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Background: Cardiovascular complications after PfizereBioNTech COVID-19 (BNT) vaccination
are a concern, especially in adolescents. We analyzed the risk factors for myocarditis after
BNT vaccination.
Methods: We used a special evaluation protocol for all patients aged 12e18 years who pre-
sented to our emergency department with cardiovascular symptoms after BNT vaccination.
Results: A total of 195 patients (109 boys and 86 girls) were enrolled. Eleven (5.6%) patients
presented with arrhythmia (arrhythmia group), 14 (7.2%) had a diagnosis of pericarditis/
myocarditis (the peri/myocarditis group), and the remaining 170 were controls (no cardiac
involvement). Chest pain (77.6%) was the most common symptom. The median time from
vaccination to symptom onset was 3 days. In the peri/myocarditis group (13 myocarditis and
1 pericarditis), the median time to the peak troponin T level was 5 days after vaccination.
Abnormal electrocardiographic changes, including ST-T changes and conduction blocks, were
more commonly detected in the peri/myocarditis group (85.7% vs. 12.4% in the control group,
p < 0.01). Echocardiography revealed normal ventricular function in all patients. Symptoms
were resolved before discharge in all, with the median duration of hospital stay being 4 days.
The electrocardiography was the most appropriate screening tool for myocarditis, with a sensi-
tivity and specificity of 85.7% and 87.6%, respectively.
Conclusion: Pericarditis or myocarditis was diagnosed in 7.2% of adolescents presenting to the
emergency department with cardiovascular symptoms after BNT vaccination. In addition to the
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Figure 1 Flow chart for patients
Abbreviation: SVT, supraventricula
electrocardiogram; F/U, follow-up.
troponin T level, ECG change listed above can be used as a screening tool for vaccine-induced
cardiac complications.
Copyright ª 2022, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

COVID-19 has emerged as a critical global health concern.
Vaccination is a crucial tool for the prevention of COVID-19
infection. In adolescents, mRNA vaccines, such as the
PfizereBioNTech COVID-19 (BNT) vaccine, have been
approved by the United States Food and Drug Administration
for COVID-19 prevention.1 Clinical trials have reported the
safety and efficacy of the BNT vaccine in adolescents.1e4

However, after nationwide vaccination programs in several
countries, myocarditis has emerged as a crucial complication
of the BNT vaccine in adolescents.5e8 Vaccine-related
myocarditis is frequently detected in boys and young
adolescents,6e9 with the most common symptoms being
chest pain or chest tightness.10 Other complications,
including arrhythmias, have also been reported.11 Studies
have evaluated the benefits and risks of the vaccine8,9

however, the differentiation of vaccine-related myocarditis
from nonspecific chest pain remains challenging.

Taiwan has strict quarantine and mask policies, leading
to a low incidence of COVID-19. As of January 31, 2022, the
number of confirmed COVID-19 infections was 21,986,
which is approximately 0.09% of the total population.
Although the infection rate has been low in Taiwan, several
outbreak episodes have occurred in the 2 years since the
initial outbreak. Vaccination programs have become the
with cardiovascular complaint
r tachycardia; TnT, troponin-T
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main solution for COVID-19 control. A mass BNT vaccination
program for high school students began on September 15,
2021, with the second dose being administered 12 weeks
later (i.e., from December 15 to 29, 2021). The vaccines
were administered using a school-based system supported
by Taipei City Hospital. All students in the same high school
received the BNT vaccine on the same day; both doses of
the vaccine were administered within 15 days. Our center is
the largest pediatric cardiology center in Taipei, and we
evaluated the clinical characteristics, clinical course, and
other factors associated with myocarditis in adolescents
who presented with cardiovascular symptoms within 4
weeks after receiving either dose of the BNT vaccine
through the vaccination program.

