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Abstract
 Temporal association between BNT162b2 mRNA COVID-19 vaccine and myocarditis (PCVM) has been reported. We 
herein present early and 6-month clinical follow-up and cardiac magnetic resonance imaging (CMR) of patients with PVCM. 
A retrospective collection of data from 15 patients with PCVM and abnormal CMR was performed. Clinical manifestation, 
laboratory data, hospitalizations, treatment protocols, and imaging studies were collected early (up to 2 months) and later. In 
nine patients, an additional CMR evaluation was performed 6 months after diagnosis. PCVM was diagnosed in 15 patients, 
mean age 17 ± 1 (median 17.2, range 14.9–19 years) years, predominantly in males. Mean time from vaccination to onset 
of symptoms was 4.4 ± 6.7 (median 3, range 0–28) days. All patients had CMR post diagnosis at 4 ± 3 (median 3, range 
1–9) weeks, 4/5 patients had hyper enhancement on the T2 sequences representing edemaQuery, and 12 pathological Late 
glandolinium enhancement. A repeat scan performed after 5–6 months was positive for scar formation in 7/9 patients. PCVM 
is a rare complication, affecting predominantly males and appearing usually within the first week after administration of the 
second dose of the vaccine. It usually is a mild disease, with clinical resolution with anti-inflammatory treatment. Late CMR 
follow up demonstrated resolution of the edema in all patients, while some had evidence of residual myocardial scarring.
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Introduction

The COVID-19 pandemic caused by the SARS COV virus 
has infected more than 240 million people worldwide and 
caused close to 4.9 million deaths. As of October 2021, over 
2.7 million new cases and 46, 000 new deaths were being 
reported weekly worldwide [1]. Since its introduction, the 
The Pfzer–BioNTech mRNA BNT162b2 COVID-19 vaccine 
has been shown to significantly decrease rates of infection, 
severe disease, and death due to COVID-19 infection, while 
side effects of the vaccine have been mild and mostly self-
limiting [2, 3].

While major mortality and morbidity have been mainly 
reported in the elderly and those with risk factors [4], chil-
dren were affected in a milder way during the acute phase 
of the disease, however, some developed post-COVID-19 
effects such as multisystem inflammatory syndrome (MIS-
C) [5].

The Pfzer–BioNTech mRNA BNT162b2 COVID-19 vac-
cine, administered as two doses 21 days apart, was author-
ized for emergency use in Israel in December 2020. Since 
then more than 6 million citizens have been vaccinated 
with the first dose and 5.7 million with the second dose [6], 
covering more than 60% of the population. By May 2021, 
nearly 224,000 teenagers 16–19 years had received at least 
one dose, and approximately 200,000 had received two doses 
of the vaccine [7].

Initially sporadic cases of myocarditis following COVID-
19 vaccination were reported [8]. By April 2021, there were 
increased reports by the Centers for Disease Control and 
Prevention (CDC) to the Vaccine Adverse Event Reporting 
System (VAERS) of cases of myocarditis and pericarditis 
occurring after mRNA COVID-19 vaccination (Pfizer-BioN-
Tech and Moderna) in the United States [9]. The crude inci-
dence of myocarditis was found to be approximately 1–2.13 
per 100,000, with a 1.7 higher incidence following the sec-
ond dose [7, 10, 11]. The highest incidence of myocarditis 
was found in male recipients 16–19 years [7]. Myocarditis 
following COVID-19 vaccination is usually mild and self- 
limiting, nevertheless rare cases of severe dysrhythmia and 
ventricular dysfunction have been reported [8].

Several recently published articles describe early car-
diovascular magnetic resonance (CMR) findings in patients 
who were diagnosed with 19 post COVID-19 vaccination 
myocarditis (PCVM), mostly Late Glandolinium Enhance-
ment (LGE) and myocardial edema [1, 12–17].

We recently performed a mid-term (5–6 months) CMR 
follow-up study in 9 of the 15 patients who presented at our 
institutions with PCVM. We herein report our findings.

