
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Electrocardiology 73 (2022) 150–152

Contents lists available at ScienceDirect

Journal of Electrocardiology

j ourna l homepage: www. jecgon l ine .com
Fulminantmyocarditis and atrial fibrillation in childwith acute COVID-19
Utkarsh Kohli, M.D. a,⁎, Elizabeth Meinert, M.D. b, Grace Chong, M.D. b,
Melissa Tesher, M.D. c, Priti Jani, M.D., M.P.H b

a Section of Pediatric Cardiology, Department of Pediatrics, Comer Children's Hospital and the Pritzker School of Medicine of the University of Chicago, Chicago, IL, United States of America
b Division of Pediatric Critical Care Medicine, Department of Pediatrics, Comer Children's Hospital and the Pritzker School of Medicine of the University of Chicago, Chicago, IL, United States of
America
c Division of Rheumatology, Department of Pediatrics, Comer Children's Hospital and the Pritzker School of Medicine of the University of Chicago, Chicago, IL, United States of America
⁎ Corresponding author at: Assistant Professor of Pedia
Section of Pediatric Cardiology, University of Chicago Me
Chicago, IL 60637, United States of America.

E-mail addresses: ukohli@peds.bsd.uchicago.edu, utka

https://doi.org/10.1016/j.jelectrocard.2020.10.004
0022-0736/© 2020 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 16 September 2020
revised 2 October 2020
accepted 8 October 2020

Keywords:
COVID-19
Fulminant myocarditis
Left ventricular dysfunction
Hypotension
Atrial Fibrillation
COVID-19 has manifested with ventricular dysfunction and cardiac arrhythmias, most commonly atrial fibrilla-
tion (AFib), in adults. However, very few pediatric patients with acute COVID-19 have had cardiac involvement.
AFib, an exceedingly rare arrhythmia in otherwise healthy children, has not been reported in children with
COVID-19. We report a 15 year-old girl with acute COVID-19, fulminant myocarditis and AFib.

© 2020 Elsevier Inc. All rights reserved.
Case report

A 15 year-old, previously healthy African-American girl presented
with headache, vomiting, and fatigue to an outside emergency room
where she was noted to be febrile (102.8 F), tachycardic (150 bpm)
and hypotensive (70/40 mmHg). She was found to be COVID-19 posi-
tive (PCR assay) and received 2 l of normal saline via boluses before
shewas transported to our pediatric intensive care unit where an echo-
cardiogram showed severe left ventricular dysfunction (SF ~ 20%) with-
out any atrial or ventricular dilation (Video 1). No patent foramen ovale
or intracardiac thrombus was noted. Given the ongoing hypotension
and poor ventricular function, therapy was initiated with milrinone
(0.5 μg/kg/min) and epinephrine (0.03 μg/kg/min). Serum pro-NT
BNP, inflammatorymarkers and high sensitivity troponin concentration
were all markedly elevated (Supplement 1). She was initially treated
with intravenous immune globulin (1 g/kg), intravenous methylpred-
nisolone 60 mg every 12 h and subcutaneous low molecular weight
heparin (Supplement 1). Epinephrine infusionwas discontinuedwithin
12 h. Milrinone (0.7 μg/kg/min) was continued until her ventricular
function normalized (day 4). Hypotension recurred 24 h post-
admission, and immunomodulatory therapy was therefore intensified
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via addition of the IL-1 receptor antagonist, anakinra (100 mg
subcutanous every 12 h). She did not require any respiratory support
though her chest radiograph showed minimal vascular engorgement.
Atrial fibrillation with rapid ventricular conduction (ventricular rate
140 s to 190 s) developed 27 h after admission and shewas successfully
cardioverted (50 J, synchronized) (Fig. 1). Post-cardioversion, an amio-
darone infusionwas initiated and 12 h later, transitioned to an oral reg-
imen. Our patient denied a history of drug or alcohol abuse and the
family history was negative for channelopathy, cardiomyopathy or
early onset AFib. Her serum electrolytes were within the normal range
at the time of onset of AFib (Potassium = 3.7 mmol/L, Calcium
9.1 mg/dL and Magnesium 2.2 mg/dL) and her oxygen saturation mea-
sured normal during the duration of her hospital stay. Her electrocar-
diogram in sinus rhythm was normal without any evidence of pre-
excitation.

A cytokine panel (ARUP Laboratories, Salt Lake City, UT, USA) ob-
tained on our patient prior to initiation of immunomodulatory therapy
revealed elevated plasma concentrations of soluble interleukin (IL) 2
Receptor (soluble) (2670 pg/mL; range: 175.3 to 858.2 pg/mL) and IL-
10 (5.4 pg/mL; normal ≤2.8 pg/mL). Plasma IL-2, IL-12, TNF-α, INF-γ,
IL-4, IL-5, IL-13, IL-17, IL-1β, IL-6 and IL-8 concentrations measured
within the normal range.

