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Abstract

Background: Evidence remains contradictory regarding second-line therapy in patients with Kawasaki disease (KD)
refractory to initial intravenous immunoglobulin (IVIg). The objective of this study aims to evaluate the efficacy and
safety of three treatments [i.e. a second IVIg infusion, methylprednisolone (IVMP), and infliximab (IFX)] in patients
with refractory KD.

Methods: A systematic search of PubMed, Embase, Cochrane, and ClinicalTrials.gov using predefined MeSH terms
was performed from 1990 through 2017. Relevance screening was performed by two independent reviewers.
Inclusion criteria included English-only, original clinical data. Eight studies met the inclusion criteria. Fever resolution,
coronary lesions, and adverse event outcomes were extracted and pooled for analysis.

Results: Of the 388 patients included from the 8 studies analyzed, a majority received a second IVIg dose (n = 263,
68%). Fever resolution was comparable between IVIg (72%) and IVMP (73%). IFX (88%) significantly increased fever
resolution by approximately 20% compared to IVIg re-dose (RR 1.2; [95% CI: 1.1–1.4]; p = 0.03) and IVMP (RR 1.2;
[95% CI: 1.0–1.5]; p = 0.04). Clinical significance of differences in coronary outcomes remains unclear.

Conclusions: This combined analysis was limited due to variability in design and data reporting methods between
the studies and risk of bias. In the absence of a clinical trial, IFX monotherapy as second-line treatment should be
considered in patients who fail to respond to initial IVIg. This conclusion is based on a systematic review of the
literature with pooled outcome data analysis suggesting IFX is more effective in fever resolution compared to a
second IVIg dose and IVMP.
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Background
Characterized by fever and mucocutaneous features,
Kawasaki disease (KD) is an acute, self-limited medium
vessel vasculitis most commonly affecting infants and
young children < 5 years of age [1, 2]. KD is markedly
more prevalent in Japan with an annual incidence of
243–265 per 100,000 children compared to 20–25 per
100,000 in the US [3]. Complete KD requires persistent
fever ≥5 days plus 4 out of 5 clinical criteria including bi-
lateral nonexudative bulbar conjunctivitis, polymorphous
nonvesicular rash, oropharyngeal changes, unilateral

cervical lymphadenopathy, and swelling of extremities
followed by desquamation [2].
Coronary artery aneurysms are a well-recognized com-

plication of KD, occurring in roughly 25% of untreated
disease and the leading cause of acquired heart disease
in developed countries [4]. If administration of intraven-
ous immunoglobulin (IVIg) is given during the first 10
days of fever, the risk of coronary abnormalities during
the first 30 days is reduced from about 25% with aspirin
alone to approximately 5% [5]. Two classification criteria
exist for diagnosis of coronary artery dilation and aneu-
rysms. The Japanese Ministry of Health (JHM) criteria
classify coronary arteries using absolute or relative in-
ternal lumen diameter. Dilation is defined as an internal
lumen diameter > 3 mm in children < 5 years old or > 4

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: ccrayne@uabmc.edu
1Division of Pediatric Rheumatology, University of Alabama, 1600 7th Avenue
S, CPPN G10, Birmingham, AL 35233, USA
2University of Alabama School of Medicine, 1670 University Blvd,
Birmingham, AL 35233, USA

Crayne et al. Pediatric Rheumatology           (2019) 17:77 
https://doi.org/10.1186/s12969-019-0380-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12969-019-0380-z&domain=pdf
http://orcid.org/0000-0002-5284-1587
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ccrayne@uabmc.edu


mm in children ≥5 years old or if the internal diameter
of a segment measures ≥1.5 times that of an adjacent
segment [6]. JMH criteria is more commonly used in
Japan and given the variability in lumen sizes with re-
spect to body size, may underestimate the incidence of
coronary artery dilations and aneurysms. The 2004
American Heart Association (AHA) adjusts for body
surface area (BSA) and classifies solely on Z-scores. Per
AHA criteria, dilation is defined as a Z-score ≥ 2 and <
2.5 and aneurysms are diagnosed if Z-score is ≥2.5. Dila-
tion often resolves within 4–8 weeks after fever onset.
Giant aneurysms, defined as ≥8 mm per JHM and AHA
or Z-score ≥ 10 per AHA criteria, are unlikely to regress
[1, 4, 5, 7].
Approximately 10–20% of patients fail to respond to

