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Cardiac abnormalities were detected among 81 (54%) of 151 patients with follow-
up cardiac MRI when Kracalik et al. looked at outcomes at least 90 days since
onset of myocarditis after mRNA technology COVID vaccination in adolescents
and young adults in the USA.
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Outcomes at least 90 days since onset of myocarditis after
mRNA COVID-19 vaccination in adolescents and young
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Alejandra Ramirez-Cardenas, Agape Assefa, M Jay Campbell, John R Su, Shelley S Magill, David K Shay, Tom T Shimabukuro, Sridhar V Basavaraju,
for the Myocarditis Outcomes After mRNA COVID-19 Vaccination Investigators and the CDC COVID-19 Response Team

Summary

Background Data on medium-term outcomes in indivduals with myocarditis after mRNA COVID-19 vaccination are
scarce. We aimed to assess clinical outcomes and quality of life at least 90 days since onset of myocarditis after mRNA
COVID-19 vaccination in adolescents and young adults.

Methods In this follow-up surveillance study, we conducted surveys in US individuals aged 12-29 years with
myocarditis after mRNA COVID-19 vaccination, for whom a report had been filed to the Vaccine Adverse Event
Reporting System between Jan 12 and Nov 5, 2021. A two-component survey was administered, one component to
patients (or parents or guardians) and one component to health-care providers, to assess patient outcomes at least
90 days since myocarditis onset. Data collected were recovery status, cardiac testing, and functional status, and
EuroQol health-related quality-of-life measures (dichotomised as no problems or any problems), and a weighted
quality-of-life measure, ranging from 0 to 1 (full health). The EuroQol results were compared with published results
in US populations (aged 18-24 years) from before and early on in the COVID-19 pandemic.

Findings Between Aug 24, 2021, and Jan 12, 2022, we collected data for 519 (62%) of 836 eligible patients who were at
least 90 days post-myocarditis onset: 126 patients via patient survey only, 162 patients via health-care provider survey
only, and 231 patients via both surveys. Median patient age was 17 years (IQR 15-22); 457 (88%) patients were male
and 61 (12%) were female. 320 (81%) of 393 patients with a health-care provider assessment were considered
recovered from myocarditis by their health-care provider, although at the last health-care provider follow-up,
104 (26%) of 393 patients were prescribed daily medication related to myocarditis. Of 249 individuals who completed
the quality-of-life portion of the patient survey, four (2%) reported problems with self-care, 13 (5%) with mobility,
49 (20%) with performing usual activities, 74 (30%) with pain, and 114 (46%) with depression. Mean weighted
quality-of-life measure (0-91 [SD 0-13]) was similar to a pre-pandemic US population value (0-92 [0-13]) and
significantly higher than an early pandemic US population value (0-75 [0-28]; p<0-0001). Most patients had
improvements in cardiac diagnostic marker and testing data at follow-up, including normal or back-to-baseline
troponin concentrations (181 [91%)] of 200 patients with available data), echocardiograms (262 [94%)] of 279 patients),
electrocardiograms (240 [77%)] of 311 patients), exercise stress testing (94 [90%)] of 104 patients), and ambulatory
rhythm monitoring (86 [90%] of 96 patients). An abnormality was noted among 81 (54%) of 151 patients with
follow-up cardiac MRI; however, evidence of myocarditis suggested by the presence of both late gadolinium
enhancement and oedema on cardiac MRI was uncommon (20 [13%] of 151 patients). At follow-up, most patients
were cleared for all physical activity (268 [68%] of 393 patients).

Interpretation After at least 90 days since onset of myocarditis after mRNA COVID-19 vaccination, most individuals
in our cohort were considered recovered by health-care providers, and quality of life measures were comparable to
those in pre-pandemic and early pandemic populations of a similar age. These findings might not be generalisable
given the small sample size and further follow-up is needed for the subset of patients with atypical test results or not
considered recovered.

Funding US Centers for Disease Control and Prevention.

Copyright Published by Elsevier Ltd.

vaccination.! In 2021, data from the Vaccine Adverse
Event Reporting System (VAERS) indicated that in

US individuals aged 12 years or older, approximately
4.8 cases of myocarditis per million doses of mRNA

Introduction

Evidence from the USA and multiple international
vaccine safety monitoring systems support a small but
increased risk of myocarditis after mRNA COVID-19
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Research in context

Evidence before this study

In December, 2020, the US Food and Drug Administration (FDA)
issued emergency use authorisations (EUAs) for the Pfizer-
BioNTech COVID-19 (BNT162b2) vaccine and the Moderna
COVID-19 (mRNA-1273) vaccine. In May, 2021, FDA expanded
the EUA for the BNT162b2 vaccine to include adolescents aged
12-15 years. By July, 2022, more than 200 million people in the
USA had received two doses of a COVID-19 mRNA vaccine and
more than 1500 cases of myocarditis with onset after MRNA
COVID-19 vaccination were reported to the Vaccine Adverse
Events Reporting System (VAERS). We searched PubMed for
articles published up to April 30, 2022, using the keywords
“mRNA vaccine” and "myocarditis”, without any language
restrictions. Systematic reviews published in 2022 included
more than 5299 individuals with myocarditis after mRNA
vaccination and suggested the risk was highest in adolescents
and young males after a second vaccine dose. Findings from
these systematic reviews suggest that most cases of myocarditis
after mRNA COVID-19 vaccination have resolution of symptoms
at or soon after discharge from a short hospital stay. However,
data on medium-term prognoses for adolescents and young
adults diagnosed with myocarditis after mRNA COVID-19
vaccination are scarce.

