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Revised: 23 Apr 2026 . Background: Multisystem inflammatory syndrome in children (MIS-C) is associated with SARS-CoV-2.
Accepted: 10 May 2026 :  There are still controversial findings regarding the use of corticosteroids (CS) versus intravenous

immunoglobulin (IVIG), and/or their combination in the management of MIS-C patients. This
highlights the ongoing need for research to establish the most effective treatment approach.

Objectives: This systematic review and meta-analysis aimed to compare the outcomes of different
immunomodulatory therapies (CS, IVIG, and IVIG + CS) in children with MIS-C.

Methods: This systematic review is reported based on the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines. The protocol was registered in PROSPERO (Code:
CRD42023389964). A comprehensive literature search was conducted in May 2025 in PubMed,
Web of Science, and Scopus for relevant articles published from January 2020 to December 2023.
Studies including children and adolescents aged <21 years with a confirmed MIS-C diagnosis,
treated with CS and/or IVIG, were selected for the review. Outcomes were mortality, ICU admission,
need for ventilation support, and length of hospital stay. The studies using propensity scores were
included in the meta-analysis. Odds ratios (OR) and standardized mean differences (SMD) with 95%
confidence interval (Cl) were estimated using a random-effects model to account for heterogeneity.
Analyses were done in STATA software, version 14.

Results: A total of 1232 records were identified through electronic database searches. Thirteen studies
comprising 4,822 participants were included in the review. Ultimately, seven studies with propensity
scores were included in the meta-analysis. Pooled analysis of seven studies indicated that the odds of
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(CS), Multisystem 1 ofhhospital stay among the three treatment groups was not statistically significant (P>0.05).
inflammatory . Conclusions: Current evidence suggests that IVIG may be effective as an initial treatment for
syndrome (MIS), : patients with MIS-C. CS monotherapy is generally not recommended as the primary treatment for
COVID-19, Intravenous * most patients. For critically ill children, the combination of IVIG with CS can potentially provide
immunoglobulin (IVIG), . additional benefits. Further well-designed randomized controlled trials are necessary to more
Children . conclusively determine the optimal treatment strategy.
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Introduction

ultisystem inflammatory syndrome in

children (MIS-C) is a serious condition

that typically develops 2-6 weeks after

infection with severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2),
responsible for COVID-19 [1, 2]. MIS-C is characterized
by an exaggerated inflammatory response leading to
multi-organ dysfunction [3]. Most affected children
require hospitalization in pediatric intensive care units
(PICUs) and often need hemodynamic support [4-6].
Despite increasing recognition of MIS-C, its underlying
pathogenesis remains unclear, and optimal treatment
strategies are still evolving [7]. Management typically
involves immunomodulatory therapies, vasoactive
agents, antiplatelet, and anticoagulant medications,
with treatment choice guided by disease severity and
clinical presentation [8].

Intravenous immunoglobulin (IVIG) and corticoste-
roids (CS) are considered the cornerstone of first-line
therapy for MIS-C. Clinicians face challenges in decid-
ing whether to initiate treatment with CS alone, with
IVIG alone, or a combination of both in MIS-C patients
[9, 10]. Previous studies, including systematic reviews
and meta-analyses, have reported conflicting results re-
garding the efficacy of these treatment methods [3, 11,
12]. Moreover, uncertainty remains about the role of
CS monotherapy versus the combined IVIG-CS therapy.
To address this gap, we conducted a systematic review
and meta-analysis of studies in this field to evaluate best
practices in managing MIS-C patients.

Materials and Methods

This is a systematic review and meta-analysis. The
study protocol was registered in PROSPERO (Code:
CRD42023389964). This review was conducted in accor-
dance with the meta-analysis of observational studies in
epidemiology (MOOSE) and the preferred reporting for
systematic reviews and meta-analyses (PRISMA) guide-
lines for systematic reviews of observational studies. A
comprehensive literature search was conducted in the
PubMed, Web of Science (WOS), and Scopus databases
for relevant articles published from January 1, 2020 to
December 17, 2023. The search was updated in May
2025. Additionally, we manually searched the reference
lists of included articles. The search strategy was con-
ducted using MeSH terms. All citations were managed
in EndNote software. Two authors (Fereshteh Rostami-
Maskopaee and Mehran Asadi-Aliabadi) independently
screened titles and abstracts for relevance based on the
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PICOS framework. Full texts of potentially eligible stud-
ies were then read for eligibility assessment, quality ap-
praisal, and data extraction.