IVIg and remain febrile ≥36 h following completion of
the IVIg infusion and are thus classified as IVIg-
refractory or IVIg-resistant [4]. Persistent fever is re-
ported to increase the risk of coronary lesions by as high
as nine-fold compared to children who responded to the
initial IVIg [8]. At present, there are no strong recom-
mendations regarding second-line therapy in IVIg-
refractory KD. The AHA 2017 Scientific Statement rec-
ommends one of three most common second-line ther-
apies: a second IVIg dose of 2 g/kg; intravenous
methylprednisolone (IVMP) 30mg/kg for 3 days with or
without an oral glucocorticoid taper; or a single inflixi-
mab (IFX) infusion of 5 mg/kg [4]. There are no ad-
equately powered studies examining the response rates
or the effects on coronary artery lesions to second-line
therapy, and as such, there is no consensus on the pre-
ferred second-line agent in children refractory to initial
IVIg.
The objective of this systematic review was to evaluate

the efficacy and safety of the three most common
second-line monotherapies (i.e. a second IVIg infusion,
IVMP, and IFX) in patients with IVIg-refractory KD
using a meta-analysis approach, hypothesizing that alter-
native treatment will be more effective than retreatment
with a second IVIg dose in patients who fail to respond
to the initial IVIg dose.

Methods
A systematic review of the literature was conducted by
two independent reviewers (i.e., CC and CM) using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist. There was no dis-
cordance between reviewers.

Data sources and search
Using predefined MeSH terms in 4 databases, a search
of PubMed, Embase, Cochrane Library, and Clinical-
Trials.gov was performed for studies published from
January 1, 1990 until November 17, 2017. In PubMed

the following search terms were used: “Mucocutaneous
Lymph Node Syndrome”[Mesh] OR (Kawasaki* [tiab]
AND (syndrome [tiab] OR disease [tiab])) OR “Mucocu-
taneous Lymph Node Syndrome” AND Refract* [tiab]
OR “Drug Resistance”[Mesh] OR resistant [tiab] OR re-
sistance [tiab] OR unresponsiv* [tiab] OR nonresponsiv*
[tiab] OR non-responsiv* [tiab] OR “Retreatment”[Mesh]
OR adjunct* [tiab] AND “Drug Therapy”[Mesh] OR
“drug therapy” [Subheading] OR therapy [tiab] OR ther-
apies [tiab] OR therapeutic [tiab] OR treat [tiab] OR
treating [tiab] OR treated [tiab] OR treatment* [tiab] OR
“therapeutic use” [Subheading] OR “Therapeutics”[-
Mesh] OR “Adrenal Cortex Hormones”[Mesh] OR cor-
ticosteroid* [tiab] OR “Infliximab”[Mesh] OR Remicade
[tiab] OR Avakine [tiab] OR flixabi [tiab] OR inflectra
[tiab] OR infliximab [tiab] OR remsima [tiab] OR revel-
lex [tiab] OR steroid [tiab] OR steroids [tiab] OR “Ster-
oids”[Mesh]. Similar search strings were used in the
other databases. A manual search was completed after
the original search and prior to manuscript preparation
with one additional study deemed relevant. No authors
were contacted. Articles were limited to the English lan-
guage. No review protocol exists for this study.

Study selection criteria
Predefined criteria were applied to assess study eligibil-
ity. The population was restricted to children ages 0
months to 18 years with KD refractory to initial IVIg (2
g/kg) who remained febrile > 38 °C 36 h after completion
of initial IVIg and who received second-line monother-
apy with either a second IVIg dose (2 g/kg), IVMP (30
mg/kg/dose × 3 days), or IFX (5–7 mg/kg × 1 dose). The
outcomes of interest included fever response, coronary
artery lesions, hospitalization duration, and adverse
events. Only original research was included. Study de-
sign was restricted to peer-reviewed full-text publica-
tions with at least 5 patients. Prospective and
retrospective studies were included, and studies could be
either observational, randomized or not randomized (i.e.
open label). Studies written in a language other than
English, duplicate data, abstract proceedings and re-
views, basic science studies, surgical or procedural out-
comes, combination therapy, alternate dosing of initial
IVIg or second-line therapy, multiple retreatments, and
case reports and series < 5 patients were excluded from
analysis.

Outcomes of interest
Refractory was defined as persistent fever (i.e. ≥ 38 °C) >
36 h to < 7 days after initial IVIg (2 g/kg) completion.
The primary outcome measure was fever resolution
within 36 h of completion of second-line therapy. Inde-
pendent of fever response, incidence and size of coron-
ary artery lesions per JHM criteria prior to second-line
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monotherapy and at 4–8 weeks following fever onset
was extracted. Secondary outcomes included fever dur-
ation, time to fever resolution, hospitalization duration,
and adverse events. Adverse events were categorized as
serious or non-serious using the United States Food and
Drug Administration (FDA) classification. Serious ad-
verse events resulted in death or near-death, prolonged
hospitalization, disability, intervention to prevent per-
manent impairment, or any medical event that resulted
in additional medical treatment to prevent another ser-
ious event.

