cambridge.org/cty

Cite this article: Tomlinson LG, Cohen MI,
Levorson RE, and Tzeng MB (2021) COVID-19-
associated multisystem inflammatory
syndrome in children presenting uniquely with
sinus node dysfunction in the setting of shock.
Cardiology in the Young 31: 1202-1204.

doi: 10.1017/S1047951121000354

Received: 19 October 2020
Revised: 31 December 2020
Accepted: 14 January 2021
First published online: 22 March 2021

Keywords:

COVID-19; shock; idioventricular rhythm;
multisystem inflammatory syndrome in
children

Author for correspondence:

Lesya G. Tomlinson, Department of Pediatrics,
INOVA Fairfax Children’s Hospital, 3300 Gallows
Road, Falls Church, VA 22042, USA.

Tel: 703-776-6652; Fax: 703-776-6432.

E-mail: Lesya.Tomlinson@inova.org

© The Author(s), 2021. Published by Cambridge
University Press.

CAMBRIDGE

UNIVERSITY PRESS

=

@ CrossMark

Lesya G. Tomlinson! @, Mitchell I. Cohen?, Rebecca E. Levorson® and
Megan B. Tzeng*

1Department of Pediatrics, INOVA Fairfax Children’s Hospital, 3300 Gallows Road, Falls Church, VA 22042, USA;
2Department of Electrophysiology and Cardiology, INOVA Fairfax Children’s Hospital, 3300 Gallows Road, Falls
Church, VA 22042, USA; 3Department of Infectious Disease, Pediatric Specialists of Virginia, 3023 Hamaker Ct
Suite 600, Fairfax, VA 22031, USA and “Department of Pediatric Critical Care Medicine, INOVA Fairfax Children’s
Hospital, 3300 Gallows Road, Falls Church, VA 22042, USA

Abstract

SARS-CoV-2, which causes the disease COVID-19, generally has a mild disease course in chil-
dren. However, a severe post-infectious inflammatory process known as multisystem inflam-
matory syndrome in children has been observed in association with COVID-19. This
inflammatory process is a result of an abnormal immune response with similar clinical features
to Kawasaki disease. It is well established that multisystem inflammatory syndrome in children
is associated with myocardial dysfunction, coronary artery dilation or aneurysms, and occa-
sionally arrhythmias. The most common electrocardiographic abnormalities seen include pre-
mature atrial or ventricular ectopy, variable degrees of atrioventricular block, and QTc
prolongation, and rarely, haemodynamically significant arrhythmias necessitating extracorpo-
real membrane oxygenation support. However, presentation with fever, hypotension, and
relative bradycardia with a left axis idioventricular rhythm has not been previously reported.
We present a case of a young adolescent with multisystem inflammatory syndrome in children
with myocarditis and a profoundly inappropriate sinus node response to shock with complete
resolution following intravenous immunoglobulin.

A global pandemic was declared in March, 2020 due to a novel coronavirus identified as
SARS-CoV-2, which causes mild disease in children. A post-infectious inflammatory response
to COVID-19 was described in children in April, 2020 and is known as multisystem inflamma-
tory syndrome in children. Children may present with fever, gastrointestinal symptoms, rash,
conjunctivitis, mucous membrane involvement, neurocognitive symptoms, respiratory symp-
toms, pharyngitis, myalgia, swollen extremities, and lymphadenopathy.'™ Patients also have
elevated acute phase reactants and inflammatory markers.! ™ Patients may have elevated cardiac
markers, including troponin and B-natriuretic peptide as well as abnormal echocardiographic
findings of myocardial dysfunction, coronary artery abnormalities, pericardial effusion, myo-
carditis, and mitral valve regurgitation.® Rarely arrhythmias have been reported, but have
included premature atrial and ventricular beats, QTc prolongation, ST/T wave abnormalities,
non-sustained ventricular tachycardia, and first/second-degree atrioventricular block.>>”~ The
finding of a left axis idioventricular relative bradycardic rhythm in the setting of severe hypo-
tension has not been previously reported. We present a patient with profound hypotension and
an inappropriate heart rate response, with a left bundle idioventricular bradycardia in the setting
of multisystem inflammatory syndrome in children.