COVID-19 vaccines administered were reported, with the
highest reporting rates in those aged 12-29 years.? Despite
the higher than expected occurrence of myocarditis after
COVID-19 vaccination, the benefits of mRNA COVID-19
vaccines have been shown to outweigh the risk of
myocarditis.”*

Cardiac assessment of patients diagnosed with
myocarditis after mRNA COVID-19 vaccination often
shows increased cardiac biomarkers (eg, troponin concen-
trations) and atypical cardiac imaging (eg, echocardio-
grams), which are similar findings to those shown for
viral or acute myocarditis.** Viral myocarditis unrelated
to mRNA COVID-19 vaccination can lead to heart
failure, cardiac transplantation, or death.° Conversely,
case descriptions suggest that clinical outcomes following
a diagnosis of myocarditis after mRNA COVID-19
vaccination are more favourable than those associated
with viral myocarditis, with resolution of symptoms often
described at or soon after discharge from a short hospital
stay for myocarditis after mRNA COVID-19 vaccination.*”
However, data on follow-up prognoses for adolescents
and young adults diagnosed with myocarditis after
mRNA COVID-19 vaccination are scarce.”” To conduct
surveillance, the US Centers for Disease Control and
Prevention (CDC) developed a working myocarditis case
definition with a team of subspecialists that has been
used in several studies.?**"

In August, 2021, the CDC began follow-up of myocarditis
cases to describe medium-term outcomes in the age
group with the highest risk of myocarditis after mRNA
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Added value of this study

To our knowledge, this is the largest evaluation of outcomes
among patients diagnosed with myocarditis after mRNA
COVID-19 vaccination, with follow-up at least 90 days since
onset. We collected data from both patients (or their parents
or guardians) and health-care providers, and evaluated a
comprehensive range of outcomes, including follow-up cardiac
biomarkers, cardiac magnetic resonance imaging,
echocardiograms, troponin levels, and electrocardiograms.
We found that 320 (81%) of 393 patients with a health-care
provider assessment were considered recovered from
myocarditis, and quality of life measures were similar to
pre-pandemic or early pandemic measurements. No single
diagnostic test or clinical feature appeared to be associated
with recovered status.

Implications of all the available evidence

Myocarditis after mRNA COVID-19 vaccination is rare,

but potentially serious. To better understand possible longer
term sequalae of myocarditis, continued follow-up is important,
particularly for the patients not recovered by at least 90 days
since symptom onset. Vaccination remains the most effective
way of preventing morbidity and mortality from COVID-19.

COVID-19 vaccination diagnosis (ie, individuals aged
12-29 years). We report findings of clinical outcomes
and quality of life at least 90 days since the onset of myo-
carditis after mRNA COVID-19 vaccination in adolescents
and young adults aged 12-29 years.

Methods
Study design and population
In this follow-up surveillance study, we included US
patients who were aged 12-29 years at the time of
mRNA COVID-19 vaccination and for whom the time to
myocarditis symptom onset was more than 90 days
since vaccination and a VAERS report was filed between
Jan 12, to Nov 5, 2021. VAERS is a national passive
surveillance system coadministered by the CDC and the
US Food and Drug Administration (FDA).* Any vaccine
recipients, health-care providers, and vaccine providers
can submit a report to VAERS. Under emergency use
authorisations, vaccination providers are subject to
mandatory reporting requirements for certain adverse
events after COVID-19 vaccination, including hospital-
isation.®* The CDC encourages both vaccination
providers and recipients report any clinically significant
adverse event, regardless of the plausibility of the
vaccine causing the event. Signs and symptoms of
adverse events are coded using the Medical Dictionary
for Regulatory Activities.

Physicians at the CDC reviewed all identified VAERS
reports and available medical records to determine if
the case met CDC case definition criteria’ for confirmed

For more on the Medical
Dictionary for Regulatory

Activities see https://www.

meddra.org
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See Online for appendix 1

For more on the EQ-5D-5L
questionnaire see https://
euroqol.org/publications/user-
quides/

790

989 reports on VAERS of myocarditis or
myopericarditis after COVID-19
vaccination in patients aged 12-29 years
who met the CDC case definition

—D| 153 ineligible

A 4

836 patients aged 12-29 years at least
90 days post-myocarditis onset

v

479 patients excluded

204 no telephone contact
257 unreachable
18 declined to participate

443 health-care providers excluded
L p 263 no telephone contact
180 unreachable

v

| 357 patients completed a survey

| | 393 health-care providers completed a survey

v

v

126 patients completed patient surveys

231 patients had both

and patient surveys completed

health-care provider

162 health-care providers completed the
health-care provider surveys

A

Data collected for 519 patients

—D| 126 excluded because there was no health-care provider survey

A 4

393 patients included in the analysis who
received a follow-up assessment by a
health-care provider regarding their

myocarditis diagnosis

v

v

A 4

v

v

4 patients had same cardiac
status as at the initial
myocarditis diagnosis

61 patients had improved
but not fully recovered

59 patients probably fully
recovered but awaiting
more information

261 patients fully recovered

8 patients recovery status
unknown

Figure 1: Survey participation of patients with myocarditis after mRNA COVID-19 vaccination reported to VAERS at least 90 days since symptom onset

CDC=US Centers for Disease Control and Prevention. VAERS=Vaccine Adverse Event Reporting System.

or probable myocarditis or myopericarditis (henceforth
referred to as myocarditis; appendix 1 p 6).2

This activity was determined to meet the require-
ments of public health surveillance as defined in Title 45
of the Code of Federal Regulations, part 46.102(1)(2) and
no institutional review board approval was needed.
Verbal consent was obtained from either adult patients

or parents or guardians of minor patients.

