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Abstract

We conducted an Umbrella review of eligible studies to evaluate what patient features have been investigated in the multi-
system inflammatory syndrome in children (MIS-C) population, in order to guide future investigations. We comprehensively
searched MEDLINE, EMBASE, and Cochrane Database of Systematic Reviews from December 1, 2019 to the May 6, 2022.
The time period was limited to cover the coronavirus disease-2019 (COVID-19) pandemic period. The protocol was regis-
tered in the PROSPERO registry (CRD42022340228). Eligible studies included (1) a study population of pediatric patients
<21 years of age diagnosed with MIS-C; (2) an original Systematic review or Mata-analysis; (3) published 2020 afterward;
and (4) was published in English. A total of 41 studies met inclusion criteria and underwent qualitative analysis. 28 studies
reported outcome data of MIS-C. 22 studies selected clinical features of MIS-C, and 6 studies chose demographic data as a
main topic. The mortality rate for children with MIS-C was 1.9% (interquartile range (IQR) 0.48), the ICU admission rate
was 72.6% (IQR 8.3), and the extracorporeal membrane oxygenation rate was 4.7% (IQR 2.0). A meta-analysis of eligible
studies found that cerebral natriuretic peptide in children with MIS-C was higher than that in children with COVID-19, and
that the use of intravenous immunoglobulin (IVIG) in combination with glucocorticoids to treat MIS-C compared to IVIG
alone was associated with lower treatment failure. In the future, for patients with MIS-C, studies focused on safety of surgery
requiring general anesthesia, risk factors, treatment, and long-term outcomes are warranted.
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Introduction

P4 Kazuyoshi Aoyama
kazu.aoyama@utoronto.ca Multisystem inflammatory syndrome in children (MIS-
C) is a severe condition associated with coronavirus dis-
ease-2019 (COVID-19).The syndrome consists of a collec-
tion of primarily hyperinflammatory pathologies that can
involve multiple organs [1]. The United States Centers for
Disease Control and Prevention (CDC) officially defined

case of MIS-C as follows: Any illness in a person aged
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less than 21 years that meets: The clinical and the labora-
tory criteria (Confirmed), or the clinical criteria and epi-
demiologic linkage criteria (Probable), or the vital records
criteria (Suspect). Based on a study population from New
York State in 2020, the total incidence of MIS-C was
low at 2 per 100,000 children, far lower than the overall
laboratory-diagnosed COVID-19 rate in children of 322
per 100,000 children [2]. Most patients who developed
MIS-C required ICU admission (21-80%) [1-6]. Conse-
quently, the impact of COVID-19 and MIS-C on health-
care systems is enormous [7, 8]. In the early phase of the
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COVID-19 pandemic, most pediatric hospitals in North
America canceled or delayed elective surgeries to preserve
medical resources and prevent the spread of the disease in
hospitals. Although significantly investigated, the precise
pathophysiology and optimal treatment are not yet wholly
established [9]. Furthermore, safety of anesthesia and sur-
gery for these children with MIS-C remain unclear.

There are an increasing number of evidence synthe-
sis studies (e.g., systematic review (SR), meta-analysis
(MA)) which focus on MIS-C. However, there has been
no systematic assessment of the quality of published evi-
dence. The purpose of the current study is to conduct an
Umbrella review to reveal what patient characteristics of
MIS-C eligible studies have investigated and to assess the
methodological quality of these studies in order to provide
information for perioperative management.

Methods
Systematic literature search

This Umbrella review followed the framework described
by the Cochrane Handbook citation [10], Institute of
Medicine(IOM) Finding What Works in Health Care [11],
the Centre for Reviews and Dissemination (CRD) CRD’s
Guidance on Systematic Reviews [12], and Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [13]. The protocol was reg-
istered in the PROSPERO registry (CRD42022340228).

We conducted comprehensive searches for published
SRs and MAs from the following three databases (MED-
LINE (Ovid), Embase (Ovid), and Cochrane Database
of Systematic Reviews (Ovid)) from December 1, 2019,
to May 6, 2022, and restricted to manuscripts written in
English. The details of the database search strategy are
provided as online only supplement 1.