Methods

A total of 195 patients, aged 12e18 years, who presented
to the emergency department of National Taiwan Uni-
versity Children’s Hospital from September 2021 to
January 2022 for cardiovascular symptoms within 28 days
after BNT vaccination were included in this retrospective
analysis. A COVID-19 test was performed using a poly-
merase chain reaction for all patients. The evaluation
protocol for patients presenting with cardiovascular
symptoms after BNT vaccination is displayed in Fig. 1. An
s after BNT vaccine in the pediatric emergency department.
; ER, emergency room; OPD, outpatient department; ECG,
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electrocardiogram (ECG) and tests measuring the levels of
troponin T, white blood cells (WBCs), and c-reactive pro-
tein (CRP) levels were performed in all patients, and
echocardiography was performed only in selected patients
with equivocal findings after these tests. All patients with
a diagnosis of myocarditis were admitted to the general
ward or the intensive care unit for further management;
the patients were discharged if the troponin T level
declined. We reviewed the basic characteristics and
clinical course of these patients, including initial symp-
toms, laboratory presentations, serial ECG changes, and
echocardiography.

We divided the patients into pericarditis or myocarditis
(peri/myocarditis), arrhythmia, and control groups.
Myocarditis definition was based on a Centers for Disease
Control and Prevention (CDC) working definition with some
modification.12 According to this definition, the diagnosis of
confirmed myocarditis requires clinical symptoms, elevated
troponin T levels, and positive cardiac magnetic resonance
image (MRI) findings. Because of a limited capacity for
cardiac MRI, we made the diagnosis of myocarditis on the
basis of clinical symptoms and elevated troponin T levels.
The arrhythmia group comprised patients with arrhythmic
change, such as paroxysmal supraventricular tachycardia
(PSVT), atrial premature beats, ventricular premature
beats, sinus bradycardia, and first-degree atrioventricular
(AV) block, but with normal troponin T levels. Patients
without a diagnosis of pericarditis, myocarditis, or
arrhythmia were allocated to the control group.

Diagnostic ECG changes13 were ST-segment depression
of at least 0.05 mV in at least two contiguous leads, ST-
segment elevation of at least 0.2 mV in lead V2 or V3, ST-
segment elevation of at least 0.1 mV in at least two
contiguous leads, and T-wave inversion (TWI), defined as
negative T-waves in at least two contiguous leads. Negative
T-waves at precordial leads V1eV3 were considered a ju-
venile pattern and were not counted as TWI unless the
serial ECG revealed upright T-waves after symptom reso-
lution.13 Sinus bradycardia was defined as sinus rhythm and
heart rate below 50 bpm, and incomplete right bundle
branch block was defined as a QRS duration of less than
120 ms and the presence of right bundle branch block
pattern.14

Statistical analysis

Data are expressed as medians and ranges. The nonpara-
metric Wilcoxon rank sum test was used for numerical data
analysis, and the chi-squared or Fisher’s exact test was
used for categorical data analysis. A p value < 0.05 indi-
cated statistical significance.

Results

Clinical characteristics of the patients

During the study period, 195 adolescent patients (109 boys
and 86 girls) with a median age of 15 years presented with
cardiovascular symptoms after BNT vaccination. Among
them, 11 (5.6%) had cardiac arrhythmias (arrhythmia
group), 14 (7.2%) had pericarditis or myocarditis (peri/
3

myocarditis group), and 170 (87.2%) had no cardiac
involvement and were followed up at outpatient clinics (the
control group). All patients tested negative for COVID-19.
Cardiovascular symptoms occurred after the first dose of
the BNT vaccine in 101 patients and the second dose of the
BNT vaccine in 95 patients. Chest pain (77.6%) was the most
common symptom, followed by palpitations (24.5%), dys-
pnea (14.8%), and dizziness or syncope (3.1%). The median
duration from vaccination to symptom onset was 3 days
(0e25 days) and that from vaccination to the emergency
department visit was 4 days (0e90 days).
Clinical profiles of the arrhythmia group

Of the 11 patients who presented with arrhythmias, 4
(36.3%) required admission for monitoring, and 7 were
treated at and discharged from the emergency department
with outpatient follow-up. Most admissions occurred after
the first dose, and the high admission rate may reflect our
initial inexperience in BNT vaccineerelated cardiac com-
plications. The documented arrhythmias were PSVT in 2
patients, atrial premature beats in 2, ventricular prema-
ture beats in 4, sinus bradycardia in 1, sinus bradycardia
with a long pause in 1, and first-degree AV block in 1. All but
one had no history of arrhythmia, and the condition
improved in all patients before discharge.