Procedures

From Aug 24, 2021, to Jan 12, 2022, we administered
a two-component telephone survey to assess patient
outcomes at least 90 days since the onset of myocarditis
symptoms after mRNA COVID-19 vaccination (further

survey.

details on the implementation of the survey are specified
in appendix 1 [pp 2-3]). The first component administered
to adult patients or to the parents or guardians of minor
patients ascertained quality of life, previous medical
history, need for ongoing medication for myocarditis,
and presence of clinical symptoms in the 2 weeks before
the date of the survey, including chest pain, shortness of
breath, fatigue, and palpitations, hospitalisations, and
days of school or work missed in the 2 weeks before the

To assess patient quality of life and overall health after
myocarditis diagnosis, we administered the EuroQol
5-dimension, 5-level (EQ-5D-5L) questionnaire that
characterises health across five dimensions: mobility,

www.thelancet.com/child-adolescent Vol 6 November 2022
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self-care, pain or discomfort, perform usual activities,
and anxiety or depression.”” The EQ-5D-5L instrument
has been validated for use in people aged 12-29 years”
and was used in this surveillance activity to describe
the overall wellbeing of the patient group, not as an
indicator of myocarditis recovery. For the quality of
life questionnaire, five levels of response, from no
problems to extreme problems, were dichotomised as
no problems (severity level 1) or any problems (severity
levels 2-5).* Weighted analysis converted patient
responses to a numerical scale ranging from 0
(equivalent to death) to 1 (full health; appendix 1 p 7).*
Overall health was self-rated by patients using the
EuroQol visual analog scale (EQ-VAS), with scores
ranging from 0 to 100 (100 representing the best
possible health and 0 representing the worst possible
health). We compared the patients’ EQ-5D-5L survey
responses with published EQ-5D-5L survey results of
18-24-year-old US population respondents before and
during the COVID-19 pandemic.””

The second component of the two-part survey was
a survey of health-care providers who provided care to
eligible patients for this study with myocarditis after
mRNA COVID-19 vaccination, which ascertained patient
cardiac health and functional status (appendix 2 pp 1-19).
Follow-up assessments of cardiac health after the initial
myocarditis diagnosis or hospitalisation for myocarditis
after COVID-19 vaccination included findings from
electrocardiograms, echocardiograms, cardiac MRIs,
troponin concentrations, exercise stress testing, and
ambulatory rhythm monitoring (appendix 1 pp 1-2).
Assessments of functional status included ongoing treat-
ment or health-care provider-recommended restrictions
on physical activity.

In both parts of the survey, health-care providers
and patients were asked about any previous SARS-
CoV-2 infection in the patient before the diagnosis of
myocarditis, as determined by a positive laboratory-
confirmed test; however, we did not ask about the
severity of infection. To assess myocarditis recovery,
health-care providers were asked the following: based
onyour clinical assessment and any testing information,
please describe the patient’s cardiac recovery status as
of the date of your last visit or consultation (compared
with the time of initial myocarditis diagnosis;
appendix 2 p 4). Survey options were fully recovered,
probably fully recovered, improved but not fully
recovered, same cardiac status as at the initial diagnosis
(ie, Nno worse or no better), worse cardiac status, unsure,
or declined to answer. For this evaluation, patients
determined to be fully or probably fully recovered by
the health-care provider were designated recovered and
patients deemed to be improved but not fully recovered
or with the same cardiac status at initial diagnosis were
designated not recovered. CDC’s Clinical Immunization
Safety Assessment (CISA) Project provided technical
input for survey development.”
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Patients fully or Patients not All patients (n=519) p value
probably fully recovered (n=65)
recovered (n=320)
Median age, years (IQR) 17 (15-21) 17 (15-21) 17 (15-22)
Age group, years
12-14 58 (18%) 9 (14%) 92 (18%) 084
15-19 160 (50%) 35 (54%) 245 (47%)
20-24 69 (22%) 15 (23%) 120 (23%)
25-29 33 (10%) 6 (%9) 62 (12%)
Sex
Male 290 (91%) 56 (86%) 457 (88%) 039
Female 30 (9%) 9 (14%) 61 (12)
Unknown 0 0 1(<1%)
Race, ethnicity
White, non-Hispanic 182 (57%) 32 (49%) 274 (53%) 0-32
Asian, non-Hispanic 16 (5%) 1(2%) 25 (5%) 0-33
Black, non-Hispanic 10 (3%) 2 (3%) 16 (3%) 071
Other race, non-Hispanic 11 (3%) 0 12 (2%) 022
Multiple races, 10 (3%) 1(2%) 12 (2%) 0-69
non-Hispanic
American Indian or 1(<1%) 0 <1%)
Alaskan native,
non-Hispanic
Hispanic 53 (17%) 14 (22%) 98 (19%) 033
Unknown 37 (12%) 13 (20%) 81 (16%)
Previous SARS-CoV-2 28 (9%) 4 (6%) 48 (9%) 0-61
infection*
Received two COVID-19 278 (87%) 58 (89%) 448 (86%) 0-75
vaccine doses
Underlying medical condition
At least one condition, 63 (20%) 16 (25%) 99 (19%) 0-46
excluding obesity
Asthmat 29 (9%) 4(6%) 41 (8%) 0-60
Autoimmune disease 10 (3%) 1(2%) 13 (3%) 0-69
Arrhythmia 9 (3%) 1(2%) 16 (3%) 0-86
Congenital heart 8 (2%) 2 (3%) 10 (2%) 0-68
disease
Genetic or 7 (2%) 8 (12%) 15 (3%) 0-0005
chromosomal
Previous heart failure 1(<1%) 1(2%) 2 (<1%) 0-31
Kawasaki disease 1(<1%) 0 2 (<1%)
Myocarditis 4 (1%) 1(2%) 7 (1%)
Type 1 diabetes 1(<1%) 1(2%) 3 (1%) 0-31
BMI-based obesity+ 80/291 (27%) 16/63 (25%) 99/359 (28%) 086
(Table 1 continues on next page)

Statistical analysis

To assess non-response bias, demographic and clinical
characteristics of survey respondents were compared with
characteristics of non-respondents (eg, those who were
unreachable), including age, sex (male or female), self-
reported race and ethnicity, geographical census region,
and findings from initial echocardiograms (appendix 1p 8).
Additionally, we compared VAERS reporter type (health-
care provider or patient), geographical census region,
age, sex, initial echocardiogram findings, and race and
ethnicity among survey respondents and non-respondents.

