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Background: Cardiovascular complications with myocarditis in multisys-
tem inflammatory syndrome in children (MIS-C) associated with severe
acute respiratory syndrome coronavirus 2 infection have been reported, but
the optimal therapeutic strategy remains unknown.

Methods: A retrospective cohort study included 19 patients with acute left
ventricular systolic dysfunction associated with MIS-C, average years of
age 13.2 + 3.8, treated from April 2020 to April 2021.

Results: Treatment failure (TF) was observed in 8 patients (in the intrave-
nous immunoglobulin [IVIG] group 7/10; in the corticosteroid [CS] group
1/9). The independent risk factor for TF was IVIG treatment (odds ratio
[OR] 18.6, 95% confidence interval [CI] 1.6-222.93, P = 0.02). Patients
initially treated with CS became afebrile during in-hospital day 1 (1.5, inter-
quartile range [IQR] 1-2), while IVIG-treated patients became afebrile on
in-hospital day 4 (IQR 2—4.25), after CS was added. The C-reactive protein
(CRP) significantly declined in CS-treated patients on day 2 (P = 0.01),
while in the IVIG group, CRP decreased significantly on the fourth day (P
=0.04). Sodium and albumin levels were higher on third in-hospital day in
the CS group than in the IVIG group (P = 0.015, P = 0.03). A significant
improvement and normalization of ejection fraction (EF) during the first 3
days was observed only in the CS group (P = 0.005). ICU stays were shorter
in the CS group (4, IQR 2-5.5) than in the IVIG group (IVIG group 7, IQR
6-8.5) (P =0.002).

Conclusions: Among children with MIS-C with cardiovascular involve-
ment, treatment with CS was associated with faster normalization of LV
EF, fever, laboratory analysis, and shorter ICU than IVIG-treated patients.
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(COVID-19) is a delayed immune response to a recent asympto-
matic or symptomatic severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection. MIS-C typically occurs 2—6 weeks
after an acute SARS-CoV-2 infection, and most patients had a posi-
tive serology result.! As the incidence of MIS-C was 2 per 100,000,
a hypothesis has been posed that only genetically predisposed chil-
dren can develop MIS-C.%?

Patients with MIS-C predominantly had a fever (> 38°C
or subjective) for at least 24 hours, with laboratory evidence of
inflammation, cardiovascular, gastrointestinal, and mucocutane-
ous manifestations.'? Although MIS-C has overlapping features
with Kawasaki disease (KD) and toxic shock syndrome, the
inflammatory storm observed in MIS-C is much more intense.*
Specifically, MIS-C can present with multiorgan failure, includ-
ing neurologic involvement, hyperferritinemia, and cardiogenic
or vasoplegic shock requiring hemodynamic support in 60%—
75% of cases.>® Cardiovascular symptoms were present in 71%
of the cases, and most patients had significant systolic myocardial
dysfunction.”

The overlapping features between these syndromes suggest
that they may share similar pathophysiology, probably explain-
ing why they respond to similar therapies.* Early reports support
the use of intravenous immunoglobulins (IVIGs)—which is the
standard treatment for KD—to treat MIS-C patients. However,
due to the refractory nature of the disease, many children required
second-line treatment—corticosteroids (CSs) and immune modu-
lators.>¢

This retrospective cohort study aimed to compare the out-
comes in patients with myocardial damage related to MIS-C
depending on the initial treatment—IVIG or CSs.

METHODS

The retrospective cohort study included all children under 18
with acute left ventricular (LV) systolic dysfunction or cardiogenic
shock associated with MIS-C admitted to our Clinic from April
2020 to April 2021. A serologic examination for SARS-CoV-2 was
performed using the enzyme-linked immunosorbent assay and the
immunochromatography technique. The diagnosis of MIS-C tem-
porarily associated with COVID-19 was based on the criteria of
the US Centers for Disease Control and Prevention. MIS-C shock
was defined as the persistence of systolic arterial hypotension, a
decrease of at least 20% from a basal systolic blood pressure, or the
appearance of signs of peripheral hypoperfusion.'®!!

Patients were initially treated with IVIG according to the
protocols for KD; IVIG-nonresponsive patients were treated with
CS—three intravenous methylprednisolone pulses (IVMPs). How-
ever, we observed that most patients required CS despite the IVIG
administration, so we treated patients initially with CS without
IVIG. Patients with acute LV systolic dysfunction or cardiogenic
shock associated with MIS-C were initially treated with IVMP
without IVIG (see Figure, Supplemental Digital Content 1; http://
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links.lww.com/INF/E469); only 3 patients received dexamethasone
initially.

