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Coronary Artery Complication in Kawasaki Disease
and the Importance of Early Intervention
A Systematic Review and Meta-analysis
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Martin Martinek, MD; Helmut Pürerfellner, MD; Shaowen Liu, MD, PhD; Mitchell W. Krucoff, MD

IMPORTANCE The timing and selection of patients with Kawasaki disease for corticosteroid
use to prevent coronary artery complications remain controversial.

OBJECTIVE To evaluate the effect of corticosteroid therapy in KD.

DATA SOURCES Databases of Medline, The Cochrane Library, and the Clinicaltrials.gov website
until July 2015. We used the key words [“Kawasaki disease”] and [“steroid” OR
“corticosteroid”] to retrieve potentially relevant studies in the databases of Medline, the
Cochrane Library, and the Clinicaltrials.gov website until July 2015. Both English and
non-English literature was identified. Titles and abstracts were reviewed by 2 authors
(S.C. and Y.D.) to determine suitability for inclusion. Relevant articles were reassessed by
reviewing the full text. Discrepancies in study inclusion were resolved by consensus (M.G.K.).

STUDY SELECTION Clinical studies that compared corticosteroids plus intravenous
immunoglobulin (IVIG) therapy with IVIG therapy alone in treating patients with KD. Studies
either using corticosteroids as initial therapy or as rescue therapy were included.

DATA EXTRACTION AND SYNTHESIS Investigators independently extracted the data
information. Data were quantitatively synthesized using random-effects analysis.

MAIN OUTCOMES AND MEASURES Rate of coronary artery abnormalities.

RESULTS Sixteen comparative studies characterizing 2746 patients were analyzed. The
duration of illness before corticosteroids therapy was significantly shorter in the initial
corticosteroids subset than in the rescue corticosteroids subset. The rate of coronary artery
abnormalities was significantly lower in adjunctive corticosteroids therapy than in IVIG
therapy (odds ratio [OR], 0.424; 95% CI, 0.270-0.665). Meta-regression based on known
variables demonstrated that the overall efficacy was negatively correlated with the duration
of illness before corticosteroid therapy (P < .001). Subgroup analysis, including studies using
corticosteroids plus IVIG as initial therapy, showed a more advantageous effect than IVIG
alone regarding coronary artery abnormality prevention (OR, 0.320; 95% CI, 0.183-0.560),
whereas this benefit was not found in a subgroup of studies using corticosteroids as rescue
therapy. Further analysis found that patients predicted at baseline to be at high risk of IVIG
resistance seemed to obtain the greatest benefit from adjunctive corticosteroid therapy
regarding coronary artery abnormality prevention (OR, 0.240; 95% CI, 0.123-0.467). The
fever duration was significantly reduced in the corticosteroids group. The favorable effects of
corticosteroids were conferred without an increased risk of adverse events.

CONCLUSIONS AND RELEVANCE This study highlights the importance of timing to prevent
coronary artery complication in treating KD. High-risk patients with KD benefit greatly from a
timely and potent adjunctive corticosteroid therapy strategy.
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K awasaki disease (KD), also known as mucocutaneous
lymph node syndrome, is an acute systemic vasculitis
with unexplained causes, affecting mainly infants and

children. Since its first description in Japan in l967 by Tomisaku
Kawasaki, KD has been increasingly reported worldwide.1,2

Kawasaki disease is a great concern among predisposed
children because it is likely to result in grave clinical conse-
quences. Approximately 30% to 50% of patients with KD de-
veloped transient coronary artery dilation in the acute stage,
and about one-fourth progressed to have serious coronary ar-
tery abnormalities (CAA), such as coronary artery aneurysm and
ectasia, if left untreated.3,4 Patients with CAA carry a signifi-
cant risk of coronary thrombus formation, coronary artery ste-
nosis, myocardial infarction, and sudden death even years af-
ter the acute illness.4,5 Kawasaki disease has been recognized
as one of the most common causes of acquired heart disease
in children and thus exerts a significant effect on public health.4