See Online for appendix 2
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Patients not
recovered (n=65)

Patients fully or
probably fully
recovered (n=320)

All patients (n=519) p value

(Continued from previous page)

Patient-reported
symptoms in the patient
survey

Data are n (%) unless specified otherwise. Data are based on the completion of 357 patient surveys, 393 provider
surveys, and 231 linked surveys, resulting in 519 patients for which data were collected. Health-care provider
determination of patient myocarditis recovery was provided for 393 patients, of whom 320 were considered fully or
probably fully recovered and 65 were not considered recovered (and eight patients had an undetermined recovery
status; figure 1). Based on the last patient encounter, health-care providers reported that 62 (16%) of 393 patients had
at least one symptom that might occur with myocarditis. *Previous SARS-CoV-2 infection before the diagnosis of
myocarditis, as determined by a positive laboratory-confirmed test; the interval from a positive SARS-CoV-2 test result
to mRNA COVID-19 vaccination was a median of 139 days (IQR 92-198; n=15 with a date provided). fAsthma,

for which prescription medicine within the past 2 years was needed; if asthma was only with exercise, it was not
recorded. $BMI was calculated using measurements obtained at the earliest follow-up visit: the formula weight
(pounds)/ [height (inches)]* x 703. The denominators reflect the number of individuals with data available to calculate
BML. SAIl patients who self-reported symptoms in the patient survey and had a provider-reported recovery status.

At least one symptom

Chest pain or
discomfort

Chest pain or
discomfort while resting

Fatigue
Fatigue while resting
Shortness of breath

Shortness of breath
while resting

Heart palpitations

Heart palpitations while
resting

n=195§ n=28§ n=357
94 (48%) 18 (64%) 178 (50%) 0-16
55 (28%) 13 (46%) 113 (32%) 0-082
45 (23%) 11 (39%) 92 (26%) 0-011
40 (21%) 12 (43%) 89 (25%) 0-018
28 (14%) 10 (36%) 63 (18%) 0-012
38 (19%) 9 (32%) 80 (22%) 028
15 (8%) 4 (14%) 38 (11%) 0-42
36 (18%) 6 (21%) 77 (22%) 071
28 (14%) 5 (18%) 59 (17%) 0-84

Table 1: Demographic characteristics and symptoms of patients by provider-reported recovery status
from myocarditis after mRNA COVID-19 vaccination

792

Descriptive analyses were conducted to determine
frequencies, percentages, means, and SDs to
characterise cases of myocarditis after mRNA
COVID-19 vaccination by age, sex, time elapsed since
symptom onset, quality of life measures, and clinical
outcome. All cases meeting the CDC definition for
myocarditis were included, regardless of whether a
suspected alternative cause was identified. For assess-
ment of recovery status, we conducted a sensitivity
analysis limited to individuals with symptom onset at
least 7 days after vaccination and without a suspected
alternative cause identified by their health-care provider
(appendix 1 p 4). Missing values were not imputed. To
assess statistical significance of comparisons, we used
the ¥2 test for categorical variables, Fisher’s exact test
for variables with small sample sizes (n<5), and the
Student’s t-test or the Mann-Whitney U test for
continuous variables. All analyses were performed with
R software (version 4.1.1). p<0.05 was considered to be
statistically significant.

Role of the funding source
The funder led data collection, data analysis, data
interpretation, writing, and submission of the manuscript.

Results

Between Jan 12 and Nov 5, 2021, 989 cases of myocarditis
after mRNA COVID-19 vaccination in patients aged
12-29 years were reported to VAERS and met the CDC’s
case definition for myocarditis. Of these, 836 (85%) patients
were at least 90 days post-myocarditis onset (figure 1). Of
the 836 patients, 204 (24%) patients had no telephone
number available for contact and 257 (31%) patients were
unreachable. Of the remaining 375 patients, 357 (95%)
patients consented to the survey and 18 (5%) patients
declined. Between Aug 24, 2021, and Jan 12, 2022, we
contacted and collected data for 519 (62%) of the 836 eli-
gible patients: 126 patients via patient survey only,
162 patients via health-care provider survey only, and
231 patients via both the patient and health-care provider
survey (figure 1). Median interval from myocarditis onset
to survey completion was 143 days (IQR 131-162) for
patients and 191 days (170-216) for health-care providers.
We found no significant differences in VAERS reporter
type (health-care provider or patient), geographical census
region, age, sex, initial echocardiogram findings, or race
or ethnicity in patients surveyed compared with patients
who were not surveyed (appendix 1 p 8). In a subset of
patients with abnormal echocardiograms, the abnormality
identified was a left ventricular ejection fraction (LVEF) of
less than 50%. Of the 100 survey respondents with LVEF
values recorded at their initial diagnosis, 33 (33%) had
LVEF values less than 50%, which was not statistically
different from the results in non-respondents (27 [42%)] of
65 non-respondents; y2=1-24, p=0-265).

For 393 (47%) of 836 patients, health-care providers were
contacted; 241 (61%) of 393 were cardiologists. At the time
of the survey, health-care providers considered 320 (81%) of
393 patients to be recovered: 261 (66%) patients were
considered fully recovered and 59 (15%) patients were
considered to be probably recovered but awaiting further
information. An additional 61 (16%) patients had improved
and four patients had the same cardiac status as at
the initial myocarditis diagnosis; these 65 patients were
categorised as not fully recovered (figure 1). The cumulative
proportion of patients considered recovered in the time
(weeks) since the last health-care provider encounter is
shown in appendix 1 (p 15). The median time from
myocarditis symptom onset to the last health-care provider
encounter for patients who were considered probably fully
recovered or fully recovered was 92 days (IQR 43-133),
and for patients who were considered fully recovered the
median time was 84 days (36-135).