A 13-year-old Hispanic male presented to the emergency department with several days of fevers,
listlessness, abdominal pain, vomiting, diarrhoea, headache, and rash. He was hypothermic
(36.2°C) and hypotensive (63/34 mmHg) in uncompensated shock with a heart rate of 92 beats
per minute. His initial electrocardiogram (Fig 1) showed an idioventricular rhythm with left axis
deviation and with no discernible P waves. He denied any illicit drug use to explain his brady-
cardia and the toxicology report was negative. His initial troponin was 0.65 ng/ml (normal:
<0.05 ng/ml) and B-natriuretic peptide was 1154 pg/ml (normal: 0—100 pg/ml), thus suggestive
of a myocardial inflammatory process. He was resuscitated with intravenous fluids and started
on an epinephrine infusion. Despite a fever (39.4°C), hypotension, and an epinephrine drip for
several hours, he remained in an idioventricular escape rhythm between 92 and 110 bpm.
Occasional P waves occurred while on telemetry with an appropriate shortening of the RR inter-
val. His initial transthoracic echocardiogram on epinephrine showed a structurally normal

https://doi.org/10.1017/51047951121000354 Published online by Cambridge University Press


https://www.cambridge.org/cty
https://doi.org/10.1017/S1047951121000354
mailto:Lesya.Tomlinson@inova.org
https://orcid.org/0000-0001-8335-8363
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1047951121000354&domain=pdf
https://doi.org/10.1017/S1047951121000354

Cardiology in the Young 1203

J_‘, o A A e ~ Vv ,'MI "f"‘/\.,-..—\_

x\'vv\t//\._ /\_.11;/\__. /“
1 aVR vi V | Vv -
] f‘. f
‘ { )Urj\/ﬂ“kﬁ'\F/\ "R/“*—“L L "\/"H\J e ‘.'/ "‘*‘l‘ \” j / Uy [ e
aVL V2 |I: “ | L Vs
f ' ” A La |
l/\/\/br/\/\‘\ﬂfﬂ i “"‘l'j\"' "I/\'ﬂ Aw" f’ N ‘u o ’/ 8 “!| AN A A

JT v ,~"-m~q

vy

V3 |1 U'

Y L VB A 0 o T Y, L e I el o Wi o
| { V !.." v {f i I |

i!\-‘ﬁ

| li |

(‘I—J\ ATa"S
T

J {MM"‘J\U_V/ L-"”»,-'/\"““f T /L"M‘f/\“h‘\jf/\_%—“‘v‘/\"_\f/\’""“L'f/\ww‘fﬂ/\Vm'v/\""\fj\"

[ I R A N N
Vs

=P Y e g e S Vo g e e o e i

Figure 1. Initial ECG obtained in the emergency department showing left axis deviation with a rate of 87 bpm. Notable for accelerated idioventricular rhythm.

Fl!(\“ L Pemeese e s u/--w(\.\ \ff‘.\,-v‘*J\_,—u r\,v-q\/f\.\,v—v\wr\,v—«r\ﬂ—'r\_m—'v\ndy/\\

[ -IA rfv\_rrfvu/\f\ft,fwrnr\niv_ﬂi\\w%—v»-—,«———M -
|

aVL
¥

FIYJ\_,'/\A /"\A,/"\A_/"ﬂ/\\‘ /\4\_ /\J\_/V\.-/\-\_n/\fu

o

vl

I Ll

/\~! /\« /\«-A /’\a;/\

T

P\\

~ (\_\,_1r\.\,,ﬂr\\,fr-\—‘,4!\ *(\ (\Lll/\,\J/\ }/\f
i

B
\/\Jﬂ.\ /\«J/\«'i ~— 1{\~|/\~"/MJ(M
i l' i

WA ‘\—\J |\/v\ \/\- w’*\,v'u-/\,a A e A A A

‘—L A 1 | f A A A AN 3
ﬁ/\ {/v\r!"/\«,:}/\fub/\a ’\;\ r\ax_,(\ gMLMA/\«A/\u/\«J/ i e V\/\.A/\A /‘vub/\ Tihae i

II p

I !

[ ”I/xJI ~d ./\'“"Ii,/\“!rd J.(\J A MJ“ /\uﬁ /\JL/\« J /\\A A ./xJ Aad A '/\!L'/\J' /\4 /\m.'U/\MuL Adad Al
' R [ S IR ] AN S A I R

p Ty Y

| |

i
1

il l

Figure 2. ECG obtained on hospital day 2 showing sinus rhythm with left axis deviation with a rate of 137 bpm with premature ventricular contractions having a right bundle

branch morphology suggestive of a left ventricular origin.

heart, mildly dilated aortic valve annulus and root, normal proxi-
mal coronary arteries diameter, left ventricular ejection fraction of
57%, and a small posterior pericardial effusion. He had a negative
COVID-19 PCR, negative COVID-19 IgM antibody, and positive
COVID-19 IgG and IgA antibodies. He received treatment of
2 g/kg of intravenous immunoglobulin for a presumed multisys-
tem inflammatory syndrome. A follow-up transthoracic
echocardiogram 12 hours later while still on epinephrine showed
a stable left ventricular ejection fraction of 64%, mild dilation of
the aortic root, trivial posterior pericardial effusion, and no coronary
artery dilation. An electrocardiogram on hospital day 2 showed
sinus tachycardia with fusion beats (Fig 2) though still with left axis

