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Abstract

Background Multisystem inflammatory syndrome in children (MIS-C), a complication of COVID-19, is frequently
associated with cardiac involvement. Although most affected children recover, the extent and duration of myocardial
abnormalities remain uncertain. This study evaluates mid-term cardiac function in MIS-C patients, with and without
cardiac involvement, using transthoracic echocardiography (TTE) and speckle-tracking echocardiography (STE).

Methods This case—control study (2022-2023) included 90 children: 30 with MIS-C and cardiac involvement, 30
with MIS-C without cardiac involvement, and 30 healthy controls. TTE and STE were used to assess left ventricular
ejection fraction (LVEF) and global longitudinal strain (GLS) at diagnosis and at three months, comparing outcomes
across groups.

Results The cardiac involvement group exhibited significantly elevated ferritin and C-reactive protein levels (P=0.006
and P=0.017, respectively) and a higher prevalence of troponin positivity (56.67% vs. 20%, P=0.009). At baseline,
these patients had markedly reduced LVEF (56.5+4.3) and GLS (-21.6+3.21) compared to healthy controls (LVEF:
68.2+521; GLS: -24.8+1.48; both P<0.001). Notably, the basal segment showed significant longitudinal strain reduc-
tion (-18.75+3.89 vs.-23.58 +0.27, P=0.027), while differences in the apical and mid segments were not significant. By
three months, LVEF (69+4.21, P=0.53) and GLS (-24.13+2.39, P=0.17) normalized. Heart failure and coronary artery
brightness resolved in all affected patients, and most structural abnormalities improved; only two cases exhibited
persistent mild left ventricular dilation. Regional strain analysis at follow-up revealed values comparable to those

of healthy controls across all segments.

Conclusion Cardiac dysfunction in MIS-C largely resolves within three months, with LVEF and GLS returning to nor-
mal. However, persistent myocardial abnormalities in a few cases highlight the need for long-term cardiac monitoring
to detect and manage potential sequelae.
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Introduction

Multisystem inflammatory syndrome in children (MIS-
C) has emerged as a serious post-infectious compli-
cation of SARS-CoV-2, posing unique challenges in
pediatric care and underscoring its public health sig-
nificance [1, 2]. MIS-C is characterized by a hyper-
inflammatory response that can result in cardiovascular
complications, including myocarditis, acute cardiac
dysfunction, and coronary artery abnormalities [3, 4].
Although the exact pathophysiology remains unclear,
growing evidence suggests an immune-mediated, post-
viral mechanism resembling myocarditis [5].

As the coronavirus disease 2019 (COVID-19) pan-
demic progressed, it became clear that understanding
the long-term cardiac implications of MIS-C is critical,
particularly since many affected children exhibit tran-
sient cardiac abnormalities during the acute phase [6,
7]. Although many affected children regain normal car-
diac function within months, some exhibit persistent or
delayed-onset cardiac sequelae, raising concerns about
potential long-term implications [8]. This underscores
the necessity of continued cardiac monitoring and
structured follow-up to mitigate adverse outcomes.

Speckle-tracking echocardiography (STE) is increas-
ingly recognized as a valuable tool for evaluating myo-
cardial mechanics in MIS-C. Unlike conventional
echocardiography, which primarily assesses ejection
fraction and chamber dimensions, STE provides a sen-
sitive and detailed analysis of myocardial deformation
and strain, allowing for the detection of subclinical car-
diac dysfunction [9, 10]. Its application in MIS-C could
enhance the identification of early myocardial impair-
ment and guide timely interventions [10].

Despite its significance, limited research has investi-
gated cardiac involvement in MIS-C, and no study has
directly compared cardiac outcomes between patients
with and without cardiac involvement. The lack of
adequate data on mid- and long-term cardiac sequelae
highlights the need for targeted investigations to refine
clinical management and prevent complications.

This case—control study aims to bridge this gap
by assessing mid-term cardiac function in pediatric
MIS-C patients. Using transthoracic echocardiography
(TTE) and STE, the study evaluates myocardial strain
and function at diagnosis and three months post-diag-
nosis. By delineating the trajectory of cardiac recovery,
the findings may inform clinical strategies for optimiz-
ing management and long-term outcomes in MIS-C
patients.
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Methods

This cross-sectional case—control study was conducted
at Namazi Hospital, Shiraz, Iran, from September 2022
to June 2023. The study protocol was approved by the
Ethics Committee of Shiraz University of Medical Sci-
ences (Ethics code: IR.SUMS.MED.REC.1401.323).
Ethical considerations included obtaining informed
consent from participants’ guardians, providing free
echocardiographic evaluations, and adhering to the
principles outlined by the Ethics Committee and the
Declaration of Helsinki.