Inclusion criteria were based on the PICOS frame-
work were as follows: Participants (P): Children and
adolescents aged 0-21 years diagnosed with MIS-C
according to the World Health Organization (WHO) or
the Center for Disease Control (CDC) criteria; Interven-
tions (I): Treatment with IVIG and/or CS; Comparison
(C): Patients treated with CS alone, IVIG alone, or the
combined IVIG-CS; Outcomes (O): reporting at least one
of the following outcomes: death, ICU admission, need
for ventilator support, or length of hospital stay; Study
(S): Original research (cross-sectional, cohort, random-
ized and non-randomized clinical trials, or quasi-exper-
imental studies). The studies focusing on treatments
other than CS and IVIG, studies not reporting one of the
mentioned outcomes, review studies, meta-analyses,
protocols, case reports, case series, qualitative studies,
conference abstracts, notes, editorials, and descrip-
tive reports focused solely on the intervention process,
studies that did not apply the propensity score method
(a robust statistical technique that helps minimize bias
in observational studies by adjusting for measured con-
founding variables) were excluded. The study selection
process is detailed in Figure 1.

A disagreement rate of 33% was observed between
the two authors (Fereshteh Rostami-Maskopaee and
Mehran Asadi-Aliabadi) during the screening process,
but it was resolved by a third author (Mohammad Sa-
degh Rezai). Distinguishing between MIS-C and Kawa-
saki disease was challenging due to overlapping symp-
toms and evolving diagnostic criteria during the early
COVID-19 pandemic. This complexity, along with the
rapid publication of related studies, contributed to the
disagreement between the authors.

Assessment of risk of bias is a key step in conducting
systematic reviews that informs many other steps and
decisions made within the review. It also plays an impor-
tant role in the final assessment of the strength of the
evidence [13]. The Newcastle-Ottawa scale (NOS) was
used in this study to assess the quality of observational
studies, categorizing quality as very good (9 points),
good (7-8), satisfactory (5-6), or unsatisfactory (<5)
[14]. The Jadad scale was used for randomized clinical
trials (RCTs), evaluating randomization (2 points), blind-
ing (2 points), and dropout (1 point). The certainty of the
body of evidence for each outcome was assessed using
the GRADE (grading of recommendations assessment,
development and evaluation) framework. This method
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Figure 1. PRISMA diagram of the study selection process

systematically considers several domains, including risk
of bias, inconsistency, indirectness, and potential publi-
cation bias, to rate the certainty of evidence. The over-
all certainty is then categorized into one of four levels:
high, moderate, low, or very low.

From each included study, the following data were ex-
tracted: Author’s name, country of study, year of pub-
lication, study design, diagnostic criteria (WHO/CDC),
sample size, participants’ age and sex, treatments IVIG
or CS (dexamethasone, methylprednisolone, hydrocor-
tisone), study outcomes (death, ICU admission, need for
ventilator support, hospital stay), comorbidities, clinical
features, and laboratory/radiology findings.

Pooled proportions, odds ratios (OR), standardized
mean differences (SMD), and 95% confidence intervals
(C1) were calculated for outcomes of interest using for-
est plots. Heterogeneity was assessed using the |2 sta-
tistic. A random-effects model was applied if 12>50%.
Statistical significance was set at P<0.05. Analyses were
performed in STATA software, version 14.
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Results
Characteristics of studies included in systematic review

A total of 1232 records were identified through search-
ing in electronic databases (317 from PubMed/Medline,
397 from WOS, and 518 from Scopus). After removing 755
duplicates, 477 remained for title and abstract screening.
Of these, 352 were excluded based on the inclusion and
exclusion criteria, leaving 125 articles for full-text review.
Finally, 13 studies were included in the systematic review.

