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Summary
Background Although the current consensus recommends a standard treatment of high-dose intravenous immuno-

globulin with high-dose aspirin to manage Kawasaki disease (KD), the use of different adjunctive therapies remains
controversial. The aim of the current network meta-analysis (NMA) was to compare the efficacy and tolerability of
different existing interventions for the initial and refractory stages of KD.

Methods An NMA of randomised controlled trials (RCTs) was conducted using the frequentist model applied after
electronic searches in PubMed, Embase, ScienceDirect, ProQuest, ClinicalTrials.gov, ClinicalKey, Cochrane CEN-
TRAL, and Web of Science. The main outcomes were reduced fever duration/diminished severity of fever subsided.
The initial stage of KD was defined as the first stage to treat patients with KD; the refractory stage of KD represents
KD patients who failed to respond to standard KD treatment. The cut-off points for intravenous immunoglobulin
(IVIG) were low (100�400 mg), medium (1 g), and high (at least 2 g).

Findings A total of fifty-six RCTs with 6486 participants were included. NMA demonstrated that the medium-dos-
age IVIG + aspirin + infliximab [mean difference=�1.76 days (95% confidence intervals (95% CIs): �3.65 to 0.13
days) compared to high-dosage IVIG + aspirin] exhibited the shortest fever duration; likewise, the medium-dosage
IVIG + aspirin + infliximab [odds ratio (OR)=0.50, 95% CIs: 0.18�1.37 compared to high-dosage IVIG + aspirin]
exhibited the smallest incidence of coronary artery lesion (CAL) in the initial-stage KD. In the refractory-stage KD,
the high-dosage IVIG + pulse steroid therapy (OR=0.04, 95% CIs: 0.00�0.43 compared to the high-dosage IVIG
only) had the best rate of decline of fever; likewise, the high-dosage IVIG + ciclosporin [OR=0.05 (95% CIs:
0.00�1.21) compared to the high-dosage IVIG only] exhibited the smallest incidence of CAL. Infliximab significantly
improved resolution compared to the high-dosage IVIG only group (OR=0.20, 95%CIs: 0.07�0.62) in refractory-
stage KD.

Interpretation The NMA demonstrated that the combination therapy with the standard therapy of IVIG and aspirin
might have an additional effect on shortening the duration of fever and lowering the CAL incidence rate in patients
with acute KD. Moreover, the combination therapy with high-dose IVIG and pulse steroid therapy or cyclosporine
therapy might have an additional effect on improving the rate of decline of fever and lowering the incidence rate of
CAL in children with refractory KD. Because some of the findings of this NMA should be considered hypothesis-gen-
erating rather than confirmatory, further evidence from de novo randomised trials is needed to support our results.

Funding None.

Copyright � 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

Previous guidelines recommend a standard treatment
of high-dose intravenous immunoglobulin with high-
dose aspirin to manage Kawasaki disease (KD). How-
ever, the effectiveness and risk of coronary artery lesion
(CAL) associated with the use of different adjunctive
therapies, remains unknown.

Added value of this study

The current network meta-analysis (NMA) revealed that
medium intravenous immunoglobulin (IVIG) + aspirin +
infliximab resulted in the shortest fever duration and
the lowest incidence of CAL in the initial stage of KD.
The high IVIG + pulse steroid and high IVIG +

cyclosporine group exhibited the best defervescence rate
and the lowest CAL incidence in refractory-stage KD.

Implications of all the available evidence

The infliximab plus standard therapy might be the best
treatment for acute KD. Pulse methylprednisolone plus
IVIG is the best choice for refractory KD.
Introduction
Kawasaki disease (KD) is an acute inflammatory vasculi-
tis primarily affecting infants and is the leading cause of
acquired cardiovascular disease in children.1 First
reported in 1967 in Japan, the prevalence of KD has
increased worldwide, increasing from 3.4�218.6 per
100,000 children.2 Without timely treatment, up to
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25% of children with KD develop sustained coronary
artery lesions, including coronary artery aneurysms.3

These children may progress to developing coronary
thrombus, stenosis, myocardial ischaemia, ischaemia-
induced arrhythmia, and even sudden death.4 In a pre-
vious limited study (n=261), among adults younger
than 40 years who underwent coronary angiography for
suspected myocardial ischaemia, 5% had aneurysms
secondary to KD as the cause of coronary disease.3