Study selection

Duplicate studies retrieved from more than one data-
base were removed. Two independent reviewers (N.S,
M.S.) investigated titles and abstracts of relevant stud-
ies to remove any that did not meet eligibility criteria.
SRs and MAs that featured MIS-C were identified. For
those that fulfilled the eligibility criteria, the full article
was obtained. Disagreement between reviewers regarding
study eligibility for inclusion in the Umbrella review was
resolved through consensus of a third reviewer (K.A.).

@ Springer

Inclusion and exclusion criteria

The inclusion criteria of this Umbrella review were as fol-
lows: (1) study population of pediatric patients <21 years
of age diagnosed MIS-C utilizing one of the following
definitions: the World Health Organization (WHO) [14],
CDC [15], the Canadian Paediatric Surveillance Program
(CPSP)[16] and the Royal College of Pediatrics and Child
Health (RCPCH, UK) [17]; (2) type of publication original
SR or MA; (3) published 2020 or later; and (4) published
in English.

Exclusion criteria included any randomized controlled
trials, controlled, cohort, or case-controlled studies, case
series/case report, animal studies, conference abstracts, or
narrative reviews.

Data extraction

Each eligible study was retrieved, and data extracted into
DistillerSR by one reviewer (N.S.) and comprehensively
cross-checked by a second reviewer (M.S.). Any uncertainty
was resolved with a third reviewer (K.A.).

The following data was extracted from eligible papers: (1)
first author; (2) study title; (3) journal; (4) publication year;
(5) study design (SRs/MAs); (6) MA model; (7) included
studies and participants; (8) main topic/subtopic (demo-
graphic data, clinical features, laboratory findings, diagnos-
tic tests, radiological data, treatment/management, outcome
data); and (9) outcomes (e.g., mortality, ICU admission, ICU
length of stay, need for mechanical ventilation, inotropes or
vasopressors, and need for extracorporeal membrane oxy-
genation (ECMO)).

Quality assessments

The quality of SRs and MAs was assessed using AMSTAR-2
[18]. Overall risk of bias was evaluated using ROBIS [19].
Both quality assessments were conducted by one reviewer
(N.S) and entirely validated by a second reviewer (M.S).
Any uncertainty was resolved with a third reviewer (K.A.).

Data synthesis

A narrative synthesis was applied to summarize the rate of
the primary outcome and secondary outcomes. We described
the basic characteristics of eligible studies, including patient
factors related to MIS-C (e.g., prognoses, risk factors, treat-
ment/management) and methodological quality based on
ROBIS and AMSTER-2. Descriptive statistics were sum-
marized, including mortality, ICU admission rate, ICU
length of stay, need for mechanical ventilation, inotropes,
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or vasopressors, and need for ECMO. The characteristics
and statistically significant variables of eligible MAs were
summarized. Publication timing was broken into four six-
month epochs encompassing the years 2021 and 2022.
Trends of ROBIS and AMSTER-2 were assessed using the
Mann Kendall Trend test, with the null hypothesis positing
no existence of monotonic trends in the given series and the
alternate hypothesis setting the presence of a trend, be it
positive, negative, or non-null. An advantage of this test is
that it is non-parametric, handling any data distribution and
bypassing the requirement for data normality, particularly
beneficial for limited data sets. We analyzed the trends, and
the resulting P values were computed to determine the sta-
tistical significance.

Results

The overall systematic literature search identified 5244 stud-
ies, of which 1648 were removed due to duplication. The
resultant 3596 articles underwent title and abstract screen-
ing and 50 studies were subsequently retrieved for full text
article assessments. Of the 50 studies, 41 (29 SRs and 12
SRs+MAs) met the inclusion criteria and underwent quali-
tative analysis (Fig. 1).