Materials and Methods

Healthcare in Israel is universal and centralized. All citizens 
are entitled to medical care provided by government facili-
ties and carried out by four main health maintenance organi-
zations (HMO) [18]. This system allows for medical records 
and data to be readily available, as there is mandatory report 
of post-immunization adverse events to all HMO’s, by all 
hospitals in Israel. Since the initiation of the immunization 
campaign, more than 160,000 adolescents under 18 years 
of age have been immunized by Israel’s largest HMO, Clalit 
Health Services (insures > 50% of the population) [10, 19], 
and 15 patients with post-immunization myocardial involve-
ment were identified in five major children’s medical cent-
ers in Israel. Myocarditis was defined clinically, based on 
the presence of two or more of the following: (1) signs and 
symptoms of acute myocardial involvement (e.g., chest pain, 
arrhythmia); (2) elevated troponin; (3) echocardiographic 
evidence of ventricular dysfunction without an alternative 
explanation; and (4) (ST-T) changes in the ECG. The study 
was approved by Schneider Children’s Medical Center of 
Israel’s institutional review board (Helsinki committee).

The cardiac MRI study was performed in three differ-
ent sites up to 2 months after the initial diagnosis, and in 
nine patients during their 6-month follow-up. CMR scans 
were performed using 1.5T or 3T MR scanner (Ingenia 
1.5T/3T; Philips Healthcare, Best, The Netherlands, Siem-
mens Magentum Sola). CMR imaging protocol was per-
formed using multi-planar cine steady state free preces-
sion sequences. T2 weighted dark-blood TSE images were 
acquired in standard short- and long-axis views. T1 weighted 
dark blood TSE images post Gadolinium injection or T1 
mapping protocol were not uniformly performed. Phase 
sensitive inversion recovery (PSIR) sequence was used to 
asses LGE. PSIR sequences were performed 10 min after 
intravenous administration of 0.2 milimol/kg of Gadolinium-
based contrast agent.

Data analyses were performed on a dedicated CMR 
workstation (Intellispace Portal, version 11.0, Philips Co.) 
to determine cardiac volumes and functioning. Positive 
myocardial edema was diagnosed as either increased focal 
regional signal intensity, or increased signal intensity ratio 
over 1.9 as compared to striated muscle intensity on the 
same slice. Positive LGE was defined as an image inten-
sity level of ≥ 2 standard deviations above the mean of the 
remote myocardium.
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Results

After receiving the BNT162b2 mRNA COVID-19 vac-
cine, 15 patients were diagnosed with myocarditis based 
on clinical findings, elevated troponin levels, ECG, and 
echocardiography (Table 1). Only 4/15 (26%) patients met 
the full Lake Louise criteria for myocarditis. Mean age at 
presentation was 17 ± 1 (median 17.2, range 14.9–19) years. 
Post vaccine myocarditis occurred predominantly in males 
and almost exclusively after the second dose of the vaccine, 
with only one patient presenting after a third dose. Troponin 
levels were elevated in 14/15 patients, and mean time from 
vaccination to onset of symptoms was 4.4 ± 6.7 (median 3, 
range 0–28) days. Two patients presented with pericardial 
effusion, three with ventricular dysfunction, and 13 with 
nonspecific ST/T changes on ECG. All patients underwent 
serology for Anti S and Anti N COVID-19 protein and PCR 
testing for COVID-19, to exclude acute COVID-19 infec-
tion and confirm a serologic response to the vaccine. All 
patients underwent viral cultures, as are routinely done in 
children with myocarditis in Israel, and CMR on an aver-
age of 4 ± 3 (median 3, range 1–9) weeks after the initial 
diagnosis. Out of 15 patients, four had hyper enhancement 
on their T2 sequences (representing edema) and 14 evidence 
of abnormal late enhancement (representing inflammation 
and necrosis) (Fig. 1A, B, D, E). LGE location was typical 
for myocarditis of viral origin. The mid-myocardial subepi-
cardial left ventricle was involved in all patients. There was 
no right ventricular involvement and sub-endocardium was 
unaffected in all patients (Table 2).

After 6 months, clinical symptoms were resolved in all 
patients. Echocardiography demonstrated normal ventricular 
function, however, in one patient a small pericardial effusion 
remained. A repeat scan performed 5–6 months after the ini-
tial scan was positive for scar formation in 7/9 patients. Four 
patients had significant mid-myocardial and sub-epicardial 
patchy late enhancement, resembling the findings on the first 
CMR during the acute phase, and one patient had persistent 
mild myocardial dysfunction.