Participants and sampling

A total of 90 children were included in the study, cat-
egorized into three groups: 30 children with multisys-
tem inflammatory syndrome in children (MIS-C) and
cardiac involvement, 30 children with MIS-C without
cardiac involvement, and 30 healthy controls. MIS-C
patients were younger than 18 years old and met the
diagnostic criteria established in previous studies
[11]. Healthy controls were children with no under-
lying medical conditions and confirmed absence of
COVID-19.

Given the rarity of MIS-C, patient selection was
based on convenience sampling from clinical diag-
noses and paramedical findings, whereas the healthy
controls were randomly selected from the hospital
registry. Participants were age-matched within a toler-
ance of+1 year to ensure demographic comparability
across groups. The sex distribution in the healthy con-
trol group was balanced (15 males [50%] and 15 females
[50%]).

Eligibility criteria

Inclusion criteria for the MIS-C groups were a con-
firmed diagnosis of MIS-C according to established
guidelines [11] and availability of echocardiographic
and laboratory data. Exclusion criteria for all groups
were:

+ History of congenital heart disease.

+ Presence of concurrent underlying diseases affect-
ing cardiac function.

+ Current cancer diagnosis or ongoing chemother-

apy.

The healthy controls were children free of any known
disease or recent COVID-19 exposure.

Data collection
Data collection for the MIS-C groups was conducted
during hospitalization and included transthoracic
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echocardiography (TTE) and speckle-tracking echocar-
diography (STE) assessments. Echocardiographic eval-
uations were conducted using a Vivid GE S6 ultrasound
scanner with a 4 MHz transducer. Two-dimensional
cine loops were acquired from three apical views (four-
chamber, three-chamber, and two-chamber) and digi-
tally stored for further analysis.

« For healthy controls, a single echocardiographic eval-
uation was performed without follow-up, whereas
MIS-C patients underwent TTE and STE at diagno-
sis and three months post-diagnosis to assess myo-
cardial strain and left ventricular function.

+ The Simpson method was used to calculate left ven-
tricular volumes and ejection fraction (LVEF), a
standard approach in pediatric cardiology.

+ Myocardial deformation and strain were analyzed
using STE. Acoustic markers (speckles) were auto-
matically tracked across the cardiac cycle using
TomTec Image Arena software, a vendor-independ-
ent platform.

During the study period (September 2022—June 2023),
the Omicron variant of SARS-CoV-2 was the predomi-
nant strain nationally and institutionally, as reported by
local and national health agencies.

Definitions

MIS-C with Cardiac Involvement: Defined by echo-
cardiographic findings, including LVEF <57%, coro-
nary artery involvement, valvular abnormalities, per-
icardial effusion, arrhythmias, and/or clinical signs of
heart dysfunction.

Heart Failure: Defined as LVEF<57%, determined
through TTE assessments, in accordance with widely
accepted pediatric cardiology guidelines.

Laboratory Tests: All laboratory tests were performed
at the time of hospital admission.

Troponin  Positivity: Defined as a troponin
level >20 ng/L, based on institutional laboratory
standards for pediatric patients.

Bias reduction strategies
To mitigate potential bias:

+ Two control groups were included: healthy children
and MIS-C patients without cardiac involvement, to
allow for comprehensive comparisons.

+ Echocardiographic studies were conducted indepen-
dently by two blinded pediatric cardiologists who
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were unaware of participant categorization. Discrep-
ancies in interpretation were resolved by consensus.

+ Random sampling was used for healthy controls, and
age- and sex-matching were applied across groups.

Outcome measures

Primary outcomes included cardiac function and myo-
cardial strain parameters assessed using STE and TTE.
MIS-C patients’ outcomes at diagnosis and follow-up
were compared to evaluate cardiac recovery. Healthy
controls served as a baseline reference for cardiac
function.

