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SARS-CoV-2 infection has been associated with cardiovascular disease in children, but which children need cardiac evaluo-
tion is unclear. We describe our experience evaluating 206 children for cardiac disease following SARS-CoV-2 infection (one
of whom had ventricular ectopy) and propose a new guideline for management of these children. Routine cardiac screening
after SARS-CoV-2 infection in children without any cardiac signs or symptoms does not appear to be high yield. (Am Heart

12021,241:83-86.)

Although children tend to have excellent short-term
outcomes when infected with SARS-CoV-2, there is grow-
ing concern regarding their long-term outcomes after ap-
parent recovery from the acute illness. In particular, data
suggest that cardiovascular disease can be a common se-
quela following SARS-CoV-2 infection, even among non-
MISC patients.'>? This has led to concerns regarding car-
diac clearance for return to activity after SARS-CoV-2 in-
fection, with varying recommended protocols.”* These
protocols have different guidelines determined by pa-
tient age, degree of symptoms during SARS-CoV-2 infec-
tion, and presence of cardiac symptoms during or after
SARS-CoV-2 infection. However, due to the paucity of
data in pediatric patients, these protocols are based pri-
marily on expert opinion derived from experience with
other forms of viral myocarditis and the experience with
athletes and young adults.

The objective of this report is to describe the experi-
ence of evaluating children following SARS-CoV-2 infec-
tion (non-MISC) in a large, outpatient pediatric cardiol-
ogy practice. Furthermore, we propose a new protocol
for future evaluations of children following SARS-CoV-2
infection based on available data.

From the @Emory University School of Medicine, Department of Pediatrics, Atlanta, GA,
bChildren’s Healthcare of Atlanta, Sibley Heart Center Cardiology, Atlanta, GA

! Drs Dailey-Schwartz and Dyal were coleads.

Submitted April 16, 2021, accepted June 25, 2021

Reprint requests: Matthew E. Oster, MD, MPH, Sibley Heart Center Cardiology, 2835
Brandywine Rd, Ste 400, Atlanta, GA 30341.

E-mail addresses: osterm@kidsheart.com.

0002-8703

© 2021 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.ahj.2021.06.014

Methods

In August 2020 we created a pediatric-specific guide-
line for the referral of children to pediatric cardiology
following SARS-CoV-2 infection (Figure 1A). This guide-
line was disseminated widely to pediatric providers in
the state via webinars, newsletters, and in-person vis-
its. Our referral guideline recommended that severe
cases (required hospitalization) be referred to pediatric
cardiology, and that moderate cases (fever or symp-
toms >3 days) be referred if any concerning phys-
ical exam findings or if an electrocardiogram (ECG)
was needed. Asymptomatic or mild cases (no fever and
<3 days of symptoms) did not have to be referred.
Moreover, providers could also refer any post-SARS-CoV-
2 cases at their own discretion. An abnormal screen-
ing ECG prompted a standard clinical evaluation, with
further testing determined by the pediatric cardiolo-
gist. No extramural funding was used to support this
work.

In this quality improvement study, we reviewed the
records of all patients <21 years of age referred and
seen in one of our 22 outpatient cardiology clinics af-
ter SARS-CoV-2 infection, from August 6, 2020 to Octo-
ber 30, 2020. Patients were included if they were re-
ferred by their primary care provider during the study
period to our pediatric cardiology practice for an ECG
or a full clinic visit with a screening ECG after re-
covery from SARS-CoV-2 infection. We excluded pa-
tients who had Multisystem Inflammatory Syndrome in
Children (MIS-C) and those with unrepaired congenital
heart disease. Descriptive and summary statistics were
performed.
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Figure 1.
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Recommended algorithms for screening children for cardiac involvement after SARS-CoV-2 infection. Panel A illustrates the initial algorithm
implemented. Panel B illustrates the revised algorithm after review of the experience using the initial algorithm.