We divided the patients into 2 groups depending on their ini-
tial treatment for MIS-C: IVIG and CS. The groups were compared
according to clinical presentation, vital and laboratory parameters,
electrocardiogram, clinical course and disease outcome.

The therapy’s impact was analyzed by reviewing the vital
parameters and laboratory analyses for the first 5 in-hospital days.
Treatment failure (TF) was defined as fever persistence (>38 °C or
> 100.4 °F) for 48 hours after therapy initiation or the occurrence
of'acute LV systolic dysfunction (ejection fraction [EF] < 55%) and
a need for vasoactive drugs.®

The study was approved by the local ethics committee,
which waived the need for informed parental consent (authoriza-
tion number: 9/13).

Statistical Analysis

The data were processed using the statistical software SPSS
25.0 for Windows 10. All statistical methods were considered sig-
nificant if the P value was <0.05. The descriptive statistics included
the mean values, median, standard deviations and the interquartile
range (IQR) of the parameters monitored. The difference in the dis-
tribution of specific parameters among the groups tested was deter-
mined using the %2 or Fisher test. The normality of the numerical
variables’ distribution was tested using the Shapiro Wilk and Kol-
mogorov Smirnov tests. The comparison between the 2 groups was
made using the Student’s 7 test and the Mann-Whitney U test. Paired
T tests and Wilcoxon tests were used to compare 2 related samples.
The correlation between vital parameters in different groups was
tested by Pearson test or Spearman test. Binominal logistic regres-
sion analysis was used to explain the relationship between the
dependent binary variable and the independent variables.

RESULTS
From April 2020 to April 2021, 51 patients with MIS-C
were treated in our institute, 21 women and 30 men (9.3 + 5.0
years). There were positive serologic tests for SARS-CoV-2 for 49
patients, while 2 patients had a positive PCR test for SARS-CoV-2.

Myocardial injury was observed in 22 patients, and those
patients were included in our retrospective study. Patients with
MIS-C older than 10 had 12 times higher probability of myocar-
dial affection (odds ratio [OR] 10.9, 95% confidence interval [CI]:
2.8-39.6; p < 0.001). Only those patients had shock syndrome on
admission (P =0.001).

Among the 22 children, 10 received IVIG as the initial treat-
ment, while CS was used as the initial treatment in 12 patients
(IVMP—9 patients and dexamethasone—3 patients). The differ-
ence between groups in terms of age distribution and fever dura-
tion before first-line therapy was not significant (P = 0.4, P = 0.42,
respectively) (Table 1). The clinical presentation of the groups is
presented in Figure, Supplemental Digital Content 2A; http://links.
Iww.com/INF/E471. On admission, 8 of 22 patients met MIS-C
shock syndrome criteria (IVIG treated 5, CS alone—3; P = 0.65).
However, during IVIG infusion 1 patient experienced clinical dete-
rioration and 3 patients developed shock syndrome (P = 0.03).

TF was observed in 9 patients (in the IVIG group 7/10; in
the CS group 2/9). There was a higher prevalence of TF in the IVIG
group than in the CS group (P = 0.03). Specifically, treatment with
IVIG as compared with CS was an independent risk factor for TF
(OR 11.7,95% CI: 1.5-89.3, P =0.02). In 7 of 10 patients initially
treated with IVIG, CS was subsequently added on day 3 on aver-
age (IQR 2—4); IVMP in 5 of 7 patients and dexamethasone in 2
of 7 patients. The clinical presentation did not influence TF (see
Figure, Supplemental Digital Content 2B; http://links.lww.com/
INF/E471). The difference between groups is presented in Table 2.
Patients with phosphate levels lower than 1 mmol/L and fibrinogen
higher than 5.5g/L had 24 times and 10 times higher probability
of TF, respectively (OR 24, 95% CI: 1.7-330.8, P = 0.02; OR 9.6,
95% CI: 0.9-105.2, P = 0.049), than children with a phosphate
level higher than 1 mmol/L and fibrinogen level lower than 5.5 g/L.

Patients initially treated with CS became afebrile during in-
hospital day 1 (1.5, IQR 1-2), while patients initially treated with
IVIG became afebrile averagely on in-hospital day 4 (IQR 2-4.25;
P =0.007) (Fig. 1A). A significant difference between the body
temperature and heart rate of those groups was registered after 9
and 15 hours of in-hospital stay, respectively (P = 0.004, P = 0.04)
(Fig. 1B).