Data extraction
Of the studies meeting inclusion criteria, data abstrac-
tion included year of publication, country of origin,
study characteristics, second-line treatment, number
of subjects, fever response outcomes, coronary artery
lesions prior to second-line therapy and at 4–8 week
follow-up based on JHM and AHA criteria, number
of giant aneurysms, adverse events, hospitalization
duration, total fever duration, and time to fever reso-
lution. Risk of bias was assessed using the Cochrane
Methods [9].

Statistical analyses
Data were combined and grouped by second-line ther-
apy. Because studies meeting inclusion criteria were not
restricted to comparative studies, we first summarized
the proportion of observed outcomes for each treatment
using a random effects model. To account for low vari-
ance in some studies (e.g., 100% response rates), a meta-
analysis of proportions using the Freeman-Tukey double
arcsine transformation was performed. There were an
insufficient number of studies identified for infliximab as
second-line treatmentin order to perform meta-
regression. Instead, because the meta-analysis propor-
tions and the crude proportions were similar, we calcu-
lated the incidence rate ratios of the crude proportions
to estimate their relative differences and determined a
95% confidence interval. A p-value of less than 0.05 was
considered significant. Stata 14 (StataCorp; College Sta-
tion, TX, USA) statistical software was used for analysis.

Results
A total of 810 potentially relevant publications were
identified. After title-abstract screening, 75 full-text pub-
lications were reviewed, resulting in 8 relevant studies
for inclusion in the pooled cohort analysis (Fig. 1) [10–

Fig. 1 PRISMA flow diagram of study inclusion
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17]. Miura et al. (2005) defined fever as ≥37.5 °C at > 48
h after initial IVIg. The fever resolution responses were
similar between treatment groups. This study was in-
cluded for side effect profile only. Miura et al. (2011) re-
ported a third treatment with IVMP in patients
refractory to the second IVIg dose. Outcomes to the
third-line therapy were excluded, and only the second-
line monotherapy data was included in the systematic
review analysis. Additionally, Singh et al. reported a co-
hort treated with infliximab for variable diagnoses. Only
patients treated with infliximab as second-line therapy
for IVIg-refractory KD were included in the systematic
review analysis. All of the patients received an initial
IVIg (2 g/kg) and high dose ASA (range 30–100 mg/kg)
and remained refractory with persistent fever. All pa-
tients received second-line monotherapy with a second
dose of IVIg (2 g/kg), IVMP (30 mg/kg/day × 3 days), or
IFX (5–7 mg/kg × 1 dose). Five studies originated in
Japan. The remaining three studies were from the US,
Korea, and India (Table 1).

Risk of Bias assessment
Overall, the methodological quality of the studies meet-
ing inclusion criteria was poor. Only three studies were
prospective, randomized two-arm trials. None of these
three studies were blinded. Two studies were prospective
without randomization, and there were three retrospect-
ive studies (Tables 1, 2 and 3). With the exception of
one study [10], baseline characteristics across treatment
groups within each study were comparable. One study
[11] was halted prematurely due to side effects from
IVMP. Results across the studies had inconsistent
reporting methods.

Fever response outcomes
Of the 388 subjects included in this study, 263 (68%) re-
ceived a second IVIg infusion, 82 (21%) received IVMP,
and 43 (11%) received IFX. Overall, 74% [95% CI, 70–
79%] of patients receiving any of the three treatments
had a resolution of fever (Table 2). Fever resolution was

comparable in those receiving a second IVIg infusion
(73%; [95% CI, 67–78%]) and in those receiving IVMP
(72%; 95% CI: 61–81%]) (RR = 1.0; [95% CI: 0.9–1.2]; p =
0.9). Infliximab (88%; [95% CI: 75–96%]) increased fever
resolution by approximately 20% compared to a second
IVIg dose (RR 1.2; [95% CI: 1.1–1.4]; p = 0.03) and IVMP
(RR 1.2; [95% CI: 1.0–1.5]; p = 0.04) (Tables 2 and 3).

Coronary artery outcomes
There were no significant differences in aneurysm pres-
ence at baseline prior to each 2nd line therapy. The inci-
dence of baseline aneurysms was 18% in the second IVIg
group, 17% in the IVMP group, and 22% in the IFX
group. There were also no significant differences in per-
sistent non-giant aneurysms at 4–8 weeks following 2nd
line therapy across the three treatment groups. IVIg
(6%) compared to IVMP (7%) was associated with a risk
ratio of 0.9 [95% CI, 0.3–2.6] (p = 0.9), and IVIg com-
pared to IFX (9%) was associated with a risk ratio of 1.3
[95% CI, 0.3–5.6] (p = 0.7). IFX compared to IVMP was
associated with a risk ratio of 1.2 [95% CI, 0.3–5.9] (p =
0.8) (Tables 2 and 3).
IVIg (1%) significantly reduced the presence of giant

aneurysms by 90% versus IVMP (6%) (RR = 0.1; [95% CI,
0.01–0.9], p = 0.01) (Tables 2 and 3). There were zero
giant aneurysms observed following second-line treat-
ment with IFX, but data were only available for 23 pa-
tients (Tables 2 and 3). The coronary artery outcomes
from Son et al. were reported as median Z–scores using
the AHA criteria and were therefore excluded from the
combined analysis. Using a Z-score cutoff of > 3, which
includes small to giant aneurysms, there was no statisti-
cally significant difference in coronary artery aneurysms
at 6 weeks following a second IVIg dose (35%) compared
to IFX (34%) [14].