Most patients were male (457 [88%)] of 519 patients)
and White non-Hispanic (274 [53%)]), and the median
age of all patients was 17 years (IQR 15-22; table 1).
98 (19%) of 519 patients were Hispanic of any race.
There was no notable difference between recovered
individuals compared with individuals who were not
recovered across any ethnic or racial groups. Overall,
patients considered to be recovered and not recovered
from myocarditis were similar with respect to age

www.thelancet.com/child-adolescent Vol 6 November 2022
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(median age 17 years [IQR 15-21] for patients considered
recovered vs 17 years [15-21] for those considered not
recovered) and sex (290 [91%)] male individuals who were
considered recovered vs 56 [86%] of male individuals
who were considered not to be recovered, and 30 [9%]
female individuals who were considered recovered vs
9 [14%] of female individuals who were not considered
recovered). The median time from illness onset to
health-care provider interview for the 320 (81%) of
393 individuals who were considered recovered was
189 days (IQR 167-214), and for the 61 (16%) of
393 patients who were considered improved but not
fully recovered the median time was 195 days (179-195).

In the 2 weeks before the survey date, 178 (50%) of
357 patients reported having at least one symptom that
might occur with myocarditis (chest pain or discomfort,
fatigue, shortness of breath, or palpitations). Patients
who were not considered recovered from myocarditis
more frequently reported fatigue than did patients
who were considered recovered (12 [43%)] vs 40 [21%)];
p=0-018; table 1). By contrast, based on the last patient
encounter, health-care providers reported that 62 (16%) of
393 patients at least one symptom that might occur with
myocarditis (table 1).

Of 357 patients surveyed, 267 (75%) were enrolled in
school or in paid employment; 43 (16%) of whom reported
missing school or workdays in the 2 weeks before the
survey date. Of those 43 patients, 15 (35%) believed it was
associated with myocarditis.

Of 357 patients surveyed, 249 (71%) consented to
completing both the EQ-5D-5L and EQ-VAS com-
ponents of the patient survey. Of 249 patients, four (2%)
reported problems with self-care, 13 (5%) with mobility,
49 (21%) with performing usual activities, 74 (30%) with
pain, and 114 (46%) with anxiousness or depression
(figure 2A). Overall, patients reported having good
health, reflected by the high median weighted index
score (0-94; IQR 0-88-1-00) and median overall health
status (EQ-VAS) score (90; 80-95; figure 2B, C).

The mean EQ-5D-5L weighted utility score in our group
(0-91[SD 0-13]) was significantly higher than that for US
respondents aged 18-24 years who completed a EQ-5D-5L
questionnaire during the pandemic, as reported by Hay
and colleagues® (0-75 [0-28]; p<0-0001). Mean EQ-5D-5L
weighted utility scores from the pre-pandemic timepoint
among US respondents aged 18-24 years have also been
reported by Jiang and colleagues, from face-to-face
surveys and online surveys.” The weighted score from
our survey was not significantly different to that obtained
in the face-to-face surveys (0-92 [0-13]), but our score was
significantly higher than that from the online surveys
(0-84[0-18]; p<0-0001).

Most patients were admitted to hospital after an initial
diagnosis of myocarditis (484 [93%] of 519 patients). Of
these 484 patients, 393 (81%) patients had information on
level of care, according to the health-care provider surveys;
99 (25%) of these 393 patients were treated in an intensive
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A Health-related quality of life
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Figure 2: Self-assessment of health-related quality of life among patients with myocarditis after mRNA

COVID-19 vaccination

(A) Bar plot of health-related quality of life among patients. Patients were administered the

EuroQol 5-dimension 5-severity level questionnaire; for analysis, the five health-related dimensions were
dichotomised into the frequency of problems (severity levels 2-5) and no problems (level 1). (B) Violin plot of
weighted quality of life measure (using value weights in appendix 1 p 7) converted from each patient health profile
from (A) to an index score between 1 (perfect health) and 0 (equivalent to death). (C) Violin plot of patient
self-assessed overall health on a scale from 0 to 100 (with 100 representing best possible health and 0 representing
the worst possible health). The denominator for the EuroQol questionnaire was 249 respondents. In the violin
plots (B, C), the limits of the boxes denote IQR and the horizontal line denotes median values. Whisker endpoints
are equal to the maximum and minimum values below or above the median plus or minus 1.5 times the IQR.

The width of the outer shape around the box plots indicates the probability density of values or responses with a

given result.

care unit and one (<1%) patient required extracorporeal
membrane oxygenation (table 2). To our knowledge, no
deaths occurred during follow-up among the patients
eligible for the survey. Six (2%) of 357 patients who
self-reported re-admission to hospital had a hospital
admission because of an adverse event after myocarditis
treatment (n=3; adverse reactions to intravenous immune
globulin) or had any cardiac abnormality identified (n=3;
appendix 1 p 6); all patients were discharged within 1 week.

At follow-up, fewer patients had restrictions on
physical activity than at initial diagnosis, and 34 (52%) of
65 individuals with restrictions on physical activity at
the time of follow-up who were not considered recovered
were cleared for all physical activity; 31 (48%) individuals
still had restrictions (table 2). Median interval from
myocarditis onset to approval for all physical activity was
98 days (IQR 57-134; table 2).