Conventional treatment of KD with intravenous immuno-
globulin (IVIG) and aspirin is useful in alleviating inflamma-
tion and reducing the risk of CAA. However, it was reported
that about 20% or in some cases as high as 40% of patients with
KD were resistant to IVIG therapy and have a significantly
higher risk of developing CAA than nonresistant patients.4,6

Corticosteroids have been used for various kinds of vascu-
litis and theoretically may also be an effective alternative in treat-
ing children with recalcitrant KD. However, a number of subse-
quent studies evaluating the effect of corticosteroids in KD have
yielded conflicting findings.7 Although evidence has suggested
a beneficial role of corticosteroids as an initial treatment in KD
in preliminary meta-analysis published in 2013,8,9 it remains un-
clear how best to carry out such a treatment strategy and which
patient group will yield the greatest benefit. On the other hand,
guidelines recommend that corticosteroids be administered as
a second-line rescue therapy for patients who fail to respond to
the second dose of IVIG.4 Owing to a lack of randomized trials
with adequate power, there is no firm evidence of the efficacy
of corticosteroids as rescue therapy in patients with KD.4

Therefore, we sought to comprehensively evaluate the ef-
fect of corticosteroids in KD either as initial or rescue therapy
by conducting a meta-analysis of all available clinical trials.

Methods
This meta-analysis was performed in accordance with the
guidelines of the Preferred Reporting Items for Systematic Re-
views and Meta-analyses Statement.10

Study Selection Criteria
The population, intervention, comparison, and outcome ap-
proach was used for study inclusion. The population of inter-
est was children diagnosed as having KD.4,11,12 The interven-
tion of interest was treatment using adjunctive corticosteroids
either as initial or rescue therapy. Comparisons were made be-
tween the corticosteroids group and the conventional therapy
(IVIG alone) group. Outcome measurements included the inci-
dence of CAA, duration until defervescence, and adverse events
in both groups.

Literature Search Strategy and Data Extraction
We used the key words [“Kawasaki disease”] and [“steroid”
OR “corticosteroid”] to retrieve potentially relevant studies in
the databases of Medline, the Cochrane Library, and the Clini-
caltrials.gov website until July 2015. Both English and non-
English literature was identified. Titles and abstracts were re-
viewed by 2 authors (S.C. and Y.D.) to determine suitability for
inclusion. Relevant articles were reassessed by reviewing the
full text. Discrepancies in study inclusion were resolved by con-
sensus (M.G.K.).

According to the Cochrane recommendation (Cochrane
Handbook for Systematic Reviews of Interventions, version
5.1.0 [http://handbook.cochrane.org/]), we evaluated study
quality with respect to study design, study performance, out-
come detection, and result validity. Study characteristics (study
purpose, study design, inclusion, and exclusion criteria); par-
ticipant characteristics (age, sex, race/ethnicity, and severity
of illness); information of the intervention (treatment prepa-
ration, dose, and duration); and assessment of outcome
(method, criteria, incidence, and adverse events) were ex-
tracted by 2 investigators (S.C. and Y.D.) from eligible studies.

Primary and Secondary Outcomes
The primary outcome of this study was the incidence of CAA,
which was defined by the Japanese Ministry of Health criteria11

and coronary artery z score system.13 According to the Japa-
nese Ministry of Health criteria, an abnormal coronary artery
is defined as one with internal lumen diameter greater than 3
mm in a child younger than 5 years or greater than 4 mm in a
child 5 years or older.11 In the z-score system, a score of more
than 2.5 or 3 (selection of the cutoff point depended on the
original study design) is used to define coronary artery
anomalies.13 Intravenous immunoglobulin resistance (or IVIG
no-response) was defined as persistent or recurrent fever last-
ing (or relapsed within) 24 to 48 hours after the initial IVIG
treatment. Two-dimensional echocardiogram was used to de-
tect coronary abnormalities.

The secondary outcome was the comparison for duration
of fever after intervention. Adverse events reported by included
studies were also pooled and evaluated by our meta-analysis.

Key Points
Questions What is the effect of corticosteroid therapy in patients
with Kawasaki disease in to prevent coronary artery
complications?

