Sinus bradycardia in a toddler with multisystem
inflammatory syndrome in children (MIS-C) related
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SUMMARY

This report documents a case of sinus bradycardia in a
hospitalised 27-month-old girl with a history of moderate
persistent asthma, recent suspected viral respiratory
infection and suspicion for multisystem inflammatory
syndrome in children (MIS-C). This patient developed
profound sinus bradycardia during her hospitalisation
despite an overall well clinical appearance and good
outcome. Reports of bradycardia related to COVID-19
infection are few but growing in number. In this article,
we discuss what has been observed in the literature
about bradycardia in relation to COVID-19 and MIS-C.
We also propose sinus bradycardia as a potential sign of
MIS-C with recent respiratory symptoms, which would
warrant close follow-up of such patients.

BACKGROUND

A Kawasaki-like entity suspected to be related to
SARS-CoV-2 infection in children was first observed
in the UK in April 2020 and in the USA in April to
May of 2020." After several cases describing multi-
system involvement, hypotension and elevated
inflammatory markers in PCR-positive or antibody-
positive patients with coronavirus were discovered,
a health advisory was issued defining multisystem
inflammatory syndrome in children (MIS-C).* The
cardiovascular system is one of the many systems
that can be affected in this process, with a clin-
ical spectrum including arrhythmia, myocardial
dysfunction and coronary artery aneurysm. Only
rare reports of sinus bradycardia in these patients
exist. The following case describes a 27 months
old initially suspected of having an asthma exacer-
bation secondary to viral respiratory infection and
ultimately found to meet criteria for MIS-C, who
developed profound, persistent bradycardia.

CASE PRESENTATION

A 27-month-old overall healthy girl with a history
of moderate persistent asthma presented to her
primary care clinic for 2 days of fever and poor oral
intake in the setting of 1-2 weeks of intermittent
increased work of breathing. By parents’ report,
her dyspnoea would improve only transiently with
intermittent albuterol use at home. She was directly
admitted to the general paediatric ward from
her primary care clinic due to concerns for acute
asthma exacerbation secondary to viral upper respi-
ratory infection. This was initially managed with
albuterol, inhaled corticosteroids and a two-dose

course of dexamethasone. On admission, she was
febrile and tachycardic but otherwise haemodynam-
ically stable.

On hospital day 3, the patient became notably
bradycardic with heart rates of 30-50 beats per
minute, both at rest and when awake without any
associated perfusion changes. She was otherwise
haemodynamically stable. She was transferred to
the paediatric intensive care unit for telemetry and
notably maintained normal perfusion and overall
well appearance despite her bradycardia.

INVESTIGATIONS

Preliminary lab work early in the patient’s hospital
course was notable for negative COVID-19 PCR,
mild lactate elevation, D-dimer elevation (897 ng/
mL; reference = <229), C reactive protein (CRP)
elevation (261 mg/L; reference = <35), mild ferritin
elevation (178.0 ng/mL; reference = 13-150) and
mild transaminitis. Mild acute kidney injury was
suspected with initial creatinine of 0.63 mg/dL.
B-type Natriuretic Peptide (NT proBNP), troponin,
Erythrocyte sedimentation rate (ESR) and procal-
citonin were within normal range. An ECG on the
day of admission showed normal sinus rhythm with
normal intervals.

The patient’s respiratory status improved with
the above medications over the course of 24 hours;
however, inflammatory markers remained elevated
on trended labs drawn on hospital day 1. Concern
for MIS-C increased, and while repeat COVID-19
PCR was negative, an SARS-CoV-2 antibody panel
was sent and was reactive (index = 152; reference
= </=1), suggesting exposure or prior infection. A
respiratory viral panel PCR obtained by nasopha-
ryngeal swab was negative. All results considered,
this patient did meet criteria for a definition of MIS-
C.> With this diagnosis, initial echocardiography
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Figure 1 Initial ECG tracing on hospital day 3, when
the patient first developed bradycardia.
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ECG/EKG Reading: Sinus bradycardia with sinus arrythmia
PR Interval 142 ms

QT Interval 414 ms

Corrected QT interval 422 ms

P wave axis 36

QRS complex axis 46

T wave axis 62

Heart Rate (HR) 63

Figure 2 ECG reading from hospital day 3.

was obtained on hospital day 2 and showed normal cardiac
anatomy, function and coronary vasculature.

When the patient developed bradycardia on hospital day 3,
initial ECG showed sinus bradycardia with a rate of 63 beats per
minute (figures 1 and 2). Serial ECGs on subsequent hospital
days revealed ongoing sinus bradycardia with respiratory vari-
ation. Labs were again trended and revealed further D-dimer
elevation (2868 ng/mL) and new NT proBNP elevation (840
pg/mL; reference= 0-450). Serial lab draws thereafter demon-
strated subsequent improvement in CRP, NT proBNP, D-dimer,
ferritin and transaminases. Troponin, fibrinogen and procalci-
tonin remained within normal range with serial checks.

TREATMENTS

The primary team consulted our MIS-C collaborative group,
which included infectious disease, haematology and cardiology
consultants on hospital day 1 given the patient’s antibody-
positive status and elevated inflammatory markers. Intravenous
immunoglobulin (IVIG) therapy, prednisolone therapy, enox-
aparin therapy and aspirin therapy were recommended. The
patient tolerated her IVIG infusion that evening without compli-
cations. Two additional doses of IVIG were given on hospital
days 3 and 4, respectively.