Table 1 and online supplement 2 summarizes the eli-
gible studies. The 41 studies originated from 19 different
countries for the corresponding authors, with the most com-
mon countries represented being United States of America
(n=38) and China (n="7). The number of studies included in
each review ranged from 3 to 328, and the total number of
MIS-C cases ranged from 17 to 2290. Twenty-eight stud-
ies reported outcome data of MIS-C, including mortality,
ICU admission rate, ICU length of stay, need for mechani-
cal ventilation, inotropes or vasopressors, and the need for
ECMO (Table 2). Twelve reviews conducted MAs, of which
one applied individual patient data [20]. Characteristics and

statistically significant variables from eligible MAs were
summarized in Table 3 and 4, respectively. Twenty-two
studies selected clinical features of MIS-C as a main topic,
of which 3 studies focused topic on cardiac manifestations
[21-23], 1 on neurological manifestations [24], 1 on gastro-
intestinal complications [25], 1 on ocular manifestation [26],
and 1 on oral manifestations [27]. Six studies chose demo-
graphic data [28-33], 3 studies laboratory findings [34-36],
and 2 treatment paradigms [37, 38] as their focus. The other
studies investigated the difference between Kawasaki disease
(KD) and MIS-C [39], MIS-C in neonates and infants [40],
pre-existing factors associated with severe disease, primary
admission to critical care, death [20], pooled prevalence esti-
mates of pediatric hyperinflammatory conditions in hospi-
talized patients admitted for treatment due to COVID-19
[41], echocardiographic findings [42], severe neurological
issues and a coexisting positive SARS-CoV-2 test [43], and
thrombotic complications [44].

Seventeen studies (41%) were assessed as having a low
risk of bias, 13 studies (32%) were rated as having a high
risk of bias, and eleven studies (27%) assessed as having
an unclear risk of bias according to their ROBIS assess-
ment. Forty studies (98%) were appraised as critical low-
quality studies according to the AMSTER-2 assessment, and
1 study (2%) was rated as low quality. The detailed result
of AMSTER-2 and ROBIS were presented in online only
supplement 3 and 4. No statistically significant trend over
time was observed in AMSTER-2 and ROBIS. (Online only
supplement 5, 6).

Clinical features

Seven studies that selected clinical features as a main topic
conducted single-arm MAs. Nepal et al. [24] investigated
neurological manifestations of MIS-C patients in their study,
in which they found that 27.1% of children with MIS-C
developed neurological manifestations, of which 27% were

Fig.1 PRISMA diagram

Articles identified through database search
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|
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Ta.bI.e 2 DtSS.CFiIJIiVe statistics of Clinical outcome Number of studies Range [minimum— Median Interquar-
eligible smdies reporting outcome maximum] tile range
Mortality (%) 20 0.17-12.5 1.9 0.48
ICU admission rate (%) 22 40.6-82 72.4 8.3
ICU length of stay (days) 3 4-6 4.8 1.0
Mechanical ventilation rate (%) 18 17.6-37.9 26.6 7.7
Inotrope & pressor rate (%) 18 15.6-63 54.7 14.7
ECMO rate (%) 12 0.48-11.2 4.7 2.0
ECMO extracorporeal membrane oxygenation
Table 3 Summary of characteristics from eligible meta-analyses
First Main topic Model of meta-analysis Number of Number of Number of Number of statistically
author’s included included MIS-C explored vari-  significant variables (num-
last name studies cases ables ber vs. single arm)
Zhao Laboratory findings FEM/REM 24 1613 12 2
Zhao Laboratory findings FEM/REM 21 787 32 15
Toraih Clinical features REM 15 318 80 Single arm meta-analysis
Yasuhara ~ Demographic data REM 27 917 59 Single arm meta-analysis
Nepal Clinical features (neuro- FEM/REM 15 785 4 Single arm meta-analysis
logical manifestations)
Zou Clinical features FEM/REM 6 182 58 Single arm meta-analysis
Bustos Clinical features Not applicable 11 468 28 Single arm meta-analysis
Baradaran  Clinical features REM 16 600 34 Single arm meta-analysis
Lo Clinical features (ocular ~REM 32 1458 3 Single arm meta-analysis
manifestation)
Harwood  Pre-existing factors REM/Multilevel mixed 0 0 43 5
associated with severe effect models
disease, primarily
admission to critical
care, and death
Rauniyar ~ Treatment (IVIG alone FEM/REM 3 756 4 2
versus IVIG plus gluco-
corticoids)
Santos Clinical features FEM/REM 98 2275 38 Single arm meta-analysis

FEM fixed effect model, REM random effect model, /VIG intravenous immunoglobulin

headaches, 17.1% were meningism/meningitis, and 7.6%
were encephalopathy.

