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IMPORTANCE The BNT162b2 (Pfizer-BioNTech) messenger RNA COVID-19 vaccine was
authorized on May 10, 2021, for emergency use in children aged 12 years and older. Initial
reports showed that the vaccine was well tolerated without serious adverse events; however,
cases of myocarditis have been reported since approval.

OBJECTIVE To review results of comprehensive cardiac imaging in children with myocarditis
after COVID-19 vaccine.

DESIGN, SETTING, AND PARTICIPANTS This study was a case series of children younger than

19 years hospitalized with myocarditis within 30 days of BNT162b2 messenger RNA COVID-19
vaccine. The setting was a single-center pediatric referral facility, and admissions occurred
between May 1and July 15, 2021.

MAIN OUTCOMES AND MEASURES All patients underwent cardiac evaluation including an
electrocardiogram, echocardiogram, and cardiac magnetic resonance imaging.

RESULTS Fifteen patients (14 male patients [93%]; median age, 15 years [range, 12-18 years])
were hospitalized for management of myocarditis after receiving the BNT162b2 (Pfizer)
vaccine. Symptoms started 1to 6 days after receipt of the vaccine and included chest pain
in 15 patients (100%), fever in 10 patients (67%), myalgia in 8 patients (53%), and headache
in 6 patients (40%). Troponin levels were elevated in all patients at admission (median,
0.25 ng/mL [range, 0.08-3.15 ng/mL]) and peaked 0.1 to 2.3 days after admission. By
echocardiographic examination, decreased left ventricular (LV) ejection fraction (EF) was
present in 3 patients (20%), and abnormal global longitudinal or circumferential strain

was present in 5 patients (33%). No patient had a pericardial effusion. Cardiac magnetic
resonance imaging findings were consistent with myocarditis in 13 patients (87%) including
late gadolinium enhancement in 12 patients (80%), regional hyperintensity on T2-weighted
imaging in 2 patients (13%), elevated extracellular volume fraction in 3 patients (20%), and
elevated LV global native T1in 2 patients (20%). No patient required intensive care unit
admission, and median hospital length of stay was 2 days (range 1-5). At follow-up 1to

13 days after hospital discharge, 11 patients (73%) had resolution of symptoms. One patient
(7%) had persistent borderline low LV systolic function on echocardiogram (EF 54%).
Troponin levels remained mildly elevated in 3 patients (20%). One patient (7%) had
nonsustained ventricular tachycardia on ambulatory monitor.

CONCLUSIONS AND RELEVANCE In this small case series study, myocarditis was diagnosed
in children after COVID-19 vaccination, most commonly in boys after the second dose. In
this case series, in short-term follow-up, patients were mildly affected. The long-term risks
associated with postvaccination myocarditis remain unknown. Larger studies with longer
follow-up are needed to inform recommendations for COVID-19 vaccination in this
population.
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ARS-CoV-2 was first identified in China and evolved rap-

idly to a global pandemic. Vaccines to prevent SARS-

CoV-2 infection are the current standard approach for
curbing the pandemic. In the US, the BNT162b2 messenger RNA
(mRNA) (Pfizer-BioNTech), mRNA-1273 (Moderna), and
Ad26.COV2.S (Janssen) vaccines were granted emergency use
authorization for adults. On May 10, 2021, the emergency
use authorization for the BNT162b2 vaccine was extended
to children aged 12 years and older.!

Myocarditis has been reported as a rare complication of
vaccination against other viruses.? It was not reported in the
initial messenger RNA COVID-19 vaccine trials, although
the ability to detect rare events was limited by sample size.
Since the emergency use authorization, myocarditis in ado-
lescents and young adults after COVID-19 vaccine has been
reported.>® In this series, we detail the occurrence of myo-
carditis after COVID-19 vaccination in an adolescent popula-
tion, including comprehensive cardiac imaging evaluation
and follow-up.

Methods

Population

This case series included all patients younger than 19 years ad-
mitted at our center with acute myocarditis after COVID-19 vac-
cination. Myocarditis was defined as chest pain and an el-
evated troponin level in the absence of an alternative diagnosis.
The institutional review board at Boston Children’s Hospital
approved this study and granted an exemption from in-
formed consent owing to use of deidentified data and the re-
quirements of 45 CFR §46. This study followed the reporting
guideline for case series.

