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Infliximab versus second intravenous immunoglobulin for
treatment of resistant Kawasaki disease in the USA (KIDCARE):
a randomised, multicentre comparative effectiveness trial
Jane C Burns, Samantha C Roberts, Adriana H Tremoulet, Feng He, Beth F Printz, Negar Ashouri, Supriya S Jain, David E Michalik, Kavita Sharma,
Dongngan T Truong, James B Wood, Katherine K Kim, Sonia Jain, on behalf of the KIDCARE Multicenter Study Group

Summary

Background Although intravenous immunoglobulin (IVIG) is effective therapy for Kawasaki disease, 10–20% of
patients have recrudescent fever as a sign of persistent inflammation and require additional treatment. We aimed to
compare infliximab with a second infusion of IVIG for treatment of resistant Kawasaki disease.
Methods In this multicentre comparative effectiveness trial, patients (aged 4 weeks to 17 years) with IVIG resistant
Kawasaki disease and fever at least 36 h after completion of their first IVIG infusion were recruited from 30 hospitals
across the USA. Patients were randomly assigned (1:1) to second IVIG (2 g/kg over 8–12 h) or intravenous infliximab
(10 mg/kg over 2 h without premedication), by using a randomly permuted block randomisation design with block
size of two or four. Patients with fever 24 h to 7 days following completion of first study treatment crossed over to
receive the other study treatment. The primary outcome measure was resolution of fever at 24 h after initiation of
study treatment with no recurrence of fever attributed to Kawasaki disease within 7 days post-discharge. Secondary
outcome measures included duration of fever from enrolment, duration of hospitalisation after randomisation, and
changes in markers of inflammation and coronary artery Z score. Efficacy was analysed in participants who received
treatment and had available outcome values. Safety was analysed in all randomised patients who did not withdraw
consent. This clinical trial is registered with ClinicalTrials.gov, NCT03065244.
Findings Between March 1, 2017, and Aug 31, 2020, 105 patients were randomly assigned to treatment and 103 were
included in the intention-to-treat population (54 in the infliximab group, 49 in the second IVIG group). Two patients
randomised to infliximab did not receive allocated treatment. The primary outcome was met by 40 (77%) of 52 patients
in the infliximab group and 25 (51%) of 49 patients in the second IVIG infusion group (odds ratio 0·31, 95% CI
0·13–0·73, p=0·0076). 31 patients with fever beyond 24 h received crossover treatment: nine (17%) in the infliximab
group received second IVIG and 22 (45%) in second IVIG group received infliximab (p=0·0024). Three patients
randomly assigned to infliximab and two to second IVIG with fever beyond 24h did not receive crossover treatment.
Mean fever days from enrolment was 1·5 (SD 1·4) for the infliximab group and 2·5 (2·5) for the second IVIG group
(p=0·014). Mean hospital stay was 3·2 days (2·1) for the infliximab group and 4·5 days (2·5) for the second IVIG
group (p<0·001). There was no difference between treatment groups for markers of inflammation or coronary artery
outcome. 24 (44%) of 54 patients in the infliximab group and 33 (67%) of 49 in the second IVIG group had at least
one adverse event. A drop in haemoglobin concentration of at least 2g/dL was seen in 19 (33%) of 58 patients who
received IVIG as either their first or second study treatment (three of whom required transfusion) and in three (7%)
of 43 who received only infliximab (none required transfusion; p=0·0028). Haemolytic anaemia was the only serious
adverse events deemed definitely or probably related to study treatment, and was reported in nine (15%) of 58 patients
who received IVIG as either their first or second study treatment and none who received infliximab only.
Interpretation Infliximab is a safe, well tolerated, and effective treatment for patients with IVIG resistant Kawasaki
disease, and results in shorter duration of fever, reduced need for additional therapy, less severe anaemia, and shorter
hospitalisation compared with second IVIG infusion.
Funding Patient Centered Outcomes Research Institute.
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Introduction
Kawasaki disease is a self-limited vasculitis of unknown
cause that is the most common cause of acquired heart
disease in children in developed countries.1 Treatment
with intravenous immunoglobulin (IVIG) reduces the