104 (26%) of 393 patients were prescribed daily
medications related to myocarditis at the last
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Patients fully or
probably fully
recovered (n=320)

Patients not

recovered (n=65)

Patient recovery p value
unknown (n=8)

Highest level of care

Hospitalised with no intensive 210 (66%)
care
Hospitalised with intensive 85 (27%)
care
Not hospitalised, managed as 14 (4%)
outpatient
Intensive care with ECMO 0
Unknown* 11 (3%)
Patient restrictions on physical activity
At time of initial myocarditis 267 (83%)
hospitalisation or diagnosis
At time of last health-care 91 (28%)
provider follow-up
Cleared for physical activityand ~ 160/267 (60%)

date of clearance known
Median days from myocarditis
onset to physical activity
clearance (IQR)

104 (63-135)

Patient cardiac MRI

At time of initial myocarditis
hospitalisation or diagnosis

137 (43%)

At time of healthcare provider
follow-up

114 (36%)

Patient echocardiogram

At time of initial myocarditis
hospitalisation or diagnosis

257 (80%)

At time of health care provider
follow-up

230 (72%)

Patient troponin

At time of initial myocarditis
hospitalisation or diagnosis

318 (99%)

At time of healthcare provider
follow-up

166 (52%)

Patient electrocardiogram

At time of initial myocarditis
hospitalisation or diagnosis

210 (66%)

At time of health-care provider 251 (78%)
follow-up

Patient exercise stress test
At time of health-care provider
follow-up

91 (28%)

Patient ambulatory rhythm monitoring

At time of health-care provider 86 (27%)
follow-up
Prescribed medication at last 68 (21%)
provider follow-up
Daily medication types prescribedt
Colchicine 31(10%)
B-blocker 29 (9%)
Non-steroidal anti- 21(7%)
inflammatory
Aspirin 9(3%)

40 (62%)

12 (18%)

9 (14%)

1(2%)
3(5%)

53(82%)

31 (48%)

16/53 (30%)

114 (73-156)

32 (49%)

36 (55%)

55 (85%)

51 (78%)

65 (100%)

33 (51%)

34 (52%)

55 (85%)

16 (25%)

18 (28%)

33 (51%)

17 (26%)

12 (18%)
9 (14%)

5(8%)

4 (50%) 0-66

2 (25%) 022

2 (25%) 0-0074

0

0

6 (75%) 0-84

3 (38%) 0-0038

2/6 (33%) 0-026
80 012

0 056

1(13%) 0-0023

7 (88%) 053

3(38%) 0-35

7 (88%) 076

1(13%) 0-86

6 (75%) 0-059

5(63%) 0-34

2 (25%) 0-63

1(13%) 0-89

3 (38%) <0-0001

0 0-0005

1(13%) 0-043

1(13%) 0-081

1(13%) 0-069

(Table 2 continues on next page)
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health-care provider encounter (table 2). Patients who
were not considered recovered from myocarditis were
more frequently prescribed daily medication than were
patients who were considered to be recovered. The most
prescribed medications, as of the last health-care provider
follow-up, were colchicine, -blockers, and non-steroidal
anti-inflammatory drugs (table 2).

At follow-up, most patients had improvements
in diagnostic marker and imaging data, including normal
or back-to-baseline troponin concentrations, echocardio-
grams, exercise stress testing, ambulatory rhythm
monitoring, and electrocardiograms (figure 3). In the
ten patients with abnormal ambulatory rhythm moni-
toring results, we found eight (80%) had atrial, supra-
ventricular, or ventricular arrhythmia, three (30%) had a
conduction delay or block, and five (50%) had frequent
atrial or ventricular ectopy. Of these 10 patients,
three (30%) had evidence of late gadolinium enhance-
ment on follow-up cardiac MRI; of the three with
evidence of late gadolinium enhancement, two (67%)
had evidence of an atrial, supraventricular, or ventricular
arrhythmia. Among the 151 patients who had cardiac
MRIs during outpatient follow-up, 81 (54%) patients had
one or more abnormalities. Abnormal cardiac MRI
findings included the presence of late gadolinium
enhancement (71 [47%] patients), inflammation or
oedema (22 [15%)] patients), or wall motion abnormalities
(six [4%)] patients; figure 3, appendix 1 p 9). Evidence of
ongoing myocarditis, defined by both late gadolinium
enhancement and oedema using modified Lake Louise
criteria,” was uncommon (20 [13%] of 151 patients;
appendix 1 p 9). Median interval from symptom onset to
evidence of ongoing myocarditis was 26 days (IQR, 9-94)
and from symptom onset to evidence of late gadolinium
enhancement was 109 days (58-163; appendix 1 p 10). Of
the 67 patients with late gadolinium enhancement
or evidence of ongoing myocarditis, additional follow-
up testing indicated abnormal echocardiograms in
five (7%) patients, abnormal troponin concentrations
in five (7%) patients, and abnormal electrocardiograms
in 14 (21%) patients (appendix 1 p 13).

In the subset of patients with abnormal findings at
the time of myocarditis diagnosis, abnormal diagnostic
markers or abnormal imaging were also observed at
follow-up in seven (12%) of 60 with initial abnormal
echocardiograms, 19 (5%) of 387 with initial elevated
troponin levels, and 47 (329) of 146 with initial abnormal
cardiac MRIs (figure 4). There was substantial hetero-
geneity in cardiac biomarkers, imaging, and patient
functional status between patients considered recovered
or not recovered from myocarditis (appendix 1 p 16).
All cardiac test results (ie, echocardiogram, electrocardio-
gram, cardiac MRI, and troponin) were available for
follow-up review in only 199 (62%) of 320 patients
considered recovered, 44 (68%) of 65 considered not
recovered, and three (38%) of eight with an unknown
recovery status.
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Discussion

We ascertained outcomes at least 90 days since onset of
myocarditis among 519 patients aged 12-29 years who
received an mRNA COVID-19 vaccination and met the
CDC case definition for myocarditis. Most (81%) patients
for whom a follow-up health-care provider survey was
completed were considered recovered from myocarditis,
and most self-reported overall good health on the
EQ-5D-5L. Readmissions to hospital were uncommon,
and no deaths were identified during the follow-up
period. Myocarditis after mRNA COVID-19 vaccination
is rare yet potentially serious, and although most patients
were considered recovered by health-care providers at
least 90 days since onset, nearly half of patients
continued to self-report symptoms, including chest pain,
and a quarter were prescribed daily cardiac medications.
These findings suggest that continued follow-up and
assessment of myocarditis after mRNA COVID-19
vaccination is needed to more fully understand recovery
after vaccine-associated myocarditis.