TABLE 1. Patients Characteristics at the Admission

IVIG 10 Patients (45.4%) CS 12 Patients (54.5%) P
Male gender 8 7 0.38
Age 134 £ 3.7 11.8+44 0.38
KD-like 7 9 1.0
Shock 5 3 0.37
Fever (days) 6 IQR5t0 7) 5 (IQR 4.25 to 6.75) 0.37
Heart rate (/min) 116.5 + 16.8 111.3 £17.4 0.49
CRP (mg/mL) 175 (IQR 121.9 to 258.7) 246.5 (IQR 180.3 to 293) 0.1
NT-pro BNP (pg/mL) 4839 (IQR 2739 to >5000) 4256 (IQR 2175 to >5000) 1.0
Elevated ¢Tnl 7 8 1.0
Elevated SGOT 5 4 0.7
Elevated SGPT 6 6 0.7
Thrombocytopenia 6 7 1.0
Na (mmol/L) 133.1 £ 3.75 132.7+25 0.75
Albumin (g/L) 35.2+4.6 31.7+4.3 0.08
Phosphate (mmol/L) 0.93 +£0.3 1.03 +0.2 0.37
D-dimer (ng/mL) 753 (IQR 494 to 1758) 1312 (IQR 685 to 2488) 0.26
Fibrinogen (g/L) 5.6+25 5.3+ 1.7 0.7
Ejection fraction (%) 479+ 7.7 51.7+5.7 0.27
Fraction of shortening (%) 24.5 + 4.17 27.1+5.7 0.31
Left ventricle EDD (Z score) 0.54 (IQR -0.5 to 1.06) 0.4 (IQR 0.06 to 1.17) 0.46
Left ventricle ESD (Z score) 2.05 (IQR 0.7 to 3.13) 1.97 IQR 1.55 to 2.2) 0.72
Posterior wall (Z score) 0.9 (IQR 0.46 to 1.6) 1.44 (IQR 1.1 to 2.34) 0.13

EDD indicates end-diastolic diameter; ESD, end-systolic diameter.
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TABLE 2.

The Differences Between Patients With and Without Treatment Failure

Treatment Failure

No Yes P value
CRP (mg/L) fourth day 65.0, IQR 38.0-80.0 100.0, IQR 97.5-195.0 0.001
Na (mmol/L) second day 136.8 + 4.2 131.5 £ 2.7 0.005
LV EF (%) third day 60.3 + 4.6% 54.33 + 7.66 0.004
CRP indicates C-reactive protein; Na, sodium; LV EF, left ventricle ejection fraction.
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FIGURE 1. The vital parameters dynamics during in-hospital stay. Red star—the moment of corticosteroid administration in
IVIG-nonresponders. IVIG indicates intravenous immunoglobulin.
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FIGURE 2. Recovery of the left ventricular systolic function during in-hospital stay in the different groups. (A) A significant
improvement of EF during the first 3 days was observed in the CS group (P = 0.005); in the IVIG group, in the discharge
(P=0.001); (B) The left ventricle ESD Z score decreased significantly during the first 3 days in the CS group (P = 0.04); in the
IVIG group on discharge (P = 0.005); (C) The left ventricle EDD Z-score reduced significantly on discharge in both groups,
IVIG and CS (P =0.003, P=0.02). CS, corticosteroid; ESD, end-systolic diameter; EDD, end-diastolic diameter; IVIG indicates

intravenous immunoglobulin.

A significant higher systolic blood pressure was registered in
the CS group after 15 hours of in-hospital stay (P = 0.04) compared
with TVIG-treated patients (Fig. 1C). Hypertension was observed
in 5/22 patients (22.7%) during the in-hospital stay. The therapy
applied did not influence hypertension (P = 0.63) or renal injury
(P = 0.4), but these patients were older (16.8 = 0.6 years) than the
others (11.9 + 3.5 years; P = (.008).

On admission, 10 patients had electrocardiogram abnormal-
ities. The most common abnormality was a negative T wave in the
inferior leads. A prolonged corrected QT interval was observed in
13 patients, on day 7 on average (IQR 5.25-9.75).

