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Abstract: Objectives: The goal of the study was to assess if body mass index (BMI) affects the pace of cardiac
muscle recovery in children after PIMS-TS. Methods: A prospective single-center study enrolled consecutive
children hospitalized with PIMS-TS between October 2020 and February 2022 and followed-up after 6 weeks
and 6 months. In all children three-dimensional echocardiography and global longitudinal strain were used to
assess ventricular function and the results were analyzed according to patients’ BMI status. Results: The study
enrolled 170 patients aged 1-17 years, median 8.5+4.43 years. Children with normal BMI (>5th and <85th
percentile; n=115) accounted for 67.65%, overweight and obese children (>85th percentile; n=40) made 23.53%
and underweight (<5th percentile; n=15) 8.82% of the participants. In all patients the means of left and right
ventricular ejection fraction (LVEF and RVEF) in 3D-ECHO and average GLS were within normal limits at
discharge and during follow-up. However, in normal weight children the function of left ventricle improved
between 6 weeks and 6 months according to both GLS and LVEF (p<0.05) while no significant improvement
was observed in underweight, overweight and obese. In patients with BMI >85th percentile the mean of left
ventricular GLS after 6 weeks, although in normal range, was significantly lower than in underweight children
(respectively: -20.09+2.5% and -23.55+3.55%, p=0.002), whereas left ventricle function assessed with 3D-ECHO
showed no significant difference in both groups at that time (BMI >85th percentile LVEF 61.15+3.21%, BMI <5th
percentile LVEF 61.30+2.71%, p=0.36). During the study period right ventricular function remained within
normal limits and no significant differences according to both GLS and RVEF were reported between weight
status groups. However, further significant right ventricular function improvement between 6 weeks and 6
months was observed in normal weight children according to GLS (respectively: -22.6+4.51% and -24.16+2.97%,
p=0.02), while RVEF in 3D-ECHO remained unchanged (p=0.63). In groups of underweight, overweight and
obese children no significant changes between 6 weeks and 6 months were observed. Conclusions: Left and
right ventricular function stays within normal limits 6 weeks after PIMS-TS regardless of patients’ BMI. Left
and right ventricular function improves further between 6 weeks and 6 months after the acute disease in the
group of children with normal BMI. GLS is a sensitive tool for its assessment. Lower ventricular GLS in children
with BMI > 85th percentile may indicate poorer left ventricular performance. Children with normal BMI may
present more advantageous cardiac recovery pace after PIMS-TS.
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1. Introduction

Pediatric multisystem inflammatory syndrome temporally associated with SARS-CoV-2 /
COVID-19 (PIMS-TS) or multisystem inflammatory syndrome in children (MIS-C) is an aftermath of
SARS-CoV-2 pandemic [1-3]. The cardiovascular system is affected in the majority of patients
(typically with left ventricular systolic function deterioration), although cardiac involvement is only
temporary in most children.

BMI is known to affect cardiac performance [4,5] but its impact on cardiac function recovery in
patients after PIMS-TS is still unclear.
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The aim of the study was to assess if and how body mass index (BMI) affects the pace of cardiac
muscle recovery in children after PIMS-TS.

2. Materials and Methods

A prospective study was conducted in the Department of Pediatric Cardiology between October
2020 and February 2022. Consecutive patients diagnosed with PIMS-TS (according to clinical and
laboratory WHO criteria) were followed-up 6 weeks and 6 months after the diagnosis. Patients were
divided into normal weight (centile 5th — 85th), overweight and obese (>85th centile) and
underweight (<5th centile) groups according to the current CDC criteria.

At control points three-dimensional echocardiography (3D-ECHO) and average global
longitudinal strain (GLS) were used to assess ventricular function (Philips, USA, CVx 3D).

Left ventricular ejection fraction (LVEF) was assessed in 3D-ECHO using Philips Dynamic Heart
Model (DHM), and right ventricular ejection fraction (RVEF) with 3D Auto RV TomTec algorithm.
The average longitudinal strain (GLS Avg) for both ventricles was obtained using TomTec software
for two-dimensional apical images.