The management of KD to reduce serious cardiac
sequelae has raised major concerns regarding child
health. Although most patients with KD benefit from
standard therapy with intravenous immunoglobulin
(IVIG) combined with acetylsalicylic acid (ASA), 20% of
children still develop coronary artery dilatation, and 5%
progress to coronary artery aneurysms.5 In addition,
approximately 10%�20% of patients with KD are resis-
tant to conventional therapy, presenting with persistent
or recurrent fever, and are at a higher risk of subsequent
coronary artery diseases.6

Several treatment strategies have been proposed to
address the issue of the association between IVIG resis-
tance, recrudescent fever, and the accompanying higher
risk for coronary artery lesions (CALs),7 including adjuvant
corticosteroid therapy,8 anti-tumour necrosis factor (TNF-
a) monoclonal antibody,9 and adjunctive clarithromycin
therapy.10 Furthermore, previous pairwise meta-analyses
have mainly focused on the efficacy of corticosteroids as
either adjunctive or rescue therapy.11,12 However, safety
concerns remain, concerning the insufficiency of data
available for the incidence of adverse effects of corticoste-
roids. Few head-to-head studies have compared the efficacy
of different protocols for the treatment of KD other than
conventional therapy.

To clarify these issues, we conducted a systematic
review and network meta-analysis (NMA) of RCTs that
investigated the efficacy and safety of various pharmacologi-
cal regimens used as initial or rescue adjunctive treatment
for the prevention of the occurrence of coronary artery
lesions (CAL) and their ability to shorten the duration of
fever.

Methods

General guidelines for the current study
The current network meta-analysis (NMA) followed the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) 2020 guidelines13 and AMSTAR2
(assessing the methodological quality of systematic review)
guidelines.14 The current NMA is registered in PROS-
PERO: CRD42021220936. The current study complied
with the Institutional Review Board of the Tri-Service Gen-
eral Hospital (TSGHIRB: B-109-29).

Search strategy and selection criteria
We conducted a systematic publication review with the
keywords (mucocutaneous lymph node syndrome OR
www.thelancet.com Vol 78 Month April, 2022
Kawasaki disease) AND (randomized controlled trial)
from inception until November 15th, 2020 in the
PubMed, Embase, ScienceDirect, ProQuest, Clinical-
Trials.gov, ClinicalKey, Cochrane CENTRAL, and Web
of Science databases. To include as many types of phar-
macologic treatments as possible, we did not include
keywords for specific treatments. No language restric-
tions were included. We also conducted manual
searches for potentially eligible articles from the refer-
ence lists of review articles or pairwise meta-
analyses.11,12,15
Inclusion and exclusion criteria
The PICO included: (1) patient or problem: participants
with KD; (2) intervention: pharmacological regimens
used as initial or rescue adjunctive treatment to KD; (3)
comparator: placebo-controlled or active-controlled; and
(4) outcome: in the initial stage of KD, it was the fever
duration and CAL incidence rate and in the refractory
KD stage, it was the rate of decrease of fever and CAL
incidence rate (detailed definition of outcome, please
see the statement below). The definition of initial stage
treatment of KD indicated the initial stage regimen to
treat patients with KD; the refractory stage treatment of
KD represents the rescue therapy which was applied to
patients with KD who failed to respond to standard KD
treatment.

We only included RCTs, either placebo-controlled or
active-controlled design, in humans. The intervention
arms for comparison were the pharmacologic interven-
tions applied to patients with KD, which were defined
according to the diagnostic criteria.1 We categorised the
interventions into three dosage groups, namely, the
IVIG low group received 100�400 mg, the medium
group received 1 g, and the high group received 2 g.16,17