Findings This systematic review and meta-analysis demonstrates
that adjunctive corticosteroid therapy was associated with a
significantly lower rate of coronary artery complication compared
with intravenous immunoglobulin therapy, particularly among
high-risk patients. Meta-regression based on known variables
demonstrated that the overall efficacy was negatively correlated
with the duration of illness before corticosteroids therapy.

Meanings This study highlights the importance of “timing” in
treating Kawasaki disease; high-risk patients with Kawasaki
disease benefit greatly from a “timely” adjunctive corticosteroid
therapy strategy.
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Statistical Analysis
The meta-analyses were performed on the basis of the intention-
to-treat principle. For studies with more than 1 treatment group,
we followed the Cochrane recommendation and pooled rela-
tive data into a single group (Cochrane Handbook for System-
atic Reviews of Interventions, version 5.1.0 [http://handbook
.cochrane.org/]). For continuous outcome measurements
reported as median and range, mean and standard variance was
estimated by using a simulation formula reported by Hozo et
al.14 Statistical difference of outcome measurement between 2
groups was estimated by odds ratios (ORs) for dichotomous vari-
ables or standard difference in means for continuous vari-
ables, with 2-tailed 95% confidence intervals. With respect to
the intrinsic differences of study design, a random-effects model
was used to estimate the pooled effects of our meta-analyses.

Heterogeneity among studies was calculated by Q test, and
statistic value I2 was used to represent the degree of cross-
study heterogeneity. A fail-safe N test, Begg regression, and Eg-
ger regression were used to estimate the publication bias. Meta-
regression was performed to explore risk factors likely
introducing potential bias to the overall effects, and the pro-
portion of the studies was assessed by a random-effects re-
gression model. In the meta-regression graph, the circle size
reflected the weight each study obtained in this meta-
regression. We also used sensitivity (sensitivity analysis was per-
formed by iteratively removing 1 study at a time to confirm that
our primary results were not driven by any single study) and
subset analyses to test the stability of our meta-analysis. Sta-
tistical analyses were performed by using a Review Manager
Software package (Revman, version 5.0; The Cochrane Col-
laboration) and Comprehensive Meta-Analysis software ver-
sion 2.2 (BioStat Inc). All P values were 2-tailed, and the sta-
tistical significance was set at .05.

Results
Qualitative Results
The study selection process is illustrated in eFigure 1 in the
Supplement. A total of 681 articles were retrieved by the pre-
liminary search. After screening titles and abstracts, 660 ir-
relevant reports, including reviews, commentaries, and case
reports, were excluded. In further assessment of the remain-
ing 21 relevant studies, 5 noncomparative studies were ex-
cluded (study exclusion list in eTable 1 in the Supplement). Con-
sequently, 16 comparative studies were enrolled in this
meta-analysis15-30 (the study by Kobayashi et al26 included “un-
selected patients group” and “high-risk patients of IVIG resis-
tance group”). The conduction of the included studies was re-
viewed and approved by their relevant ethics committees.

The baseline characteristics of the 16 studies are shown in
Table 1. A total of 2746 cases were involved (861 in the cortico-
steroids group and 1885 in the IVIG group). Ten studies used cor-
ticosteroids as an initial treatment and compared the efficacy
of corticosteroids plus IVIG therapy with IVIG therapy,15,17-21,25-28

whereas 6 studies used corticosteroids as a rescue treatment af-
ter failure of initial IVIG therapy and compared the efficacy of
rescue corticosteroids with additional IVIG therapy among IVIG-

resistant patients.16,22-24,29,30 Four studies enrolled patients with
KD who were predicted to have high risk of IVIG resistance at
baseline.25-28 The Harada score was used to reflect the severity
of KD.33 Three scoring systems were used to predict the high risk
of IVIG resistance at the onset of the disease.31,32,34 Eleven of
16 studies reported the outcome data in the length of
fever,15-21,23,24,27,28 and 6 of 16 studies reported adverse
events.17,20,21,27-29 The demographic features of the included
studies, including sex, mean age, severity of illness, and dura-
tion (days) of illness before intervention, are summarized in
Table 1. All patients of the included studies received oral aspi-
rin, and the use of corticosteroids and IVIG in individual stud-
ies is detailed in Table 2. The evaluation of methodological qual-
ity of the 16 studies is presented in eTable 2 in the Supplement.