Adverse events
A higher proportion of non-serious adverse events were
reported in patients receiving IVMP (24%; [95% CI, 16–
35%]). These included electrolyte and serum glucose

Table 1 Study characteristics

Study Year Country Total
(N =
388)

Study Characteristics Tx A (n) Tx B (n) Aspirin dose per day

Study Design Randomization

Son et al. 2011 US 106 Retrospective N/A IVIg (86) IFX (20) 80-100mg/kg until afebrile then 3-5 mg/kg

Youn et al. 2016 Korea 43 Prospective + IVIg (32) IFX (11) 80-100mg/kg until afebrile

Teraguchi et al. 2013 Japan 41 Prospective + IVIg (27) IVMP (14) 30 mg/kg

Furukawa et al. 2008 Japan 63 Prospective – IVIg (19) IVMP (44) 30 mg/kg tapered to 10 mg/kg then 5 mg/kg

Ogata et al. 2008 Japan 27 Retrospective N/A IVIg (14) IVMP (13) 80-100mg/kg

Miura et al. 2005 Japan 22 Prospective + IVIg (11) IVMP (11)

Miura et al. 2011 Japan 74 Prospective – IVIg (74) – 30 mg/kg until afebrile then 5 mg/kg until 8 weeks

Singh et al. 2015 India 12 Retrospective N/A IFX (12) – 30 mg/kg until afebrile then 3–5 mg/kg
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abnormalities, hypertension, hypothermia, bradycardia,
and one GI bleed. There was one report of transient
fibular nerve paralysis, classified as a serious event, in a
patient who received IVMP [10]. Infusion reactions and
transient hepatomegaly were more common in patients
receiving IFX (16%; [95% CI 7–31%]) compared to a sec-
ond IVIg (4%; [95% CI 2–7%]). There was one death of
unknown cause reported 2 months following diagnosis
in a patient who failed to respond to a second IVIg

infusion and subsequently received IVMP and IFX [14]
(Table 4).

Hospitalization duration
Hospitalization duration was only reported in 3 studies.
Son et al. reported a median hospitalization duration of
6 days with a second IVIg and 5.5 days with IFX (p =
0.04). Both groups had comparable time from fever on-
set to diagnosis and both groups received second-line

Table 2 Primary Outcomes by Study

Study Fever Resolution Baseline Coronary Lesions Persistent non
giant lesions

Giant coronary
lesions

2nd IVIg (2 g/kg) Son et al. a 65/86 (76%) NR a NR a NR a

Youn et al. 21/32 (66%) 0/32 (0%) 4/32 (13%) 0/32 (0%)

Teraguchi et al. 21/27 (78%) 7/27 (26% 4/27 (15%) 0/27 (0%)

Furukawa et al. 12/19 (63%) 2/19 (11%) 0/19 (0%) 0/19 (0%)

Ogata et al. 14/14 (100%) 2/14 (14%) 0/14 (0%) 1/14 (7%)

Miura et al. (2005) 5/11 (45%) NR NR NR

Miura et al. (2011) 53/74 (72%) NR 2/74 (3%) 0/74 (0%)

Total 191/263 (73%, [95% CI: 67–
78%])

11/60 (18%, [95% CI: 10–
30%])

10/166 (6%,
[95% CI: 3–11%])

1/166 (1%,
[95% CI: 0–3%])

Meta-analysis
proportion

74% (95% CI: 63–83%)* 10% (95% CI: 0–28%)* 5% (95% CI: 0–
12%)

0% (95% CI: 0–1%)

IVMP
(30 mg/kg/d × 3 d)

Teraguchi et al. 7/14 (50%) 5/14 (36%) 3/14 (21%) 1/14 (7%)

Furukawa et al. 34/44 (77%) 5/44 (11%) 2/44 (5%) 3/44 (7%)

Ogata et al. 13/13 (100%) 0/13 (0%) 0/13 (0%) 0/13 (0%)

Miura et al. (2005) 5/11 (45%) NR NR NR

Total 59/82 (72%, [95% CI: 61–81%]) 10/58 (17%, [95% CI: 9–29%]) 5/71 (7%,
[95% CI: 2–16%])

4/71 (6%,
[95% CI: 2–14%])