The exclusion criteria were as follows: (1) not a clini-
cal trial; (2) not an RCT; (3) did not report the target out-
comes of interest; or (4) was not related to
pharmacologic interventions. In cases of duplicated
usage of data (i.e. different articles based on the same
sample sources), we only included the report with the
most informative and largest sample sources.
Data extraction
Two authors (Lei and Tseng) independently screened
the studies, extracted the relevant data from the manu-
scripts, and assessed the risk of bias. In situations of dis-
crepancy, the corresponding author (Kao) was involved.
If there was a lack of available data from the manu-
scripts, we contacted the corresponding authors or coau-
thors to obtain the original data.
Outcomes
The current NMA consisted of two parts to the analyses,
including the treatment of initial-stage patients with KD
3
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and treatment of refractory stage patients with KD. The
outcome in the first part was fever duration and the inci-
dence of CAL. The outcome in the second part was the
rate of decline of fever (based on failure to reduce the
fever) and the incidence of CAL. The safety profile was a
serious rate of adverse events in both stages (i.e., initial
and refractory stages). The definition of serious adverse
events varied across the included RCTs. In brief, we
considered the following (but not limited to) serious
adverse events, including liver function abnormalities,
anaemia, neutropenia, intussusception, congestive
heart failure, sepsis, lymphadenopathy, splenomegaly,
generalised oedema, shock, or anaphylaxis.
Cochrane risk of bias tool
Two independent authors (Lei and Tseng) evaluated the
risk of bias (inter-rater reliability, 0.87) for each domain
described in the Cochrane risk of bias tool.18
Statistical analysis
The NMA was performed using STATA (version 16.0;
StataCorp LLC, College Station, TX, USA). For continu-
ous data, we estimated the summary mean difference
(MD) with 95% confidence intervals (95% CIs). For cat-
egorical data, we estimated summary odds ratio (OR)
with 95% CIs. For categorical data, we applied a 0.5
zero-cell correction during the meta-analysis. However,
if the scores were zero in both the intervention and con-
trol arms in a study, we did not apply this correction
because of the risk of increasing bias.19,20 We used the
frequentist models of the NMA to compare effect sizes
(ES) between studies with the same interventions. All
comparisons used a two-tailed test. Heterogeneity
among the studies was evaluated by the tau value, which
was the estimated standard deviation of the effect across
the included studies.

The meta-analysis applied in the current study used
a mixed comparison with generalised linear mixed mod-
els to analyse the direct and indirect comparisons
among the NMA.21 Specifically, indirect comparisons
were calculated by the transitivity; thus, the differences
between treatments A and B can be calculated from
their comparisons with a third treatment, C. To com-
pare multiple treatment arms, we combined direct and
indirect evidence from the included studies.22 Direct
evidence between two treatment arms (i.e. treatments A
and B) indicated that there was a direct comparison
between treatments A and B in at least one of the
included studies. Conversely, indirect evidence between
the two treatment arms (i.e. treatments A and C) indi-
cated that we obtained the effect size (ES) comparison
between treatments A and C by combining the ES
between comparing pairs of treatments A and B and the
ES between comparing pairs of treatments B and C. For
example, eFigure 2a shows that there was no direct
comparison between the high-dose IVIG + aspirin +
infliximab (FIHA) and high-dose IVIG + aspirin + clari-
thromycin (CIHA) groups in the included studies.
Thus, we obtained indirect evidence between the FIHA
and CIHA groups via comparisons with the high-dose
IVIG + aspirin (IHA) group. The STATA program used
in our NMA was the mvmeta command.23 We used
restricted maximum likelihood methods to evaluate
between-study variance.24

To provide more clinical applications, we calculated
the relative ranking probabilities between the treatment
effects of all treatments for the target outcomes. Briefly,
the surface under the cumulative ranking curve
(SUCRA) is the percentage of the mean rank of each
medication relative to an imaginary intervention that is
the worst without uncertainty.25 When the area under
the curve was less, the treatment had a higher rank of
fever relief.

To reduce the potential source of heterogeneity, we
conducted further subgroup analysis. To be specific, in
the refractory stage, some of the included RCTs
recruited participants who had failed to receive standard
therapy (i.e. IVIG 2 g/kg or IVIG 2 g/kg plus aspirin)
before enrolment, while others applied a predicted
high-risk of refractoriness without actual initial treat-
ment before enrolment. Therefore, in the part of refrac-
tory KD, we arranged subgroup analysis focusing on
RCTs recruiting participants who had failed to receive
standard therapy (i.e. IVIG 2g/kg or IVIG 2 g/kg plus
aspirin) before enrolment. Finally, to detect the poten-
tial evidence conflict between the direct and indirect
comparisons, we evaluated the potential inconsistencies
between the direct and indirect evidence within the net-
work using the loop-specific approach. Local inconsis-
tencies were evaluated using the node-splitting method.
Furthermore, we used a design-by-treatment model to
evaluate global inconsistencies among the entire
NMA.26

Ethics: This was an observational study. The Institu-
tional Review Board of the Tri-Service General Hospital
confirmed that no ethical approval was required
(TSGHIRB: B-109-29).
Role of funding source
None.
Results
After the initial screening, 100 articles underwent a full-
text review (Figure 1). However, 44 patients were
excluded for various reasons (Figure 1 and eTable 3).
Finally, 56 articles were included in the NMA. Specifi-
cally, 48 articles were included to examine the initial
treatment, and eight were included to examine refrac-
tory KD (eTable 4). The entire network structure of the
treatment arms is shown in Figure 2a and 2b.
www.thelancet.com Vol 78 Month April, 2022