One of the 2 patients with PSVT required conversion by
using adenosine. The troponin T level was 100.6 ng/L, which
decreased to 12.5 ng/L (normal <14 ng/L) during the follow-
up. Atenolol was prescribed for rhythm control after the
discharge of the patient. The other patient with PSVT had a
history of pulmonary atresia with an intact ventricular
septum, which had been corrected using transcatheter
intervention. This patient had had PSVT since September
2018; the condition was well controlled with regular atenolol
use. However, it occurred twice within 2 weeks after the
first BNT vaccine dose, and ultimately adenosine conversion
was required at the emergency department. Propafenone
was prescribed for arrhythmia control after discharge.

Of the 4 patients with ventricular premature beats, 1
presented with frequent ventricular bigeminy and was
admitted to the general ward for further evaluation. A
Holter test revealed frequent premature ventricular con-
tractions (24%) that included quadruplets. Propranolol was
prescribed for arrhythmia control, and the patient was
discharged without incident to be followed up at the
outpatient clinic.

No ST-segment changes were detected through ECG in
any of the patients with arrhythmia after arrhythmia con-
version. A total of 6 of the 11 patients with arrhythmias
underwent echocardiography, which revealed a fair left
ventricular systolic function without pericardial effusion.
Other details of these 11 patients are listed in Table 1.
Clinical profile of the peri/myocarditis group

Of the 14 patients with a diagnosis of pericarditis or
myocarditis, 13 had myocarditis, and 1 had pericarditis. A
comparison of clinical characteristics between the peri/
myocarditis and control groups is presented in Table 1.



Table 1 Clinical characteristics of 195 patients according to diagnosis.

Group 1
Arrythmia
(n Z 11)

Group 2
Myocarditis
(n Z 14)

Group 3
Control
(n Z 170)

P value P value
(compare
group 2 & 3)

Age (Median (Min-Max), years) 16 (12e17) 15 (13e17) 15 (12e18) 0.77 0.82
Gender (M/F) 9/2 11/3 89/81 0.03 0.09
Vaccination (1stdose/2nddose) 7/4 2/12 91/79 0.01 <0.01
Underlying heart disease 1 (8.3%) 0 2 (1.2%) 0.13 0.20
Onset of symptoms after vaccine

(Median (Min-Max),days)
4 (1e26) 1.5 (0e8) 3 (0e25) 0.12 0.16

ED visit after vaccine
(Median (Min-Max),days)

4 (2e26) 3 (1e8) 4 (0e90) 0.57 0.51

Symptoms
Chest pain/chest tightness 4 (36.4%) 13 (92.9%) 135 (79.4%) <0.01 0.31
Palpitation 7 (63.6%) 3 (21.4%) 37 (21.8%) <0.01 1.00
Dyspnea 0 1 (7.1%) 28 (16.5%) 0.21 0.70
Dizziness/syncope 0 0 6 (3.5%) 0.62 1.00

Initial laboratory survey
Troponin-T (Median (Min-Max), ng/L) 5.0 (3e100.6) 191.2 (3.7e1728) 3.4 (3e16.4) <0.01 <0.01
WBC (Median (Min-Max), K/m L) 7.4 (3.4e12.9) 7.3 (4.3e11.4) 7.0 (2.6e11.9) 0.27 0.13
CRP (Median (Min-Max), mg/dL) 0.18 (0.02e3.01) 0.96 (0.02e7.45) 0.11 (0.02e4.38) <0.01 <0.01

ECG
ST segment elevation 0 (0%) 9 (64.3%) 4 (2.98%) <0.01 <0.01

Inferior lead 4 0
Lateral lead 6 3
Precordial lead 1 0
Diffused 0 1

ST segment depression 1 (9.1%) 3 (21.4%) 1 (0.6%) <0.01 <0.01
T wave inversion 1 (9.1%) 1 (7.1%) 12 (7.1%) 0.97 1.00
Conduction block 2 (18.2%) 1 (7.1%) 4 (2.4%) 0.02 0.33
Any of ECG change 3 (27.3%) 12 (85.7%) 21 (12.4%) <0.01 <0.01