In 13 studies included in the systematic review, the num-
ber of participants was 4,822, of whom 4,228 were ulti-
mately analyzed. Patients were distributed across three
treatment groups: IVIG (1,348 patients), IVIG + CS (1,920
patients), and CS (960 patients). Of these, 6 studies in-
cluded all three treatment groups, while 6 studies com-
pared only two groups. Regarding outcomes, MIS-C—re-
lated deaths were reported in 10 studies, PICU admission
in 6 studies, and both length of hospital stay and need for
ventilator support in 8 studies (Table 1).
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Among the studies that reported fever, all patients had
a fever before hospitalization or at the time of admission.
Cardiac manifestations were reported in 7 studies; gas-
trointestinal and respiratory symptoms in 6 studies; and
dermatologic and neurologic symptoms in 4 studies. Obe-
sity was the most frequently reported comorbidity. In the
studies that reported laboratory markers (since not all eli-
gible studies provided these data), inflammatory markers
such as C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), proBNP/NT-proBNP, lymphocytes, tropo-
nin, D-dimer, and ferritin were generally high, while al-
bumin, hemoglobin, and platelet counts were low. These
changes reflect systemic inflammation and multisystem
involvement of MIS-C. In other conditions, no significant
association was observed (Figures 2B, 2D, and 2E).

Meta-analysis for comparison of outcomes

Of the 13 included studies, one was excluded because
it was an open-label randomized trial, and 5 were ex-
cluded because they did not report propensity scores.
Ultimately, 7 studies with propensity scores [6, 10-12,
15-17] were included in the meta-analysis to compare
outcomes among the three treatment groups.

All included studies in the meta-analysis were obser-
vational and used propensity scores to minimize con-
founding. The certainty of evidence for ventilator sup-
port and mortality was rated as moderate. However,
the certainty for ICU admission and length of hospital
stay was rated as low. These findings suggest cautious
interpretation of results, especially for outcomes with
lower certainty.

Need for ventilator support

The requirement for mechanical ventilation was sig-
nificantly higher in the CS group compared to the IVIG
group (OR=1.67; 95% Cl, 1.27%, 2.21%; 1>=0%; P<0.001)
(Figure 2F) and vice versa (Figure 2A). Although the IVIG
group showed a lower need for ventilator support com-
pared to the combined IVIG-CS group (OR=0.7; 95% Cl,
0.35%, 1.38%) (Figure 2C), but this difference was not
statistically significant (1>=55.52%, P=0.30). In other con-
ditions, no significant association was observed (Figures
2B, 2D, and 2E). Considering high heterogeneity, a ran-
dom-effect model was used.

Death rate

Among the 7 studies included in the meta-analysis,
a total of 75 deaths were reported. The odds of death
were significantly higher in the CS alone group com-
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pared to the IVIG alone group (OR 2.71; 95% Cl, 1.26%,
5.84%; 1>=0%; P=0.01) (Figure 3F). The comparison
between CS alone and IVIG plus CS groups indicated a
higher mortality in the CS group, but this was not statis-
tically significant (OR 1.39; 95% Cl, 0.81%, 2.39%; 1>=0%;
P=0.24) (Figure 3D). Similarly, mortality was lower in the
IVIG alone group compared to the IVIG plus CS group,
though this difference also was not statistically signifi-
cant (OR 0.66; 95% Cl, 0.32%, 1.37%; 1>=0%; P=0.26)
(Figure 3C). In other conditions, no significant associa-
tion was observed (Figures 3B and 3E).

Need for ICU admission

Among the seven studies under meta-analysis with
propensity scores, three reported ICU admission out-
comes. The need for ICU admission was lower in the
IVIG group compared to the IVIG + CS group (OR=0.5,
95% Cl, 0.15%, 1.71%), though this difference was not
statistically significant (1°=83.27%, P=0.27) (Figure 4A).
Similarly, the IVIG + CS group had a lower ICU admission
rate compared to the CS group (OR=0.82, 95% Cl, 0.4%,
1.68%), but this difference was also not statistically sig-
nificant (12=41%, P=0.59) (Figure 4B).

Length of hospital stay

The SMD of the length of hospital stay among the
three treatment groups was low (ranging 0.2-0.5) and
was not statistically significant. This suggests that none
of the treatments, including IVIG alone, CS alone, or
their combination, had a clear impact on hospitalization
duration in the analyzed studies.