incidence of coronary artery aneurysms from 25%
to approxi
mately 5%.2 However, for the 10–20% of
IVIG resistant patients (defined as having an oral or rectal
temperature ≥38·0°C at least 36 h following the end of the
initial IVIG infusion), there is no robust evidence to guide
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Research in context
Evidence before this study
Intravenous immunoglobulin (IVIG) is an effective therapy to
reduce inflammation and prevent coronary artery damage in
Kawasaki disease. 10–20% of children have recurrence of fever
after initial therapy and are at increased risk of coronary
artery aneurysms. A second infusion of IVIG, infliximab, and
corticosteroids have all been advocated for treatment of IVIG
resistant Kawasaki disease. We searched PubMed for research
articles from database inception to Dec 31, 2020, using the
terms “Kawasaki disease”, “intravenous immunoglobulin
resistance”, “infliximab”, and “clinical trials”. We identified
three randomised controlled trials that compared second
infusion of IVIG and infliximab for IVIG resistant patients
with Kawasaki disease. All three studies (one done in the USA
with 24 patients, one in Japan with 31 patients, and one in
Korea with 43 patients) found a higher rate of fever
resolution and shorter duration of hospitalisation in patients
who received infliximab. A 2018 Cochrane review of these
studies concluded that there was insuffient evidence that
infliximab had a beneficial effect on IVIG treatment resistance
due to the small number of underpowered randomised
controlled trials.

treatment and this group has an increased risk of coronary
artery aneurysms. In a study of 362 consecutive patients
with Kawasaki disease, nine (15%) of 60 IVIG resistant
patients developed coronary artery aneurysms.3 Data from
Japan suggest that the rates of IVIG resistance have risen
from 7% in 2003 to 23% in 2014, with a concomitant
increase in coronary artery aneurysms.4 The problem of
IVIG resistance was first noted in the original IVIG trials
in the 1980s.5 Based on the apparent dose response to
IVIG, administration of a second dose of IVIG became
first-line therapy for IVIG resistant patients and is still
widely used today.6 However, treatment with a second
infusion of IVIG has never been studied in an adequately
powered, randomised clinical trial.7 The high cost of IVIG
and the recent emergence of haemolytic anaemia following
a second dose due to anti-blood type A and B antibodies in
the IVIG preparations were the motivation to do this trial.
There is clinical equipoise regarding the best treatment
for IVIG resistant patients, and a second infusion of
IVIG with or without corticosteroids, pulsed or longer
course corticosteroids alone, or infliximab are the most
common second treatments. Persistent or recrudescent
fever after the first IVIG infusion rather than any labor
atory measure of inflammation is considered a sign of
continuing inflammation and there is consensus that
the patients with this symptom should receive add
itional therapy. The American Heart Association (AHA)
Kawasaki disease guidelines assign an evidence level of B
(non-randomised studies) to retreatment with second
IVIG or steroids and an evidence level of C (consensus of
2

Added value of this study
To our knowledge, we report results of the first adequately
powered randomised controlled trial that compared a second IVIG
infusion to infliximab in children with Kawasaki disease and IVIG
resistance enrolled at 30 clinical sites across the USA. Children who
received infliximab were more likely to become and remain
afebrile, had less need for additional anti-inflammatory therapy,
had shorter duration of hospitalisation, and fewer serious adverse
events including haemolytic anaemia, compared with the group
treated with second IVIG. There was no difference in laboratory
markers of inflammation or coronary artery outcome at study
completion between the two treatment groups.
Implications of all the available evidence
Children with Kawasaki disease and IVIG resistance can be
safely treated with infliximab, which results in faster
resolution of fever and less severe anaemia, whereas a second
infusion of IVIG is less effective in achieving cessation of fever
and can be associated with haemolytic anaemia, particularly
in patients with non-O blood type. Future clinical research
should investigate best clinical practice for patients
presenting with early aneurysms.

experts) to infliximab.8 Thus, robust randomised clinical
trial data to guide treatment are needed. The clinical
need is high for this subgroup of patients with coronary
artery aneurysms due to persistent inflammation, which
might lead to permanent damage to the arterial wall with
an associated risk of myocardial infarction, arrhythmias,
or sudden cardiac death.9
The Kawasaki Disease Comparative Effectiveness
(KIDCARE) trial was designed to determine best practice
for patients with Kawasaki disease resistant to IVIG in a
multiethnic population with broad geographical repre
sentation across the USA.