Quantitative Results: Primary Outcome
Overall Effect of Corticosteroid Therapy in All Included Studies
Meta-analysis for the overall effect (use of corticosteroids as
either rescue or initial therapy) of corticosteroid therapy on CAA
is shown in Figure 1. We found that adding corticosteroid
therapy was associated with a relative risk reduction of 58%
in CAA (OR, 0.424; 95% CI, 0.270-0.665; P < .001; random-
effects model), and there was a modest heterogeneity across
included studies (P = .10; I2 = 32.9%).

Sensitivity Analysis and Estimation for Publication Bias
Our sensitivity analysis (using the single-study-removed
method) showed a good stability in the overall effect of corti-
costeroids regarding CAA prevention. Estimation for publica-
tion bias indicated a low risk of bias introduced by publica-
tion with a statistical index of fail-safe N = 74 (P = .56) and Begg
regression test with an intercept of −0.85 (P = .25).

Meta-Regression Analysis
eTable 3 in the Supplement summarizes the results of meta-
regression analysis based on known baseline variables includ-
ing sample size, mean age, sex, and duration of illness before
corticosteroid intervention. The regression results showed that
the duration of illness before corticosteroid intervention posed
a significant risk in affecting the overall effect (slope esti-
mate, 0.34993; 95% CI, 0.15-0.55; P < .001). The regression dia-
gram (eFigure 2 in the Supplement) further illustrated that a
longer duration of illness before corticosteroid intervention was
negatively associated with the treatment effect of corticoste-
roids on CAA prevention.

Subgroup Analysis
Based on Timing of Therapy Using Corticosteroids
As shown in Figure 2A, subset analysis for studies using cor-
ticosteroids plus IVIG as initial therapy strategy (mean [SD] du-
ration of illness in this subset was 4.7 [1.6] days, n = 2363) con-
tinued to exhibit a substantial advantage on CAA prevention
compared with IVIG therapy alone (OR, 0.320; 95% CI, 0.183-
0.560; P < .001; random-effects model). However, subgroup
analysis for studies using corticosteroids as a rescue therapy
strategy after failure of IVIG treatment (mean [SD] duration of
illness in this subset was 7.2 [1.6] days, n = 383) did not show
a significant benefit of corticosteroid therapy over additional
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IVIG therapy (OR, 0.852; 95% CI, 0.467-1.555; P = .60; random-
effects model) (Figure 2B).

Using Corticosteroids for High-Risk Patient Groups
As shown in Figure 2C, for patients who were predicted to be
at high risk of IVIG resistance at baseline, adding corticoste-
roids to IVIG as initial therapy was associated with a signifi-
cantly lower risk of CAA development (relative risk reduction
of 76%) than IVIG therapy alone (OR, 0.240; 95% CI, 0.123-
0.467; P < .001, random-effects model).

Secondary Outcomes
The secondary outcomes of the included studies are summa-
rized in eTable 4 in the Supplement. Pooled analysis for du-
ration of fever showed that adjunctive corticosteroid therapy
was associated with a more rapid resolution of fever than IVIG
alone (mean [SD], 0.66 [1.08] days in the corticosteroids group
vs 2.18 [2.55] days in the IVIG group; standard difference in
means, −1.804; 95% CI, −2.700 to −0.909; P < .001, random-
effects model) (eFigure 4 in the Supplement). Sensitivity analy-
sis further demonstrated good stability of this pooled effect.

Pooled Analysis for Adverse Events
Studies that reported and compared the rate of adverse events
in both the corticosteroids group and IVIG group were in-
cluded in this meta-analysis. Adverse events were docu-
mented in both groups during treatment and the study fol-
low-up period. Events assessment involved conducting
physical examination and laboratory testing. Meta-analysis for
adverse events showed no significant difference between the
2 groups (8% in the corticosteroids group vs 7.7% in the IVIG
group; OR, 1.312; 95% CI, 0.494-3.485; P = .59, random-
effects model) (eFigure 4 in the Supplement). Based on indi-
vidual study records, most adverse events were transient, and
no death was reported in the 16 included studies.

