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Abstract

Background: This study aimed to evaluate electrocardiographic and echocardiographic find-
ings, Holter recordings of the multisystem inflammatory syndrome in children, and to identify
prognostic factors for cardiac involvement. Methods: We retrospectively reviewed demographic
characteristics, medical data, laboratory findings, electrocardiogram and echocardiographic
findings, 24-hour Holter recordings, need for an ICU, and extracorporeal membrane oxygena-
tion in multisystem inflaimmatory syndrome in children. Acute left ventricular systolic
dysfunction was defined as left ventricular ejection fraction (EF) <%55 on echocardiography.
Results: Sixty-seven children were included in the study. 24-hour Holters were recorded in
61.2% of the patients and 49.2% were normal. On echocardiographic examination, 14.9% of
the patients had systolic dysfunction (EF <55%). While 32.8% of patients had mild mitral
regurgitation, 3% had moderate mitral regurgitation, and 6% had mild aortic regurgitation.
There was no statistically significant difference in EF values between the group with arrhythmia
in Holter and the group with normal Holter results (p > 0.05). B-type natriuretic peptide
was positively correlated with C-reactive protein, ferritin, and fibrinogen. Significant
effectivity of the B-type natriuretic peptide value was observed in the differentiation of those
with EF <and > 55%. Extracorporeal membrane oxygenation support was needed for
three (4.5%) patients. One patient who died had systemic juvenile idiopathic arthritis.
Conclusions: Neutrophil/lymphocyte ratio, C-reactive protein, D-dimer, ferritin, troponin,
and B-type natriuretic peptide were found to be significantly higher in patients with systolic
dysfunction. Also, the cut-off value of 1700 pg/ml for B-type natriuretic peptide was signifi-
cantly effective. These parameters may indicate the severity of the disease but should be
supported by prospective studies.

The COVID-19 infection started to spread rapidly all over the world since it was first seen in
Wuhan, China, in December 2019. In March 2020, World Health Organization declared the
COVID-19 pandemic.! It was thought to have a mild course in children compared with adults
at the onset of the severe acute respiratory syndrome coronavirus 2.%* But in April 2020, some
children with symptoms similar to Kawasaki and toxic shock syndrome were reported in Italy
and the United Kingdom.*> Afterwards, similar cases were also reported in Europe and the
United States of America.®"'? Thereby, some concerns began to be raised about this hyperin-
flammatory process in the children associated with severe acute respiratory syndrome corona-
virus 2. This new disease was defined by the Royal College of Pediatrics and Child Health as a
paediatric inflammatory multisystemic syndrome and as a multisystem inflammatory syndrome
in children by the World Health Organization and the Centers for Disease Control and
Prevention.5”1?

Cardiac involvement has been described in up to 67-80% of children with multisystem
inflammatory syndrome in children. Ventricular dysfunction is a common finding of multi-
system inflammatory syndrome in children with 33-50% of patients affected.!*!6 The patho-
physiology underlying myocardial dysfunction in multisystem inflammatory syndrome in
children has not been fully understood yet. Etiologic factors for myocardial involvement in
adults with COVID-19 include acute myocarditis, hypoxic injury, ischaemic injury caused
by cardiac microvascular damage or coronary artery disease, right heart strain, stress cardiomy-
opathy (Takotsubo), and systemic inflammatory response syndrome.!’-2! Coronary artery dila-
tion or aneurysms occurs in 6-24% and arrhythmias in 7-60% of children with multisystem
inflammatory syndrome in children.??-? Data on multisystem inflammatory syndrome in chil-
dren are still limited but rapidly increasing in the literature.
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In this study, we aimed to evaluate the electrocardiographic and
echocardiographic findings, 24-hour Holter recordings of children
diagnosed with multisystem inflammatory syndrome in children,
and to determine the factors predicting cardiac involvement in
multisystem inflammatory syndrome in children.

The data of children hospitalised with the diagnosis of
multisystem inflammatory syndrome in children were retrospec-
tively collected. Multisystem inflammatory syndrome in children
was diagnosed according to the criteria of World Health
Organisation.® Patients with known arrhythmia, electrolyte imbal-
ance, hormonal/metabolic disorders and patients using arrhyth-
mogenic drugs were excluded from the study. The study has
been approved by the research ethics committee of our institute
before the experiment was started and that has been conducted
in accordance with the principles outlined in the Helsinki
Declaration.