Meta-analysis
proportion

73% (95% CI: 45–94%)* 12% (95% CI: 0–34%)* 6% (95% CI: 0–
19%)

4% (95% CI: 0–
12%)

IFX (5–7 mg/kg ×1) Son et al. Ŧ 17/20 (85%) NR Ŧ NR Ŧ NR Ŧ

Youn et al. 10/11 (91%) 0/11 (0%) 1/11 (9%) 0/11 (0%)

Singh et al. 11/12 (92%) 5/12 (42%) 1/12 (8%) 0/12 (0%)

Total 38/43 (88%, [95% CI: 75–96%]) 5/23 (22%, [95% CI: 8–24%]) 2/23 (9%,
[95% CI: 1–28%])

0/23 (0%,
[95% CI: 0–15%])

Meta-analysis
proportion

89% (95% CI: 76–97%) 15% (95% CI: 2–34%)* 9% (95% CI: 0–
25%)

0% (95% CI: 0–8%)

Combined Total 288/388 (74%, [95% CI: 70–
79%])

26/141 (18%, [95% CI: 12–
26%])

17/260 (7%,
[95% CI: 4–10%])

17/260 (2%,
[95% CI: 1–4%])

IVIg intravenous immunoglobulin, IVMP intravenous methylprednisolone, IFX infliximab, NR not reported
a 29 total (34% giant) CALs (reported using AHA critieria and median z-score); Ŧ 7 (35% giant) CALs (reported using AHA critieria and median z-score); * test for
heterogeneity p < 0.05

Table 3 Comparison of fever response and coronary artery lesions between treatments

Fever Response Persistent non-giant dilation Giant Aneurysm

Comparison Risk Ratio [95% CI] P value Risk Ratio [95% CI] P value Risk Ratio [95% CI] P value

IVIg vs IVMP 1.0 [0.9–1.2] 0.9 0.9 [0.3–2.6] 0.9 0.1 [0.01–0.9] 0.01*

IFX vs IVMP 1.2 [1.0–1.5] 0.04* 1.2 [0.3–5.9] 0.8 0 0.6#

IFX vs IVIg 1.2 [1.1–1.4] 0.03* 1.3 [0.3–5.6] 0.7 0 1#

IVMP intravenous methylprednisolone, IFX infliximab
*p < 0.05; #one-sided Fischer’s exact test
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therapy 2 days after initial IVIg. Youn et al. reported
a median hospital stay of 10 days in patients receiving
a second IVIg and 8 days in patients receiving IFX
(p = 0.046) with no reference to the timing of second-
line therapy. Ogata et al. reported a mean hospital
stay of 12 ± 2.1 days with a second IVIg and 14.5 ± 2
days with IVMP, noting no significant difference. Nei-
ther of these two studies referenced the time of
second-line therapy with respect to fever onset or ini-
tial IVIg (Table 4).

Fever duration and time to resolution
Fever duration was also only reported in 3 studies. Son
et al. reported a median fever duration of 8 days in the
IFX group compared to 10 days following a second IVIg.
Following a multivariate analysis controlling for age,
platelet count, hemoglobin levels, and days from fever
onset, this corresponded to 1.2 fewer days of fever in pa-
tients treated with IFX (p = 0.03). Teraguchi et al. re-
ported a median fever duration of 10 days following a

second IVIg and 9.5 days following IVMP (p > 0.05).
There was no significant difference between the
groups regarding the day of illness at initial IVIg or
at second treatment. Ogata et al. reported a signifi-
cant reduction in fever duration among patients re-
ceiving IVMP (mean 8 ± 2.1) compared to a second
IVIg (mean 11 ± 2) (p < 0.05). There was no significant
difference between the mean day of illness at the time
of second treatment (7 days and 8 days, respectively).
There was no reference to the day of illness at time
of initial IVIg (Table 4).
Days to fever resolution following second line therapy

were also reported in only 3 studies. Youn et al. reported
a median fever resolution time of 6 h following IFX com-
pared to 17 h following a second IVIg (p = 0.042). Ogata
et al. reported a mean response time of 1 ± 1.3 days fol-
lowing IVMP and 3 ± 2.4 days following a second IVIg
(p < 0.05). Teraguchi et al. reported a median fever reso-
lution of 1 day following a second IVIg and within 24 h
following IVMP (Table 4).

Table 4 Secondary Outcomes by Study

Study Hospitalization
Duration

Fever
Duration

Days to fever
resolution

NonSerious Adverse
Events

Serious Adverse
Events

Death

2nd IVIg (2 g/kg)
median (range)

Son et al. 6 (2–20) 10 (5–37) NR 3/86 (3%) 1/86 (1%) 1/86 (1%)

Youn et al. 10 (8–12) total NR 0.71 (0.17–2.6) 5/32 (16%) 0/32 (0%) 0/32 (0%)

Teraguchi
et al.