Discussion
Our study demonstrated that adding corticosteroids to con-
ventional IVIG therapy is associated with reduced risk of CAA
compared with IVIG therapy alone for patients with KD. This
beneficial effect was only observed when corticosteroids were

Table 1. Characteristics of Included Studies at Baseline

Source, Year Role of CORT Study Design

Coronary
Aneurysm
Excluded at
Baseline?

Sample Size in
Each Group, No.

Female
Patients, % Mean Age, y

Severity
of Illness

Duration of
Illness Before
CORT, d

Kobayashi et al,30

2013
Additional
treatment

Non-RCT Not reported Res CORT: 80;
IVIG: 140

43 2.4 IVIG resistance Mean (SD):
7.1 (1.9)

Teraguchi et al,29

2013
Additional
treatment

Non-RCT Included Res CORT: 14;
IVIG: 27

41 2.2 IVIG resistance Median (range):
7 (6-10)

Kobayashi et al,28

2012
Initial
treatment

RCT Excluded CORT + IVIG:
121; IVIG: 121

44 2.6 High risk of IVIG
resistance31

Median (range):
4 (3-5)

Ogata et al,27

2012
Initial
treatment

RCT Excluded CORT + IVIG:
22; IVIG: 26

50 3.5 High risk of IVIG
resistance32

Mean (SD):
4 (0.5)

Kobayashi et al,26

2009 unselected
patients

Initial
treatment

Non-RCT Excluded CORT + IVIG:
110; IVIG: 896

42 2.5 Severity score,
mean (SD):
3.6 (2.4)33

Mean (SD):
4.8 (1.4)

Kobayashi et al,26

2009 high-risk
patients

Initial
treatment

Non-RCT Excluded CORT + IVIG:
48; IVIG: 298

42 2.5 High risk of IVIG
resistance31

Mean (SD):
4.8 (1.4)

Okada et al,25

2009
Initial
treatment

Non-RCT Excluded CORT + IVIG:
62; IVIG: 32

23 2.8 High risk of IVIG
resistance34

Median (range):
3.3 (0-6)

Ogata et al,24

2009
Additional
treatment

Non-RCT Excluded Res CORT: 13;
IVIG: 14

33 2.5 IVIG resistance Mean (SD):
7 (1.3)

Miura et al,23

2008
Additional
treatment

RCT Not reported Res CORT: 7;
IVIG: 8

33 2.6 IVIG resistance Median (range):
9 (6-10)

Furukawa et al,22

2008
Additional
treatment

Non-RCT Included Res CORT: 44;
IVIG: 19

46 2.3 IVIG resistance Median (range):
7 (6-8)

Newburger et al,21

2007
Initial
treatment

RCT Included CORT +
IVIG:101;
IVIG: 98

38 2.9 NR Median (range):
6 (6-8)

Inoue et al,20

2006
Initial
treatment

RCT Excluded CORT + IVIG:
90; IVIG: 88

43 4.5 Severity score
3.733

Mean (SD):
4.6 (1.2)

Jibiki et al,19

2004
Initial
treatment

Non-RCT Excluded CORT + IVIG:
46; IVIG: 46

51 2.3 NR Mean (SD):
5.3 (1.6)

Okada et al,18

2003
Initial
treatment

RCT Excluded CORT + IVIG:
14; IVIG: 18

44 2.8 Severity score 433 9

Sundel et al,17

2003
Initial
treatment

RCT Excluded CORT + IVIG:
18; IVIG: 21

31 4.4 NR Median (range):
6.7 (5-10)

Hashino et al,16

2001
Additional
treatment

RCT Included Res CORT: 9;
IVIG: 8

NR 5.4 IVIG resistance 9

Shinohara et al,15

1999
Initial
treatment

Non-RCT Excluded CORT + IVIG:
62; IVIG: 25

40 2.7 Severity score
3.533

Mean (SD):
1.6 (2.7)