Demographic characteristics, medical data (comorbidities,
symptoms, and physical examination findings), laboratory find-
ings (including leukocyte, lymphocyte and neutrophil counts,
neutrophil/lymphocyte ratio , B-type natriuretic peptide levels,
troponin I levels, C-reactive protein, d-dimer, fibrinogen, ferritin,
and sedimentation), electrocardiogram and echocardiographic
findings, 24-hour Holter recordings, need for ICU, and extracor-
poreal membrane oxygenation were analysed. With the beginning
of arrhythmias reported in patients with COVID-19, 24-hour
Holter monitoring has been started to be performed in all children
with multisystem inflammatory syndrome in children in our clinic.
If arrhythmia was detected in the Holter recording, 24-hour Holter
monitoring was repeated before discharge. All the Holter record-
ings were evaluated by a paediatric electrophysiologist.

Acute left ventricular systolic dysfunction was defined as
left ventricular ejection fraction (EF) <%55 in echocardiographic.
A coronary artery aneurysm was reported based on echocardio-
graphic findings and z scores (Boston criteria).

Severe acute respiratory syndrome coronavirus 2 was diagnosed
by using a reverse transcription-polymerase chain reaction test on
the nasopharyngeal and oropharyngeal swab or positive serology
(IgM or IgG).

In the descriptive statistics of the data, mean, standard deviation,
median, minimum, maximum, frequency, and ratio values
were used. The distribution of variables was measured with the
Kolmogorov-Smirnov test. The Mann-Whitney U-test was used
in the analysis of quantitative independent data, the Wilcoxon test
for dependent quantitative data, and the Chi-square test for quali-
tative independent data. Spearman correlation analysis was used in
the correlation analysis. Cut-off values were analysed with the
Receiver Operating Characteristic (ROC) curve. SPSS 27.0
program was applied in the analysis.

Sixty-seven children were included in the study. A total of 74.6% of
the cases were male with a median age of 8 years (8.5 = 4.9 years).
Comorbidities including juvenile idiopathic arthritis (3), familial
Mediterranean fever (2), operated Fallot tetralogy (1), operated
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Table 1. Demographic characteristics and symptoms

Min-Max Median Mean * sd/n-%
Age 1,0-18,0 8,0 8,5 + 4,9
Gender Female 17 25,4%
Male 50 74,6%
Weight (kg) 9,6-109,0 27,0 348 21,6
Height (cm) 75,0-183,0 129,5 129,7 + 29,6
Body mass 12,5-34,8 16,9 182 3,9
index (kg/m?)
Comorbidity (=) 56 83,6%
(+) 11 16,4%
Findings/symptoms
Fever 67 100%
Gastrointestinal 43 64,2%
complaints
Rash 22 32,8%
Cervical 19 28,4%
lymphadenopathy
Stomatitis 14 20,9%
Conjunctivitis 7 10,4%

Min = minumum; max = maximum; sd = standart deviation.

ventricular septal defect (1), epilepsy (1), autism (1), and obesity
(2) were present in 16.4% of patients.

Fever and gastrointestinal system findings were the most
common presenting symptoms. Demographic characteristics
and symptoms are shown in Table 1. In total, 10.4% of the patients
had positive severe acute respiratory syndrome coronavirus 2
reverse transcription-polymerase chain reaction test, 73.1% had
positive severe acute respiratory syndrome coronavirus 2 IgG
antigen, and 40% had both positive severe acute respiratory
syndrome coronavirus 2 IgM and IgG antigen. While 79.1% of
patients had a history of contact with a COVID positive patient
proven with positive severe acute respiratory syndrome corona-
virus 2 antigen and/or polymerase chain reaction tests, 16.4%
had only a history of contact.

Electrocardiographic findings were normal in 77.6% of patients.
On admission, electrocardiogram demonstrated sinus tachycardia
in nine patients, Qtc prolongation in three patients, sinus brady-
cardia in one patient, and PR interval prolongation in two patients.
However, minor electrocardiogram changes recovered, and all
electrocardiograms were normal on discharge. The median heart
rate in electrocardiogram was 98/min (99.2 + 23.6/min), median
Qtc was 422 ms (420.4 + 33.9 ms), and median PR interval was
0.18 + 0.08 ms. None of our patients received pro-arrhythmogenic
therapy such as hydroxychloroquine or azithromycin.