Lo and Chen [26] investigated the ocular and systemic
manifestations of children with MIS-C. Their MA revealed
that around half of the children had conjunctivitis, and
the five most common systemic manifestations were fever
(96.4%), gastrointestinal symptoms (76.7%), shock (61.5%),
rash (57.1%), and neurological symptoms (36.8%).

Demographic data

Six studies focused on demographic data in their study,
of which 1 conducted a single-arm MA. Yasuhara et al.
reported that the mean age of children with MIS-C was 9.3
(95% CI 8.4-10.1), and males constituted 56.8% (95% CI

52.1-61.5; I>=41.6) of the patients. The pooled proportions
of Hispanic and Black cases were 34.6% (95%CI 28.3-40.9;
PP=41.6%) and 31.5% (95%C1 24.8-38.1; 12=63.4), respec-
tively [28].

Laboratory finding

Two studies investigated laboratory findings by conducting
MAs. Zhao et al. [35] compared cardiac markers (brain
natriuretic peptide (BNP), troponin, aspartate aminotrans-
ferase (AST)) between MIS-C vs. COVID-19, severe
MIS-C vs. non-severe MIS-C, and MIS-C with coronary
artery abnormality (CAA) vs. MIS-C without CAA. They
reported that MIS-C patients exhibited higher BNP levels
than patients with COVID-19. In a comparison between

@ Springer



316

Journal of Anesthesia (2024) 38:309-320

Table 4 Summary of statistically significant variables from eligible meta-analyses

First author’s last ~ Statistically significant variables

Effect size of each variables

Statistical heterogeneity

name
Zhao MIS-C vs. COVID-19 SMD (95% CI) P (%)
BNP? 0.49 (0.17, 0.80) 27.9
MIS-C vs. non-severe COVID-19
BNP? 1.13 (048, 1.77) 0
Severe MIS-C vs. non-severe MIS-C
BNP? 0.26 (0.04, 0.48) 58.6
Zhao MIS-C vs. severe/non-severe COVID-19 WMD/SMD (95% CI) P (%)
PLT (x 10°/L) —95.16 (—112.15, =78.17) 17.1
ANC (x10%L) 1976.79 (1116.09, 2837.49) 26.5
CRP (mg/L) 0.68 (0.36, 1.00) 67.7
MIS-C vs. severe COVID-19
LDH? —0.91 (-1.39, -0.43) 32.9
ESR (mm/h) 34.52 (14.23, 54.80) 0
MIS-C vs. non-severe COVID-19
ALC (x10°/L) —1110.43 (—=1477.75, =743.11) 68
ANC (x10%L) 2392.68 (1636.71, 3148.64) 0
CRP (mg/L) 1.09 (0.70, 1.48) 67.9
D-dimer (pg/ml) 1.61 (—1.39, -0.43) 2
Severe MIS-C vs. non-severe MIS-C
ALC (x10°/L) —0.60 (=0.91, —0.30) 41.5
ANC (x10°/L) 3.28 (2.01, 4.55) 48.9
CRP (mg/L) 68.64 (46.19, 91.09) 27.9
D-dimer (pg/ml) 2.50(1.78,3.21) 10.8
Ferritin (ng/ml) 362.50 (130.25, 594.76) 0
Age groups of MIS-C (younger vs. older age)
CRP (mg/dl) —88.75 (—122.67, —54.84) 0
Harwood Critical care admission vs. non-critical care admission QOdds ratio (95% CI) P (%)
Age 5-9 years 1.81 (1.51,2.16) 0
10-14 years 2.65(1.48,4.74) 21.32
>14 years 2.56 (2.03,3.21) 0
Metabolic including obesity 1.45 (1.10, 1.92) 0
Any co—morbidity" 12.44 (9.74, 15.87) (No data available)
Rauniyar IVIG + Glucocorticoids vs. IVIG QOdds Ratio (95% CI) P (%)
Persistence of fever/treatment failure® 0.57 (0.42,0.79) 45.36
Need of adjunctive therapy* 0.27 (0.20, 0.37) 0