Discussion

Myocardial involvement as part of active COVID-19 infec-
tion has been reported in up to 17–20% of adult patients 
[20–22]. Silent myocardial involvement after COVID-19 
infection is also prevalent; 2.3% of 1597 athletes testing 
positive for COVID-19 showed signs of myocardial involve-
ment by MRI, while only 0.3% had symptoms—chest pain, 
dyspnea, and palpitations [23]. Milder symptoms have been 
found in children with COVID-19 who have a better prog-
nosis than adults [24]; however, significant morbidity and 
even mortality have been reported [25].

Since the introduction of Pfzer–BioNTech mRNA 
BNT162b2 COVID-19 vaccines in Israel, close to 
2,000,000 adolescents and young adults between the ages of 
16–19 years were vaccinated with two doses of the vaccine. 
There were 30 cases of myocarditis reported in this patient 
population [7]. Recently, demographic data relating to post 
immunization myocarditis in adolescents aged 12–15 have 
been published. Out of 404,407 adolescents who received 

Fig. 1  CMR Images of post 
COVID-19 Vaccination Myo-
carditis. 4CH T2 fat suppressed 
image showing increased signal 
indicating edema of the LV-free 
and lateral walls (A, D), patchy 
positive DLE (B, E) in the same 
distribution, and persistence 
of the DLE 5.5 months after 
patient presentation of the indi-
cating scar formation (C, F)
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the first dose of the vaccine and 326,463 who received the 
second dose of the vaccine, 18 cases of myocarditis requiring 
hospitalization were recorded. The incidence of myocarditis 

after the second dose of the vaccine in this patient popula-
tion was found to be 1 case per 12,361 in males and 1 case 
per 144,439 in females [26]. We have records of 15 of those 

Table 2  Early and late ECG, echo and imaging studies of patients with PCVM

NF normal LV function, LGE late glandolinium enhancement, SF shortening fraction, MR mitral regurgitation, EF ejection fraction, LV left ven-
tricle

ECG ECHO CMR

Patient no. 0 M 6 M 0 M 6 M 0 M 6 M 6 M STRESS TEST

1 ST changes Not performed NF NF Positive LGE
T2 negative EF 

55%

Positive LGE
T2 Negative 

EF 57%
2 ST changes Normal SF 28% mild 

MR
NF, SF = 34%, 

mild MR
Positive LGE
T2 Positive EF 

58%

Positive LGE
T2 Negative 

EF 57%

Normal (12.2 min., 12.7 
MET)

3 ST changes Normal NF, mild MR NF, small effu-
sion

Positive LGE
T2 Positive EF 

55%

Positive LGE
T2 Negative 

EF 63%
4 ST changes Biphasic 

T-wave 
II,III,V2

NF NF Positive LGE
T2 positive Ef 

66%

Negative LGE
T2 Negative 

EF 63%
5 Borderline ST 

changes
Normal NF, effusion NF Negative LGE

T2 Negative EF 
58%

Negative LGE
T2 Negative 

EF 63%

Normal 
(6:23 min,13.5METS)

6 ST changes Normal NF NF Positive LGE
T2 Negative EF 

64%

Positive LGE
T2 Negative 

EF 66%
7 ST changes No follow-up NF No follow-up Positive LGE

T2 Inconclusive 
EF 61%

No follow-up

8 ST changes Biphasic 
T-wave 
II,III,AVF

NF NF Positive LGE 
T2

Inconclusive 
EF 56%

Positive LGE
T2 Negative 

EF 61%

9 ST changes Normal Mild LV dysf 
EF 45%

EF
50–54%

Positive LGE
T2 Inconclusive 

EF 61%

Positive LGE
T2 Negative 

EF 58%
10 ST changes Normal NF NF Inconclusive 

LGE
T2 Negative EF 

45%

Not performed

11 Non specific NF NF Positive LGE
T2 Inconclusive 

Ef52%

Positive LGE
T2 Negative 

EF 55%
12 Normal Normal NF, effusion NF Positive LGE 

effusion
T2 Inconclusive 

EF 66%

Not performed

13 ST changes  <  = 1 mm ST 
elevation

Mild LV dysf 
FS 30%

no follow-up Inconclusive 
LGE

T2 Negative EF 
56%

Not performed

14 ST changes Normal NF NF Positive LGE
T2 Positive Ef 

59%

Not performed

15 Normal Normal NF NF Positive DG
T2 Positive EF 

56%

Not performed
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patients who underwent CMR approximately 3 weeks after 
the initial diagnosis. In the majority of these patients, the 
disease was mild, resolving within days of anti-inflamma-
tory treatment, though three patients presented with mild to 
moderate ventricular dysfunction and three with pericardial 
effusion.