Echocardiography (number) 6 14 12
LV systolic function � 55% 0 0 0 1.00 1.00
Pericardial effusion 0 2 (14.3%) 0% 0.22 0.14

Abbreviation: CRP, C reactive protein; ECG, electrocardiography; ED, emergency department; LV, left ventricle; WBC, white blood cell
count.
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Of patients with pericarditis or myocarditis, 13 (92.9%)
presented with chest pain or chest tightness, 3 (21.4%)
with palpitations, and 1 (7.1%) with dyspnea. No statisti-
cally significant difference in the clinical presentation was
observed between the peri/myocarditis and control
groups. The median time from BNT vaccination to symp-
tom onset in the peri/myocarditis group was 1.5 days
versus 3 days in the control group (p Z 0.16; Table 1 and
Fig. 2).

WBC counts were similar between the peri/myocarditis
and control groups; however, troponin T and CRP levels
were significantly higher in the peri/myocarditis group
than in the control group. The cardiac troponin T level
was elevated in all 13 patients with myocarditis. The
trend of troponin T levels is displayed in Fig. 3. The me-
dian time to the peak troponin T level was 5 days after
vaccination, ranging from 2 to 9 days. The patient who
was diagnosed with pericarditis had a normal cardiac
troponin T level with a small amount of pericardial effu-
sion in echocardiography.

Abnormal ECG changes, namely ST-segment changes,
TWIs, and conduction blocks, were recorded in 85.7% of the
4

patients with myocarditis and in 12.4% of the controls
(p < 0.01). More detailed analysis indicated that ST-
segment changes were more frequently detected in pa-
tients with myocarditis; however, TWIs and conduction
blocks were not detected.

Echocardiography was performed to evaluate the basic
systolic function and pericardial effusion of the patients (14
in the control and arrhythmia groups) who were discharged
from the emergency department. All of them had a normal
left ventricular systolic function, and 2 had minimal to
small volumes of pericardial effusion.

Only one patient (the first in the peri/myocarditis group)
underwent cardiac MRI, which revealed an elevated native
T1 signal with late gadolinium enhancement at the midwall
of the left ventricle, confirming the myocarditis diagnosis.
Of the 14 patients, only 1 was admitted to the intensive
care unit for vital sign monitoring because of inexperience
in vaccine-related myocarditis. No inotropic agents or
advanced cardiopulmonary support was required. Four out
of the 14 patients required symptomatic control with
nonsteroidal anti-inflammatory drugs or acetaminophen,
and the median time from admission to symptom relief was



Figure 2 Time to emergency department visit (days) after (A) first dose and (B) second dose of BNT vacuine. Black bar, peri/
myocarditis group; gray bar, control group.

Figure 3 Trend of cardiac troponin-T level in 14 patients
diagnosed with peri/myocarditis.

Journal of the Formosan Medical Association xxx (xxxx) xxx

+ MODEL

5

1 day (range, 0e3 days). The hospital stay ranged from 1 to
5 days, with a median of 3 days. All patients survived to
discharge and did not have notable sequelae at the time of
data collection.

Clinical risk factors for pericarditis and myocarditis

We compared the peri/myocarditis group with the control
group to determine the clinical profile associated with the
diagnosis of pericarditis or myocarditis. Multivariate lo-
gistic regression analysis of sex, vaccine dosage, chest
pain, ECG change, and CRP level revealed that ECG
changes (odds ratio [OR] 24.6, 95% confidence interval [CI]
4.7e130, p < 0.01) and CRP levels (OR 1.8, 95% CI 1.0e3.1,
p Z 0.047) were significant predictors of myocarditis.
After the removal of laboratory data from the regression
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model, only ECG changes were significant (OR 42.5, 95% CI
8.9e203.6, p < 0.01). ECG as the first-line screening tool
exhibited 85.7% sensitivity and 87.6% specificity for peri-
carditis and myocarditis, with positive and negative pre-
dictive values being 36.4% and 98.7%, respectively. The
addition of chest pain in the screening model decreased
the sensitivity to 78.6% and increased the specificity to
91.2% (see Table 2).