Data Collection and Definitions

Clinical data elements including demographic characteris-
tics, laboratory values, and hospital course were collected from
the electronic medical record. Patients’ race and ethnicity were
self-reported by patients or parents according to the US Cen-
sus categories® and were collected because of their known
association with COVID-19-related illnesses. Elevated tropo-
nin T level was defined as a troponin value greater than
0.01 ng/mL. Cardiac evaluation for all patients included elec-
trocardiogram (ECG), echocardiogram, and cardiac magnetic
resonance (CMR) imaging. Ventricular systolic dysfunction was
defined as a left ventricular (LV) ejection fraction equal to or
greater than 55% on echocardiogram or CMR results. Echo-
cardiographic peak global longitudinal strain was measured
from an apical 4-chamber view and peak global circumferen-
tial strain from a parasternal short-axis view at the midpapil-
lary level using software (Tom Tec Image Arena, version 4.6;
TOMTEC). Strain values were considered abnormal if the z score
was less than or equal to -2 for age. Diastolic dysfunction was
defined as a z score less than or equal to -2 for age, for septal
e' tissue Doppler, LV free wall €', or the E/e’ ratio. CMR assess-
ment included LV ejection fraction, T2-weighted myocardial
imaging, LV global native T1, LV global T2, extracellular vol-
ume fraction, and late gadolinium enhancement (LGE).
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Key Points

Question What are the findings on cardiac imaging in children
with myocarditis after COVID-19 vaccination?

Findings In this case series of 15 children who were hospitalized
with myocarditis after receipt of the BNT162b2 messenger RNA
COVID-19 vaccine for 1to 5 days, boys were most often affected
after the second vaccine dose, 3 patients had ventricular systolic
dysfunction, and 12 patients had late gadolinium enhancement on
cardiac magnetic resonance imaging. There was no mortality, and
all but 1 patient had normal echocardiogram results on follow-up
1to 13 days after discharge.

Meaning COVID-19 vaccine-associated myocarditis may have
a benign short-term course in children; however, the long-term
risks remain unknown.

Statistical Analysis

Descriptive statistics were calculated for all study variables.
Quantitative variables were summarized as median and range
and categorical variables as frequencies and percentages.

. |
Results

Fifteen patients were admitted at the Department of Cardiol-
ogy, Boston Children's Hospital for management of myocar-
ditis after COVID-19 vaccination between May 1 and July 15,
2021. The median age was 15 years (range, 12-18 years),
and most patients were male (n = 14 [93%]). Patients self-
identified as non-Hispanic White (n = 8 [53%]), Hispanic White
(n = 2[15%]), other Hispanic (n = 1[8%]), other non-Hispanic
(n = 1[8%]), and unknown (n = 3 [20%]) (Table). All patients
received the BNT162b2 mRNA vaccine. Symptoms occurred
after the second dose of the vaccine in all but 1 case. No pa-
tients had a known prior COVID-19 infection, although 1 had
reactive SARS-CoV-2 antibodies to the nucleocapsid protein.

Chest pain in 15 of 15 patients (100%) started at median
3 days (range, 1-6 days) after receiving the vaccine and lasted
1to9days. Other symptoms included fever in 10 patients (67%),
myalgia in 8 patients (53%), and headache in 6 patients (40%).
Seven patients (47%) were treated with intravenous immu-
noglobulins (2 g/kg) and methylprednisolone (1 mg/kg/dose
twice a day, transitioned to prednisone at time of discharge).
Hospital length of stay was a median of 2 days (range, 1-5 days),
and no patients required intensive care unit admission.

Troponin

Troponin levels were elevated in all patients at admission
(median, 0.25 ng/mL [range, 0.08-3.15ng/mL]) and peaked 0.1
to 2.3 days after admission (Table). At the time of discharge,
the troponin level had substantially decreased but remained
elevated in all patients (Figure 1).

Echocardiogram

On admission echocardiogram, 3 patients (20%) had global LV
systolic ventricular dysfunction (EF 44%, 49%, and 53%), one
of whom also had regional wall motion abnormality at the apex.
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Table. Characteristics of 15 Patients With Myocarditis After COVID-19 Vaccine

Characteristic

Median (range)