Results

Of the 253 patients referred following SARS-CoV-2 in-
fection, 206 met inclusion criteria (Figure 2). Among
the 47 patients not included, there were 31 patients
excluded due to a diagnosis of MIS-C, 9 due to refer-
ral prior to the release of our guideline, 6 that did not
have a screening ECG at the time of the clinical assess-
ment, and 1 due to unrepaired congenital heart disease.
Two patients with surgically repaired congenital heart
disease and no residual defects were included in the co-
hort; a child with repaired atrial and ventricular septal
defects, and another with a repaired ventricular septal
defect.

The median age was 16 years, range 3 to 21 years.
The majority identified as White Non-Hispanic (84%),
12% as Black or African American, 3.5% Hispanic, and
0.5% Asian. Four children (2%) had severe COVID-
19 infections, 23 (11%) had a moderate illness, and
179 (87%) had mild or asymptomatic infection. Car-
diac symptoms were present in 26 patients at the time
of referral, including chest pain (12), fatigue (6), syn-
cope/dizziness (4), dyspnea (3) and palpitations (3).0f
146 patients referred for a clearance ECG only, 136 had
no concerning pathology, including 57 patients with si-
nus bradycardia for age. Ten patients had concerning
ECG findings which led to a standard clinical evalua-
tion, including: left ventricular hypertrophy (5), right
ventricular hypertrophy (1), biventricular hypertrophy
(1), first degree atrioventricular block (1), single pre-

mature ventricular beat (1), and frequent ventricular
ectopy (1).

Among the 70 in-person clinical evaluations (60 di-
rectly referred and 10 after concerning ECG findings), 36
echocardiograms were performed. All 10 patients with
concerning ECG findings had an echo completed, all of
which were normal. Of the remaining 26 echocardio-
grams that were completed, the majority were in pa-
tients with post-infectious cardiac symptoms. However,
the decision to perform an echocardiogram on a patient
was deferred to the evaluating cardiologist. Therefore,
not all patients with post-infectious symptoms had an
echocardiogram and some were completed on asymp-
tomatic patients with normal ECGs (as in the case of
1 patient who exhibited a new murmur on exam). Re-
gardless, all 36 echocardiograms demonstrated normal
cardiac findings. Overall, 99.5% (205/206) were cleared
from a cardiovascular standpoint for full sports partici-
pation without further clinical follow-up. The 1 patient
not fully cleared was a 19-year-old female who had been
hospitalized with severe COVID-19. She had no known
cardiac signs or symptoms during her acute illness and
was asymptomatic at the time of cardiac outpatient eval-
uation. However, she had frequent ventricular ectopy on
physical exam, ECG, and Holter monitoring, although
her ventricular ectopy dissipated at higher heart rates.
She had a normal echocardiogram; cardiac magnetic res-
onance imaging (cMRI) was pursued but was not able to
be performed due to lack of insurance.
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Figure 2.
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Discussion

In our experience of evaluating children following
SARS-CoV-2 infection, routine referral for ECG or clini-
cal evaluation rarely led to new concerning cardiac find-
ings. In the lone instance in which a concerning cardiac
abnormality was identified, the patient had clear abnor-
malities on physical exam. The majority of children were
referred after mild or asymptomatic infection, contrary
to the recommend guideline. No cardiac abnormalities
were found in these cases. Based on our experience, rou-
tine cardiac evaluation following SARS-CoV-2 infection,
including screening ECG, is not indicated in the absence
of concerning symptoms.

Myocarditis can be a leading contributor of sudden
death among athletes and children.’ The gold standard
for diagnosing myocarditis is tissue biopsy, or cMRI if tis-
sue biopsy is not available.” Early studies of young adults
following SARS-CoV-2 infection suggested that myocardi-
tis may be a frequent complication based on cMRI evalu-
ations.?® However, subsequent studies using cMRI have
not found a high rate of myocarditis in young adults fol-
lowing SARS-CoV-2 infection, particularly in those who
are asymptomatic.”” While there have been news re-
ports of myocarditis in adolescents and young adults fol-

lowing SARS-CoV-2 infection, these have been rare, par-
ticularly in the absence of MIS-C.