Abbreviations: CORT, corticosteroid; IVIG, intravenous immunoglobulin; NR, not reported; RCT, randomized clinical trial; Res, rescue.
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used as an initial therapy other than a rescue therapy when IVIG
treatment failed. By meta-regression analysis, we found that
the timing of initiating the corticosteroids therapy during the
course of illness significantly influenced the efficacy of corti-
costeroid on CAA prevention. Subgroup analysis further showed
that patients who were determined at baseline to be at high risk
of IVIG resistance benefit the greatest from the initial cortico-
steroid therapy regarding CAA prevention. Moreover, pooled
analysis for secondary outcomes showed that adjunctive cor-
ticosteroids therapy was associated with a more rapid resolu-
tion of fever compared with IVIG therapy alone. Also, pooled
analysis for safety assessment showed that there was no sig-
nificant difference in the rate of adverse events between the
corticosteroids group and IVIG group. These results highlight
the importance of a timely corticosteroid therapy in addition
to IVIG as an initial treatment for high-risk patients with KD.

Previous Trials of Corticosteroids Plus IVIG in KD
The most devastating sequela of KD is coronary lesions, which
is speculated to be caused by acute systemic inflammation.
Therefore, the use of corticosteroids as a strategy to treat KD
seems intelligible. Previous studies showed that corticoste-

roids could improve patients’ clinical conditions or laboratory
results15,16 but its efficacy to reduce the risk of CAA remained
uncertain. In 2006, Inoue et al20 conducted a multicenter, ran-
domized clinical trial in which 178 unselected children with KD
were enrolled, and conventional IVIG therapy was adminis-
tered with or without the addition of prednisolone. At 1 month
of follow-up, patients in the corticosteroids group had a sig-
nificantly lower incidence of CAA than those in the conven-
tional group, suggesting an advantageous role of adjunctive cor-
ticosteroids with respect to CAA prevention.20

However, the results of the study by Inoue et al20 were soon
challenged by the 2007 US Pediatric Heart Network study.21 In
this trial, patients with KD were randomly assigned to receive pri-
mary intravenous methylprednisolone or placebo in addition to
conventional IVIG treatment. After 5 weeks of follow-up, there
was no between-group difference in the duration of hospitaliza-
tion and fever, and the rate of CAA once again led clinicians to
hesitate to use corticosteroids owing to their uncertain efficacy.

In 2012, Kobayashi et al28 performed the RAISE (Ran-
domised Controlled Trial to Assess Immunoglobulin Plus Ste-
roid Efficacy for Kawasaki Disease) study where 242 high-
risk patients with KD were randomly assigned to initial

Table 2. The Characteristics of Treatment and Outcome Assessment of Included Studies

Source, Year

Use of
Aspirin,
mg/kg/d

Preparation
of CORT

Use of
CORT,
mg/kg/d

Duration of CORT
Therapy, d

Use of IVIG,
g/kg/d

IVIG
Dose, No.

Criteria
of CAA

Incidence of CAA in
Each Group, No. (%)

Kobayashi et al,30

2013
30 PRED 2 Defervescence 1 or 2 1 Japanese

criteria11
Res CORT: 12 (15);
IVIG: 21 (15)

Teraguchi et al,29 2013 30 IVMP 30 3 2 1 Japanese
criteria11

Res CORT: 1 (7.1);
IVIG: 3 (11)

Kobayashi et al,28

2012
30 PRED 2 Defervescence 2 1 Japanese

criteria11
CORT + IVIG: 4 (3.3);
IVIG: 28 (23.1)

Ogata et al,27 2012 30 IVMP 30 1 2 1 z score13 CORT + IVIG: 2 (9);
IVIG: 10 (38.5)

Kobayashi et al,26

2009 unselected
patients

30 PRED 2 Defervescence 1 or 2 2 or1 Japanese
criteria11

CORT + IVIG: 2 (2);
IVIG: 30 (3.3)

Kobayashi et al,26

2009 high-risk patients
30 PRED 2 Defervescence 1 or 2 2 or1 Japanese

criteria11
CORT + IVIG: 2 (4.2);
IVIG: 25 (8.4)

Okada et al,25 2009 30 IVMP 30 1 2 1 z score13 CORT + IVIG:
15 (24.2);
IVIG: 15 (46.9)

Ogata et al,24 2009 30 IVMP 30 3 2 1 Japanese
criteria11

Res CORT: 0;
IVIG: 3 (21.4)