Methods

Study design and participants
In this randomised, multicentre comparative
effectiveness trial, patients with IVIG resistant Kawasaki
disease and fever at least 36 h after completion of their
first IVIG infusion were recruited from 30 hospitals
across the USA.
Patients were enrolled from March 1, 2017, to
Aug 31, 2020. Enrolment was ended according to the
funding agency’s contract on Aug 31, 2020. Infants and
children aged 4 weeks to 17 years who met AHA criteria for
complete or incomplete Kawasaki disease and were
initially treated for Kawasaki disease with IVIG (2 g/kg)
within the first 10 days after fever onset were eligible for
enrolment. Exclusion criteria included initial treatment
with IVIG after the tenth day of fever and treatment with
steroids or other medication for intensification of initial
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therapy; patients with chronic disease, except asthma,
atopic dermatitis, autism, or controlled seizure disorder;
patients with known previous infection with tuberculosis,
coccid
ioido
mycosis, or histoplasmosis, or household
contact with active tuberculosis; patients who had used
tumour necrosis factor (TNF) α-blocker within 3 months
before enrolment; and patients with a history of
hypersensitivity to infliximab.
The study protocol (appendix) was reviewed and
approved by the institutional review board at all
participating sites. Written informed consent from the
parents or legal guardians and assent from patients were
obtained as appropriate.

Randomisation and masking
Patients were randomly assigned in a 1:1 ratio to
infliximab or second IVIG according to a prespecified
randomisation scheme stratified by site, sex (male vs
female), and age (>12 months or ≤12 months) by using a
randomly permuted block randomisation design with
block size of two or four, which was created by the
Data Coordinating Center. Patient enrolment and
randomisation through the REDCap database was done
by the study site investigators who could not predict the
next treatment assignment. This was an open-label trial
and no masking took place.

Procedures
The study was designed with input from a Stakeholder
Advisory Board that included parents whose children
previously had Kawasaki disease and adults with a history
of Kawasaki disease in childhood.10 In this prag
matic
trial, all infliximab or IVIG products were permitted
and the manufacturer’s name was recorded. Infliximab
was administered intravenously over 2 h without pre
medication. The dose of infliximab (10 mg/kg) was chosen
based on pharmacokinetic modelling that suggested a de
creased concentration of drug in the tissue compartment
when administered following IVIG.11 Second IVIG
(2 g/kg) was administered according to local practice over
8–12 h. Depending on local standard of care for patients
in both treatment groups, aspirin dose was either
30–50mg/kg/day or 80–100 mg/kg/day until discharge
and then 3–5 mg/kg/day until the patient was off study.
Patients who did not become afebrile 24 h to 7 days after
the end of their study-assigned treatment crossed over to
receive the other study medication. Patients who still had
persistent fever after receiving their crossover treatment
were treated at the discretion of the local team.
Patients’ temperatures were measured at all timepoints
by the oral, rectal, or axillary route to accommodate
variations in hospital and nursing practices across the
30 sites. Fever was defined as 38·0°C (oral or rectal route)
or 37·5°C (axillary route).12 After discharge from hospital,
parents recorded daily temperatures at home with
thermometers provided at the time of discharge and
continued recording temperatures until they returned