NR 10 (6–14) 1 (1–3) 0/27 (0%) 0/27 (0%) 0/27 (0%)

Furukawa
et al.

NR total NR NR 0/19 (0%) 0/19 (0%) 0/19 (0%)

Ogata et al. mean 12 ± 2.1 mean 11 ±
2

mean 3 ± 2.4 0/14 (0%) 0/14 (0%) 0/14 (0%)

Miura et al.
(2005)

NR NR NR 2/11 (18%) 0/11 (0%) 0/11 (0%)

Miura et al.
(2011)

NR NR NR 0/74 (0%) 0/74 (0%) 0/74 (0%)

Total – – – 10/263 (4%,
[95% CI: 2–7%])

1/263 (0.4%,
[95% CI: 0–2%])

1/263 (0.4%,
[95% CI: 0–2%])

IVMP
(30 mg/kg/d × 3 d)
median (range)

Teraguchi
et al.

NR 9.5 (7–18) < 24 h 1/14 (7%) 0/14 (0%) 0/14 (0%)

Furukawa
et al.

NR total NR NR 11/44 (25%) 1/44 (2%) 0/44 (0%)

Ogata et al. mean 14.5 ± 2 mean 8 ±
2.1

mean 1 ± 1.3 2/13 (15%) 0/13 (0%) 0/13 (0%)

Miura et al.
(2005)

NR NR NR 6/11 (55%) 0/11 (0%) 0/11 (0%)

Total – – – 20/82 (24%,
[95% CI: 16–35%])

1/82 (1%,
[95% CI: 0–7%])

0/82 (0%,
[95% CI: 0–4%])

IFX (5–7 mg/kg ×1)
median (range)

Son et al. 5.5 (4–35) 8 (5–14) NR 6/20 (30%) 0/20 (0%) 0/20 (0%)

Youn et al. 8 (7–9) total NR 0.25 (0.08–1) 1/11 (9%) 0/11 (0%) 0/11 (0%)

Singh et al. NR NR NR 0/12 (0%) 0/12 (0%) 0/12 (0%)

– – – 7/43 (16%,
[95% CI: 7–31%])

0/43 (0%,
[95% CI: 0–8%])

0/43 (0%,
[95% CI: 0–8%])

IVMP intravenous methylprednisolone, IFX infliximab, NR not reported
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Discussion
The results of this systematic review of the literature re-
vealed that in published reports, the majority of children
with KD who fail to respond to the initial IVIg and
remained febrile received a second IVIg infusion. Com-
bined analysis of the reported study results, however,
suggest that IFX may be more effective in reducing fever
compared to a second IVIg and IVMP. Controlling for
several confounders, Son et al. found that IFX resulted
in 1.2 fewer days of fever which corresponded to 0.5
fewer days of hospitalization [14]. Overall, IFX may re-
sult in a 20% increase in fever resolution response com-
pared to IVIg retreatment and IVMP if given as second-
line monotherapy in IVIg-refractory KD. The results of
this systematic review differ from Chan et al. meta-
analysis which found that both IFX and IVMP were
more effective than a second IVIg dose due to the anti-
pyretic effects. They found no difference in cardiac out-
comes between the three groups. In comparison, the
meta-analysis included combination therapy with IVIg
plus IVMP in addition to monotherapy. Seven of the
studies included in this study were also included in the
Chan et al. meta-analysis. The differences in results are
likely due to the variations in methodology [18].
Infliximab is a chimeric monoclonal antibody against

tumor necrosis factor (TNF). Inhibition of TNF has anti-
inflammatory effects and has been used to treat vascu-
litic diseases [19, 20]. Serum TNF levels are elevated in
patients with KD and have been associated with IVIg
failure and increased risk for coronary artery aneurysms
[21–24]. Persistent fever following initial IVIg in KD
may increase the risk of coronary artery lesions up to
nine-fold [8]. IFX may lower the risk of adverse coronary
events through cytokine blockade as evidenced by the
fever resolution.
Interpretation of coronary artery lesion outcomes

using the combined cohort was limited. Comparison of
the three treatment groups suggests no apparent differ-
ence in non-giant coronary artery lesions at baseline or
at 4–8 weeks following fever resolution. The use of the
JMH criteria likely underestimated the incidence of le-
sions. There were no reported giant aneurysms in the
IFX group, but data were available for only 23 of these
patients, making interpretation limited. When given in
combination with IVIg as initial therapy, IFX did not re-
duce treatment resistance or the frequency of adverse
coronary events [25]. Son et al. reported coronary lesions
using Z-scores > 3 per AHA and due to the design of
this review restricting the criteria to JHM, these results
were excluded from the combined analysis [14], but no
overall difference between the treatments in develop-
ment of any size aneurysm was suggested. This study in-
cluded all aneurysms, including small with Z-score > 3.
Comparison of giant aneurysms between the IVIg