https://doi.org/10.1017/51047951121000354 Published online by Cambridge University Press

deviation. Cardiac markers were measured daily due to his myocar-
dial involvement, which improved following immunoglobulin
administration (Table 1). Additionally, the patient’s sinus rate even-
tually increased and overcame the relatively slower idioventricular
rhythm. Furthermore, his blood pressure stablized, epinephrine
was discontinued, and his fever curve normalized. His transthoracic
echocardiogram at discharge showed no coronary artery dilation,
mildly dilated left ventricle with left ventricular ejection fraction of
53%, and persistent dilated aortic valve annulus and aortic root.
The electrocardiogram on the day of discharge revealed sinus rhythm
and a normal QRS axis. A follow-up electrocardiogram in the cardi-
ology clinic 4 weeks after hospital discharge revealed sinus rhythm.
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Table 1. BNP and troponin | trend. IVIG given on hospital day 2. Discharged on hospital day 5

Component
Latest Ref Rng and Units

Hospital day 1

Hospital day 2

Hospital day 3 Hospital day 4 Discharge day 9

B-natriuretic peptide 1154 pg/ml 2194 pg/ml 1498 pg/ml 660 pg/ml 5.0 pg/ml
0.0-100.0 pg/ml
Troponin | 0.65 ng/ml 0.45 ng/ml 0.29 ng/ml 0.14 ng/ml <0.01 ng/ml

0.00-0.04 ng/ml

Interestingly, the patient had a 24-hour cardiac Holter monitor com-
pleted at this time that showed a normal sinus rhythm with a heart
rate range of 52—179 bpm, but with an ectopic wandering atrial pace-
maker. Laboratory studies affirmed a normalised B-natriuretic pep-
tide and troponin I, and the patient had no ongoing cardiovascular
symptoms. Unfortunately, the patient was lost to cardiology
follow-up at 6 weeks post-discharge and a repeat electrocardio-
gram and Holter monitor was not performed. The patient
remained on low-dose aspirin post-hospitalisation.

We report the first case of idioventricular cardiac rhythm while in
uncompensated shock with multisystem inflammatory syndrome
in children. Patients presenting with marked hypotension typically
have sinus tachycardia in order to preserve cardiac output. The ini-
tial default to an idioventricular rhythm in the clinical setting of
fever and hypotension while on an epinephrine is atypical.
Commonly, in paediatric shock cases, the sinus rate is increased
s0 as to preserve cardiac output. However, in the MIS-C case pre-
sented, the idioventricular escape rhythm was the dominant rhythm
with resultant loss of AV synchrony. While idioventricular rhythm
with extreme left axis deviation is the most likely diagnosis, junc-
tional rhythm with aberrancy cannot absolutely be excluded. In
patients with clinical myocarditis and either an idioventricular or
junctional escape rhythm, it is important to also entertain the pos-
sibility of complete AV block. In this particular case, the presence of
an occasional conducted P waves seen on telemetry with an appro-
priate shortening of the RR interval ruled out complete AV block.

The suppression of the sinus node and the finding of an idi-
oventricular rhythm with profound hypotension suggests that
the inflammatory process seen in MIS-C can transiently affect
the sinus node region leading to a paradoxical heart rate
response. The absence of an appropriate sinus response with
an atrial rate over 100 bpm suggests some inflammatory effect
on the sinus node or on the autonomic input into the sinus node.
A cardiac MRI was not obtained, though may have been helpful
to assess for myocardial oedema and scaring. Clinical discus-
sions were entertained at the time of admission regarding place-
ment of a temporary transvenous atrial pacemaker so as to
provide AV synchrony, and this is an important adjunct in
the care of a child with myocarditis. However, the improvement
in the patient’s blood pressure on epinephrine, absence of a met-
abolic acidosis, acceptable end-organ perfusion, and return to
sinus rhythm the following day negated the need for a temporary
pacing catheter.

When caring for patients with MIS-C, the potential inflamma-
tory effect on the sinus node and loss of AV synchrony should be
carefully followed. Loss of AV synchrony, either with a junctional/
idioventricular response or complete AV block, should be man-
aged with temporary pacing if there is any concern about
end-organ perfusion, acidosis, or hypotension not responsive to
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standard intravenous therapies. Interestingly, in the patient dis-
cussed, the inflammatory process was rather quickly dampened
following immunoglobulin administration and resolution of
symptomatology occurred. As clinicians caring for patients with
shock, tachycardia is the typical response during hypotension.
Sinus node injury in the midst of an acute hypotensive COVID-
19-induced multisystem inflammatory syndrome in children pre-
sentation has not been previously reported. Clinicians caring for
children with MIS-C should be mindful of possible abnormalities
in sinus node function that are disparate from the typical tachycar-
dia response seen in paediatric shock.
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