for their first clinic visit. A broad window (5–18 days after
completion of study treatment) was allowed for the first
clinic visit (study completion) to accommodate wide
practice variation across the 30 participating sites.
Data for white blood cell count, absolute neutrophil
count, haemoglobin concentration normalised for age,
platelet count, and C-reactive protein concentration at
baseline (defined as pre-IVIG at Kawasaki disease
diagnosis), 24 h (plus or minus 2 h) after completion of
study treatment, 24 h (plus or minus 2 h) after completion
of crossover study treatment (if administered), and at
study completion (defined as 5–18 days following
completion of study treatment) were entered into the
REDCap database. Haemolytic anaemia due to antibodies
in the IVIG was defined as a drop in haemoglobin
concentration by 2 g/dL or more 24 h after completion of
study drug in conjunction with other supporting
laboratory data including a positive direct antibody test,
spherocytes on the peripheral smear, or an elevated
haptoglobin level. Erythrocyte sedimentation rate was
only compared at baseline and study completion; it was
not measured after completion of study treatment
because IVIG causes red blood cells to sediment faster.
Sites were provided with a manual of operations from
the National Institutes of Health-sponsored Pediatric
Heart Network clinical trial for Kawasaki disease.13 In
an effort to standardise echocardiographic imaging across
sites, a single echocardiogram of a non-study patient
with Kawasaki disease was submitted by every site
and the technical quality assessed by the Director of
Non-Invasive Imaging (BFP) at Rady Children’s Hospital
San Diego (San Diego, CA, USA). A written assessment
of the echocardiogram quality with suggestions for
improvement as needed was sent to every site. Patient
height, weight, and internal dimension of the right
coronary artery, left anterior descending coronary artery,
and circumflex artery were recorded at baseline and at
study completion. Z scores (internal diameter of the right
and left anterior descending normalised for body surface
area and expressed as SD units from the mean) were
calculated by the Data Coordinating Center in the
REDCap database. Z-worst was defined as the highest
Z score for the right coronary artery, left anterior
descending coronary artery, or circumflex artery from the
echocardiograms at baseline and at study completion.
A Data and Safety Monitoring Board (DSMB) reviewed
adverse events and serious adverse events by treatment
group every 6 months in a closed session attended only
by DSMB members and the study statistician. Attribution
of relatedness of all adverse events to study treatments
was adjudicated by an adverse events committee com
prised of three experts in paediatric infectious disease or
rheumatology.

See Online for appendix

For the REDCap database see
project-redcap.org

Outcomes
The primary outcome was resolution of fever at 24 h after
initiation of study treatment with no recurrence of fever
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190 patients were approached for participation

85 excluded
62 declined to participate
11 treating physician decision
not to enrol
12 other reasons

105 enrolled and randomly assigned

2 withdrew consent

103 included in the intention-to-treat population

54 assigned to infliximab

49 assigned to second IVIG

2 did not receive allocated
intervention
1 determined not eligible
1 determined did not have
Kawasaki disease

40 had fever resolved within 24 h
3 had fever after 24 h but did not
receive crossover treatment
9 received second IVIG as
crossover treatment

25 had fever resolved within 24 h
2 had fever after 24 h but did not
receive crossover treatment
22 received infliximab as crossover
treatment

1 lost to follow-up

51 attended follow-up visit

2 discontinued
1 diagnosed with sJIA
1 lost to follow-up

47 attended follow-up visit

Figure: Trial profile
IVIG=intravenous immunoglobulin. sJIA= systemic onset juvenile rheumatoid arthritis.

attributed to Kawasaki disease in the first 7 days after
discharge. Secondary outcome measures included:
(1) duration of fever from enrolment, (2) duration of
hospitalisation after randomisation, (3) decreased
inflammation as measured by the change in white blood
cell count, absolute neutrophil count, and C-reactive
protein concentration from baseline, at 24 h (plus or
minus 2 h) after completion of the first study treatment,
and study completion, (4) change of at least 0·5 SD units
between baseline and study completion for the right or
left anterior descending coronary artery Z score as
measured by echocardiography, and (5) com
parison
of therapy-related adverse events as adjudicated by an
adverse event committee.

Statistical methods
The sample size calculation was based on approximately
80% power to detect a difference between the group
4