Discussion

This systematic review and meta-analysis aimed to
compare main clinical outcomes including mortality, ICU
admission, need for ventilator support, and length of
hospital stay among MIS-C patients treated with three
different methods: IVIG alone, CS alone, and IVIG + CS.
Pooled data from seven studies with propensity scores
demonstrated the use of IVIG as the initial treatment for
MIS-C patients. CS monotherapy was generally not ad-
vised as the primary treatment for most patients, while
IVIG monotherapy showed clear benefits. Although the
combination of IVIG with CS was not statistically supe-
rior in this meta-analysis, it has demonstrated advantag-
es in other studies, including faster fever resolution and
reduced treatment failure rates, cardiovascular dysfunc-
tion, and shorter ICU stays [10, 12, 17]. The combination
of IVIG with methylprednisolone has been recommend-
ed in other studies for high-risk patients, particularly
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Figure 2. Forest plots of the comparison of need for ventilator support in three treatment groups Journal of Pediatrics Review
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Figure 3. Forest plots of the comparison of death rate in three treatment groups Journal of Pediatrics Review
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Figure 4. Forest plots of the comparison of ICU admission in the three treatment groups

infants and those presenting with coronary abnormali-
ties [10]. In this study, due to the diverse reporting of
symptoms and signs of the disease, the severity of the
disease could not be assessed.

The decision to prescribe IVIG or CS in MIS-C patients
depends on several factors, such as disease severity and
hospital or medical center protocols and guidelines [3,
24, 25]. In the study by Channon-Wells et al., initial treat-
ment with glucocorticoids (GCs) was identified as a safe
and potentially cost-effective alternative to IVIG or com-
bined therapy, particularly given the limited availability of
IVIG in many countries [17]. This perspective is supported
by an RCT conducted by Welzel et al., who concluded that
methylprednisolone can be effectively used as a first-
line treatment for pediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2 [23].
Similarly, a randomized, controlled, open-label, platform
trial indicated that GC monotherapy is a safe treatment
alternative for mild MIS-C cases without cardiac involve-
ment [26]. Also, Shobhavat et al. noted that in resource-
limited settings, steroids have been used as first-line im-
munomodulatory therapy in children [27]. Conversely,
some studies, such as Nayak et al., found no significant
differences in outcomes between the users of steroids,
IVIG, or both [22]. The discrepancies between studies can
be explained by variations in sample size and study de-
sign, alongside differences in treatment approaches that
depended on hospital protocols, patient clinical features,
and MIS-C severity.

The meta-analysis showed that the need for ICU admis-
sion was lower in the IVIG alone group compared to the
IVIG + CS group, and similarly, the IVIG + CS group had
a lower ICU admission rate than the CS group; however,
neither of these differences was statistically significant. In
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the studies by Welzel et al. and Belhadjer et al., combined
therapy was associated with a shorter length of PICU stay
[23, 28]. Conversely, in the study by Son et al., the median
length of ICU stay did not differ significantly between the
IVIG + GC group and other treatment groups [12]. MIS-C
is a severe condition that may need treatment in the ICU.
Since it is a critical multisystem disorder, rapid treatment
options should be considered [29].

Based on our meta-analysis, the risk of odds was signifi-
cantly higher in the CS group than in the IVIG and IVIG
+ CS groups. Although cardiovascular dysfunction is an
important factor related to mortality, the evidence on
the effects of treatment on cardiac outcomes remains in-
consistent. A study by Siitcli et al. provided evidence that
GC monotherapy is a safe treatment alternative for mild
MIS-C cases without cardiac involvement [30]. Ouldali
et al. and Son et al. demonstrated that initial treatment
with IVIG + GC was associated with improved cardiovas-
cular dysfunction compared to IVIG alone, suggesting
a potential benefit of adding GCs in improving cardiac
function [3, 12]. However, Channon-Wells et al. found
no significant differences in the incidence or recovery of
coronary artery aneurysms among patients treated with
IVIG alone, GC alone, or IVIG + GC [17]. Additionally, Ishi-
hara et al. reported no significant difference in mortality
between patients receiving interventions for COVID-19
and those receiving symptomatic treatment, indicating
that factors beyond treatment type may influence out-
comes [31]. Together, these findings highlight the com-
plex relationship between treatment modalities, cardiac
severity, and mortality in these patients.
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In our meta-analysis, it was found that the group treat-
ed with IVIG alone demonstrated a lower requirement
for ventilator support compared to the other two treat-
ment groups. However, in the meta-analysis conducted
by Ouldali et al., there was no significant difference in
the need for ventilator support between the IVIG + GC
and IVIG groups [6].