Holter results were recorded in 61.2% of the patients and 49.2%
were normal. The mean heart rate on the Holter recording was
78.8 £ 24.4/min. There was no statistically significant difference
in EF values between the group with arrhythmia in Holter and
the group with normal Holter results (p > 0.05). The Holter find-
ings are summarised in Table 2. All arrhythmias were observed
transiently, and none of the patients required antiarrhythmic
therapy, pacing, or emergency intervention.

On echocardiographic examination, 14.9% of the patients had
systolic dysfunction (EF <55%). While the mean EF was
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Table 2. Abnormal Holter findings (n) Table 3. Laboratory findings on admission and discharge
Sinus tachycardia 1 Min-Max Median Mean * sd p
Sinus bradycardia 1 NLR
Isolated ventricular extrasystole and sinus bradycardia 1 On admission 0,27-27,30 5,58 7,99 +6,79 <0,001 w
Rare supraventricular extrasystole 1 On discharge 0,11-23,30 1,53 2,61+3,24
Isolated ventricular extrasystole 1 Lymphocyte (pl)
Ectopic atrial focus 1 On admission 200,0-7590 1430,0 1952,5+1629,5 <0,001 w
Nonsustained accelerated idioventricular rhythm+ nodal escape 1 On discharge 730,0-18000 3470,0 4140,6 +2829,7
rhythm
CRP (mg/L)
Sinus tachycardia + monomorphic ventricular extrasystole (%4) 1
On admission 0,0-38,2 12,5 13,9+8,9 <0,001 w
On discharge 0,0-27,8 0,5 1,6+3,7
65.5+9.5% on admission, the mean EF before discharge Sedimentation (mm/h)
was 64.1+13.1% (p=0.036). Also, the mean EF on discharge On admission 20-120,0 405  459£297 0102 w
was statistically higher than on admission (p=0.003). While :
32.8% of patients had mild mitral regurgitation, 3% had moderate On discharge 40-93,0 300 3422255
mitral regurgitation, and 6% had mild aortic regurgitation. Ferritin (ng/ml)
. . . N . .
Ml'Fral r?gurg%tatlon was.see.n 1n. 17..9A) of patients on discharge, O adliisian 83,4-22948 340,7 8744428106 <0,001 w
while mild mitral regurgitation incidence decreased to 6% at the
1-month follow-up On discharge 37,8-2599 189,0 277,7+359,4
All of the aortic regurgitations disappeared on discharge. While D-Dimer (ng/ml)
minimal pencarc.hal effus1or} was present in 7.5% of the patients, On admission 200,0-9890  2280,0 2859,0421941 <0,001 w
none of the patients had signs of tamponade. Coronary artery :
involvement (mild aneurysm) was observed in one patient. This On discharge 2 O-LITE SRS M2 ke
patient met the criteria for Kawasaki disease and had a history Fibrinojen (mg/dL)
of contact with a COYID-p051tlve mdnfléual. Coronary artery On admission 113,0-1096 5260 5488+1657 <0001 w
diameters normalised with IVIG and aspirin therapy. :
Laboratory findings on admission and discharge are shown in I SIECEIE 196,0-773 389,0 399,9+1334
Table 3. Troponin (ug/L)
The.COVID ‘polyn?ergse chain reaction, IgG, an.d IgM positivity On admission 0,00-4.70 001 0164065 0,002 w
rates did not differ significantly in the group with EF <55 and :
EF > 55 (p > 0.05). Also, the COVID antibody titer did not differ On discharge 0,00-0,16 0,00  0,01£0,03
in the group with EF < 55 and EF > 55 (p > 0.05). Laboratory find- BNP (pg/ml)
ings .of patients w1th.E.F <55 and EF > 55 are shown in Table 4 On admission 10020701 285 20888446257 0,002 w
Significant effectivity of the BNP value was observed in
On discharge 16,4-1311 68,0 160,6+244,3

the differentiation of those with EF <and > 55%. The cut-off value
of 1700 pg/ml for the BNP was found to be significantly effective
in this distinction. For this value, the sensitivity was 100%, the
specificity was 88.4%, the positive and negative predictive
value was 58.3 and 100%, respectively (p<0.01, 95% CI:
0.0879-1.000) (Fig 1).