proportions of 0·22. The target enrolment was
106 patients in total, which we estimated to yield an effect
size of 0·22 (assuming a response rate of 0·67 for IVIG
vs 0·89 for infliximab) based on a previously published
randomised trial.7
Baseline characteristics were compared between treat
ment groups to assess for imbalance despite random
isation. Laboratory measures were also summarised and
compared at each timepoint. Categorical variables were
analysed with Fisher’s exact test. Continuous variables
were analysed with Wilcoxon’s rank sum test. Safety data,
including haemolytic anaemia, were summarised overall
and by treatment group. Fisher’s exact test was used to
compare the number of patients between treatment
groups who had any adverse events.
The intention-to-treat population, which included all
randomly assigned patients who did not withdraw consent,
were analysed for baseline characteristics and safety. The
modified intention-to-treat population, which included all
patients who received treatment (including crossover
participants who were analysed in their initial randomised
group) and who had available outcome data, were included
in the analyses of the primary and secondary outcomes. All
primary and secondary analyses were prespecified. Logistic
regression analysis was done with the primary outcome as
the dependent variable and treatment group as the main
independent variable. Stratification variables and any
baseline demographics that were simultaneously
unbalanced at baseline and associated with the outcome
(p<0·1) were included in logistic regression model as
covariates if both criteria were met. We planned to provide
crossover summaries for the patients randomly assigned
who did not withdraw consent and to use Fisher’s exact test
to compare crossovers between the two treatment groups.
For the secondary outcomes, which included
change from baseline of inflammation measurements at
24 h (plus or minus 2 h) after completion of the first
study treatment and at study completion, three separate
mixed model repeated measures (MMRM) models were
done. A descriptive summary (median [IQR]) was also
provided for the variables. Patients who were randomly
assigned, treated (in their assigned group), and who had
at least one corresponding post-baseline inflammation
value were included in the analysis. In the MMRM
model, the change from baseline inflammation measure
was the dependent variable. The independent variables
were treatment group, visit (treated as categorical
variable), treatment-by-visit interaction, and corres
ponding baseline inflammation measurement. Stratifi
cation variables and any baseline demographics that
were simultaneously unbalanced at baseline and
associated with the outcome (p<0·1) were included in
MMRM model as covariates if both criteria were met.
Another secondary outcome, Z-worst score, was
summar
ised at baseline and study completion. The
Haycock equation for body surface area and Dallaire
equation for Z score calculation were applied to the
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height, weight, and coronary artery dimensions provided
by the sites.14,15 The Wilcoxon rank sum test was used to
compare the Z-worst scores between the two treatment
groups. A frequency table was provided for the binary
Z-worst change by 0·5 SD or more, and Fisher’s exact
test was done to compare the two treatment groups. For
other secondary outcomes (fever days from the time
from enrollment, days of hospitalisation from the time
of study randomisation, and change in laboratory
measurements of inflammation), treatment groups were
compared using the Wilcoxon rank sum test. Low platelet
count might be a marker of disease severity and indicate
low-grade disseminated intra
vascular coagulation. To
explore whether the lower mean platelet count and
greater proportion of patients with an initial Z-score
of 2·5 or more in the second IVIG group affected the
primary outcome, a sensitivity analysis was done in
which we adjusted for baseline platelet and categorical
Z-worst (cutoff of 2·5). The AHA guidelines consider a
Z score of 2·5 or more to be an aneurysm.8 p values less
than 0·05 were considered statistically significant.
Statistical analysis was done using R software
version 3.6.1.
This clinical trial is registered with ClinicalTrials.gov,
NCT03065244.

Role of the funding source
The study sponsor, Patient-Centered Outcomes Research
Institute, had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results
Between March 1, 2017, and Aug 31, 2020, 190 patients
were approached for participation (figure) and
105 patients were randomly assigned to treatment. After
two families withdrew consent, 103 patients were
included in the intention-to-treat analysis. An additional
two patients randomly assigned to infliximab were
withdrawn and did not receive the assigned treatment;
one had an alternative diagnosis established and the
second patient was determined not to have had a
recurrent fever. Baseline demographic characteristics of
patients randomly assigned to infliximab (n=54) and
second IVIG (n=49) are shown in table 1.
The primary outcome, resolution of fever at 24 h after
initiation of study treatment with no recurrence of fever
attributed to Kawasaki disease in the first 7 days after
discharge, was met by 40 (77%) of 52 patients in the
infliximab group and 25 (51%) of 49 patients in the second
IVIG group (odds ratio [OR] 0·31, 95% CI 0·13–0·73,
p=0·0076). Therefore, 12 patients assigned to infliximab
and 24 to IVIG had fever beyond 24 h after initiation of
their first study treatment. Of the 12 patients assigned to
infliximab, one developed fever beyond 24 h but did not
receive second IVIG as crossover treatment because of
haemolytic anaemia attributed by the site principal investi
gator to the initial IVIG treatment (before study entry). The

Infliximab group (n=54)
Age at enrolment, years

3·6 (2·0 to 6·4)

Second IVIG group (n=49)
2·1 (1·7 to 5·0)

Age group, years
11 (20%)

6 (12%)

>1

43 (80%)

43 (88%)

Male

29 (54%)