MIS-C multisystem inflammatory syndrome in children, COVID-19 coronavirus disease 2019, SMD standardised mean difference, WMD
weighted mean difference, CI confidence interval, BNP: brain natriuretic peptide, PLT platelet ANC absolute neutrophil count, CRP C-reactive
protein, LDH lactate dehydrogenase, ESR erythrocyte sedimentation rate, ALC absolute lymphocyte count, /VIG intravenous immunoglobulin

# No units provided

® Any co-morbidity (pre-existing factors) includes cardiovascular, respiratory, asthma, gastrointestinal/Liver, neurological, malignancy, haema-
tological, immunosuppression, trisomy 21 (Down’s Syndrome), chronic kidney disease, endocrine including diabetes, and metabolic conditions
including obesity

¢ Persistence of fever was taken as presence of fever at any point from day two or recrudescence after seven days of initial therapy

4 The need for adjunctive therapy was defined as the addition of a separate immunomodulator or an increment of 5 mg/kg or equivalent in the
daily dose of prednisolone
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MIS-C with and without CAA, no difference was detected
in the BNP and troponin levels.

In a separate manuscript, the same author group com-
pared inflammatory markers of MIS-C by severity and age
[34]. They found that severe MIS-C patients had higher
white blood cell counts (WBC), absolute neutrophil counts
(ANC), C-reactive protein (CRP), D-dimer, and ferritin
levels, in comparison with non-severe MIS-C patients.
Younger children (0-5 years) with MIS-C had lower
CRP and ferritin levels than middle-aged/older children/
adolescents.

Treatment

One paper that selected treatment as a main topic con-
ducted a MA. In the study, Rauniyar et al. [38] compared
the effect of combination therapy (intravenous immuno-
globulin (IVIG) plus glucocorticoids) versus IVIG alone
for the treatment of MIS-C, using individual patient data
(IPD). The results of the MA showed that the incidence
of persistence of fever/treatment failure (OR 0.57, 95%CI
(0.42, 0.79), I’ =45.36%) and need of adjunctive therapy
(OR 0.27, 95%CI (0.20, 0.37), I?=0.0) were lower in chil-
dren treated with combination therapy, but did not show
a significant reduction in the rate of left ventricular dys-
function (OR 0.79, 95% CI (0.34, 1.87), I>=58.44%) or
the need for inotropic support (OR 0.83, 95% CI (0.35,
1.99), >=75.40%).

Discussion

This Umbrella review was conducted to reveal what patient
and clinical characteristics of pediatric patients with MIS-C
have been investigated, to assess the methodological qual-
ity of these included studies and to guide future investiga-
tions. The results of our research indicate that most of the
studies selected clinical features of MIS-C as a main topic.
The other topics included demographic data, laboratory
findings, treatment paradigms, differences the between KD
and MIS-C, MIS-C in neonates and infants, pre-existing fac-
tors, pooled prevalence estimates of MIS-C in hospitalized
patients admitted for treatment due to COVID-19, echocar-
diographic findings, neurological issues, a coexisting posi-
tive SARS-CoV-2 test, and thrombotic complications. Most
of the studies included were appraised as critical low-quality
studies according to the AMSTER-2 assessment. The result
of the AMSTER-2 assessment inherently influences the
result of our study. The time to publication was generally
short due to clinical urgency, which often means that the
quality of evidence may be sacrificed.