Discussion

The findings of this study can guide the diagnosis and
management of cardiovascular symptoms after BNT vacci-
nation in adolescents in the emergency department and
outpatient settings. During our study period, the incidence
of pericarditis or myocarditis after BNT vaccination in
adolescent patients presenting to the emergency depart-
ment with cardiovascular symptoms was 7.2%, with a pre-
dominance of boys. The clinical course was largely benign,
and no patient required inotropic agents or other cardio-
vascular support. The median hospital stay was 3 days. An
ECG change, especially an ST-segment change, is the most
suitable tool for screening probable myocarditis with
acceptable sensitivity and specificity.

Importance of pericarditis and myocarditis
screening after BNT vaccination in the young
population

An increasing risk of myocarditis after BNT vaccination has
been reported.5 An Israel-based study7 reported that the
overall incidence of vaccine-related myocarditis after the
second dose of the BNT vaccine was 2.13 cases per 100,000
persons; the incidence of vaccine-related myocarditis was
10.69 cases per 100,000 persons, with the highest incidence
being reported among men aged 16e29 years. The CDC in
the United States reported that the incidence of myocar-
ditis or pericarditis among individuals aged 12e39 years
after the second dose of mRNA vaccines was 12.6 cases per
million.15 These findings highlight the importance of rapid
detection of vaccine-related pericarditis or myocarditis in
the young population. Primary-care providers in emergency
departments and outpatient clinics should have easy access
to a quick screening method for pericarditis or myocarditis
in young patients presenting with cardiovascular symptoms
after BNT vaccination.

In Taipei, nearly 160,000 students received BNT vacci-
nations in a short time because of a school-based mass
vaccination program.16 As the largest pediatric cardiology
center in the country, our hospital is now the referral
center for patients with cardiovascular complications after
BNT vaccination. We collected data from a large number of
patients with post-BNT vaccination cardiovascular
Table 2 Predictive value for peri/myocarditis of ECG and ches

Sensitivity Specificity

Any ECG change 85.7% 87.6%
Any ECG change plus chest pain 78.6% 91.2%

6

symptoms, which can mitigate the influence of background
myocarditis.

In other reports,11,15,17,18 the clinical course of vaccine-
related myocarditis was shorter than that of virus-related
myocarditis. Vaccine-related myocarditis often occurs
within 5 days after vaccination, most commonly within 2
days. In most cases, the clinical course has been benign,
and aggressive treatment with an inotropic agent or
advanced cardiopulmonary support has rarely been neces-
sary. The most common symptom has been chest pain, with
the troponin T levels peaking at 2e4 days after vaccination.
Symptoms have been successfully managed using analgesics
in most cases, with improvements in biomarker levels and
imaging study results at discharge. In pediatric pa-
tients,19,20 similar to young adolescents, most cases of BNT
vaccine-related pericarditis or myocarditis have been re-
ported after the second dose of the vaccine. Patients pre-
sent at a median of 2 days after symptom onset, with the
most common symptom being chest pain. The cardiac
troponin T level generally peaks at 2e3 days after vacci-
nation, and symptoms are commonly resolved within 7
days.

The present study also clarified the clinical course of
BNT vaccine-related pericarditis or myocarditis in adoles-
cents. The median time from vaccination to symptom onset
was 1.5 days. The troponin T level peaked at a median of 5
days after vaccination and decreased rapidly thereafter.
ECG changes were detected in 85.7% of the patients, with
an improvement observed within 5 days in most cases. None
of the patients had an abnormal ejection fraction in
echocardiography, and none required inotropic support. All
of the patients had their symptoms resolve before
discharge, with the median length of hospital stay being 4
days.

