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Abstract

Background: There is little known about the spectrum of cardiac injury in acute COVID-19
infection in children. Methods: A single-centre, retrospective chart analysis was performed.
The protocol was deemed IRB exempt. All patients under the age of 21 years admitted from
20 March, 2020 to 22 June, 2021 for acute symptomatic COVID-19 infection or clinical suspi-
cion of multisystem inflammatory syndrome in children (MIS-C) associated with COVID-19
were included. Past medical history, lab findings, echocardiogram and electrocardiogram/
telemetry findings, and clinical outcomes were reviewed. Results: Sixty-six patients with
MIS-C and 178 with acute COVID-19 were reviewed. Patients with MIS-C had more cardiac
testing than those with acute COVID-19. Inflammatory markers were more likely elevated, and
function was more likely abnormal on echocardiogram in those with MIS-C with testing per-
formed. Among patients with MIS-C, 17% had evidence of coronary dilation versus 0% in the
acute COVID-19 group. One (0.6%) patient with acute COVID-19 had clinically significant
electrocardiogram or telemetry findings, and this was in the setting of prior arrhythmias
and CHD. Four (6%) patients with MIS-C had clinically significant findings on electrocardio-
gram or telemetry. Among patients with acute COVID-19, extracorporeal membrane oxygena-
tion support was required in 0.6% of patients with acute COVID-19, and there was a 2.8%
mortality. There were no deaths in the setting of MIS-C. Conclusions: Patients with acute
COVID-19 and clinical suspicion of cardiac injury had a lower incidence of abnormal labora-
tory findings, ventricular dysfunction, or significant arrhythmia than those with MIS-C.

COVID-19 was initially described in early 2020, and associations with cardiogenic shock or
Kawasaki-like presentations in children were described in New York in March 2020." By
May 2020, the Centers for Disease Control and Prevention (CDC) published a case definition
for the multisystem inflammatory syndrome in children (MIS-C).> In the setting of MIS-C,
adverse cardiovascular events commonly include ventricular dysfunction, arrhythmia, and
coronary artery aneurysms.>*> These findings, along with several other extracardiac signs/
symptoms associated with MIS-C, have striking similarities to Kawasaki disease leading to treat-
ment recommendations including intravenous immunoglobulin, corticosteroids, and biologics
along with recommendations for cardiac observation and follow-up.® However, data on the
cardiovascular effects of acute COVID-19 in hospitalised children are limited compared to what
is known about MIS-C or what occurs in adults. Myocardial injury is present in a high propor-
tion of hospitalised adults with COVID-19 infection, but outside of case reports/series, little is
known about the frequency, characteristics, and type of cardiac injury seen in children.”
Additionally, effects of cardiovascular involvement on length of stay, ICU admissions, utilisa-
tion of inotropic and/or extracorporeal membrane oxygenation (ECMO) support, and death
rates have not been well delineated in acute COVID-19.

A retrospective chart analysis was performed on all patients admitted to a single centre with
acute COVID-19 or who the met the CDC definition of MIS-C from 20 March, 2020 to 22
June, 2021. The study was reviewed by the institutional review board at Indiana University
and deemed exempt. Acute COVID-19 was defined as any patient who tested positive for
COVID-19 (positive SARS-CoV-2 polymerase chain reaction or positive antibody test during
hospitalisation) and presented with COVID-19-associated symptoms such as respiratory dis-
tress, gastrointestinal concerns, and fevers. Patients incidentally found to be SARS-CoV-2-pos-
itive and not admitted for concern of acute COVID-19 or MIS-C were excluded. The diagnosis
of MIS-C was made as per the published CDC criteria.?

Cardiac involvement was based on elevation of troponin or B-type natriuretic peptide
(BNP)/N-terminal pro hormone BNP (NT-proBNP), cardiac arrhythmia identified on telem-
etry or electrocardiogram, ventricular dysfunction, significant pericardial effusion,
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atrioventricular valve regurgitation, pulmonary hypertension, or
coronary artery disease. Elevated cardiac inflammatory markers
were defined as a troponin level > 0.03 ng/ml for troponin I testing,
>12 ng/L for women, and > 20 ng/L for men based on 99'" percen-
tiles for each for high-sensitivity troponin, BNP > 100 pg/ml, or
NT-proBNP > 125 pg/ml. When multiple inflammatory markers
were drawn, the peak value was used. Clinically significant electro-
cardiogram or telemetry findings were defined as any arrhythmia
that affected haemodynamic status or required additional thera-
pies to return to baseline rhythm. Normal left ventricular systolic
function was defined by an ejection fraction > 55%. Mildly, mod-
erately and severely diminished function were defined as an ejection
fraction of 44-55%, 35-44%, and < 35% respectively. Coronary dila-
tion was defined as a maximum z-score of at least 2 for a given coro-
nary artery. Small aneurysms were defined by z-scores of greater than
or equal to 2.5 to less than 5. Medium aneurysms were defined by z-
scores greater than or equal to 5, but less than 10 with absolute dimen-
sion less than 8 mm. Large aneurysms were defined by z-scores
greater than or equal to 10 or with an absolute dimension greater than
8 mm. These definitions were based on the 2017 Kawasaki guide-
lines. Signs of pericarditis on echo were defined as an effusion that
was reported as more than trivial. For those patients with multiple
echocardiograms, the study with the most severe dysfunction, maxi-
mal coronary dilation, and/or presence of pericarditis or pericardial
effusion was used when evaluating these outcomes. Outcomes data
including days in the ICU, level of respiratory support, days on
ECMO, and mortality was also collected.