Miura et al,23 2008 - IVMP 30 3 2 1 Japanese
criteria11

Res CORT: 2 (28.6);
IVIG: 2 (25)

Furukawa et al,22

2008
30 IVMP 30 3 1-2 3 Japanese

criteria11
Res CORT: 5 (11.4);
IVIG: 2 (10.5)

Newburger et al,21

2007
80-100 IVMP 30 1 2 1 Japanese

criteria or z
score11,13

CORT + IVIG:
15 (14.9);
IVIG: 18 (18.4)

Inoue et al,20 2006 30 PRED 2 Defervescence 1 2 Japanese
criteria11

CORT + IVIG: 2 (2.2);
IVIG: 10 (11.4)

Jibiki et al,19 2004 30 DEXA 0.3 3 0.4 or 0.5 4 or5 Japanese
criteria11

CORT + IVIG: 2 (4.3);
IVIG: 2 (4.3)

Okada et al,18 2003 30 PRED 2 Defervescence 1 2 Japanese
criteria11

CORT + IVIG: 0;
IVIG: 0

Sundel et al,17 2003 20-25 IVMP 30 1 2 1 Z score13 CORT + IVIG: 0;
IVIG: 1 (4.8)

Hashino et al,16 2001 30 IVMP 20 3 1 1 Japanese
criteria11

Res CORT: 4 (44.4);
IVIG: 5 (62.5)

Shinohara et al,15 1999 30 PRED 2 Defervescence 0.2-0.4 5 Japanese
criteria11

CORT + IVIG: 1 (1.6);
IVIG: 6 (24)

Abbreviations: CAA, coronary artery abnormalities; CORT, corticosteroid; DEXA, dexamethasone; IVIG, intravenous immunoglobulin; IVMP, intravenous
methylprednisolone; PRED, prednisolone; Res, rescue.
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prednisolone plus conventional IVIG or IVIG. A 4-week fol-
low-up investigation exhibited favorable outcomes in the cor-
ticosteroids group in terms of lower risk of CAA, lower z score
for coronary arteries, and lower incidence of needing second-
line therapy. These benefits were not at the cost of increasing
the risk of adverse events.28

Potential explanations for these conflicting results mainly
included the “timing of therapy” and the selection of patient.
For example, the median time of the treatment initiation was
2 days later in the Pediatric Heart Network study21 than in the
RAISE study,28 and patients who already had coronary com-
plications at baseline were enrolled in the Pediatric Heart Net-
work study,21 leading to selection bias (shown in Table 1). If the
major merit of corticosteroid therapy for KD was to derive from
an early suppression of vessel inflammation prior to vascular
remodeling, it is possible that any delay in the initiation of
therapy would very likely raise the risk of CAA. This “therapy
timing window” was corroborated by our meta-regression
analysis and subgroup analysis. Another difference in the stud-
ies was the use of a single-pulsed dose of methylpredniso-
lone in the Pediatric Heart Network study and 2 weeks of daily
IVIG plus oral steroids in the RAISE study. This between-
study difference probably highlights that a better clinical out-
come is correlated not only with the timing of the treatment
but also with the potency of the anti-inflammation therapy.

Significance and Limitations
There are several significant aspects of this study. First, an up-
dated list of 16 clinical studies characterizing 2746 cases was in-
cluded in this meta-analysis. To our knowledge, this is by far
the most comprehensive study of the role of corticosteroids in
patients with KD. Second, we found that the duration of illness
before intervention (the timing of therapy) was negatively as-
sociated with the efficacy of corticosteroids in terms of CAA pre-
vention, emphasizing the importance of “therapy timing.” Third,

this meta-analysis was consistent with our previous study by
showing that corticosteroids were beneficial in CAA preven-
tion among the overall KD population.9 Furthermore, our sub-
group analysis for the first time found that corticosteroids most
likely exert a beneficial effect when initiated at the diagnosis
of KD rather than after the failure of initial IVIG therapy, when
corticosteroids may miss the best timing to take effect.