At time of admission

Outpatient follow-up

Age, y
Sex, No. (%)
Male
Female
Onset of symptom after vaccine, d
Race/ethnicity, No. (%)
Non-Hispanic White
Hispanic White
Other Hispanic?®
Other non-Hispanic®
Unknown?
Day at follow-up, d
Duration of symptoms, d
Chest pain, No. (%)
Fever, No. (%)
Myalgia, No. (%)
Headache, No. (%)
Fatigue, No. (%)
Duration of hospitalization, d
Immunomodulatory treatment, No. (%)
Laboratory values
Troponin level, ng/mL (normal <0.01)
BNP, pg/mL (normal <10)
CRP, mg/dL (normal <0.50)
ECG
Diffuse ST segment elevation, No. (%)
T-wave inversion, No. (%)
Echocardiogram
Ejection fraction (%)
Circumferential strain (%)
Circumferential strain z score
Longitudinal strain (%)
Longitudinal strain z score
Septale', cm/s
Septal e' z score
Septal E/e' ratio
Septal E/e' ratio z score
Lateral e', cm/s
Lateral e' z score
Lateral E/e’ ratio
Lateral E/e' ratio z score

15 (12 to 18)

14 (93)
1(7)
3(1to6)

8(53)
2(15)
1(8)
1(8)
3(20)
NA
3(1t09)
15 (100)
10 (67)
8(53)

6 (40)

6 (40)
2(1to5)
7 (47)

0.25 (0.08 to 3.15)
22 (10to 184)
3.01(0.69 t010.00)

9 (60)
0(0)

58.6 (43.7 to 64.7)
-23.4(-34.2t0-15.3)
-1.8(-4.0t0 1.1)
-19.2 (-26.8 to -11.1)
-0.9(-3.3t0 1.8)
12.6 (11.0t0 18.2)
-0.5(-1.3t02.2)

6.9 (5.0t0 8.4)
-0.1(-1.2t00.9)
15.3 (11.1t0 22.7)
-1.3(-2.7t0 1.3)
5.9(3.0t07.6)
0.5(-1.4t01.7)

NA

NA
NA
NA

NA
NA

NA

NA

NA

6 (1t013)
NA

1(7)

0(0)

0 (0)

0(0)
3(20)

NA

7 (47)

0.01 (0.01 t0 0.16)
12 (10 to 64)
0.24 (0.03 t0 0.86)

6 (40)
3(30)

59.3 (54.4t0 71.5)
-28.8(-35.0 t0 -23.2)
-0.3 (-1.9t0 1.4)
-20.7 (-24.4 to -15.1)
-0.3(-2.0t0 1.0)
13.0 (9.4 t0 18.4)
-0.4(-2.0t02.2)

7.9 (4.1t010.1)

0.6 (-1.8t01.9)

16.9 (10.4 to 25.6)
-0.7 (-2.802.3)

5.7 (3.4t09.2)

0.4 (-1.2t02.6)

Cardiac MRI
Time from onset of symptoms, d 3(1to7) NA
Regional hyperintensity on T2-weighted imaging, No. (%) 2(13) NA
Extracellular volume fraction (%) 27 (22to 37) NA
LV global T2, ms 51.5(47.0t0 57.6) NA
LV global native T1, ms 1048 (963 to 1121) NA
Late gadolinium enhancement, No. (%) 12 (80) NA
Abbreviations: BNP, brain natriuretic peptide; CRP, C-reactive protein; €', early CRP to milligrams per liter, multiply by 10; and troponin to micrograms per liter,
diastolic tissue Doppler velocity; E, mitral inflow early diastolic pulsed-Doppler multiply by 1.0.
velocity; ECG, electrocardiogram; LV, left ventricular; MRI, magnetic resonance 2 Race/ethnicity was self-reported by patients or parents according to the

imaging; T2, transverse relaxation time; T1, longitudinal relaxation time. US Census categories® and were collected because of their known association

Sl conversion factors: To convert BNP to nanograms per liter, multiply by 1; with COVID-19-related illnesses.
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Figure 1. Troponin Level and Left Ventricular Ejection Fraction (LVEF)

A, Troponin level during hospital
admission and follow-up.

B, LVEF during hospital admission
and follow-up. Each line represents
values over time for separate
patients.
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Figure 2. z Scores at Time of Hospital Admission and Follow-up
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Boxes indicate the 25th percentile, median, and 75th percentile. Dots represent
outliers. Whiskers indicate the minimum and maximum ranges. LV indicates left
ventricular; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular
ejection fraction.

Two patients (13%) with systolic dysfunction had abnormal dia-
stolic function indices, and 1 patient (7%) with borderline EF
(55%) had evidence of diastolic dysfunction. Five patients (33%)
had abnormal global longitudinal or global circumferential strain
(Figure 2; eFigure 1 and eTable in the Supplement). No pa-
tients had a coronary artery aneurysm or pericardial effusion.