Statistical analysis

Data were analyzed using SPSS (version 26). Continuous
variables were expressed as means * standard deviations
and compared using Student’s t-test. Categorical vari-
ables were presented as counts and percentages, analyzed
using Chi-square tests. Echocardiographic parameters of
MIS-C patients (both cardiac and non-cardiac involve-
ment groups) were compared independently with those
of healthy controls. A p-value<0.05 was considered sta-
tistically significant.

Result

Demographic and clinical characteristics

Table 1 summarizes the demographic and laboratory
characteristics of MIS-C patients. The two MIS-C groups
showed no significant differences in age (7.72+4.03
vs. 7.97+3.59 years, P=0.08) or gender distribution
(P=0.44). Healthy controls were matched by age within
azl year tolerance and had a 1:1 sex ratio. Patients
with cardiac involvement had longer hospital stays
(6.7+£3.53 vs. 4.87+1.47 days, P=0.011) and required
longer intensive care unit (ICU) stays (2.43 +2.31 days vs.
1.03 £ 0.93 days, P=0.003), indicating a more severe clini-
cal course.

Inflammatory markers

Inflammatory markers were significantly elevated in
the cardiac involvement group, with higher C-reactive
protein (CRP) (110.25+56.99 vs. 72.03+61.53 mg/L,
P=0.017) and ferritin levels (1417.42+1447.11 vs.
510.97 +656.71 ng/dL, P=0.006). Troponin positivity,
defined as levels >20 ng/L, was more prevalent in the car-
diac group (56.67% vs. 20%, P=0.009), indicating greater
myocardial injury. Although erythrocyte sedimentation
rate (ESR) and white blood cell count (WBC) were ele-
vated in both groups, these differences did not reach sta-
tistical significance (P=0.47 and P=0.51, respectively).
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Table 1 Demographic and Laboratory Characteristics of MIS-C Patients with and without Cardiac Involvement
Variables Categories MIS-C Non-Cardiac Group MIS-C Cardiac Group (n=30) P-values
(n=30)
Age (years) 7.72+403 7.97+3.59 0.08
Gender Female 15(50%) 12(40%) 0.44
Male 15(50%) 18(60%)
Admission Duration (days) 4.87+147 6.7+£3.53 0011
ICU Duration (days) 1.033+£0.93 2434231 0.003
CRP (mg/L) 72.03+61.53 110.25+56.99 0.017
ESR (mm/hour) 51.17+£3593 58+33.73 047
WBC (cell/microliter) 8.86+4.028 9.55+4.05 0.51
Fibrinogen (mg/dL) 512.63+198.03 489.2+146.11 0.73
Ferritin (ng/dL) 51097 +656.71 141742 +£1447.11 0.006
Positive troponin (n, %) 6 (20%) 17 (56.67%) 0.009
Troponin (ng/mL) 19.28+25.51 193.38+490.95 0.057

CRP C-reactive protein, ESR Erythrocyte Sedimentation Rate, WBC White Blood Cell

Table 2 Distribution of cardiac complications in MIS-C patients
with cardiac involvement over three months

Problem Admission (n=30) 3-month F/U (n=28)
HF 14 (46.6%) 0 (0%)
MR 9 (30%) 3(10.7%)
TR 21 (70%) 3(10.7%)
PI 12 (40%) 3(10.7%)
Al 2 (6.6%) 0 (0%)
Pericardial effusion 4(13.3%) 0 (0%)
Arrhythmia 2 (6.6%) 0 (0%)
Coronary artery brightness 3 (10%) 0 (0%)
LAD and LCA aneurysm 1(3.3%) 1 (3.6%)
RCA Dilation 1(3.3%) 0 (0%)
Coronary artery lack 1(3.3%) 0 (0%)
of tapering

Mild LV dilation 5(16.6%) 2(7.1%)

Abbreviations: HF heart failure, MR mitral regurgitation, TR tricuspid
regurgitation, Pl Pulmonic insufficiency, Al Aortic insufficiency, LAD Left Anterior
Descending artery, LCA Left Coronary Artery, RCA Right Coronary Artery, LV left
ventricular

Cardiac outcomes

Mid-term cardiac outcomes were assessed during a
three-month follow-up. Of the initial cohort, three
patients in the cardiac group (one death, two lost to fol-
low-up) and two in the non-cardiac group (both lost to
follow-up) were excluded from follow-up analyses.