From a clinical standpoint, our findings suggest that
myocarditis after mRNA COVID-19 vaccination could
have a more favourable prognosis than myocarditis after
viral infection, based on data available from the pre-
COVID-19 period. In a published study of outcomes in
children within 90 days of viral or acute myocarditis
onset in the USA, 119 (23%) of 514 individuals required
extracorporeal membrane oxygenation or a ventricular-
assisted device and 58 (11%) of 514 individuals required
cardiac transplant or died.® In a recent nationwide study
in Denmark of adults, 90-day all-cause mortality among
those with acute myocarditis was 4-9%.” A longer term
follow-up study of acute myocarditis among older adults
(median age 34 years [IQR 24-42]) in Italy observed
cardiac mortality or heart transplant rates at 1 year
and 5 years of 3-0% and 4-1%, respectively, although
complicated cases had rates of adverse cardiac outcomes
that were several times higher.” In contrast with these
studies, we found that only four (1%) patients had the
same cardiac status as at the initial myocarditis
diagnosis (ie, did not improve but did not worsen),
whereas more than 95% (381 of 393 patients) showed
improvement or recovery. Consistent with our findings,
a recent report comparing classic myocarditis to
COVID-19 vaccine-related myocarditis in individuals
aged younger than 21 years observed similar clinical
presentations and found COVID-19 vaccine-related
myocarditis had better outcomes and a more rapid
cardiac recovery.®

Published data for health-related quality of life in
the USA among individuals aged 18-24 years, before the
COVID-19 pandemic, showed that 45 (42%) of 107 indi-
viduals reported anxiety or depression and 35 (33%) of
107 individuals reported pain or discomfort.” More
recent quality of life measure data from Hay and
colleagues” among US respondents during the early
stages of the COVID-19 pandemic showed that

www.thelancet.com/child-adolescent Vol 6 November 2022

Patients fully or
probably fully
recovered (n=320)

Patients not Patient recovery p value
recovered (n=65) unknown (n=8)

(Continued from previous page)

Angiotensin-converting 8 (3%) 6 (9%) 0 0-018
enzyme inhibitor

Diuretic 3(1%) 3(5%) 0 0-063
Corticosteroid 1(<1%) 3(5%) 0 0-016
Angiotensin Il receptor blocker 2 (1%) 7 (11%) 0 <0-0001
Other medication 3(1%) 2 (3%) 1(13%) 0-19

Data are n (%) unless otherwise specified. Data are based on the completion of 393 health-care provider surveys.
Health-care provider determination of patient myocarditis recovery was provided for 393 patients, of whom 320 were
considered fully or probably fully recovered, 65 were not considered recovered, and the health-care provider was
unsure of the recovery status in eight patients, as shown in figure 1. Follow-up cardiac testing was performed,
although the result of the test was not available for troponin concentration in three patients, echocardiogram in

five patients, cardiac MRI in seven patients, exercise stress testing in five patients, and ambulatory rhythm monitoring
in nine patients. ECMO=extracorporeal membrane oxygenation. *Some data were unknown because not all health-
care providers who were surveyed knew the level of care the patient received as not all cared for the patient while they
were in the hospital. TThe denominator is based on patients who, as of their last health-care provider encounter, were
recommended to use daily medication.

Table 2: Level of care, testing, and treatment by recovery status among patients with myocarditis after
mRNA COVID-19 vaccination

1653 (60-2%) of 2746 individuals reported anxiety or
depression.”? Consistent with these observations, we
found that patients with myocarditis after mRNA
COVID-19 vaccination reported similar or better quality
of life measures than the general US population, with
fewer patients with myocarditis reporting anxiety or
depression than did individuals during the pandemic
(46% [114/249] vs 60-2% [1653/2746]). However, absence
of age-specific data in the previous analyses?? precluded
any further statistical comparisons in this study.

Despite clinical improvements and normalisation of
most diagnostic test results, as noted by health-care
providers, half of patients (178/357) surveyed continued to
report at least one symptom potentially associated with
myocarditis after COVID-19 vaccination. One possible
explanation for the persistence of symptoms is that
approximately 50% of patients reported depression or
anxiety, conditions that can manifest as symptoms
associated with myocarditis, such as chest pain or
palpitations.”

The meaning of the cardiac MRI findings among
the subset of patients who received cardiac imaging is
unclear. Evidence of ongoing myocarditis on follow-up
cardiac MRIs based on modified Lake Louise criteria®
was uncommon. However, consistent with the few
published case series of myocarditis after mRNA
COVID-19 vaccination, we observed that nearly half of
patients (71/151) with follow-up cardiac MRIs had
residual late gadolinium enhancement, suggestive
of myocardial scarring.>* We did not note the degree
of late gadolinium enhancement identified during
follow-up, but a recent study that assessed serial cardiac
MRIs in patients younger than 19 years with myo-
carditis after COVID-19 vaccination and persistent late
gadolinium enhancement showed improvement over
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Figure 3: Follow-up functional status, biomarker testing, and cardiac imaging in patients at least 90 days since onset of myocarditis after mRNA COVID-19
vaccination

Cardiac biomarker testing or imaging findings are from the health-care provider surveys completed for 393 patients. Not all patients received diagnostic testing or
imaging and the denominator for each follow-up test is equal to the sum of the normal and abnormal findings; the type of abnormalities identified are not mutually
exclusive.