30 (61%)

Female

25 (46%)

19 (39%)

Sex

Illness day at randomisation
Incomplete Kawasaki disease

0·55

6·0 (5·0 to 7·0)
8·0 (7·0 to 9·8)

6·0 (5·0 to 8·0)

0·54

9·0 (7·0 to 11·0)

0·27

11 (20%)

15 (31%)

6 (11%)

5 (10%)

Race
Asian

0·26
0·92

Black or African American

10 (19%)

9 (18%)

White

29 (54%)

31 (63%)

Other

1 (2%)

0

Multirace

6 (11%)

3 (6%)

Unknown

2 (4%)

1 (2%)

17 (32%)

12 (25%)

Hispanic ethnicity

0·11
0·3

≤1

Illness day at first intravenous
immunoglobulin treatment*

p value

0·63

Laboratory data at diagnosis
White blood cells, ×10⁹ cells per L
Absolute neutrophil count§
Haemoglobin concentration
normalised for age, SD units
Platelets, 10⁹ per L

12·8 (8·5 to 16·7)†
8449·0 (5551·5 to 12 160·9)
–2·3 (–3·0 to –1·3)†

13·6 (10·7 to 19·2)‡
9384·0 (6865·5 to
12 752·5)
–2·3 (–3·5 to –1·4)‡

0·21
0·28
0·53

324·0 (241·0 to 398·0)†

359·5 (275·8 to 532·8)¶

0·04

Erythrocyte sedimentation rate,
mm/h

56·5 (41·3 to 86·3)||

68·5 (44·8 to 89·3)¶

0·31

C-reactive protein, mg/dL

14·1 (5·9 to 20·1)†

9·0 (5·1 to 17·3)¶

0·33

1·4 (0·8 to 2·1)

0·28

Z-worst at baseline**

1·1 (0·7 to 1·7)

Data are median (IQR) or n (%), unless stated otherwise. p values were calculated by Wilcoxon rank sum test for
continuous variables and Fisher’s exact test for categorical variables. IVIG=intravenous immunoglobulin. *Illness day 1 is
the first day of fever. †Data available for 53 patients. ‡Data available for 49 patients. §Data available for 51 patients in
the infliximab group and 47 in the second intravenous immunoglobulin group. ¶Data available for 48 patients. ||Data
available for 52 patients. **Z-worst was defined as the highest Z score for the right coronary artery, left anterior
descending coronary artery, or circumflex artery from the echocardiograms; data are complete except for one patient
treated with infliximab IVIG=intravenous immunoglobulin.

Table 1: Baseline and clinical characteristics (intention-to-treat population)

principal investigator declined to give additional IVIG as
crossover treatment and the patient eventually became
afebrile without additional therapy. Two additional patients
assigned to infliximab developed fever beyond 24 h, but
did not receive crossover treatment and subsequently
became afebrile without treatment. Of 24 patients assigned
to second IVIG infusion who had fever beyond 24 h after
initiation of their first study treatment, one patient was
subsequently diagnosed with systemic-onset juvenile
idiopathic arthritis and one patient developed fever beyond
24 h, but did not receive crossover infliximab treatment
and subsequently became afebrile without treatment.
After initial random
ised study treatment, 31 patients
received the crossover treatment: nine patients initially
treated with infliximab and 22 patients initially treated
with second IVIG (p=0·0024). Of 31 patients who received
crossover treatment, seven (78%) of nine patients who

www.thelancet.com/child-adolescent Published online October 26, 2021 https://doi.org/10.1016/S2352-4642(21)00270-4

5

Articles

Infliximab group
(n=54)

Second IVIG (n=49)

n

n

Measure

p value

Measure

White blood cells, ×109 cells per L
Baseline

53

12·8 (8·5 to 16·7)

49

13·6 (10·7 to 19·2)

0·21

24 h (plus or minus 2 h) after
completion of study treatment

52

13·9 (9·8 to 16·2)

48

12·4 (9·2 to 16·5)

0·47

Study completion

47

9·0 (7·3 to 11·6)

45

7·7 (6·5 to 9·7)

0·051

Absolute neutrophil count
Baseline

51

8449·0 (5551·5 to 12 160·9)

47

9384·0 (6865·5 to 12 752·5)