At admission, 14 patients with cardiac involvement
exhibited heart failure, which had completely resolved
in all surviving patients by the three-month follow-up
(Table 2). Arrhythmias occurred in two patients: one case
of fatal ventricular tachycardia and one case of transient

sinus bradycardia, which resolved within 48 h and did
not recur.

Coronary artery abnormalities were noted in one
patient with aneurysms in the left anterior descending
(LAD) and left main coronary artery (LMCA), exhibiting
a Z-score of 5-10, indicating significant dilation. These
abnormalities remained stable over three months with
no functional impairments. Structural abnormalities,
including mitral regurgitation (MR), tricuspid regurgita-
tion (TR), and pulmonic insufficiency (PI), were preva-
lent at admission but showed significant improvement by
follow-up, with only three cases of each persisting. Aortic
insufficiency and pericardial effusion, initially observed
in two and four patients, respectively, resolved com-
pletely by follow-up.

Coronary artery brightness, initially noted in three
patients, resolved entirely during follow-up. Mild left
ventricular (LV) dilation was observed in five patients,
persisting in only two cases at follow-up. Two patients
showed mild LV dilation with subclinical myocardial dys-
function, indicating persistent myocardial changes asso-
ciated with structural LV abnormalities.

Comparative analysis of echocardiographic parameters

at baseline

Baseline echocardiography revealed significantly
reduced left ventricular ejection fraction (LVEF) in
the cardiac group (56.5+4.3) compared to healthy
controls (68.2+5.21) and the non-cardiac MIS-C
group (70.5+4.10) (P<0.001 for both comparisons).
Global longitudinal strain (GLS) was also significantly
impaired (-21.6+3.21 vs. -24.8+1.48 in healthy con-
trols, P<0.001). Similar differences were noted across
4CGLS, 3CGLS, and 2CGLS (P<0.001 for each),
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Table 3 Baseline and Follow-up 2D Conventional and Speckle-Tracking Echocardiographic Parameters in MIS-C Patients and Healthy

Controls
Variables Categories Healthy Controls (HC) MIS-C Non-Cardiac MIS-C Cardiac Group P-values
Group
LVEF Baseline 68.2+521 70.5+4.10 56.5+4.3 0.14*
<0.001°
F/U 71.2+4.18 69+4.21 0.12*
053°
GLS Baseline -248+148 -24.1+251 -216+3.21 0.19*
<0.001°
F/U -242+239 -24.13+2.39 0.19*
0.17°
4CGLS Baseline -243+£1.75 -2391+2.50 -20.89+2.67 0.48*
<0.001°
F/U -248+2.11 -2491+2.1 0.14*
0.12°
3CGLS Baseline -24.05+1.27 -2432+1.62 -22.01+2.51 0.22*
<0.001°
F/U -24.56+1.85 -24.61+231 0.28*
0.35°
2CGLS Baseline -2438+1.64 -25.12+2.10 -21.67+341 0.13*
<0.001°
F/U -2398+2.5 -23.98+2.02 0.46*
031°
Apex Region Baseline -2436+0.56 -2447+0.57 -2240+2.64 0.37*
0.08°
F/U -24.37+0.83 24.13+£0.83 021*
0.15°
Mid Region Baseline -24.11+0.46 -24.10+1.03 -21.99+291 0.88*
0.15°
F/U -24.11+0.50 -24.35+0.63 0.63*
0.28°
Base Region Baseline -23.58+0.27 -23.97+042 -18.75+3.89 0.15*%
0.027°
F/U -23.92+0.66 -23.59+0.51 0.37*
0.83°

Abbreviations: LVEF left ventricular ejection fraction, GLS global longitudinal strain, 4CGLS four chamber global longitudinal strain, 3CGLS Global Longitudinal Strain of

three chamber view, 2CGLS two chamber global longitudinal strain
" MISC without cardiac involvement vs. healthy controls
$ MISC with cardiac involvement vs. healthy controls

emphasizing substantial myocardial strain reduction in
patients with cardiac complications (Table 3). At base-
line, longitudinal strain (LS) in the apex (-22.40 £ 2.64)
and mid (-21.99£2.91) regions was slightly lower in
the MIS-C cardiac group compared to healthy con-
trols (-24.36+0.56 and -24.11+0.46, respectively),
though these differences were not statistically signifi-
cant (P>0.05). In contrast, the base region exhibited
a significant LS reduction in the MIS-C cardiac group
at baseline (-18.75+3.89 vs. -23.58+0.27, P=0.027),
suggesting a greater susceptibility to myocardial
dysfunction.