Echocardiography examination on admission identified
depressed systolic function (EF 49.9 + 7.8%), and walls edema. A
moderate negative correlation was proved between the cardiac tro-
ponin I (cTnl) value and EF (p = —0.55, P = 0.008), and between the
C-reactive protein (CRP) value and the EF on admission (r = —0.53,
P =0.03). Uniform coronary artery (CA) dilatation was observed on
admission in 4 patients (LCA—3 patients; LCA and RCA—1 patient;
LCA Z score 2.95 + 0.3; RCA Z score 2.6), only in patients with KD-
like clinical presentation; CA were of appropriate diameter on dis-
charge. No difference was observed between the groups in terms of the
echocardiography parameters on admission (Table 1), but CS-treated
patients had normal and a significantly higher EF (EF 61.1 +5.1%) on

€392 | www.pidj.com

in-hospital day 3 than patients treated with IVIG (EF 54.1 £ 6.5%) (P =
0.015). A significant improvement of systolic function during the first
3 days was observed in the CS group (P = 0.005) (Fig. 2).

On admission, all patients had elevated inflammatory param-
eters in serum. The CRP significantly declined in patients initially
treated with CS on days 2, 3 and 4 (P =0.008, P =0.003, P =0.008
respectively), while in the IVIG group, CRP decreased significantly
on day 4, immediately after CS was added (P = 0.04). A significant
difference in CRP value between groups was observed on day 4
(P =0.001) (Fig. 3A). No significant difference in D-dimers and
fibrinogen levels was observed between groups (Fig. 3B and C).

On admission hyponatremia was observed in 16 of 22
patients. The sodium level was higher on in-hospital day 3 in the
CS group than in the IVIG group (P = 0.008) (Fig. 3D). In the CS
group, sodium significantly increased on day 2 (P < 0.001), and on
day 4 in the IVIG group after CS was added (P = 0.05). Hypoalbu-
minemia was registered on admission in 13/22 patients. Albumin
levels were higher on day 4 in the CS group (31.5 £ 3.1g/L) than in
the IVIG group (27.0 + 3.5g/L) (P = 0.02). A significant reduction
of the albumin level was observed in the IVIG group during the
first 3 days (P =0.003), with a subsequent gradual increase after CS
was added (Fig. 3E). In the IVIG group, serum phosphate increased
significantly after CS was added on day 4 (P = 0.02) (Fig. 3F).
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FIGURE 3. The dynamics of laboratory analysis during the in-hospital stay.

ICU stays were shorter in the CS group (4, IQR 2-5.2) than
in the IVIG group (IVIG group 7, IQR 6-8.5) (P < 0.001).

During the follow-up period (1.25 months, IQR 1-2.65),
1 patient had a 1-day fever of 38.5 °C with elevated acute phase
reactants (CRP 83.9mg/L, ESR 35 mm/h) and microscopic hema-
turia followed by spontaneous resolution. Two patients had systolic
hypertension on the control Holter monitoring of blood pressure,
despite antihypertensive therapy; one of them also had calcinuria,
phosphaturia, uricosuria and proteinuria. Neither the gender, age,
initially prescribed therapy, nor TF influenced the short-term seque-
lae of MIS-C (P=0.17, P=1.0, P=0.7 and P = 0.66).

DISCUSSION

Although many similarities between MIS-C and KD were
identified, it has become evident that cardiovascular involvement,
shock, gastrointestinal symptoms, and coagulopathy, which are
rarely seen in classic KD, are prominent features of this unique syn-
drome.'® The etiology of cardiovascular involvement in MIS-C is
likely multifactorial. Cardiac injury was caused through multiple
hypothesized mechanisms, including cardiomyocyte injury due to an
acute and dysregulated inflammatory response related to a cytokine
storm, microvascular dysfunction, and a viral invasion of cardio-
myocytes resulting in cellular damage and ischemic injury.3*!1%13
Almost half of all our patients with MIS-C had a myocardial injury
(22/51), and those patients were significantly older than patients
without myocardial damage. All patients had elevated N-terminal-
pro hormone b-type natriuretic peptide, while cTnl was increased
in 15 of 22 patients. The cTnl release results from increased perme-
ability of the cardiomyocyte cell membrane and does not exclusively
reflect cell necrosis.!? These findings support myocardial stunning
or edema rather than myocarditis in MIS-C. We proved the moder-
ate negative correlation between CRP and EF, which suggests that
LV systolic function is conditioned by the degree of inflammation.
In KD, myocardial edema is the main finding without or with lim-
ited cardiomyocytes necrosis as evidenced by the mild to moderate
elevation of ¢Tnl.' In the autoptic hearts, the cardiac tissue’s inflam-
matory process seemed to permeate the vascular wall, consequently
leading to arterial obliteration and ischemic tissue damage, without
signs of typical lymphocytic or viral myocarditis.'>!®

Although KD is presumed to be triggered by a viral infec-
tion, investigations remained inconclusive, given the lack of repro-
ducibility of a putative viral pathogen resulting in KD.’ We assume

© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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MIS-C and KD represent a spectrum of postviral, immune-medi-
ated myocarditis with shared similar immunopathogenesis. It is rec-
ommended that patients with immune-mediated myocarditis should
be treated with immunosuppressive drugs, such as CS."” In the last
decade, CS was commonly used in KD, especially with a high Kob-
ayashi index and myocarditis, and CS would probably help prevent
IVIG resistance in KD.*>*"!11¥ Some authors have reported IVMP
as a rescue therapy in children with refractory KD who had myo-
carditis and symptomatic congestive heart failure during the acute
stage of the disease.!*?!