At time of initial diagnosis At time of follow-up

257 W Initial echocardiogram normal or back to baseline Follow-up echocardiogram normal or back to baseline {262

60 J Initial echocardiogram abnormal

Follow-up echocardiogram abnormal 17

No follow-up echocardiogram or results not available 114

76 || Noinitial echocardiogram or result not available
51 [Hnitialcardiac MREnormal or back to baseline . =
————— Follow-up cardiac MRI'normal or back to baseline 70
P S ___w z
S Initial cardiac MRI abnormal — . E
g 146 Nt Aislllalmaiiie Follow-up cardiac MRI-abnormal fllg; 3.
o8 g
b Y
] S
£ 226 || Noinitial cardiac MRI or result not available No follow-up cardiac MRI or results not available ||, 4> 7
2 &
3 [ Initial troponin normal or back to baseline

Follow-up troponin normal or back to baseline 179

—

'ﬁ%‘ ~ Follow-uptroponin-elevated f 19

No follow-up troponin or results not available | | 195

387 M Initial troponin elevat

w

& No initial troponin or result not available d

Figure 4: Changes in cardiac biomarker and imaging from the initial encounter and the health-care provider follow-up
Testing, including echocardiograms, cardiac MRIs, and troponin concentrations, performed at the time of initial myocarditis diagnosis and at follow-up are not
necessarily matched because each patient had testing (or not) at the discretion of the treating health-care providers.

time.* In a small subset of patients, initial cardiac
imaging at diagnosis was normal but follow-up imaging
was abnormal. It is possible that clinical findings in
these patients continued to evolve after diagnosis.
Another possibility is that the initial and follow-up

imaging results were evaluated by different health-care
providers, who had varying interpretations.

In previous studies during the pre-COVID era, cardiac
scarring related to myocarditis on follow-up MRI was not
uncommon, yet its clinical significance has remained
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controversial.”** Although late gadolinium enhancement
during the acute episode of myocarditis has been shown
in children and adults to be a possible indication of
future adverse cardiac events, including arrythmias, extra-
corporeal membrane oxygenation, transplantation, and
death,™*** the importance of late gadolinium enhance-
ment noted on follow-up cardiac MRIs in patients
with viral myocarditis is unclear.” Indeed, guidelines
regarding clearance of athletes for competitive sports after
myocarditis acknowledge the unclear role of cardiac MRI
in the follow-up of such patients.”

Our follow-up evaluation is subject to several
limitations. First, and most importantly, the absence of
clear clinical practice guidelines for the outpatient
follow-up of myocarditis meant that comparing clinical
course among patients was challenging, as no standard
level of care was provided. Therefore, some data
pertinent to understanding potential residual symptoms
and disease were unavailable. We found substantial
heterogeneity in the initial evaluation and follow-up of
patients, particularly in the cardiac diagnostic imaging
received. Current guidelines recommend restricting
patients with myocarditis (eg, athletes) from competitive
sports for 3-6 months,* although we noted some
variability among health-care providers in clearing
patients for a return to all physical activity. There are no
standard criteria for myocarditis recovery, and we did
not identify any clinical feature or diagnostic test results
associated with recovery status in the patients we
evaluated. Forthcoming expert guidelines regarding the
follow-up management and testing of patients with
myocarditis could help standardise care in the future.

A second limitation is the passive (or spontaneous)
nature of VAERS reporting. Some US cases of
myocarditis  associated with mRNA  COVID-19
vaccination will not have been reported; however, it is
unclear how cases reported or not reported initially to
VAERS could differ. Selection bias is a possible limitation
in any survey activity. Third, although 519 (62%) of the
836 eligible patients with myocarditis who filed a report
to VAERS were included in this follow-up evaluation,
275 (33%) declined to participate or were unreachable.
Reassuringly, we found no significant differences in the
age, sex, race, or census region of respondents compared
with non-respondents, although our findings might not
be generalisable to all US individuals aged 12-29 years
who develop myocarditis after mRNA COVID-19
vaccination due to the small sample size. Fourth, we
relied on health-care provider reports for all diagnostic
data results. Unlike prospective studies, we did not
have access to central interpretation of tests (eg, electro-
cardiograms, echocardiograms, and cardiac MRIs).
Although this limitation probably introduces some
variability into the findings, it also reflects real-world
practice and data appeared not to be missing at random.
A fifth limitation is the absence of a control group for
the analysis of patient symptoms. Control groups are
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important for contextualising symptoms. For example, in
a study of long COVID among children and adolescents
(aged <21 years) in the USA, Rao and colleagues® found
that 41-9% of patients with a history of COVID-19
reported at least one symptom of post-acute sequelae of
SARS-CoV-2 infection, as did 38-2% of a control group
without a history of COVID-19. Although no pre-
myocarditis measures were available for our group of
patients with myocarditis, we found that quality of life
measures among those with COVID-19 vaccine-
associated myocarditis at follow-up were similar to or
better than those of contemporary populations studied
before or early in the pandemic.” Finally, given
limitations on the ability to determine causes of
myocarditis other than mRNA vaccination, we included
all cases in our analyses.

In summary, after at least 90 days since onset of
myocarditis after mRNA COVID-19 vaccination, 81% of
patients were considered recovered by their health-care
provider. At the time of follow-up, these patients reported
quality of life measures similar to pre-pandemic reports
among individuals of similar ages in the USA. 50% of
patients reported at least one symptom at follow-up.
Among a subset of 151 patients who had follow-up cardiac
MRI results, 54% had an abnormal finding. The CDC is
conducting additional follow-up on patients who were not
considered recovered at least 12 months since symptom
onset, to better understand their longer term outcomes.
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