Figure 1. Flowchart of the current network meta-analysis.
Depicts the entire flowchart of the current network meta-analysis
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Characteristics of the included studies
A total of 6,486 participants were included in the 56
RCTs. Publication dates ranged from 1984 to 2019. The
reported range of patient age was 1.54�5.73 years old
with an average of 2.62 years. The included trials com-
prised 42.3% females (eTable 4). In the initial stage of
KD, there were 5,904 children (mean age=2.5 years,
range 1.5�5.7 years; female: 42.3%, range 10.0�86.0%)
and mean follow-up duration was 13.3 weeks (range
1.6�78 weeks). In the refractory stage of KD, there were
582 children (mean age=2.8 years, range 2.5�3.5 years;
female: 42.4%, range 25.0�50.0%) and mean follow-up
duration was 7.2 weeks (range 1.0�20.0 weeks).
Initial-stage treatment in patients with KD: fever
duration and CAL incidence rate
Thirty-six articles with eight individual treatment arms
investigated fever duration in the treatment of initial-
stage KD. In the NMA, only the low IVIG + aspirin and
aspirin-only groups had a significantly longer fever
duration than the high IVIG +aspirin group. None of
the other investigated treatments had a significantly
shorter fever duration than the high IVIG + aspirin
group (Table 1a, Figures 2a and 3a). The medium
IVIG + aspirin + infliximab treatment had the shortest
www.thelancet.com Vol 78 Month April, 2022
fever duration among all pharmacologic interventions
(eTable 5a).

Forty-nine articles with ten individual treatment
arms mentioned the rate of incidence of CAL in the
treatment of initial-stage KD. Only the low
IVIG + aspirin and aspirin-only groups had significantly
higher CAL incidence rates than the high
IVIG + aspirin group (eTable 6a, eFigures 1a and 2a).
The medium IVIG + aspirin + infliximab group had the
lowest rate of incidence of CAL among all the pharma-
cologic interventions (eTable 5b).
Refractory-stage treatment in patients with KD: rate of
decline of fever and rate of incidence of CAL
Seven articles with six individual treatment arms inves-
tigated the rate of decline of fever in the treatment of
refractory KD. Almost all the interventions had a signifi-
cantly better rate of decline of fever than the high IVIG
only groups, except for the high IVIG + cyclosporin
group (Table 1b, Figures 2b and 3b). The high
IVIG + pulse steroid therapy [OR=0.04 (95% CIs: 0.00
to 0.43)] had the fastest rate of decline of fever among
all the pharmacologic interventions (eTable 5c). In the
subgroup analysis, there were four RCTs recruiting par-
ticipants who had definitely failed to receive standard
5



Figure 2. The network structure of (2a) shortening fever duration in initial stage and (2b) rate of failure to subside fever in refractory stage.
Depicts the overall network structure of the current network meta-analysis of (2a) shortening fever duration by different interventions in

the initial treatment of Kawasaki disease (n=36 articles with 8 individual treatment arms) and (2b) rate of failure to subside fever by different
interventions in refractory treatment for Kawasaki disease (n=7 articles with six individual treatment arms). The lines between nodes repre-
sent direct comparisons in various trials, and the size of each circle is proportional to the size of the population involved in each specific
treatment. The thickness of the lines is proportional to the number of trials connected to the network.
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medium dose IVIG +

aspirin + infliximab

high dose IVIG + aspirin +

pulsed-dose

intravenous

methylprednisolone

high dose IVIG +

aspirin + infliximab

high dose

IVIG + aspirin

high dose

IVIG + aspirin +

clarithromycin

medium dose

IVIG + aspirin

low dose IVIG +

aspirin

aspirin only

medium dose IVIG + aspirin + infliximab *-1.89 (-2.07,-1.71)

high dose IVIG + aspirin + pulsed-dose

intravenous methylprednisolone

-0.26 (-3.05,2.53) *-1.50 (-2.47,-0.53)

high dose IVIG + aspirin + infliximab -0.82 (-3.43,1.80) -0.55 (-3.29,2.18) *-1.00 (-1.05,-0.96)

high dose IVIG + aspirin -1.76 (-3.65,0.13) -1.50 (-3.55,0.56) -0.95 (-2.75,0.86) -0.13 (-0.72,0.46) -0.06 (-0.21,0.09) *-1.46 (-1.87,-1.05) *-3.20 (-4.46,-1.94)