A significant positive correlation was observed between
troponin and B-type natriuretic peptide , neutrophil/lymphocyte
ratio, C-reactive protein, ferritin, d-dimer. B-type natriuretic
peptide was positively correlated with C-reactive protein, ferritin,
and fibrinogen. Lymphocyte value was negatively correlated with
both B-type natriuretic peptide and troponin (Table 5).

The average hospital stay of the patients was 10.5 + 6.0 days.
Totally, 29.9% of patients (n = 20) were hospitalised in the ICU.
In the group with EF < 55, the length of hospital stay and the rate
of admission to the ICU were significantly higher than the group
with EF > 55 (p < 0,001). The most common indication for admis-
sion to the ICU was hypotension, and the second most common
reason was altered consciousness. The mean systolic blood pres-
sure of the patients hospitalised in the ICU was 78.4 mmHg,
and the diastolic blood pressure was 44.7 mmHg.

In total, 24.6% of patients needed inotropic support, and extra-
corporeal membrane oxygenation support was needed for three
(4.5%) patients. One of the three patients with extracorporeal
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“Wilcoxon test.
BNP = B-type natriuretic peptide; CRP = c-reactive protein; min = minimum;
max = maximum; NLR = neutrophil/lymphocyte ratio; sd = standard deviation.

membrane oxygenation died, one was successfully weaned off
extracorporeal membrane oxygenation , one was implanted with
a ventricular assist device under extracorporeal membrane
oxygenation, and is waiting for heart transplantation. One patient
who died had systemic juvenile idiopathic arthritis.

Multisystem inflammatory syndrome in children is a novel
syndrome that is serious and potentially life threatening.
Although a mild course was observed in children at the beginning
of the COVID-19 pandemic, concern for children increased with
reported multisystem inflammatory syndrome in children cases
later on.>*7-!2 Cardiac manifestations are common, and cardiac
involvement is one of the most important factors determining
prognosis in multisystem inflammatory syndrome in children.”
In our single-centre study, we reported the laboratory, clinical
findings and cardiac involvement of 67 patients with multisystem
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Table 4. Comparison of the laboratory findings with EF <55 and EF > 55

EF <55 EF > 55

Mean # sd Median Mean + sd Median p
NLR
On admission 11,7+ 7,6 114 7,4 £6,5 53 0,040 m
On discharge 2,6 £1,7 1,9 2,6 £3,5 1,5 0,497 m
Lymphocyte (pl)
On admission 1560 + 2152 965 1994 + 1534 1555 0,068
On discharge 3754 + 2228 3410 4233 + 2951 3540 0,631
CRP (mg/L)
On admission 21,5 + 10,9 24,2 12,6 + 8,0 11,8 0,011 m
On discharge 4,0+9,2 0,2 1,1+14 0,5 0,406 m
Sedimentation(mm/h)
On admission 44,0 £ 41,6 29,0 439 + 25,4 40,5 0,756 m
On discharge 25,0 + 19,0 20,0 33,8 +25,8 30,0 0,738 m
Ferritin (ng/mL)
On admission 1021,4 + 1003,2 776,5 858,2 + 3050,4 306,3 0,002 m
On discharge 638,1 + 800,3 387,0 215,8 + 158,4 184,0 0,014 m
D-Dimer (ng/mL)
On admission 4395 + 2455 4350 2452 + 1808 1840 0,012 m
On discharge 903 + 800 615 876 + 732 657 0,775 m
Fibrinogen (mg/dL)
On admission 560,3 + 111,6 555,5 547,2 + 175,7 526,0 0,629
On discharge 401,5 + 201,6 315,0 396,3 + 120,1 391,5 0,585
Troponin (pg/L)
On admission 0,70 + 1,45 0,16 0,06 + 0,28 0,00 <0,001 m
On discharge 0,04 + 0,07 0,01 0,01 + 0,01 0,00 0,045 m
BNP (pg/mL)
On admission 10,730 + 7251 10,914 968 + 2044 164 <0,001
On discharge 462 + 593 246 114 + 101 68 0,200

MMann-Whitney U test.
BNP = B-type natriuretic peptide; CRP = c-reactive protein; EF = jejection fraction; NLR = neutrophil/lymphocyte ratio; sd = standart deviation.