The results of our meta-analysis demonstrated no
significant differences in hospital stay among the
three treatment groups, as indicated by a low SMD.
These findings are consistent with those reported in a
multicenter cohort study by Ishihara et al. [31] and in
an open-label, multicenter, RCT by Welzel et al. [23];
both found no significant differences in hospital stay
between treatment groups. However, in contrast to
some previous findings, a shorter hospital stay was
observed among children with PIMS-TS who received
intravenous methylprednisolone compared with those
who received usual care [26]. This suggests that while
most studies, including our study, found no significant
difference in hospital stay between treatment groups,
certain interventions such as intravenous methylpred-
nisolone may have the potential to shorten hospitaliza-
tion in specific patients. Overall, this evidence suggests
that the type of treatment alone may not substantially
influence the duration of hospitalization. Other fac-
tors, such as disease severity, clinical characteristics,
comorbidities, care protocols, and resource availability,
may play more prominent roles in determining hospital
stay. Additionally, limitations related to sample size and
statistical power may have hindered the detection of
smaller, yet clinically meaningful, differences between
groups. Given the importance of reducing hospital stay
to improve patient outcomes and optimize healthcare
resources, further research is essential.

Most included studies lacked detailed information on
variables such as drug dose, duration of treatment, dis-
ease severity, and time of ICU admission, which poses
challenges in interpreting the comparative effectiveness
of the three treatment methods. Moreover, some stud-
ies reported IVIG shortages and the absence of stan-
dardized treatment guidelines, leading to treatment
allocation based on physician decision and hospital poli-
cies [17, 27]. Also, individual factors such as age, sex,
body mass index (BMI), immune status, and ethnicity
can contribute to variability in treatment response and
should be considered in future research.

A key strength of this study was its comprehensive ap-
proach. Compared to previous meta-analyses on MIS-C
treatment, this review study included a larger number
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of studies and specifically incorporated studies utilizing
propensity scores. This approach allows for a more reli-
able comparison of treatment outcomes, particularly in
the absence of RCTs. This method is a robust statistical
technique that helps minimize selection bias and con-
founding effects in observational studies, thereby in-
creasing the validity of the findings. However, some lim-
itations should be acknowledged. The absence of RCTs
limits the strength of causal inferences. Additionally, the
included studies lacked detailed reporting of drug dos-
ages, treatment durations, and disease severity, which
complicates the interpretation of comparative effective-
ness. Because of heterogeneity in reported variables in
included studies, such as age (months vs years) and di-
agnostic criteria (WHO vs CDC), homogeneity sources
were not found for meta-regression. Due to limited
sample sizes for some outcomes, subgroup analyses
were not feasible, restricting the ability to draw conclu-
sions for specific patient subgroups. Patient-specific fac-
tors such as age, sex, BMI, immune status, and ethnicity
may also affect therapeutic responses and warrant fur-
ther investigation. Also, treatment decisions influenced
by hospital policies and physician preferences introduce
potential selection bias that was not fully taken into ac-
count. Given these limitations, there is a critical need
for well-designed RCTs to establish optimal treatment
protocols for MIS-C. Future research should ensure
comprehensive reporting of clinical and therapeutic
variables to facilitate more robust analyses.

Conclusion

The evidence presented in this study suggests that
IVIG may be effective as an initial treatment for children
diagnosed with MIS-C. CS alone is generally not recom-
mended as the primary treatment for most patients.
However, in critically ill patients, combination therapy
with IVIG and CS could potentially provide additional
benefits. However, these findings should be interpreted
cautiously due to the inherent limitations of observa-
tional design, including challenges in establishing causal-
ity despite propensity score adjustment. Further, defini-
tive conclusions regarding the most effective treatment
strategies for MIS-C require well-designed RCTs.
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