The clinical features, frequency of elevated cardiac inflammatory
markers, arrhythmia data, significant echocardiographic findings,
and outcomes data were compared between patients with MIS-C
and COVID-19. Categorical variables were compared with Fisher’s
exact tests, due to small sample sizes, and continuous variables
were analysed using Wilcoxon rank-sum tests, due to data being
non-normally distributed. Significance was defined as p < 0.05.
All analytic assumptions were verified, and all analyses were per-
formed using SAS v9.4 (SAS Institute, Cary, NC).

Data were collected on 276 patients hospitalised with acute
COVID-19 infection or with concerns for MIS-C. Age upon
admission ranged from 11 days to 22 years. Of these, 32 patients
were excluded as they were asymptomatic or otherwise admitted
for reasons not associated with acute COVID-19 or MIS-C. Of
the 244 patients included in the study, 66 (27%) had MIS-C and
178 had acute COVID-19 (64%). Additionally, 54% were male
and 46% were female.

Among patients with MIS-C, troponin was collected in 100% and
BNP/NT-proBNP was collected in 50%. Troponin was elevated in
43/66 (65%) patients with MIS-C, and 30/43 (70%) patients with
MIS-C and elevated troponin required ICU admission. Troponin
was elevated in 28/35 (80%) patients with MIS-C requiring ino-
tropic support. Only 30/43 (70%) patients with MIS-C and elevated
troponin levels were admitted to the ICU. All patients requiring
inotropic support were admitted to the ICU. Seven (11%) patients
with MIS-C required inotropic support in the setting of normal
troponin levels with a total of 35 (53%) of patients requiring
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Table 1. Cardiac injury markers in patients with MIS-C versus acute COVID-19

Acute
MIS-C COVID-19 p-value
Elevated troponin 43/66 (65%) 8/46 (17%) <.0001
Elevated BNP/NT-proBNP 30/33 (91%) 14/25 (56%) .0042
Inotropic support 35/66 (53%) 15/178 (8.4%) <.0001
Diminished function 34/66 (52%) 11/60 (18%) .0002
Inotropic support + 5/36 (13.9%)  26/178 (14.6%) 5597

Diminished function*

*Based on patients who had an echo performed. p-Values are from Fisher’s exact tests.

inotropes. BNP/NT-proBNP was elevated in 30/33 (91%) of those
patients with MIS-C who were tested (Table 1).

Electrocardiograms were performed in 62/66 (94%) patients
with MIS-C. Forty-nine (79%) were abnormal. However, only four
of the abnormalities were clinically significant. The majority of the
findings were non-specific T wave abnormalities, sinus tachycar-
dia, and sinus bradycardia. One patient had ectopic atrial tachycar-
dia, one patient had evidence of pericarditis with diffuse ST
segment elevation, one patient had ST depression in the inferior
and anterolateral leads, and one patient with worsening heart fail-
ure had prolonged pauses and asystolic episodes on telemetry.

Echocardiograms were completed in all patients with MIS-C
(Table 1). Thirty-four (52%) of these patients had diminished
LV function (Tables 1 and Fig 1). Of those with diminished LV
function, 27 (79%) had an abnormal troponin, 16 out of 19
(88%) tested had an abnormal BNP or NT-proBNP, 27 (79%) were
in the ICU, and 9 (26%) had CHD or another comorbid chronic
medical condition. Eleven (17%) patients with MIS-C had coro-
nary dilation with some patients exhibiting dilation/aneurysms
of multiple coronary arteries. No patients had large aneurysms
during the study period.

Of those patients admitted to the ICU, 30/39 (77%) had elevated
troponin levels, 19/21 (90%) tested had elevated BNP/NT-proBNP,
27/39 (69%) had diminished function, and 25/39 (64%) had dimin-
ished function and required inotropic support. One (1.5%) patient
with MIS-C required ECMO support. There were no deaths asso-
ciated with MIS-C during the study period.