high dose IVIG + aspirin + clarithromycin -1.89 (-4.58,0.79) -1.63 (-4.43,1.17) -1.08 (-3.70,1.55) -0.13 (-2.04,1.77)

medium dose IVIG + aspirin *-1.88 (-3.70,-0.06) -1.62 (-3.74,0.50) -1.07 (-2.94,0.81) -0.12 (-0.63,0.39) 0.01 (-1.96,1.98) *-1.50 (-1.85,-1.14) -1.00 (-2.18,0.18)

low dose IVIG + aspirin *-3.23 (-5.12,-1.35) *-2.97 (-5.08,-0.86) *-2.42 (-4.28,-0.55) *-1.47 (-1.95,-0.99) -1.34 (-3.31,0.62) *-1.35 (-1.84,-0.86) *-1.66 (-3.03,-0.29)

aspirin only *-4.63 (-6.67,-2.60) *-4.37 (-6.61,-2.13) *-3.82 (-5.82,-1.81) *-2.87 (-3.76,-1.98) *-2.74 (-4.84,-0.64) *-2.75 (-3.66,-1.84) *-1.40 (-2.23,-0.57)

Table 1a: League table of association between individual intervention and fever duration in initial stage treatment to Kawasaki disease
Pairwise (upper-right portion) and network (lower-left portion) meta-analysis results are presented as estimate effect sizes for the outcome of fever duration. Interventions are reported in order of mean ranking of shortening fever

duration, and outcomes are expressed as standardized mean difference (SMD) (95% confidence intervals). For the pairwise meta-analyses, SMD of less than 0 indicate that the treatment specified in the row got shorter fever dura-

tion than that specified in the column. For the network meta-analysis (NMA), SMD of less than 0 indicate that the treatment specified in the column got shorter fever duration than that specified in the row. Bold results marked

with * indicate statistical significance.

high dose IVIG + intravenous
pulse steroid therapy

intravenous pulse
steroid therapy

high dose IVIG + steroid
therapy

infliximab high dose IVIG +
ciclosporin

high dose IVIG only

high dose IVIG + intravenous pulse steroid therapy *0.05 (0.01,0.22)

intravenous pulse steroid therapy 1.26 (0.07,22.53) *0.04 (0.00,0.43)

high dose IVIG + steroid therapy 0.38 (0.07,2.26) 0.30 (0.02,4.14) *0.12 (0.05,0.31)

infliximab 0.23 (0.04,1.52) 0.18 (0.01,2.69) 0.60 (0.14,2.53) *0.21 (0.07,0.62)

high dose IVIG + ciclosporin *0.05 (0.01,0.25) *0.04 (0.00,0.48) *0.13 (0.04,0.38) *0.21 (0.06,0.74) 0.97 (0.54,1.78)

high dose IVIG only *0.05 (0.01,0.22) *0.04 (0.00,0.43) *0.12 (0.05,0.31) *0.20 (0.07,0.62) 0.97 (0.53,1.77)

Table 1b: League table of association between individual intervention and rate of failure to subside fever in refractory stage treatment to Kawasaki disease.
Pairwise (upper-right portion) and network (lower-left portion) meta-analysis results are presented as estimate effect sizes for the outcome of rate of failure to subside fever. Interventions are reported in order of mean ranking of

efficacy of fever subside, and outcomes are expressed as odds ratio (OR) (95% confidence intervals). For the pairwise meta-analyses, OR of less than 1 indicate that the treatment specified in the row got less rate of failure to subside

fever (i.e. better efficacy in subsiding fever) than that specified in the column. For the network meta-analysis (NMA), OR of less than 1 indicate that the treatment specified in the column got less rate of failure to subside fever (i.e.

better efficacy in subsiding fever) than that specified in the row. Bold results marked with * indicate statistical significance.

Abbreviation: CI: confidence interval; NMA: network meta-analysis; SMD: standardized mean difference; IVIG: intravenous immune globulin; OR: odds ratio.
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Figure 3. Forest plot of NMA of (3a) shortening fever duration in initial stage and (3b) rate of failure to subside fever in refractory
stage.

a: when MD < 0, this indicates shorter duration by intervention than the reference treatment (reference treatment: high dose
IVIG + aspirin) in the initial treatment of Kawasaki disease (n=36 articles with 8 individual treatment arms); b: when the odds ratio <
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therapy (i.e. IVIG 2 g/kg or IVIG 2 g/kg plus aspirin)
before enrolment.27�30 The main result of the current
NMA revealed that the high IVIG + pulse steroid ther-
apy [OR=0.04 (95% CIs: 0.00 to 0.43) compared to the
high IVIG only groups] exhibited the fastest rate of
decline of fever among all pharmacologic interventions
(eTables 5d, 6b, eFigures 1b, and 2b).