Following initiation of amiodarone, she has done well without any
recurrence. Her cardiac and inflammatory biomarkers continue to
trend downwards (Supplement 1). COVID-19 antibody test (Roche
Elecsys Anti-SARS-CoV-2 antibody test, Roche labs, Basel, Switzerland)
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Fig. 1. The onset of atrial fibrillation is shown in panel A (after 8th QRS complex from the start of the strip). The patient soon develops rapid ventricular response during atrial fibrillation
(Panel B). Panel C shows termination of atrial fibrillation following delivery of 50 J synchronized shock. Panel D shows 12 lead electrocardiogramduring atrial fibrillation.No pre-excitation
is noted on 12‑lead electrocardiogram during sinus rhythm following successful cardioversion (Panel E).
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was obtained on day 2 of admission and was positive. COVID-19 PCR
assay (Cepheid GeneXpert system, Sunnyvale, California, USA) was re-
peated on post-admission days 8 and 9 and was negative.

Discussion

While ventricular dysfunction and the whole gamut of arrhythmias
have been reported in adultswith acute COVID-19 [1], pediatric patients
have either been asymptomatic or have mostly manifested with mild
respiratory illness [2]. Rare pediatric patients with COVID-19 have pre-
sented with ventricular dysfunction [3]; however, arrhythmias such as
AFib, which are exceedingly rare in otherwise healthy children, have
not been reported in children with acute COVID-19 [4–9].

A broad range of electrocardiographic abnormalities and arrhyth-
mias such as T wave alterations, ST segment elevation, SI, QIII, TIII pat-
tern, high degree atrioventricular block, atrial tachycardia, atrial
flutter, ventricular tachycardia or fibrillation and pulseless electrical ac-
tivity have been reported in adults with COVID-19 [10]. The pediatric
data however remains somewhat limited. In a recently published single
center pediatric series (n = 36), nonsustained ventricular tachycardia
(n=5) and sustained atrial tachycardia (n=1)were noted in approx-
imately 17% of children with acute COVID-19. Of note, all of these ar-
rhythmias self-resolved. However, half of the children in this series
were started on an anti-arrhythmic therapy. The electrocardiographic
parameters like corrected QT interval were no different between chil-
dren with and without cardiac arrhythmias [4]. One of these patients
was on high dose epinephrine and nor-epinephrine infusions and the
other patient had dyselectrolytemia (hypokalemia, hypomagnesemia
and hypocalcemia). In addition, abnormal echocardiographic findings
such as left ventricular dysfunction, left ventricular dilation and pericar-
dial effusion were noted in two- thirds of the patients.

AFib in young patients (<18 yrs) is exceedingly rare and is usually
associated with alcohol or drug abuse [5], an inherited channelopathy
such as Brugada syndrome, long QT syndrome, short QT syndrome or
a cardiomyopathy [6,7]. Familial AFib has also been reported in the pe-
diatric population [8]. Childrenwith pre-excitation are also predisposed
to AFib which can conduct rapidly to the ventricles [11]. Although chil-
dren with fulminant myocarditis are predisposed to conduction abnor-
malities and potentially lethal arrhythmias, AFib has not previously
been reported in this population [12,13].
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Hypothesized mechanisms of arrhythmias in patients with COVID-
19 include downregulation of myocardial and pulmonary ACE2 path-
ways, leading tomyocardial inflammation, lung edema, and acute respi-
ratory failure. Additionally, cytokine storm triggered by an imbalanced
response by type 1 and 2 T-helper cells, interferon-mediated immuno-
pathological events, respiratory dysfunction and hypoxemia are also
thought to play a role in damaging themyocardium [14].While elevated
plasma soluble IL-2 receptor concentrations which were noted in our
patient are known to predispose to atrial fibrillation [15], elevated
serum IL-10 concentrations have been shown to be protective in both
animal models and humans [16,17]. Additional factors which might
have contributed to the genesis of AFib in our patient include severe
left ventricular dysfunction induced acute hemodynamic perturba-
tions, leading to an elevation atrial pressure and use of inotropic
agents such as milrinone. Short term intravenous infusion (48 h) of
milrinone (0.5 μg/kg/min) has been associated with a higher incidence
of new onset atrial fibrillation in adults with NYHA class III and IV
heart failure (mean left ventricular ejection fraction 23%) [18].
Milrinone use has also been associated with postoperative AFib in
both children and adults with heart disease [19,20]. However, except
for children with congenital heart disease, the data on association be-
tween the use of milrinone and atrial arrhythmias remains limited in
the pediatric population.

To the best of our knowledge, this is the first report of AFib in a child
with COVID-19 and fulminantmyocarditis. These findings are of impor-
tance as AFib, especially with rapid ventricular conduction, can lead to
acute decompensation in children with marginal ventricular function
and can also enhance the risk of thromboembolism to which patients
with acute COVID-19 are predisposed. The optimal strategy for
anticoagulation in patientswith acute COVID-19 and sustained atrial ar-
rhythmias is not known. However, given the heightened risk of throm-
boembolism with COVID-19, we have maintained our patient on low
dose aspiring (81 mg daily) and low molecular weight heparin despite
a low CHADS2-VASc score of 1 (female gender). The optimal duration
of anticoagulation for these patients has not been systematically evalu-
ated and therefore remains unknown.
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