OUTCOME AND FOLLOW-UP

A follow-up echocardiogram 1 week from initial imaging again
revealed normal cardiac anatomy, function and vasculature;
however, it demonstrated new small pericardial effusion. During
her cumulative 7 days of cardiac and laboratory monitoring, she
had no other clinical or haemodynamic instability aside from her
persistent bradycardia. She did however have mild hypertension
throughout with systolic blood pressures in the 110-120 range,
thought to be related to systemic steroid therapy and activity
with blood pressure checks. She had no further fevers after the
day of admission. She was ultimately discharged on a 5-day
prednisolone taper as well as high-dose aspirin (40 mg/kg/day)
with plans for close follow-up in infectious disease, cardiology
and haematology, as well as with her primary pulmonologist. On
follow-up visit with cardiology 4 days after her discharge, she
was feeling clinically well overall. Her bradycardia had resolved
with a documented heart rate of 130 during that visit and an
age-appropriate blood pressure.

DISCUSSION

There is limited description of sinus bradycardia in the setting of
acute COVID-19 infection or MIS-C in the literature, although
reports are growing in number. Reported cases of cardiac
complications related to COVID-19 primarily involve the adult
population. One case series involving adults documented brady-
cardia in four adult patients ages 55-78 during hospitalisations
for PCR-positive COVID-19 infection.” Others have written
of bradycardia in adults with or without atrioventricular heart
block as one of multiple cardiac complications in the setting

of severe respiratory illness attributed to COVID-19.*"" Two
papers speak specifically to associations between COVID-19 and
relative bradycardia in adults, seen in states of high metabolic
demand such as increased body temperature during which tachy-
cardia would be expected.''™"® One study found that one-third
of adult patients with severe COVID-19 infection but overall
stable vital signs developed sinus bradycardia at some point
during the course of their illness.”*

Additionally, there are reports of adult patients infected with
COVID-19 who develop bradycardia related to medications
such as lopinavir-ritonavir,"* hydroxychloroquine and other
QT-interval-prolonging medications' and of course sedating
medications.'® Still, another case described bradycardia found
with renal failure and electrolyte disturbances in the setting of
BRASH syndrome in a COVID-19-positive adult patient.'”

With regard to the paediatric population, a single paper
mentions sinus bradycardia in one of seventeen patients diag-
nosed with MIS-C, the outcome for whom is not detailed.'®
Atrio-ventricular block has also been observed in children with
multisystem inflammatory syndrome."’

Proposed explanations for the acute cardiac manifestations
of COVID-19 include hypoxic injury, ischaemic injury, acute
viral myocarditis, right heart strain, takotsubo cardiomyop-
athy and abnormal electrolyte regulation, none of which were
seen in our patient.’’ *! MIS-C is considered a second phase of
disease involving hyperinflammatory state and postviral immune
response, the exact mechanism of which is ill-defined.

From a clinical standpoint, our paediatric patient appeared
well throughout her hospital course in spite of her aberrant
inflammatory markers and bradycardia. Telemetry showed no
heart block nor additional types of arrhythmia, and serial echo-
cardiograms demonstrated normal systolic function. Moreover,
clinical and laboratory evaluatory evaluation suggested adequate
perfusion.

As to the aetiology of our patient’s bradycardia, multiple
explanations including medication side effects, organic medical
conditions and inherited dysrhythmia were considered. Slowed
heart rate has been documented as an adverse reaction during
IVIG infusion.” In our patient, we thought an IVIG-induced
bradycardia less likely given (1) the bradycardia did not manifest
in conjunction with an infusion, but rather 24-36 hours after
IVIG infusion and (2) the bradycardia was persistent for multiple
days on telemetry, irrespective of whether IVIG was being given.

Of the other medications given throughout her course,
bradycardia has been observed as a side effect of dexametha-
sone and other steroid medications. This has been documented
in oncological patients for whom steroids are used for nausea
and vomiting, in patients with severe Kawasaki disease treated in
part with prednisolone and in other populations.”*™* Proposed
mechanisms for steroid-induced dysrhythmia are several.
With their intrinsic mineralocorticoid activity causing reten-
tion of sodium, hypertension can ensue, which may prompt
baroreceptor-mediated reflex bradycardia. This may have been a
contributor for our patient whose blood pressures were elevated
from an age-appropriate baseline throughout her course,
although notably she was still on prednisolone therapy during
her follow-up office visit at which point her bradycardia and
hypertension had both resolved. Another proposed mechanism
involves a steroid-induced decrease in the sensitivity of myocar-
dial alpha-adrenergic and beta-adrenergic receptors, dampening
a heart rate response.”® Despite the possible cardiovascular
effects of steroid therapy, the benefits of continuing predniso-
lone on discharge in this paediatric patient with inflammatory
disease were thought to outweigh the risks, especially given her
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demonstrated normal cardiac output and reassuring heart rate
variability with activity.

Our patient did not require any haemodynamic support nor
sedating or anxiolytic medications throughout her course, these
representing other common classes of medication, which can
induce bradycardia. We did consider other organic causes of
bradycardia and tested preliminarily for hypothyroidism; thyroid
stimulating hormone (TSH) was found to be within normal
limits (1.13 mlU/L; reference range = 0.27-4.20). There was no
known family history of arrhythmia noted and no indication of
heart block or long QT syndrome on 12-lead ECG or telemetry.
Other causes of sinus bradycardia, such as hypothermia, sinus
pause, sinoatrial exit block or premature atrial contractions with
compensatory pauses, were not evident.

Learning points

» Sinus bradycardia may be a sign of multisystem inflammatory
syndrome in children in otherwise well-appearing children
with recent history of respiratory symptoms and fever.

» Even if PCR for COVID-19 is negative, antibody testing and
trending of inflammatory markers should be considered in
these patients.

» If there is evidence of exposure or recent infection on
antibody testing, cardiology referral and follow-up may be
indicated.
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