Should all patients with KD receive corticosteroids as a part
of initial treatment, or only a selected group of patients with
high risk of poor prognosis? This question seemed to be partly
answered by a subgroup analysis of this study, in which pa-
tients with KD determined at baseline to have high risk of IVIG
resistance were found to show the greatest benefit of cortico-
steroid therapy regarding coronary sequelae. If so, further ques-
tions one might raise are how best to early identify patients
who are at high risk for IVIG resistance and what the strong
risk factors are for the development of CAA. At least 3 differ-
ent scoring systems for the prediction of IVIG resistance have
been developed in Japanese populations.31,32,34 Despite the use-
ful role of these models in the early identification of high-risk
patients in previous trials (positive predictive value ranging
from 32% to 59%), the predictive ability of these models, par-
ticularly in a non-Japanese population, remained to be opti-
mized. A more efficient diagnosis and treatment system is ur-
gently needed by both clinicians and patients.35

In this study, efforts have been made to control relevant
variables by conducting sensitivity analysis and meta-
regression on possible confounders, thereby increasing the con-
fidence in the effect estimates of the intervention. However,
potential bias could not be completely ruled out owing to the
intrinsic differences in the design of included studies. Most in-
cluded studies were conducted in Japan, where the high aware-
ness of KD may lead to an earlier treatment than in other coun-
tries. Whether our results are applicable to other regions
remains to be elucidated. The selection of corticosteroids as

Figure 1. Meta-analysis for Incidence of Coronary Artery Abnormalities Between Corticosteroids Group and
Intravenous Immunoglobulin Group

P Value
Favors

Corticosteroids
Favors
Control

0.01 10 1001.00.1
Odds Ratio (95% CI)

Source, Year Odds Ratio (95% CI)
>.99Kobayashi et al,30 2013 1.000 (0.463-2.158)

.69Teraguchi et al,29 2013 0.615 (0.058-6.528)

<.001Kobayashi et al,28 2012 0.114 (0.038-0.335)

.03Ogata et al,27 2012 0.160 (0.031-0.837)

.40Kobayashi et al,26 2009a 0.535 (0.126-2.268)

.32Kobayashi et al,26 2009b 0.475 (0.109-2.073)

.03Okada et al,25 2009 0.362 (0.146-0.895)

.18Ogata et al,24 2009 0.122 (0.006-2.610)

.88Miura et al,23 2008 1.200 (0.121-11.865)

.92Furukawa et al,22 2008 1.090 (0.192-6.183)

.51Newburger et al,21 2007 0.775 (0.366-1.641)

.03Inoue et al,20 2006 0.177 (0.038-0.834)

>.99Jibiki et al,19 2004 1.000 (0.135-7.419)

.55Sundel et al,17 2003 0.369 (0.014-9.639)

.46Hashino et al,16 2001 0.480 (0.069-3.352)

.01Shinohara et al,15 1999 0.052 (0.006-0.459)

<.001Total 0.424 (0.270-0.665)
a Unselected patients group.
b High-risk patients of intravenous

immunoglobulin resistance group.
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well as the dosing and the treatment length were not all con-
sistent between studies, and we were not able to conduct spe-
cific subgroup analyses owing to a limited number of studies.
The current evidence for the role of corticosteroids is mainly
based on a short-term observation. Future studies designed
with long-term follow-up are therefore needed to provide more
data on efficacy and particularly safety assessment.

Conclusions
This systematic review and meta-analysis collected data from
a large sample of 16 clinical studies involving 2746 cases to give

an updated evaluation of 2 different strategies in treating KD
and preventing coronary abnormalities. Corticosteroids com-
bined with IVIG as an initial therapy showed a more protective
effect compared with conventional IVIG therapy, and the effi-
cacy was more pronounced in high-risk patients at the initia-
tion of intervention, indicating that an early and aggressive ini-
tial anti-inflammation therapy for high-risk patients may be
beneficial to improve coronary outcomes. Corticosteroid therapy
strategy was also correlated with a more rapid resolution of fe-
ver, and the merit of corticosteroids was conferred without an
increased risk of adverse events as relative to IVIG therapy. These
findings suggest an effective role of corticosteroids in treating
KD as an initial therapy strategy among high-risk patients.
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