Table 5. Correlation BNP and troponin with laboratory values

BNP NLR Lymphocyte CRP Sedimentation Ferritin D-Dimer Fibrinogen
Troponin r 0,580 0,415 —0,269 0,357 0,235 0,534 0,413 0,076
p 0,000 0,001 0,033 0,004 0,175 0,000 0,001 0,553
BNP r 0,200 —-0,292 0,394 0,281 0,539 0,274 0,338
p 0,159 0,038 0,004 0,132 0,000 0,054 0,015

Spearman Correlation.
BNP = B-type natriuretic peptide; CRP = C-reactive protein; NLR = neutrophil/lymphocyte ratio..

inflammatory syndrome in children. Totally, 61.2% of patients had
a Holter recording, and it was normal in 49.3%. Similar to previous
studies, the median age of the patients in our study was 8 years,
and there was a male predominance.**!'? Unlike Kawasaki disease,
multisystem inflammatory syndrome in children is usually
seen in children over 5 years of age.”” Fever and gastrointestinal
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involvement were the most common findings compatible with
the literature. 28

While there was 10.4% reverse transcription-polymerase
chain reaction COVID positivity in our study, IgG positivity was
73.1% and the majority of patients had contact with a COVID-
19-positive individual. This suggests that multisystem inflammatory
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Figure 1. ROC curve for BNP.

syndrome in children is triggered by an adaptive immune response
rather than an acute infection with COVID-19.%

Valverde et al. reported the incidence of arrhythmia as
35% in their study in which they examined 286 patients with multi-
system inflammatory syndrome in children.”® Also, Whittaker
et al. reported four patients (6%) developed arrhythmia: one
patient had a first-degree atrioventricular block with frequent
supraventricular ectopic beats; one had intractable broad complex
tachycardia, associated with low cardiac output, necessitating
extracorporeal membrane oxygenation; one had atrial fibrillation
managed with amiodarone; and one had second-degree heart
block, which resolved without treatment.?® Premature ventricular
contractions,’*® monomorphic ventricular tachycardia,®® diffuse
ST-segment changes, T wave inversions in lateral leads, low-
voltage QRS, atrioventricular conduction block, and sinus node
dysfunction have also been reported.>*-*® In our study, electrocar-
diogram demonstrated sinus tachycardia in nine patients, Qtc
prolongation in three patients, sinus bradycardia in one patient,
and PR interval prolongation in two patients. Qtc prolongation
in multisystem inflammatory syndrome in children patients may
be due to inflammation and changes in ion channel activity.?
We performed 24-hour Holter recording on 61.2% of patients,
and arrhythmia was observed in 50.7% and did not require
any antiarrhythmic drug therapy or emergency intervention.
Although findings other than nonsustained accelerated idioven-
tricular rhythm detected in the Holter recordings can also be seen
in the healthy population, the Holter recordings completely
normalised without any anti-arrhythmogenic treatment before
discharge. While there are studies of Holter recordings in adults
with COVID-19 infection, data in children are very limited.*
Only one study evaluated the 24-hour Holter monitoring in
the short-term follow-up of multisystem inflammatory syndrome
in children patients, and the Holter records of all patients
were normal.** However, in our study, Holter recordings were
performed in the acute period and their relationship with
the systolic function was also evaluated. Since Holter monitoring
is not routinely performed, the incidence of arrhythmia in
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multisystem inflammatory syndrome in children may be
underestimated. Because of no active infection in multisystem
inflammatory syndrome in children, there is no contamination risk
of staff and Holter devices so it should be used more.