The current study findings in the context of prior
literature

An Umbrella review is a type of novel methodology that
aims to summarize and appraise a broad scope of literature
and provide a comprehensive view of a specific topic. Sev-
eral Umbrella reviews on COVID-19 patients have been
published. Harrison et al. [45] investigated the association
between cardiovascular risk factors and health outcomes
with COVID-19 and the impact of COVID-19 on cardio-
vascular health. Treskova-Schwarzbach et al. [46] explored
pre-existing conditions and outcomes across geographi-
cal regions. Yang et al. [47] investigated the impact of
COVID-19 on kidney health and the associations between
kidney diseases and clinical outcomes in COVID-19
patients, including children. There are no prior Umbrella
reviews focused explicitly on pediatric COVID-19 or on
MIS-C, in part due to the rarity of the latter disease and it’s
very recent emergence. This Umbrella review is the first
study to summarize the broad aspects of evidence in pedi-
atric patients with MIS-C, including outcomes, assessing
the methodological quality of these studies. Three prior
Umbrella reviews assessed COVID-19 study quality or
risk of bias with AMSTER-2 or ROBIS, while our review
assessed both metrics. Harrison et al. [45] assessed the
quality of 84 reviews on COVID-19 with AMSTAR-2, in
which 28 reviews (33%) were appraised as critically low,
24 reviews (29%) were low quality, and 31 reviews (37%)
were moderate quality.

Treskova-Schwarzbach et al. [46] used AMSTER-2 to
evaluate the methodological quality of 120 included studies.
Of these, 114 studies (95%) were rated as critically low qual-
ity, and 6 studies (5%) were rated as low quality. Yang et al.
[47] assessed the methodological quality of 103 included
reviews with ROBIS. Their result illustrated that 30 reviews
(29.1%) were rated as low risk of bias, 73 reviews (70.9%)
were rated as high risk of bias. Our result with AMSTER-2
assessment was similar to the findings of Treskova-Schwar-
zbach et al. [46], with most included reviews rated as criti-
cally low-quality studies, significantly higher than the find-
ings by Harrison et al. [45]. The rate of the studies assessed
as low risk of bias with ROBIS in our review was 41%,
higher than that reported by Yang et al. [47]. This might
come from the difference in study population and number
of studies published.

Generally, the quality of the SRs and MAs conducted
during the COVID-19 outbreak appeared to be low. Possible
reasons for this are that the authors might have considered
that time to publication outweighing the quality of the study
in an emergent situation, overwhelming clinical work due
to a large number of critically ill patients with COVID-19
negating the time to conduct SRs and MAs, and review-
ers might have eased the quality of studies for publication.
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Also, not enough studies due to new disease might have not
allowed to conduct SRs and MAs.

Strengths and limitations

The current study is the first Umbrella review to investigate
what patient specific features have been explored in the lit-
erature for pediatric patients with MIS-C. The strengths of
our Umbrella review include the comprehensive search strat-
egy and the rigorous appraisal of the risk of bias and study
quality with AMSTER-2 and ROBIS. There are several limi-
tations of our study. Due to the novelty of the disease, and
its recent emergence as a clinical entity, data on long-term
outcomes was and still generally is limited. However, we
comprehensively evaluated and summarized the outcome
data available. The time period was limited from December
1, 2019 to May 6, 2022. However, this period covers the
COVID-19 pandemic period. In order to answer our research
question, we did not update the search.

Research and clinical implications

Clinical data including poor outcome risk factors, treat-
ment, and long-term outcomes related to MIS-C is limited
at this point. Studies focused on these topics are warranted to
improve the evidence used to guide clinical treatment strate-
gies. Clinician experience with the related disease of KD
facilitated educated treatment paradigms. Given the lack of
predictability for future waves of COVID-19 and MIS-C, it
is important to consolidate evidence and guide future stud-
ies to enhance the therapeutic decisions by clinicians. For
anesthesiologist, perioperative differential diagnosis should
encompass MIS-C. The safety of surgery requiring general
anesthesia for these MIS-C patients cannot be answered
based on the results of the Umbrella review, perhaps because
of the rarity of this disease or the limited number of studies
on this topic. Therefore, at this time, surgery requiring gen-
eral anesthesia for these MIS-C patients should be planned
based on individual risk, severity of organ involvement, and
whether surgery is urgent or not [48]. The optimal timing of
surgery should be discussed with the multidisciplinary team.

Conclusion

Our Umbrella review found that most studies selected clini-
cal features of MIS-C as a main topic. In the future, for
patients with MIS-C, studies focused on safety of surgery
requiring general anesthesia, risk factors, treatment, and
long-term outcomes are warranted.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00540-024-03323-7.
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