Troponin was collected in 46/178 (26%) of patients with acute
COVID-19 and was elevated in 8 (17%) of those patients tested
(Table 1). Troponin was collected in 24/42 (57%) of patients with
acute COVID-19 admitted to the ICU and was elevated in 7/24
(29%) of these patients. For patients with acute COVID-19 that
required inotropic support, troponin was collected in 9/15
(60%) and was elevated in 6/9 (67%). Three patients with acute
COVID-19 requiring inotropes had normal troponin and troponin
was not collected in six patients requiring inotropes. A total of 15
(8.4%) of patients with acute COVID-19 required inotropic sup-
port. Troponin was collected in 3/5 (60%) patients with acute
COVID-19 who died and was elevated in all three of these patients.
BNP/NT-proBNP was collected in 25/178 (14%) of those with
acute COVID-19 and elevated in 14 (56%) of those tested
(Table 1). BNP/NT-proBNP was collected in 2/5 (40%) of acute
COVID-19 patients who died and was elevated in both.
Electrocardiograms were completed in 78/178 (44%) patients
with acute COVID-19. Of these, there were 53 (68%)
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electrocardiogram abnormalities, but only one was clinically sig-
nificant. One of these patients had atrial flutter with known prior
history of atrial flutter and CHD.

Echocardiograms were performed in 60/178 (34%) patients
with acute COVID-19. Among those, 11/60 (18%) patients had
diminished LV systolic function (Table 1 and Fig 1). Of the 11
patients with abnormal function in the setting of acute COVID-
19, 2 (18%) had an abnormal troponin, 1 (9%) had an abnormal
BNP or NT-proBNP, 8 (73%) were in the ICU, and 10 (91%) had
CHD or another comorbid chronic medical condition. There was
no evidence of coronary dilation in patients with acute COVID-19.

Of those patients with acute COVID-19 requiring admission to
the ICU, 7/24 (29%) tested had elevated troponin levels, 11/16
(69%) tested had elevated BNP/NT-proBNP, 8/23 (35%) with
echocardiograms performed had diminished function, and 6/23
(26%) with echocardiograms performed had diminished function
and required inotropes. One (0.6%) patient with acute COVID-19
required ECMO support and five (2.8%) patients in this group
died. Three out of five (60%) deaths were in the setting of CHD.
One of these patients had single-ventricle physiology status post
extra-cardiac Fontan, history of protein S deficiency and a middle
cerebral artery stroke. Another had a chromosome nine partial
duplication and partial deletion on 9p, double-outlet right ventricle,
an atrioventricular canal defect with a cleft mitral valve and no pri-
mum atrial septal defect, and an inlet ventricular septal defect who
was status post-pulmonary arterial band and patent ductus arterio-
sus ligation followed by pulmonary artery debanding. The third
patient who died with CHD had trisomy 21, pulmonary hyperten-
sion, atrioventricular canal defect status post complete biventricular
repair, post-surgical heart block status post-pacemaker, hypothy-
roidism, type 2 diabetes, and obstructive sleep apnoea. Of those
who died without history of CHD, one patient had aplastic anaemia
with multiple infections and one patient was a 3-year-old with no
known significant past medical history.

In patients with testing completed, inflammatory markers
were more likely to be elevated among those with MIS-C
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(Table 1). In both groups, the most common electrocardiogram
abnormalities were non-specific T wave abnormalities (acute
COVID-19 25/78 (32%), MIS-C 13/62 (21%); p=0.3208) and
sinus tachycardia (acute COVID-19 18/78 (23%), MIS-C 41/62
(66%); p < 0.0001. %). Diminished function was more commonly
present in patients with MIS-C (Fig 1). In those patients with
diminished function, associated comorbidities were more com-
monly present in those patients with acute COVID-19 compared
to those with MIS-C (91% versus 26%, p = 0.002). Inotropic sup-
port was required in 50 patients and was more frequently required
in patients with MIS-C compared to acute COVID-19 (Table 1).
However, only 31 of these patients had evidence of diminished
function on echocardiogram (5/36 (13.9%) MISC, 26/178
(14.6%) acute COVID-19; p =0.9111). No patient in either group
had evidence of significant pericardial effusions. Ninety-six
patients required respiratory support (MISC 33/66 (50%), acute
COVID-19 n=63/178 (35%); p =0.0404). Data on the cardiac
injury markers in these patients are outlined in Table 2. The total
length of stay was similar in both groups (MIS-C: median - 5, range
1-32; acute COVID-19: median - 2, range 1-48) but, when ICU
admission was required, the length of ICU stay was longer in
patients with acute COVID-19 (median - 4.5 days, range 1-42)
compared to those patients with MIS-C (median - 2 days, range
1-30).

Eleven patients in this study had CHD. One of these patients had
MIS-C, and the remainder had acute COVID-19. Six of these
patients (55%) required an ICU stay and five (45%) required ino-
tropic support. Eight (73%) required additional respiratory sup-
port. Three patients with CHD (27%) had died.