The study protocol was consistent with the standards of Helsinki Declaration, and was approved
by University Bioethical Committee (KB/13/2021). The legal guardians and patients older than 16
years signed informed consent for participation.

Continuous data were expressed as mean and standard deviation (SD) or median and
interquartile range. Normal distribution was assessed with the Shapiro-Wilk test. Differences in
means between groups were assessed with the paired and unpaired t-test. Categorical data were
expressed as percentages. Differences in proportions were compared by means of chi-square analysis
(Pearson, with Yates correction when necessary). A 2-sided P value less than 0.05 was considered
significant for all tests. Analyses were performed using the statistical package Statistica v. 13.1
software (Dell Inc., Tulsa, OK, USA).

3. Results

The study enrolled 170 consecutive patients aged 1-17 diagnosed with PIMS-TS and controlled
in the pediatric cardiology unit. The majority of patients were male (n=115) with the mean age of
8.5+4.43 years. Normal weight children with BMI between 5th and 85th percentile (n=115) accounted
for 67.65% of the whole group, while overweight and obese children (n=40) made 23.53% and
underweight (n=15) 8.82% of the participants.

At the time of discharge all patients were asymptomatic with normal ventricular systolic
function (LVEF and RVEF).

During follow-up 130 children were evaluated after 6 weeks and 72 again after 6 months. For all
children, despite their weight status, the means of left and right ventricular ejection fraction (LVEF
and RVEF) in 3D-ECHO and average GLS were reported within normal limits at the time of both
check-up points. However, in normal weight children the function of left ventricle improved further
between 6 weeks and 6 months according to both GLS and LVEF (p<0.05). No significant
improvement in left ventricle function was observed in underweight, overweight and obese children
between 6 weeks and 6 months according to both GLS and LVEF (Table 1, Figure 1).

Table 1. Echocardiographic Parameters in Underweight, Normal Weight, and Overweight and Obese
Children after PIMS-TS on Follow-up.

BMI percentile
<5 5-85 >85
Mean SD pvalue Mean SD pvalue Mean SD p value
LV GLS at 6 weeks,
i/ WeesS 2355 355 2019 3.88 -2043 3.25
o
0.14 ————<0.0001 —— 0.15
LVGLSate 01 476 2317 258 2216 2.59

months, %
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LVEF 3D
\:veel:is j/‘t6 6240 251 60.68 2.64 62.00 456
LVEE 30 °t ¢ 053 ——————<0.0001 ———— 0.32
a 6320 1.92 6358 2.49 63.67 2.96
months, %
RVGLS i/t6weeks’ 2338 5.62 2260 451 -21.97 4.84
(o]
032 ——————— 002 —————— 026
RVGLS ?;6‘”661(5’ -26.00 5.30 2416 297 2448 3.64
(o]
RVEF 3D
\:Neeis ;‘té 6620 2.86 6401 361 6344 3.00
RVEE 3D 2t 058 ———————— 063 ——————— 058
2 6520 2.8 6453 3.15 6411 2.52

months, %

PIMS-TS= Pediatric Multisystem Inflammatory Syndrome Temporally Associated with SARS-CoV-2 / COVID-
19; LVEF= left ventricular ejection fraction; LV GLS= left ventricular global longitudinal strain; RVEF= right
ventricular ejection fraction; RV GLS= right ventricular global longitudinal strain.
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Figure 1. Echocardiographic Parameters in Underweight, Normal Weight, and Overweight and
Obese Children after PIMS-TS on Follow-up.
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In patients with BMI >85 percentile the mean of left ventricular GLS after 6 weeks, although in
normal range, was significantly lower than in underweight children (respectively: -20.09+2.5% and -
23.55+3.55%, p=0.002). Whereas, left ventricle function assessed with 3D-ECHO showed no
significant difference in both groups at that time (BMI >85 percentile LVEF 61.15+3.21, BMI <5
percentile LVEF 61.30+2.71, p=0.36).