On echocardiography, systolic dysfunction was determined in
14.9% of 67 children diagnosed with multisystem inflammatory
syndrome in children. The most frequently affected valves were
the mitral and aortic valves, respectively. Coronary artery dilation
or aneurysms have been described in 6-24% of patients in multi-
system inflammatory syndrome in children.®* In this study, coro-
nary artery involvement was seen in one (1.5%) patient, and this
patient fulfilled the criteria for Kawasaki disease and had contact
with COVID-19-positive individuals. As we know, multisystem
inflammatory syndrome in children overlaps with Kawasaki and
Kawasaki-like disease.””*! A systematic review and meta-analysis
demonstrated that myocardial dysfunction is a more common
cardiovascular complication in multisystem inflammatory
syndrome in children than coronary artery dilation or aneurysms,
unlike in Kawasaki disease.”? Our study also supports this
finding.

Feldstein et al. have shown that 80% of patients required inten-
sive care and 4% received extracorporeal membrane oxygenation.?®
Extracorporeal membrane oxygenation support was 0.3% in
Valverde et al.‘s study and one death occurred.?® In the study by
Belhadjer et al., the need for extracorporeal membrane oxygena-
tion was in 28% of patients and no death was observed.'* In our
study, 29.9% of the patients were admitted to the ICU, and 4.5%
of the patients needed extracorporeal membrane oxygenation
due to persistent hypotension. Of patients who underwent extra-
corporeal membrane oxygenation, one patient with systemic
juvenile idiopathic arthritis died, one was successfully weaned
off extracorporeal membrane oxygenation, and one was implanted
with a ventricular assist device under extracorporeal membrane
oxygenation and is waiting for heart transplantation.

Some laboratory findings support that multisystem inflamma-
tory syndrome in children is an Macrophage Activation Syndrome
(MAS)-like cytokine storm.*! Pouletty et al. have compared
patients with severe and non-severe forms of multisystem inflam-
matory syndrome in children, and they reported that higher age
and a serum ferritin >1400 pg/L were the best indicators for severe
disease.* Overall, C-reactive protein, procalcitonin, and erythro-
cyte sedimentation rate are highly elevated, as well as ferritin
and interleukin-6.%" B-type natriuretic peptide and troponin values
are important markers in terms of cardiac involvement and were
found to be high in most multisystem inflammatory syndrome in
children patients.” Many biomarkers, including C-reactive
protein, ferritin, troponin, and NT-proBNP levels may help predict
the progression and severity of the disease. Salido et al. compared
children with multisystem inflammatory syndrome in children
and COVID-19 infection and found that the multisystem inflam-
matory syndrome in children patients presented severe inflamma-
tion, severe lymphopenia, with a high neutrophil/lymphocyte
ratio .** In adults, neutrophil/lymphocyte ratio has been observed
to distinguish mild from severe cases of COVID-19.#* In our
study, supporting the literature, a significant positive correlation
was observed between troponin and B-type natriuretic peptide,
neutrophil/lymphocyte ratio, C-reactive protein, ferritin, d-dimer.
B-type natriuretic peptide was positively correlated with C-reactive
protein, ferritin, and fibrinogen. Lymphocyte value is negatively
correlated with both B-type natriuretic peptide and troponin.
Also, neutrophil/lymphocyte ratio, C-reactive protein, d-dimer,
ferritin, troponin, and B-type natriuretic peptide values were found
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to be significantly higher in patients with systolic dysfunction. The
cut-off value of 1700 pg/ml for the B-type natriuretic peptide was
found to be significantly effective in predicting systolic function.
Therefore, these factors can be used to determine the severity of
the disease.

There are some limitations of our study. First, this is a retro-
spective study. We did not perform cardiac CT or MRI for cardiac
evaluation, and Holter recordings of some patients were absent.

Due to the limited data on this subject, our study is important
because it presents Holter data of multisystem inflammatory
syndrome in children. No serious arrhythmia was observed in
electrocardiogram and Holter recordings. On echocardiographic
examination, 14.9% of the patients had systolic dysfunction and
three patients needed extracorporeal membrane oxygenation
support one of whom died. One patient is waiting for a heart trans-
plant with a ventricular assist device. Neutrophil/lymphocyte ratio,
C-reactive protein, d-dimer, ferritin, troponin, and B-type natriu-
retic peptide values were found to be significantly higher in
patients with systolic dysfunction. Also, the cut-off value of
1700 pg/ml for B-type natriuretic peptide was significantly
effective. These parameters can be used to indicate the severity
of the disease.

This research received no specific grant from any funding
agency, commercial, or not-for-profit sectors

None.
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