Our study identified that an elevation of cardiac biomarkers,
abnormal electrocardiograms, diminished function, and coronary
dilation were more commonly seen in the group with MIS-C
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Table 2. Cardiac injury markers in patients requiring respiratory support

Acute
MIS-C COVID-19 p-Value
# requiring respiratory 33/66 (50%)  63/178 (35%) .0404

support

Troponin collected 33/33 (100%) 26/63 (41%) <.0001

Elevated troponin 27/33 (82%) 8/26 (31%) <.0001

BNP/NT-proBNP collected 17/33 (52%) 16/63 (25%) .0135

Elevated BNP/NT-proBNP 17/17 (100%)  11/16 (69%) 0184

Inotropic support 27/33 (82%) 15/63 (24%) <.0001

Echo performed 33/33 (100%) 33/63 (52%) <.0001

Diminished function 22/33 (63%)

20/33 (61%)

9/33 (27%) .0028
6/33 (18%) .0009

Inotropic support +
diminished function*

*Based on patients who had an echo performed. p-Values are from Fisher’s exact tests.

compared to those with acute COVID-19 reaching statistical sig-
nificance (p < 0.05).

Prior studies comparing children with MIS-C to those with
acute COVID-19 did not evaluate the presence of elevated cardiac
biomarkers.” Our study showed that testing was more common in
patients with MIS-C and, of those patients tested, there was a sta-
tistically significant difference with more patients having troponin
and BNP elevations in the MIS-C group compared to those with
acute COVID-19. Rodriguez-Gonzalez et al. found that 73.6%
and 86.8% of patients with MIS-C had elevated troponin levels
and natriuretic peptide levels (N-terminal (NT)-proBNP or
proBNP), respectively.? Our findings were similar, with the excep-
tion that 100% of our patients with MIS-C had elevated natriuretic
peptide levels, when tested. However, only 52% of our patients
were tested which may be a lower percentage than those tested
at other centres. This selectivity may have increased the percentage
of patients with elevated natriuretic peptide levels.

Diminished function was seen in both groups, but at a higher
frequency in the MIS-C population compared to the acute
COVID-19 population (52% versus 18%, p =0.0002). A study
by Feldstein et al found that 34.2% of patients had depressed left
ventricular ejection fraction (LVEF) on echocardiograms per-
formed on 503 patients with MIS-C. This study also showed a
lower percentage of patients with acute COVID-19 and depressed
LVEF (6/111 (5.4%).” While inotropic support was also utilised
more frequently in the MIS-C group, this was often not related
to diminished cardiac function, but likely due to non-cardiac
causes such as septic shock. Patients with MIS-C requiring ino-
tropic support were more likely to also have diminished function
when compared to patients with acute COVID-19 who required
inotropic support.

While coronary dilation and aneurysms were present in the
MIS-C group and these findings have been well described, no coro-
nary dilation was seen in the acute COVID-19 group.>>®!? Similar
coronary findings were seen in the study by Feldstein et al with 1/
111 (0.9%) patients with acute COVID-19 having coronary aneu-
rysms versus 57/424 (13.4%) with MIS-C.°

Respiratory support was more frequently required in those
patients with MIS-C. The majority of patients with MIS-C
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requiring respiratory support had elevated cardiac biomarkers,
required inotropic support, and had diminished function on echo.
These signs of cardiac injury were less frequent in patients with
acute COVID-19 who required respiratory support (Table 2).

Clinically significant electrocardiogram/telemetry findings
were more common in patients with MIS-C. The one patient with
acute COVID-19 was in atrial flutter and had a prior history of
atrial flutter and CHD. None of the patients with MIS-C and clin-
ically significant arrhythmias had a prior history of arrhythmia or
CHD. In a study by Rodriguez-Gonzalez et al, 27% of patients
with MIS-C had electrocardiogram alterations. This differed from
our study which found that 79% of patients with MIS-C had
electrocardiogram abnormalities, but only four of which were clin-
ically significant.

While the sample size of patients with CHD is small in this study,
it does suggest that patients with CHD and acute COVID-19 are at
increased risk for use of inotropic support, ICU admission, need for
additional respiratory support, and mortality.

Cardiovascular involvement in patients with acute COVID-19
was highest among those patients with associated comorbidities
and those who were most critically ill with longer ICU stays, more
respiratory support required and higher mortality.

Limitations to this study include its relatively small sample size.
Additionally, the completion of testing in patients with acute
COVID-19 was dependent on the provider’s clinical suspicion
of cardiac disease, and it is possible that some cardiac injury
was missed in those patients who were not tested. Future studies
should be performed to assess the length of time required for car-
diac function recovery in MIS-C and acute COVID-19 patients and
how this timing is affected by medical management.
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