Electrocardiogram

The most frequent finding was diffuse ST-segment elevation con-
sistent with pericarditis, present on admission in 6 patients
(40%), and at some time during hospital admission in 8 patients
(53%). Four additional patients had nonspecific ST segment
changes. One patient (normal systolic and diastolic ventricular
function; LGE on CMR) had nonsustained ventricular tachycar-
dia during hospital admission. ST-T wave changes persisted at
time of hospital discharge in 9 patients (69%). No patient had
PRinterval, QRS duration, or QTc duration prolongation.
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Cardiac Magnetic Resonance

CMR imaging was performed in all patients 1to 7 days after the
onset of symptoms. Systolic LV dysfunction was present in
3 patients (25%). Findings consistent with myocarditis were
found in 13 patients (87%). LGE was present in 12 patients, and
most often found in the inferolateral (n = 3) and anterolateral
(n = 4) regions (eTable and eFigure 2 in the Supplement). The
extracellular volume fraction was borderline elevated (28%-
30%) in 4 patients (27%) and elevated (>30%) in 3 patients
(25%). LV global native T1 was borderline elevated (1080-
1100 milliseconds) in 2 patients and elevated (>1100 millisec-
onds) in 2 patients. Two patients had regional hyperintensity
on T2-weighted imaging. LV global T2 was borderline el-
evated (56-60 milliseconds) in 1 patient.

Follow-up

Follow-up information after hospital discharge was available
for all patients (virtual visit in 1 patient; in-person with test-
ingin 14 patients) and occurred 1to 13 days after discharge. Four
patients (27%) were asymptomatic with normal troponin level,
ECG, and echocardiogram results.

Four patients (27%) had persistent symptoms, including
fatigue in 3 patients (25%) and continued chest pain in
1 patient (7%). None of the patients with persistent symp-
toms had decreased EF at time of initial presentation (1 with
abnormal strain) and 3 patients (75%) had abnormal CMR
results with LGE.

One asymptomatic patient (7%) had persistent border-
line low LV EF (54%), reduced circumferential strain (z score,
-2.3), and reduced lateral e’ velocity (z score, —2.8) measured
by echocardiogram at 8 days after discharge; all other pa-
tients had normal echocardiogram results. Ventricular sys-
tolic function recovered (EF>55%) in 2 to 11 days (Figure 1).

ECG changes persisted in 4 patients (33%) and included
nonspecific ST-T wave changes in 4 patients (33%) or new
T-wave inversion in 3 patients (20%). One patient (7%) with
nonsustained ventricular tachycardia during hospital admis-
sion had recurrence of nonsustained ventricular tachycardia
on 6 days of ambulatory ECG monitoring, despite initiation of
B-blocker therapy.
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Troponin levels remained mildly elevated at follow-up in
3 patients (20%) (Figure 1). One patient (7%) with a persis-
tently elevated troponin level (0.05 ng/mL) had continuing
fatigue. All patients with persistently elevated troponin lev-
els had had prior abnormalities on CMR (2 patients with LGE,
1 patient with elevated extracellular volume fraction).

|
Discussion

In this early experience of 15 cases, myocarditis typically oc-
curred in male patients after the second dose of the COVID-19
vaccine. All patients in this series had a benign course; none
required intensive care unit admission and all were dis-
charged alive from the hospital within 5 days. LV systolic func-
tion at presentation was normal in most patients and normal-
ized within a few days in all but 1 patient who had persistent
borderline low LV function. This finding differs from other
forms of myocarditis in which LV systolic dysfunction and ar-
rhythmias are more common, with 50% of children requiring
intensive care unit admission, a mean hospital length of stay
of 14.4 days, and a mortality rate of 7.8%.”"°

Although vaccine-associated cases of myocarditis to date have
had uncomplicated short-term course, the long-term prognosis
remains unclear. Of note, CMR LGE was a frequent finding at time
of diagnosis. In this clinical setting, LGE reflects an increased vol-
ume of distribution of the gadolinium-based contrast agent in the
affected region likely related to myocyte necrosis and/or extra-
cellular edema. In nonvaccine-associated myocarditis, the pres-
ence of LGE is associated with increased risk for adverse cardio-
vascular events during follow-up.'°'2 Thus, longitudinal studies
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