Table 4 presents the comparison of mean longitudinal
strain across various cardiac segments among the study

groups. At baseline, significant reductions in longitudi-
nal strain were observed in the MIS-C cardiac involve-
ment group compared to healthy controls, particularly
in specific myocardial segments. Segmental strain anal-
ysis of MIS-C cardiac patients identified pronounced
impairments in the anterior and lateral walls of the apex
(P=0.002), the mid anterior wall (P<0.001), and the
mid lateral wall (P=0.003). The basal segments, includ-
ing the anterior (P=0.001), lateral (P<0.001), infe-
rolateral (P<0.001), and anteroseptal walls (P<0.001),
showed marked impairments, reflecting a global impact
on myocardial contractility in patients with cardiac
involvement. In particular, the basal walls may serve as
critical regions for focused clinical assessment.
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Table 4 Comparison of the mean longitudinal strain of different heart segments/regions across the study groups

Cardiac segments Categories Healthy Controls (HC) MIS-C Non-Cardiac  MIS-C Cardiac Group P-values
Group
anterior wall of apex Baseline -24.62+3.08 -24.73+£2.96 -19.70+7.63 0.88*
0.002°
F/U -2501+2.74 -23.97+2.69 0.76*
0.18°
lateral wall of apex Baseline -24.24+2.58 -25.14+3.10 -18.40+9.51 0.22*
0.002°
F/U -23.68+1.98 -22.68+6.21 0.19*
021°
inferolateral wall of apex Baseline -2492+29 -23.89+3.01 -2351+4.54 0.11*
0.15°
F/U -24.42+4.05 -23.96+3.87 041*
0.36°
Inferior wall of apex Baseline -24.97 +4.15 -23.66+4.61 -2421+3.96 0.2*
040°
F/U -23.86+3.99 -2501+287 0.18*
041°
septal wall of apex Baseline -24.76+332 -2476+332 -2459+4.25 043*
0.86°
F/U -2421+3.65 -2438+4.17 051*
0.85°
anteroseptal wall of apex Baseline -24.78+3.42 -24.65+2.96 -23.98+3.85 0.78*
039°
F/U -25.02+2.89 -24.78+2.82 0.24*
069°
mid anterior wall Baseline -2495+3.16 -2536+246 -1821+82 0.58*
<0.001°
F/U -24.65+2.98 -24.71+341 0.17*
0.86°
mid lateral wall Baseline -24.16+2.75 -23.2+1.05 -18.5+9.81 0.07*
0.003°
F/U -23.84+2.01 -25.02+2.81 0.09*
037°
Mid inferolateral wall Baseline -23.84+2.75 -2451+3.12 -2298+3.15 0.38*
0.26°
F/U -23.95+341 -23.82+191 0.32*
0.62°
Mid inferior wall Baseline -24.11+3.03 -25.12+4.03 -25.21+3.81 0.27*
022°
F/U -24.68+2.75 -2498+291 0.32*
037°
Mid septal wall Baseline -23.86+2.10 -2346+231 -23.51+3.01 0.48*
06°
F/U -24.03+£1.99 -23.64+257 0.37*
055°
Mid anteroseptal wall Baseline -23.27+2.02 -2297+1.85 -23.53+381 0.55*
0.74°
F/U -23544+1.96 -23.91+£2.69 0.49*
0.89°
anterior wall of basal Baseline -23.68+242 -2352+1.23 -16.25+7.54 0.74*
0.001°
F/U -24.13+2.54 -22.78+5.04 0.38*
017°
lateral wall of basal Baseline -24.05+3.16 -2403+2.76 -12.57+14.08 0.97*
<0.001°
F/U -24.24+4.01 -23.67 1241 0.33*