No significant differences between underweight, normal weight, overweight and obese children
were reported after 6 weeks and 6 months for right ventricular function according to both GLS and
RVEF. Significant right ventricular function improvement between 6 weeks and 6 months was
observed in normal weight children according to GLS (respectively: -22.6+4.51% and -24.16+2.97%,
p=0.02), but according to RVEF right ventricular function remained unchanged (p=0.63). In groups of
underweight, overweight and obese children right ventricular function presented both as GLS and
RVEF showed no significant change after 6 weeks and 6 months.

4. Discussion

In our studied group of 170 patients with PIMS-TS a relatively small portion had abnormal BMI,
with only 40 children (less than a quarter) being overweight or obese. This characteristic stays in
contrast to other studies involving BMI in analysis, where children with increased BMI represented
significantly higher percentage of the population. In the group of children reported by Capone et al.
45% of children were overweight or obese [6]. In smaller populations from European countries almost
half of patients had abnormally high BMI [7,8]. Our group’s nutritional status stays in agreement
with characteristics of general population of children with PIMS-TS in Poland with 7% of obesity rate
[9,10] and is consistent with the population of Polish children in general, in which 9.1% of children
have excessive BMI [11].

Interestingly, in the light of current discussion about potential pathophysiological similarity
between PIMS-TS with cardiac involvement and myocarditis, Polish population of children suffering
from the latter presents with much higher prevalence (45%) of excessive BMI [12]. The same tendency
is also observed in the group of patients with COVID-19-vaccination induced myocarditis [13].

Due to small percentage of overweight and obese children in our studied population and small
ratio/proportion of patients with severe cardiac involvement (also typical for Polish population; only
10 children in our group needed escalated treatment in PICU [9,14]) we were not able to establish
direct link between excessive BMI and PIMS-TS increased severity or worse outcomes, however this
tendency was reported by Khoury et al. in an international cohort study [8].

In the studied group underweight patients presented significantly higher means of GLS than
overweight and obese, therefore the results of the comparison between ventricular mechanics in
children with normal and abnormal BMI were similar to those observed and reported for general
population by many authors. Kibar et al.[15] compared a group of 60 obese children aged 10-16 years
old (similar to PIMS-TS patients) with healthy controls, noting significantly lower longitudinal strain
values in overweight group. Paysal et al.[5] observed that left ventricular GLS in adolescent girls was
affected by BMI with higher values reported in patients with anorexia and lower in obese children
(this tendency was not observed for radial and circumferential strain values).

Interestingly, our analysis demonstrated a different pace of ventricular function recovery after
PIMS-TS between the children with normal and abnormal (both too low and excessive) BMI, which
so far has not been noted in the literature. Even taking into account lower numbers of underweight
and overweight children in our group, they demonstrated no tendency to improve ventricular
mechanics between 6 weeks and 6 months after the disease, while the means of GLS for both
ventricles increased during that time in patients with normal BMI. This tendency may illustrate
higher capacity of the muscle for potential improvement in normal weight children, although is
visible/noticeable only by GLS and not 3D-ECHO EF. It is worth noting, that the time of observed
improvement overlaps with the timing of return to “normal life” and physical activity in most
children after PIMS-TS. No marked change in BMI status was apparent in our patients in contrast to
the data published by Di Profio et al.[16], where the means of BMI increased during 6 months of
observation after discharge.
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In the light of those findings the restrictions of physical activity in children after PIMS-TS should
be reconsidered.

As a limitation to our study we must consider that it is a single center study and may not
accurately represent trends from general pediatric population. The majority of studied patients had
normal BMI which makes this cohort different than in many other countries. We are lacking detailed
data on diet and physical activity of underweight and overweight children during the recovery,
therefore further prospective observation is required.
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