retreatment group and the IVMP showed a statistically
significant difference; however, the wide confidence
interval makes clinical significance uninterpretable.
IVMP was associated with more non-serious non-

life-threatening adverse events compared to IFX and
IVIg. Infusion reactions were more common in pa-
tients receiving IVIg and IFX. There was one death in
a non-responder to a second IVIg dose. This patient
also received IVMP and IFX as third- and fourth-line
therapies [14].
This systematic review and combined analysis has sev-

eral limitations, notably the large variability between the
studies and the high risk of bias. Likewise, there were
substantially fewer patients who received IFX (11%)
compared to a second IVIg (68%), and of the IFX group,
approximately 75% was retrospective. Prospective, ran-
domized trials are necessary in determining the risk of
coronary artery lesions in patients who remain febrile
following initial IVIg. It is unclear if there is an associ-
ated risk of worsening coronary lesions in patients who
failed initial IVIg therapy but responded to second-line
therapy with fever resolution compared to patients who
failed both initial and second-line therapy and remained
febrile. Further, it remains unclear if the risk of coronary
artery aneurysms varies with respect to second-line
treatment.
IVIg-refractory KD is rare, making an adequately pow-

ered prospective, randomized control trial (RCT) difficult
to conduct. The results of this target review suggest that
IFX may be a more effective monotherapy in reducing
fever in IVIg-refractory disease compared to a second IVIg
dose or IVMP, and this may in turn reduce the
hospitalization duration. There is a prospective, random-
ized trial currently enrolling to compare a second IVIg
dose to IFX (ClinicalTrials.gov Identifier: NCT02298062).

Conclusion
In the absence of randomized control trial data, in pa-
tients who fail to respond to initial IVIg and remain fe-
brile, IFX monotherapy should be considered as an
effective second-line treatment for fever resolution. This
conclusion is based on a systematic review of the litera-
ture with pooled outcome data analysis from 8 studies
suggesting IFX is more effective in fever resolution com-
pared to a second IVIg dose and IVMP. Clinical signifi-
cance of coronary artery sequelae remains unclear.

Abbreviations
AHA: American Heart Association; BSA: Body surface area; CAL: Coronary
artery lesions; CI: Confidence interval; IFX: Infliximab; IVIg: Intravenous
immunoglobulin; IVMP: Intravenous methylprednisolone; JHM: Japanese
Ministry of Health; KD: Kawasaki disease

Acknowledgements
None.

Crayne et al. Pediatric Rheumatology           (2019) 17:77 Page 7 of 8



Authors’ contributions
CBC designed and conducted the primary literature review, extracted the
data, performed the statistical analysis, and wrote and revised the
manuscript. CM served as second reviewer for the review and revised the
manuscript. TB supervised the study, performed the statistical analysis, and
revised the manuscript. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of the work.

Funding
Courtney Crayne is supported by grant T32 AR069516 from the National
Institute of Arthritis and Musculoskeletal and Skin Diseases, National Institutes
of Health.

Availability of data and materials
Not applicable, systematic review.

Ethics approval and consent to participate
Waived.

Consent for publication
All author’s consent to publication.

Competing interests
The authors declare that they have no competing interests.

Received: 3 August 2019 Accepted: 6 November 2019

References
1. Burns JC, Glode MP. Kawasaki syndrome. Lancet. 2004;364(9433):533–44.
2. Marrani E, Burns JC, Cimaz R. How should we classify Kawasaki disease?

Front Immunol. 2018;9:2974.
3. Callinan LS, Holman RC, Vugia DJ, Schonberger LB, Belay ED. Kawasaki

disease hospitalization rate among children younger than 5 years in
California, 2003-2010. Pediatr Infect Dis J. 2014;33(7):781–3.

4. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz M,
et al. Diagnosis, treatment, and long-term Management of Kawasaki
Disease: a scientific statement for health professionals from the American
Heart Association. Circulation. 2017;135(17):e927–e99.

5. Newburger JW, Takahashi M, Burns JC, Beiser AS, Chung KJ, Duffy CE, et al.
The treatment of Kawasaki syndrome with intravenous gamma globulin. N
Engl J Med. 1986;315(6):341–7.

6. Research Committee on Kawasaki Disease. Report of Subcommittee on
Standardization of Diagnostic Criteria and Reporting of Coronary Artery
Lesions in Kawasaki Disease. Tokyo: Ministry of Health and Welfare; 1984.

7. Yellen ES, Gauvreau K, Takahashi M, Burns JC, Shulman S, Baker AL, et al.
Performance of 2004 American Heart Association recommendations for
treatment of Kawasaki disease. Pediatrics. 2010;125(2):e234–41.