0.21°
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Table 4 (continued)
Cardiac segments Categories Healthy Controls (HC) MIS-C Non-Cardiac  MIS-C Cardiac Group P-values
Group
inferolateral wall of basal Baseline -23.68+2.50 -2422+263 -1823+6.43 041*
<0.001°
F/U -2397+247 -2345+3.16 0.67*
075°
inferior wall of basal Baseline -2338+1.74 -23.84+2.03 -2322+4.35 0.34*
0.85°
F/U -22.75+2.15 -24.18+2.03 0.21*
031°
septal wall of basal Baseline -233+2.11 -2356+3.11 21214312 0.70*
0.004°
F/U -23.714+2.46 -2340+3.04 0.64*
071°
anteroseptal wall of basal Baseline -23.75+2.26 -24.65+2.34 -21.05+3.59 0.13*
<0.001°
F/U -247142.24 -24.05+2.14 0.09*
032°

" MISC without cardiac involvement vs. healthy controls

$ MISC with cardiac involvement vs. healthy controls

In contrast, MIS-C patients without cardiac involve-
ment exhibited strain values more comparable to con-
trols, with only minor, non-significant differences in
segments such as the mid lateral wall (P=0.07) and infe-
rolateral wall of apex (P=0.11).

Comparative analysis of echocardiographic parameters

at follow-up

At three-month follow-up, significant improvements
in cardiac function were observed. LVEF in the cardiac
group increased to 69+4.21, aligning with values in the
non-cardiac group (71.2+4.18) and showing no signifi-
cant difference from healthy controls (P=0.53). Longi-
tudinal strain analysis at follow-up revealed stabilization
across all groups. GLS in the cardiac involvement group
also improved to -24.13+2.39, comparable to healthy
controls (-24.8+2.39, P=0.17) (Table 3). Other param-
eters, including 4CGLS and 2CGLS, also demonstrated
recovery, with follow-up values closely paralleling those
of the control and non-cardiac groups (P-values ranging
from 0.12 to 0.46).

In the follow-up assessment of mean segmental strain
in the apex, mid, and base regions, both MIS-C sub-
groups demonstrated values comparable to healthy
controls. At follow-up, LS values remained stable in all
regions, with no significant differences between groups
(P>0.05), indicating a trend toward myocardial recovery
over time. Recovery trends were also consistent across
all specific segmental strain parameters, with no signifi-
cant residual dysfunction. While follow-up strain values
in MIS-C patients with cardiac involvement remained

lower than those in healthy controls, strain recovery was
observed in all segments and no significant differences
were noted.

As illustrated in Fig. 1, the findings highlight region-
specific reductions in myocardial strain at baseline
in MIS-C patients with cardiac involvement, which
improved significantly by follow-up. While follow-up
strain values in MIS-C patients with cardiac involve-
ment remained lower than those in healthy controls,
strain recovery was observed in all segments and no sig-
nificant differences were noted. However, the persistence
of reduced GLS in two cases, aneurysms in the LAD and
LCA (one case), and mild LV dilation (two cases) in a few
cases (though not all) at three months underscore the
importance of targeted echocardiographic monitoring
to identify patients at higher risk of sustained myocardial
dysfunction.

Treatment strategies

Treatment approaches were comparable between groups.
Methylprednisolone pulse therapy was administered
to 20% of patients with cardiac involvement versus 10%
of the non-cardiac group, with no significant difference
(P=0.28). Similarly, intravenous immunoglobulin (IVIg)
therapy was utilized in 33.33% of patients in both groups
(P=1), suggesting consistent therapeutic strategies
across MIS-C cases, regardless of cardiac involvement.
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ANT-SEPT

MIS-C Non-Cardiac
Group

ANT-SEPT

MIS-C Cardiac
Group

POT
Fig. 1 Left ventricle GLS Bull's Eye. Bull's Eye representation of the mean longitudinal strain values (%) for each segment of the left ventricle. Basal
segments (red) exhibited the most impaired deformation compared to mid-wall (orange) and apical (green) segments. Segments with a significant
difference compared to the healthy control group are marked with an asterisk (*)

Discussion

This study highlights the clinical and cardiac implications
of multisystem inflammatory syndrome in children (MIS-
C), particularly myocardial dysfunction and its mid-term
recovery. Patients with cardiac involvement experienced
more severe clinical courses, as indicated by prolonged
hospital stays and elevated inflammatory and cardiac bio-
markers. Initial echocardiographic assessments revealed
significant myocardial impairment, with substantial
recovery observed within three months. Segmental strain
analysis further demonstrated regional myocardial vul-
nerability, particularly in basal myocardial segments.