Seven articles with seven individual treatment arms
mentioned the rate of incidence of CAL in the treatment
of refractory KD. Only the high IVIG + steroid and high
IVIG + pulse steroid therapy groups had significantly
lower rates of incidence of CAL than the high IVIG only
groups (eTable 6c, eFigures 1c and 2c). The high
IVIG + cyclosporin group had the lowest incidence of
CAL among all pharmacologic interventions (eTable
5e). In the subgroup analysis, there were four RCTs
recruiting participants who had definitely failed to
receive standard therapy (i.e. IVIG 2 g/kg or IVIG
2 g/kg plus aspirin) before enrolment.28�31 The main
result of the current NMA revealed that none of the
investigated treatments was associated with signifi-
cantly different CAL incidence rates compared to the
other treatments (eTables 5f and 6d, and eFigures 1d
and 2d).
Safety profile: serious adverse event rates
For the initial treatments, 20 articles with nine individ-
ual treatment arms were investigated in the current
NMA. None of the investigated pharmacological inter-
ventions had significantly different serious adverse
event rates than the high IVIG + aspirin group (eTable
6e, eFigures 1e and 2e). The low IVIG + aspirin group,
the high IVIG + aspirin + pulse steroid therapy group,
and the high IVIG + aspirin + infliximab group had the
three lowest serious adverse event rates among all phar-
macologic interventions (eTable 5g).

For refractory treatment, only five articles provided
information on serious adverse events. Therefore, NMA
was not performed.
Risk of bias, inconsistency, and publication bias
We found that 52.3% (205/392), 41.3% (162/392), and
6.38% (25/392) of the included studies had an overall
low, unclear, and high risk of bias, respectively
(eFigure 3a and b). Funnel plots of publication bias
across the included studies (eFigure 4a�j) revealed gen-
eral symmetry, and the results of Egger’s test indicated
no significant publication bias among the articles
included in the NMA. In general, the NMA did not
1, this indicates a better response rate (less rate of failure to subside
treatment: high dose IVIG only) in refractory treatment to Kawasaki d

Abbreviation: CI: confidence interval; IVIG: intravenous immunog
difference; IVIG: intravenous immune globulin; OR: odds ratio.
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demonstrate local or global inconsistencies, as assessed
using the loop-specific approach, node-splitting method,
or the design-by-treatment method, except for global
inconsistency in the incidence of CAL in the refractory
stage (eTables 7 and 8). However, there was no local
inconsistency detected in the NMA of the incidence of
CAL in the refractory stage by the node-splitting
method.
Discussion
To the best of our knowledge, the present study is the
first to address the effect of various treatments for pre-
venting CALs and shortening the duration of fever of
KD. The current NMA found that the combination ther-
apy with the standard therapy of IVIG and aspirin
might have an additional effect on shortening the dura-
tion of fever and lowering the incidence of CAL. For
refractory KD, the combination therapy of high-dose
IVIG with pulse steroid or cyclosporine might have an
additional effect on improving the rate of decline of
fever and lowering the incidence of CAL. Further, the
main results remained the same when we focused on
RCTs recruiting participants who had definitely failed
to receive a standard therapy (i.e. IVIG 2 g/kg or IVIG
2 g/kg plus aspirin) before enrolment. Finally, the high
IVIG + aspirin + infliximab group had the lowest seri-
ous adverse event rate among all pharmacologic inter-
ventions.