Some studies have shown that 51%—-80% of patients with
MIS-C did not respond to IVIG treatment,*!° while 70% of our
patients with MIS-C appear to be unresponsive to IVIG. CS was
added to this group’s therapy on day 3 on average. Immediately
after CS introduction to those patients, on day 4 of in-hospital stay,
serum levels of sodium and phosphate increased significantly, CRP
decreased significantly and patients became afebrile.

Patients treated with CS had a faster normalization of body
temperature, heart rate and systolic pressure than patients treated
with IVIG and a rapid decline in pro-inflammatory parameters in
the blood. Compared with the IVIG group, CS-treated patients had
a lower CRP on day 4, but higher sodium, albumin, and phosphate
levels. Echocardiography evaluation on day 3 showed that CS-
treated patients had a normal and significantly higher EF compared
with IVIG-treated patients. Belhadjer et al concluded that adding
CS to IVIG was associated with a shorter cardiac function recovery
time in patients with MIS-C.'* We showed that patients treated with
CS had shorter ICU stays than another group, which is similar to
the results from Ouldali et al.®

IVIG-treated patients had an almost 19-times higher prob-
ability of TF than patients treated with CS. SARS-CoV-2-epithelial
injury at an initial stage may provoke secondary local endotheliitis
with delayed auto-inflammatory vasculitic phenotype with upregu-
lation of IL-1p or IL-6.* The constellation of elevated cytokines
mediated an increase in vascular permeability, causing fluid leak-
age into the extravascular compartment.” More than half of our
patients had hypoalbuminemia, hyponatremia, hypophosphatemia
and thrombocytopenia on admission. Severe hyponatremia and
hypoalbuminemia are common features in previous “classic” KD
myocarditis reports, and they were associated with more severe and
more prolonged acute disease.?*2¢ This finding supports the fact
that MIS-C inflammation is much more intense than in classic KD.*
More intense inflammation could explain the ineffectiveness of
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IVIG to block fluid leakage, leading to hypoalbuminemia, hypona-
tremia and hypovolemia, contributing to the newly formed MIS-C
distributive shock in 4 of 10 IVIG-treated patients. Hyponatremia
could be explained by third-space loss of fluid and sodium or the
renal loss of sodium and increased BNP concentration or intensive
inflammation, elevated plasma IL-6 and the tumor necrosis fac-
tor oo (TNF-a) influenced the release of antidiuretic hormone.?>*
We showed that having a phosphate level lower than 1 mmol/L
and fibrinogen higher than 5.5 g/L increased the probability of TE,
resulting from more intense inflammation. The phosphate level
negatively correlated with TNF-o. and IL-6 in early sepsis,?’?
while cytokines regulated fibrinogen production in the liver, and
the production is greatly enhanced in the acute phase of infection
response and other inflammatory processes.?” The significant eleva-
tion of the phosphate level after CS introduction in IVIG-nonre-
sponsive patients was a consequence of CS dose-dependent inhibi-
tion of cytokine (TNF-a and IL-6) release.?”-*® CS acutely reduces
the hyperinflammatory response, inhibits vasodilatation and the
increased vascular permeability that occurs following inflamma-
tory insult; these anti-inflammatory effects are apparent within
minutes due to the expression of IL-1a and IL-1p being inhibited.*

This study has several limitations. First, it was not a rand-
omized trial, which might provide the best level of evidence. Sec-
ond, the number of patients included in the study was small. Third,
the follow-up period was insufficient to draw conclusions.

CONCLUSION

Among children with a myocardial injury during MIS-C,
treatment with CS only was associated with a faster normaliza-
tion of fever, improved laboratory results, and a shorter ICU stay
compared with IVIG-treated patients. Additionally, in CS-treated
patients, normalization of LV EF was observed on in-hospital day
3. CS should also be used for refractory MIS-C because after CS
was added, patients became afebrile, the CRP value dropped and the
sodium and phosphate levels increased significantly. The short-term
sequelae of MIS-C and CS side-effect were reversible in our study.
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