Inflammatory and cardiac biomarkers

Elevated inflammatory markers upon admission, includ-
ing CRP and ferritin, reflect the systemic inflammatory
burden in MIS-C patients with cardiac involvement.
Our cohort’s mean CRP level of 110.25 mg/L is consist-
ent with findings by Whittaker et al. [12], who reported
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a median of 229 mg/L in MIS-C, notably higher than in
other Kawasaki-like conditions. Similarly, elevated fer-
ritin levels (mean: 1417.42 ng/dL) have been associated
with cardiac complications, including coronary artery
dilation and shock, as noted by Valverde et al. [13].
Troponin positivity was markedly higher (56.67%) in
patients with cardiac involvement, supporting findings
from Sirico et al. [5], who reported elevated troponin lev-
els in 65% of MIS-C patients with cardiac involvement.
Despite a non-significant mean difference in troponin
levels (P=0.057), its prognostic value for myocardial
injury remains critical, as emphasized by Zimmerman
et al. [14]. Although our study did not measure B-type
natriuretic peptide (BNP), previous research by Kostik
et al. [15] and Sirico et al. [5] has linked elevated troponin
and BNP levels to systemic inflammation and myocardial
dysfunction in severe MIS-C cases. Establishing stand-
ardized diagnostic criteria and biomarker thresholds
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is crucial for enhancing risk stratification in MIS-C
patients.

Echocardiographic parameters

Baseline echocardiography revealed significantly reduced
left ventricular ejection fraction (LVEF) in the cardiac
involvement group (56.5+4.3) compared to healthy con-
trols and MIS-C patients without cardiac involvement
(P<0.001). This finding is consistent with Sirico et al. [5],
who reported a mean LVEF of 59+ 10% during the acute
phase of MIS-C, and Garbin et al. [16], who noted that
39% of their MIS-C cohort had reduced LVEF (<55%) at
diagnosis. These results validate LVEF as a critical indica-
tor of myocardial dysfunction in MIS-C.

Global longitudinal strain (GLS) was similarly impaired
(-21.6+£3.21 vs. -24.8+1.48 in controls, P<0.001). This
aligns with Sirico et al. [5], who documented a mean GLS
of -17 +4.3%, and Kabayash et al. [17], who observed sig-
nificantly lower GLS values in MIS-C patients compared
to healthy controls. Both studies emphasize the diagnos-
tic value of speckle-tracking echocardiography (STE) in
detecting subclinical myocardial injury [5, 17]. Our study
extends this evidence by documenting significant impair-
ments across GLS subparameters, including 4CGLS,
3CGLS, and 2CGLS.

At three months, the LVEF improved to 69+4.21,
within the normal range, consistent with findings by
Garbin et al. [16] and Wolf et al. [8], who observed
normalization within 6-12 months. However, while
GLS showed near-complete recovery (-24.13+2.39,
P=0.17 vs. controls), Wolf et al. [8] reported persistent
abnormalities in 35% of their cohort, suggesting het-
erogeneity in recovery trajectories influenced by disease
severity, management protocols, and follow-up dura-
tions. Regional strain analysis demonstrated significant
reductions in basal-level myocardial segments, aligning
with Sirico et al. [5], who reported greater impairment
in basal segments (53%) compared to mid (41%) and api-
cal segments (18%). These regional vulnerabilities may
reflect immune-mediated injury, microvascular dysfunc-
tion, and cytokine-driven inflammation [18]. Similar het-
erogeneity in myocardial involvement has been observed
in other conditions; for instance, Mohammadi et al. [19]
identified more pronounced basal strain abnormalities
associated with cardiotoxicity in pediatric cancer survi-
vors, suggesting a systemic rather than focal pattern of
injury.

Strain recovery was noted at follow-up, with residual
abnormalities persisting in only a few cases, mirroring
observations in post-viral myocarditis and adult post-
COVID syndromes [20]. Incomplete recovery may be
attributed to unresolved inflammation, delayed myo-
cardial remodeling, or fibrosis [20]. Pezel et al. [21]
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highlighted that myocardial fiber orientation and seg-
ment-specific mechanics likely contribute to the differen-
tial responses of various myocardial regions to systemic
stressors.

