Unclear Unclear Yes 5 71.43 Medium

82 Oh etal al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

83 Ohnishi et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

84 Ohtani et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

85 Oka et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

86 Olmos et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00

87 Olagunju et al. 2022 Yes Yes Yes Unclear Yes Unclear Yes 5 71.43 Medium

88 Onderko et al. 2021 Yes Yes Yes Yes Unclear Yes Yes 6 85.71 Low

89 Pantsios et al. 2022 Yes Yes Yes Yes Unclear Yes Yes 6 85.71 Low

90 Park and You 2022 Yes Yes Yes Unclear Yes Unclear Yes 5 71.43 Medium

91 Pasha et al. 2022 Yes Yes Yes Yes Yes Unclear Yes 6 85.71 Low

92 Patel et al. 2022 Unclear Unclear Yes Yes Yes Yes Yes 5 71.43 Medium

93 Patrignani et al. 2021 Unclear Yes Yes Yes Unclear Yes Yes 5 71.43 Medium

94 Rasbi et al. 2022 Unclear Yes Yes Unclear Yes Yes Yes 5 71.43 Medium

95 Riddell et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

96 Sano et al. 2022 Yes Yes Yes Yes Unclear Yes Yes 6 85.71 Low

97 Satomi et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

98 Schmitt et al. 2021 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

99 Sciaccaluga et al. 2022 Yes Unclear Yes Yes Yes Yes Yes 6 85.71 Low

100 Sharbatdaran et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

101 Shumkova et al. 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

102 Singh et al. 2021 Unclear Yes Yes Yes No Yes Yes 5 71.43 Medium

103 Sokolska et al. 2021 Unclear Yes Yes Yes No No Yes 4 57.14 Medium

104 Takase et al. 2021 Yes Unclear Yes Yes Yes Yes Yes 6 85.71 Low

105 Tinoco et al. 2021 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

106 Tomohiko et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

107 Torres et al. 2021 Unclear Yes Yes No Yes Yes Yes 5 71.43 Medium

108 Ture et al. 2022 Unclear Yes Yes No Yes Yes Yes 5 71.43 Medium

109 Uesako et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

110 Ujueta et al. 2021 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

111 Watanabe et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

112 Watkins et al. 2021 Unclear Yes Yes Unclear Yes Yes Yes 5 71.43 Medium

113 Williams et al. 2021 Unclear Unclear Yes Yes Yes Yes Yes 5 71.43 Medium

114 Wong et al. 2022 Yes Unclear Yes Yes Yes Yes Yes 6 85.71 Low

115 Wu Bryan et al. 2022 Unclear Yes Yes Yes Yes Yes Yes 6 85.71 Low

116 Wu Chia et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

117 Yamamoto et al. 2022 Yes Unclear Yes Yes Unclear Unclear Yes 4 57.14 Medium
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Table S1. Continued

No Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Total (Yes) Total (%) Category

118 Yamamoto et al. 2022 Yes Yes Yes Yes Yes Yes Yes 7 100.00 Low

119 Yen et al. 2022 Yes Yes Yes Yes Unclear Unclear Yes 5 71.43 Medium

120 Zaveri et al. 2021 Yes Yes Yes Yes Unclear Yes Yes 6 85.71 Low

Total (%) 46.7 88.3 89.2 85.8 76.7 86.7 100.8

Question 1 Were patient’s demographic characteristics clearly described?
Question 2 Was the patient’s history clearly described and presented as a timeline?
Question 3 Was the current clinical condition of the patient on presentation clearly described?
Question 4 Were diagnostic tests or assessment methods and the results clearly described?
Question 5 Was the intervention(s) or treatment procedure(s) clearly described?
Question 6 Was the post-intervention clinical condition clearly described?
Question 7 Does the case report provide takeaway lessons?

Result analysis
Low risk of bias 74
Medium risk of bias 45
High risk of bias 2

Tables S2 and S3. Owing to the numerous reported data, we provided our supplementary files 2 and 3 in the form of.xls document that could be
accessed at https://drive.google.com/drive/folders/1BNINLw22ul4-cFWL2yerImPUDoQ2x77I?usp=shari.
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