It is unclear whether the finding of frequent prema-
ture ventricular contractions in one 19-year-old patient is
related to the SARS-CoV-2 infection or not. Typically, fre-
quent premature ventricular contractions are benign and
do not require treatment, although monitoring is recom-
mended.® Unfortunately in this instance cMRI was un-
able to be attained to determine whether this was a man-
ifestation of myocarditis, although the normal echocar-
diogram and dissipation of ectopy at high heart rate on
Holter were reassuring. Nevertheless, the patient will be
monitored as able.

Interestingly, sinus bradycardia was a common finding
in our patients. Sinus bradycardia can commonly be seen
in athletes, and it is possible that athletes seeking car-
diac clearance for sports were preferentially referred for
evaluation. Sinus bradycardia is not typically associated
with myocarditis, and in the absence of other symptoms
is felt to be benign. Therefore, further workup was not
pursued on the basis of sinus bradycardia. However, this
finding is consistent with other studies that have noticed
elevated rates of sinus bradycardia in adults following
SARS-CoV-2 infection.” These findings are similar to the
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experience seen in patients with SARS in 2003, in which
sinus bradycardia was commonly seen and typically re-
solved after 2 to 3 weeks. '’

Our findings are not without limitations. First, this is
a review of outcomes from clinically indicated care de-
livery, not a comprehensive evaluation and workup for
all patients. Thus, not all patients received all testing.
Laboratory testing, including troponins, was neither in-
dicated nor obtained in all patients and cMRI was not
recommended except in 1 case. However, the absence
of clinically relevant findings on ECG and/or echo argues
against the value of additional blood work, and cMRI
screening is not a feasible public health intervention for
the general population.” Second, these findings may be
subject to selection bias as a result of referral patterns.
Notably, there was a relatively low percentage of minori-
ties referred for evaluation, despite the underlying pop-
ulation in the area and the fact that minorities tend to
have higher rates of SARS-CoV-2 infection.!! Future work
is needed to address potential disparities. Finally, by the
nature of this study there is a lack of systematic long-
term follow-up for patients cleared from a cardiovascular
standpoint. However, given the fact that our practice pro-
vides care at the primary institution where children with
a sudden cardiac event would be referred, it is likely that
we would learn of any such cases. To our knowledge,
none of the children in this study had subsequent seri-
ous cardiac events in the more than 7 months since initial
evaluation.

Given these findings and other published experiences,
we have modified our referral guideline to more closely
resemble that of routine pre-participation screening rec-
ommended by the American Heart Association before
the COVID-19 pandemic.'? Our new guideline, which
was distributed to area providers in December 2020,
recommends a pediatric cardiology evaluation for any
child with new cardiac involvement during SARS-CoV-
2 infection or recovery, regardless of the severity of ill-
ness (Figure 1B). Routine cardiac screening is no longer
recommended in the absence of any concerning signs
or symptoms. Furthermore, given the lack of any clear
association in the literature between severity of SARS-
CoV-2 infection and subsequent outcomes, particularly
in children, the severity of SARS-CoV-2 infection should
not be considered. This is not to say that children are
not at risk of developing cardiac outcomes after SARS-
CoV-2 infection. Rather, the new protocol emphasizes
the importance of new signs and symptoms and discour-
ages routine screening. Future evaluations are planned
on the impact of this revision, including whether this re-
vision helps decrease potentially unnecessary resource
utilization.

American Heart Journal
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In conclusion, cardiac abnormalities following SARS-
CoV-2 infection in children are rare. A screening program
in our practice identified only 1 individual with poten-
tially concerning pathology, and this finding was present
on exam. Future cardiac evaluations of children follow-
ing SARS-CoV-2 should emphasize the presence of new
cardiac signs or symptoms.
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