The clinical implications of these findings are signifi-
cant. Advanced imaging techniques, such as cardiac MRI
with late gadolinium enhancement, could improve the
detection of subclinical dysfunction and guide tailored
management strategies. Strain imaging should be incor-
porated into follow-up protocols for MIS-C patients with
cardiac involvement, particularly focusing on basal-seg-
ment strain abnormalities.

Structural cardiac abnormalities and coronary artery
involvement

Valvular regurgitation, coronary artery involvement, and
pericardial effusion were notable findings, consistent
with Karimi et al. [22]. However, higher rates of left ven-
tricular (LV) dysfunction (46.66%) and tricuspid regur-
gitation (70%) in our study may reflect differences in
imaging sensitivity and study design. Cantarutti et al. [6]
identified coronary aneurysms in 35% of MIS-C patients,
a finding potentially influenced by variations in imaging
protocols, timing of assessments, or regional differences
in MIS-C presentation.

Encouragingly, structural abnormalities showed signifi-
cant improvement within three months, echoing trends
reported in the literature [7, 8, 22]. Most cases of valvu-
lar regurgitation and coronary artery dilation resolved
[8, 22]. Notably, all cases of heart failure in our cohort
resolved within three months, corroborating findings
from Mannarino et al. [23], who documented full recov-
ery of cardiac function in MIS-C patients. However,
Zimmerman et al. [14] cautioned that subclinical abnor-
malities might persist, underscoring the need for long-
term monitoring. Emerging evidence suggests gender
and age may influence specific cardiac outcomes [15, 24],
warranting further investigation. Future randomized tri-
als should explore early anti-inflammatory interventions
to mitigate cardiac complications.

Treatment and recovery

Our study observed a rapid recovery of cardiac function,
with global metrics normalizing within weeks, consistent
with Matsubara et al. [7]. However, minor residual strain
abnormalities persisted in some of our cases, and a few
patients exhibited left anterior descending (LAD) and
left coronary artery (LCA) aneurysms or mild LV dila-
tion at follow-up. Similarly, Garbin et al. [16] reported
normalization of LVEF within months but noted subtle
strain abnormalities, paralleling our observations. Persis-
tent abnormalities in cardiac magnetic resonance imag-
ing (CMR) findings despite clinical improvement, as
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documented by Zimmerman et al. [14] and Arslan et al.
[25], underscore the critical role of advanced imaging in
long-term monitoring.

The variability in recovery timelines across studies
highlights the heterogeneity of MIS-C presentations,
influenced by genetic predisposition, treatment proto-
cols, and imaging techniques. Standardized imaging pro-
tocols and large-scale longitudinal studies are needed to
better define the cardiac trajectory of MIS-C.

The national consensus management pathway for
MIS-C associated with COVID-19 [26] recommends
intravenous immunoglobulin (IVIg) as the first-line
therapy for all MIS-C cases, with additional methylpred-
nisolone or biologic agents tailored to disease severity
or refractory symptoms [26]. Our findings demonstrate
consistent adherence to these guidelines [26], with mini-
mal variability in glucocorticoid regimens, reflecting clin-
ical discretion in managing severe inflammation, such as
significant pericardial effusion [19]. Our findings support
the integration of strain echocardiography and CMR in
follow-up protocols to detect subclinical dysfunction and
guide management [6]. Future research should focus on
the impact of specific therapeutic interventions on car-
diac recovery in MIS-C.

Limitation

This study has several limitations. Echocardiographic
assessments were conducted at two time points, limiting
insights into recovery dynamics. The small sample size
and single-center design may reduce statistical power
and generalizability. The absence of cardiac magnetic res-
onance imaging (CMR) restricts assessment of myocar-
dial fibrosis or edema. Additionally, lack of fever duration
data prevents evaluation of its role as a disease severity
marker. Despite these limitations, our study provides a
comprehensive analysis of cardiac involvement in MIS-
C, incorporating conventional and advanced echocardio-
graphic parameters. Future studies should include larger
cohorts and advanced imaging techniques.

Conclusion

This study demonstrates that LVEF and GLS are initially
reduced in MIS-C patients with cardiac involvement but
show significant recovery by three months, with most
patients experiencing no lasting sequelae. While myo-
cardial dysfunction in MIS-C resolves substantially over
time, residual abnormalities in some patients highlight
the need for ongoing monitoring and further research
into potential long-term effects. Comprehensive cardiac
assessment should remain integral to MIS-C manage-
ment to optimize patient outcomes.
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