A key finding of the current NMA was that patients
that received medium IVIG + aspirin + infliximab expe-
rienced the shortest duration of and the lowest inci-
dence of CAL when used as the initial treatment.
Previous meta-analyses have mainly demonstrated the
benefits of adjuvant corticosteroid therapy on the defer-
vescence time and prevention of CAL.32�34 Neverthe-
less, our NMA offered further evidence of better
pharmacological interventions to achieve a shorter dura-
tion of fever and a lower incidence of CAL. Specifically,
the current NMA demonstrated that additional inflixi-
mab had the best effect among the other combinations
or conventional therapies. The serum concentrations of
TNF-a, a potent proinflammatory cytokine, are elevated
in patients with acute KD and this can initiate a series
of downstream inflammatory signalling cascades along
with other cytokines, leading to intense activation of the
immune response, including fever.9,35 This has also
been consistently reported as a powerful risk factor for
CAL.36 Thus, it is reasonable that preventing the eleva-
tion of TNF-a and blocking its receptor could mitigate
fever) by intervention than the reference treatment (reference
isease (n=7 articles with 6 individual treatment arms).
lobulin; NMA: network meta-analysis; SMD: standardized mean
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the intense inflammatory response. Moreover, during
the sub-acute stage of KD, CD4+CD25+ regulatory T
cells are more abundant, implicating the contribution of
regulatory T cells in the alleviation of disease during the
acute phase.37 Infliximab has been shown to increase
both the expression and survival of regulatory T cells in
patients with rheumatoid arthritis and inflammatory
bowel disease.38,39 Although corticosteroids have strong
anti-inflammatory effects and can thus benefit patients
with KD in the acute stage, they do not induce beneficial
regulatory T cells. Therefore, the dual effects of mitigat-
ing specific inflammatory cytokines and expanding reg-
ulatory T cells could be responsible for the better
effect of additional infliximab as the initial treatment in
acute KD, compared with corticosteroids on the dura-
tion of fever and incidence of CAL. Interestingly, the
combination therapy of high-dose IVIG + infliximab did
not induce a greater benefit than the medium
IVIG + infliximab. This is important because the cost of
IVIG therapy for KD is high and may be a burden for
the health care system. Further controlled trials and
cost-benefit analyses are warranted to validate these
results.

Another finding of the current NMA was that the
high IVIG + pulse steroid therapy and the high
IVIG + cyclosporin therapy exhibited the best rate of
decline of fever and incidence of CAL when used as the
refractory treatment, respectively. Currently, only one
previous pairwise meta-analysis addressed the benefits
of a single corticosteroid therapy for refractory
disease.40 Our results further addressed two new find-
ings regarding the choice of drugs in such difficult
conditions. Although all regimens except
IVIG + cyclosporine showed significantly better efficacy
for defervescence than single IVIG therapy, the current
NMA demonstrated that the combination therapy using
IVIG + pulse steroid was even better than the other regi-
mens. It is well known that either a single dose of pulse
methylprednisolone or a general high-dose steroid ther-
apy can have profound and universal anti-inflammatory
effects.41 Previous studies have also shown that the lev-
els of inflammatory cytokines, including C-reactive pro-
tein (CRP), monocyte chemoattractant protein-1 (MCP-
1), NF-kB cascade, and TNF-a, were suppressed more
rapidly by intravenous methylprednisolone (IVMP)
than by additional IVIG in KD patients and may thus be
related to the course of the fever.42 In addition, high-
dose IVIG inhibits only parts of the inflammation-
related cells, including monocytes/macrophages and
coronary arterial endothelial cells, whereas IVMP sup-
presses not only these two cell types, but also T cells
that participate in the inflammatory response and fibro-
blast proliferation, which is observed in the subsequent
stage after the formation of coronary artery
aneurysm.1,40,43 Notably, IVMP can increase neutro-
phils in the peripheral blood, and neutrophilia is a poor
prognosis factor for KD; conversely, IVIG therapy
induces neutrophil apoptosis in KD.44 Simultaneously,
the serum levels of TNF-a, CRP, and MCP-1 recover
after completion of IVMP single therapy in patients
with KD compared with levels in patients receiving
IVIG plus IVMP therapy.42 Therefore, the synergistic
effect of IVIG + IVMP may be why it can outweigh
either single therapy. Second, the effect of additional
ciclosporin therapy with conventional IVIG exceeds that
of the additional steroid treatment in lowering the inci-
dence of CAL in recalcitrant KD. Cyclosporin inhibits
excess inflammation by specifically suppressing the cal-
cium-nuclear factor of activated T cells (NFAT) pathway.
Children carrying genetic variants of the ITPKC and
CASP3 genes, which lead to increased signal transduc-
tion in NFAT, had higher susceptibility to KD.45 A rela-
tionship between the upregulation of the NFAT
pathway with unresponsiveness to IVIG and the devel-
opment of CAL has also been demonstrated.46 More-
over, the concentration of CRP decreased more rapidly
in KD children who received additional cyclosporin
treatment, indicating better efficacy for the suppression
of the acute inflammatory response.47 Therefore, the
simultaneous suppression by cyclosporin of nonspecific
acute-phase inflammation and the specific NFAT path-
way may prevent subsequent coronary artery abnormali-
ties. It is worth noting that the additional target therapy,
aside from steroids as initial or refractory treatment,
works well or even better than the additional steroids in
reducing the incidence of CAL. It is also highly antici-
pated that more controlled trials will be conducted using
different non-steroid target therapies with IVIG combi-
nation regimens with the aim of lowering the incidence
of CAL in the future.