Arrhythmia after BNT vaccination

A large-scale study in the United Kingdom explored the
incidence of myocarditis, pericarditis, and arrhythmia
among individuals who received three types of COVID-19
vaccines (ChAdOx1, BNT162b2, and mRNA-1273); the study
discovered no association between the ChAdOx1 and BNT
vaccines and cardiac arrhythmias.21 In the present study,
the rate of post-BNT vaccineerelated arrhythmia or con-
duction disturbance was 6.1% in pediatric patients pre-
senting with cardiovascular symptoms to the emergency
department. Unlike pericarditis and myocarditis, which had
significantly higher incidences after the second dose of the
vaccine, 67% of the arrhythmias occurred after the first
dose. Most patients had no known history of arrhythmia.
Because of the unavailability of baseline ECG or cardiac
electrophysiology study results, we cannot conclude
whether the arrhythmias were caused by vaccine-related
injury or triggered by the vaccine in patients with
t pain.

Positive predictive value Negative predictive value

36.4% 98.7%
57.7% 98.1%
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underlying arrhythmia. However, this finding suggests that
arrhythmia may occur in association with BNT vaccination
in some susceptible patients. We reported 4 cases of ven-
tricular tachyarrhythmia after vaccination with a COVID-19
mRNA vaccine. Two of these were in patients with under-
lying cardiomyopathy, and 1 occurred in a patient who had
congenital heart disease with Eisenmenger syndrome.
However, vaccine-induced arrhythmia may still be a critical
concern deserving further survey.

Detection of pericarditis and myocarditis

Among adult patients presenting to the emergency
department for cardiovascular adverse reactions after
vaccination, more than half of the patients were women,
most presented after the first dose of the vaccine, and
myocarditis was diagnosed in 0.58% of the patients.22 The
incidence of postvaccine pericarditis or myocarditis was
higher in our study because we included adolescents and
our hospital is the main referral center for children with
cardiovascular complications after COVID-19 vaccination.
We determined a protocol for the evaluation of these
young patients at the emergency department, with the
possibility of extending it to the outpatient clinic. In the
emergency department, we performed ECG and evaluated
the levels of troponin T and CRP in all patients with BNT-
related cardiovascular symptoms; the results are readily
available. However, the diagnosis of pericarditis or
myocarditis by using this protocol might not be extendable
to outpatient clinics because of the long wait for troponin
T and CRP level results, which are usually available within
3 h at the emergency department. For patients presenting
to outpatient clinics with cardiovascular symptoms after
BNT vaccination, ECG can be applied because of the im-
mediate availability of results in any setting. We discov-
ered that ECG changes, either ST-T changes or conduction
abnormalities, have high sensitivity and negative predic-
tive value for the diagnosis of pericarditis or myocarditis in
patients with cardiovascular complications after BNT
vaccination. Therefore, ECG can be used as the first-line
tool to detect vaccine-related pericarditis or myocarditis
in the outpatient clinic.

Study limitations

Because this was a single-center study in the emergency
department, the sample size and generalizability may be a
problem. However, our hospital was assigned as the referral
center for COVID-19 vaccineerelated cardiovascular com-
plications; therefore, the sample size was sufficiently large
for analysis.

We did not analyze data on patients presenting to
outpatient clinics because blood sampling and laboratory
surveys were not performed in most such patients, leading
to the underdetection of pericarditis or myocarditis. Not all
patients with initial normal troponin T levels underwent
echocardiography, which may have decreased the detec-
tion rate of pericarditis. Only one patient underwent car-
diac MRI because of limited MRI capacities and because all
patients had mild symptoms, which can also decrease the
study power.
7

For simplicity, we categorized patients into arrhythmia
and peri/myocarditis groups. Some patients with myocar-
ditis may present with arrhythmia. Although only patients
with normal troponin T levels can be categorized into the
arrhythmia group, this categorization may result in under-
estimation of probable myocarditis as the cause of the
arrhythmia.

Conclusion

Pericarditis or myocarditis was diagnosed in 7.2% of ado-
lescents presenting to the emergency department with
cardiovascular symptoms after BNT vaccination. In addition
to the troponin T level, ECG change including ST-T change
and conduction block can be used as a screening tool for
vaccine-induced cardiac complications in the emergency
department.
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