8. Burns JC, Capparelli EV, Brown JA, Newburger JW, Glode MP. Intravenous
gamma-globulin treatment and retreatment in Kawasaki disease. US/
Canadian Kawasaki syndrome study group. Pediatr Infect Dis J. 1998;17(12):
1144–8.

9. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. 2011;343:d5928.

10. Furukawa T, Kishiro M, Akimoto K, Nagata S, Shimizu T, Yamashiro Y. Effects
of steroid pulse therapy on immunoglobulin-resistant Kawasaki disease.
Arch Dis Child. 2008;93(2):142–6.

11. Miura M, Ohki H, Yoshiba S, Ueda H, Sugaya A, Satoh M, et al. Adverse
effects of methylprednisolone pulse therapy in refractory Kawasaki disease.
Arch Dis Child. 2005;90(10):1096–7.

12. Miura M, Tamame T, Naganuma T, Chinen S, Matsuoka M, Ohki H. Steroid
pulse therapy for Kawasaki disease unresponsive to additional
immunoglobulin therapy. Paediatr Child Health. 2011;16(8):479–84.

13. Ogata S, Bando Y, Kimura S, Ando H, Nakahata Y, Ogihara Y, et al. The
strategy of immune globulin resistant Kawasaki disease: a comparative
study of additional immune globulin and steroid pulse therapy. J Cardiol.
2009;53(1):15–9.

14. Son MB, Gauvreau K, Burns JC, Corinaldesi E, Tremoulet AH, Watson VE,
et al. Infliximab for intravenous immunoglobulin resistance in Kawasaki
disease: a retrospective study. J Pediatr. 2011;158(4):644–9 e1.

15. Teraguchi M, Ogino H, Yoshimura K, Taniuchi S, Kino M, Okazaki H, et al.
Steroid pulse therapy for children with intravenous immunoglobulin
therapy-resistant Kawasaki disease: a prospective study. Pediatr Cardiol.
2013;34(4):959–63.

16. Youn Y, Kim J, Hong YM, Sohn S. Infliximab as the first retreatment in
patients with Kawasaki disease resistant to initial intravenous
immunoglobulin. Pediatr Infect Dis J. 2016;35(4):457–9.

17. Singh S, Sharma D, Suri D, Gupta A, Rawat A, Rohit MK. Infliximab is the
new kid on the block in Kawasaki disease: a single-Centre study over 8
years from North India. Clin Exp Rheumatol. 2016;34(3 Suppl 97):S134–8.

18. Chan H, Chi H, You H, Wang M, Zhang G, Yang H, et al. Indirect-comparison
meta-analysis of treatment options for patients with refractory Kawasaki
disease. BMC Pediatr. 2019;19(1):158.

19. Booth A, Harper L, Hammad T, Bacon P, Griffith M, Levy J, et al. Prospective
study of TNFalpha blockade with infliximab in anti-neutrophil cytoplasmic
antibody-associated systemic vasculitis. J Am Soc Nephrol. 2004;15(3):717–
21.

20. Umazume A, Kezuka T, Usui Y, Suzuki J, Goto H. Evaluation of efficacy of
infliximab for retinal vasculitis and extraocular symptoms in Behcet disease.
Jpn J Ophthalmol. 2018;62(3):390–7.

21. Hu P, Jiang GM, Wu Y, Huang BY, Liu SY, Zhang DD, et al. TNF-alpha is
superior to conventional inflammatory mediators in forecasting IVIG
nonresponse and coronary arteritis in Chinese children with Kawasaki
disease. Clin Chim Acta. 2017;471:76–80.

22. Hui-Yuen JS, Duong TT, Yeung RS. TNF-alpha is necessary for induction of
coronary artery inflammation and aneurysm formation in an animal model
of Kawasaki disease. J Immunol. 2006;176(10):6294–301.

23. Lin CY, Lin CC, Hwang B, Chiang BN. Cytokines predict coronary aneurysm
formation in Kawasaki disease patients. Eur J Pediatr. 1993;152(4):309–12.

24. Matsubara T, Furukawa S, Yabuta K. Serum levels of tumor necrosis factor,
interleukin 2 receptor, and interferon-gamma in Kawasaki disease involved
coronary-artery lesions. Clin Immunol Immunopathol. 1990;56(1):29–36.

25. Tremoulet AH, Jain S, Jaggi P, Jimenez-Fernandez S, Pancheri JM, Sun X,
et al. Infliximab for intensification of primary therapy for Kawasaki disease: a
phase 3 randomised, double-blind, placebo-controlled trial. Lancet. 2014;
383(9930):1731–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Crayne et al. Pediatric Rheumatology           (2019) 17:77 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources and search
	Study selection criteria
	Outcomes of interest
	Data extraction
	Statistical analyses

	Results
	Risk of Bias assessment
	Fever response outcomes
	Coronary artery outcomes
	Adverse events
	Hospitalization duration
	Fever duration and time to resolution

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