Finally, both the high IVIG + aspirin + infliximab
and the high IVIG + aspirin + IVMP groups exhibited
the lowest serious adverse event rates among all the
pharmacologic interventions when used as the initial
treatment. Nevertheless, although the adverse events
related to a single methylprednisolone pulse steroid
therapy were almost transient and recovered spontane-
ously, hypothermia, hypokalaemia, shock, respiratory
failure, and hypercoagulopathy have been reported.48,49

In addition, various pathogens possibly trigger KD,
including Staphylococcus, haemolytic Streptococcus,50

and Yersinia, and these may not be cleared thoroughly
under the negative effects of high-dose steroids on the
immune system, resulting in persistent infectious sta-
tus and the risk of shock. Furthermore, the complica-
tions associated with chronic infliximab therapy have
been clearly documented in children with juvenile
arthritis and Crohn’s disease by increasing the risk of
mycobacterial infection and the development of anti-
drug antibodies. Although single infusions of inflixi-
mab for KD were tolerated by children and infants, with
only local reactions over the injection site, and there are
only 2.5%�5% of adverse events per infusion among
paediatric Crohn’s disease,51,52 patients should be
www.thelancet.com Vol 78 Month April, 2022
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cautious and closely monitored when using either the
additional infliximab or IVMP therapy in clinical
practice.

Although the overall risk of bias of the current NMA
was relatively low, this study has several limitations that
need to be addressed. First, some analyses in the cur-
rent study were potentially underpowered by small sam-
ple sizes, heterogeneity in the characteristics of the
participants (e.g. initial disease severity of KD, atypical
or typical presentation of KD, and trial duration), the
small numbers of trials for some treatment arms, het-
erogeneous aspirin dosage, definition of defervescence,
and standardisation of CAL assessment. The diversity of
diagnostic criteria across the areas (i.e. Asia, the US,
and other countries) or publication years might have
contributed to potential bias in the main results. The
wide variety of diagnostic criteria for KD across different
areas and years could also potentially increase the het-
erogeneity of recruited participants. We attempted to
resolve this issue of heterogeneity using a statistical
method. However, although there has been no signifi-
cant inconsistency in most NMA cases, clinicians
should still need to pay special attention when applying
our results in clinical practice. Second, the methodologi-
cal quality of the included trials may have contributed to
the outcomes, which may then have limited the inter-
pretation. Third, severe presentations such as Kawasaki
shock syndrome were not shown in the studies pooled
in the current analysis; thus, our results may not be
applicable for the treatment of Kawasaki shock syn-
drome. Fourth, there have been some RCTs investigat-
ing the treatment effect of additive dipyridamole in
Kawasaki disease which were excluded from the current
NMA because of disconnection from the network struc-
ture. Fifth, we chose the incidence of CAL as one of the
outcomes in the current NMA because this was what
most RCTs provided. Although information on the
severity of CAL is clinically important, these data were
limited among the included RCTs. Finally, global incon-
sistency was detected in the NMA of the incidence of
CAL in the refractory stage. However, no local inconsis-
tency was detected in the NMA of the incidence of CAL
in the refractory stage by the node-splitting method.
The limited information on available indirect evidence
limits the power of the inconsistency test. Therefore,
the non-statistically significant P-value for these tests is
not considered reassuring.

In summary, under the currently limited evidence in
the current NMA, the present data suggest that combi-
nation therapy with the standard therapy of IVIG and
aspirin on decreasing fever duration might have addi-
tional effects. However, more clinical trials with larger
sample sizes are required to confirm this finding. In
addition, for children with refractory KD, the combina-
tion therapy of high-dose IVIG with pulse steroid ther-
apy or cyclosporine therapy might have an additional
effect on improving the decline in fever and lowering
www.thelancet.com Vol 78 Month April, 2022
the incidence of CAL. Further, the main results
remained the same when we focused on RCTs recruit-
ing participants who had definitely failed to receive stan-
dard therapy (i.e. IVIG 2 g/kg or IVIG 2 g/kg plus
aspirin) before enrolment.
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