Myocarditis after vaccination against viral diseases, such 
as influenza and smallpox, has been previously described 
[27]; its incidence is quite similar to myocarditis found after 
COVID-19 vaccination [28]. The characteristics of patients 
presenting with post COVID-19 vaccination myocarditis in 
our series are similar to those reported in the literature. Most 
patients who develop myocarditis following influenza and 
smallpox immunization developed symptoms 3 days after 
the administration of the second dose, some preceded by 
fever and myalgia. There was male predominance, and the 
patients usually presented with chest pain, elevated cardiac 
troponin, and ECG changes. Only a small percentage had 
ventricular dysfunction, and all had a pathologic CMR [11]. 
Only 26% of our patients met the Lake Louise criteria for 
myocarditis and had evidence of edema on CMR. This low 
rate may be due to the time that passed from the initial clini-
cal presentation to CMR imaging (3 weeks). Positive myo-
cardial edema is usually found between 7 and 14 days after 
the initial clinical presentation [29].

To the best of our knowledge, this is the first documenta-
tion of a 5–6 month CMR follow-up study of patients with 
proven post COVID-19 vaccination myocarditis. Of our 
15 original patients, nine had repeat CMR studies, and in 
seven we found pathological findings demonstrating signifi-
cant mid-myocardial and sub-epicardial scattered positive 
late enhancement (LGE) of the left ventricle, resembling 
the findings on the first CMR during the acute phase and 
suggesting residual scar. One patient had persistent mild 
myocardial dysfunction.

There are two myocardial pathological processes that 
need to be addressed clinically. The first is the acute inflam-
matory process. Acute inflammation and active myocardi-
tis have been shown to be responsible for 2–8% of cardiac 
sudden deaths in athletes [30, 31]. There is no specific test 
that can establish complete resolution of the inflammatory 
process, as sudden cardiac death may occur despite normal 
LV function and regardless of the level of serum cardiac 
troponin. The general consensus is that patients with the 
diagnosis of myocarditis should be restricted from exercise 
programs for a period of 3–6 months according to the clini-
cal duration and severity of the symptoms [32–34]. In our 
series, all patients made a full and rapid clinical recovery.

The second pathological process that has to be addressed 
is the resolution of the inflammatory process and presence 
of residual scar. CMR is an excellent tool in detecting myo-
carditis and edema during the acute phase [35, 36]. LGE 

during the acute phase of the disease is a strong independent 
predictor of events during follow-up [34].

In CMR studies performed 6 months after clinical myo-
carditis we found LGE in 7/9 patients who had an abnormal 
initial CMR scan, which is suggestive of residual myocar-
dial scaring in this group, and only2 had resolution of CMR 
findings. The clinical significance of residual scarring is not 
known, although it has been demonstrated that myocardial 
scar is a potential substrate for myocardial arrhythmias [37]. 
Current recommendations for patients recovering from viral 
myocarditis are to resume physical activity if left ventric-
ular function is preserved, and if the patient is free from 
ventricular and supraventricular arrhythmias during maxi-
mal exercise and on 24-h ECG monitoring. Furthermore, 
it is recommended that these patients should remain under 
annual clinical surveillance [32–34].

Conclusions

Myocarditis in adolescents following the Pfzer–BioNTech 
mRNA BNT162b2 COVID-19 vaccine is an extremely rare 
complication that affects predominantly males, and usually 
appears within the first week after administration of the sec-
ond dose of the vaccine. It is usually mild and resolves with 
anti-inflammatory treatment. Late follow up demonstrated 
resolution of the acute inflammatory process in all patients, 
and a complete resolution of clinical symptoms. Some 
patients demonstrated evidence of residual myocardial scar-
ring, though the significance of scarring remains unknown.
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