0·28

24 h (plus or minus 2 h) after
completion of study treatment

50

5532·1 (3143·3 to 8753·3)

45

6120·0 (3694·6 to 9776·0)

0·54

Study completion

46

3322·5 (1833·0 to 4555·0)

48

3133·9 (2040·8 to 4109·8)

0·56

Haemoglobin concentration normalised for age
Baseline

53

–2·3 (–3·0 to –1·3)

49

–2·3 (–3·5 to –1·4)

0·53

24 h (plus or minus 2 h) after
completion of study treatment

51

–2·8 (–3·9 to –1·6)

48

–3·7 (–5·5 to –2·6)

0·0042

Study completion

47

–1·9 (–2·6 to –0·5)

45

–1·8 (–3·5 to –1·1)

0·13

Platelets, 109 per L
Baseline

53

324·0 (241·0 to 398·0)

48

359·5 (275·8 to 532·8)

0·042

24 h (plus or minus 2 h) after
completion of study treatment

52

466·0 (361·8 to 560·3)

48

511·5 (402·3 to 690·3)

0·062

Study completion

47

480·0 (390·5 to 571·0)

45

490·0 (356·0 to 583·0)

0·87

Erythrocyte sedimentation rate, mm/h*
Baseline

52

56·5 (41·3 to 86·3)

48

68·5 (44·8 to 89·3)

0·31

Study completion

45

48·0 (32·0 to 62·0)

40

65·5 (45·0 to 98·3)

0·0079

Baseline

53

14·1 (5·9 to 20·1)

48

9·0 (5·1 to 17·3)

0·33

24 h (plus or minus 2 h) after
completion of study treatment

51

4·9 (2·1 to 9·3)

47

3·1 (1·7 to 8·6)

0·37

Study completion

44

0·5 (0·5 to 0·7)

42

0·5 (0·5 to 0·6)

0·59

C-reactive protein, mg/dL

Data are median (IQR), unless otherwise stated. p values were calculated by Wilcoxon rank sum test. Erythrocyte sedimentation rate data were collected only at baseline and
study completion. IVIG=intravenous immunoglobulin.

Table 2: Laboratory measures of inflammation at baseline, 24 h (plus or minus 2 h) after completion of study treatment, and at study completion

crossed over to second IVIG infusion and 18 (82%) of
22 who crossed over to infliximab became afebrile after
their crossover treatment (p>0·99). The six patients with
persistent fever (four who received infliximab and two who
received second IVIG as their cross-over treatment) were
treated with either ciclosporin (n=1) or steroids (n=5) at the
discretion of the treating physician.
Patients assigned to second IVIG infusion had a mean
of 2·5 fever days (SD 2·5) from enrolment versus 1·5 fever
days (1·4) for patients assigned to infliximab (p=0·014).
Days of hospitalisation from the time of study
randomisation was longer for the patients in the second
IVIG group (mean 4·5 days, SD 2·5) than in the
infliximab group (3·2 days, 2·1; p=0·0005).
There were no significant differences between
treatment groups for the median values of laboratory
measures of inflammation, including white blood cell
count, absolute neutrophil count, and C-reactive protein
concentration, at any timepoint (table 2). Only the
median baseline platelet count was significantly higher
in patients in the second IVIG group than in patients in
6

the infliximab group (p=0·042). Of the three patients
with platelet counts lower than 100 000 per mL, two were
in the infliximab group and one in the second IVIG
group. The median erythrocyte sedimentation rate, a
marker of inflammation, was significantly higher at
study completion in the patients who received second
IVIG than in those in the infliximab group (p=0·0079).
At the 24-h timepoint, the median haemoglobin
concentration normalised for age was significantly lower
in the group who received a second IVIG than in patients
in the infliximab group (p=0·0042), which was an adverse
event not expected when the study started. However, by
the time of the follow-up visit, there was no significant
difference between the treatment groups (p=0·13). The
change from baseline by treatment and by timepoint was
also analysed for white blood cell count, absolute
neutrophil count, and C-reactive protein concentration,
and no significant changes were noted in the univariate
analysis or in the longitudinal MMRM models.
Of the 58 patients who received IVIG as either their
first (n=49) or second study treatment (n=9), nine (16%)
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were identified as having developed haemolytic anaemia
(appendix pp 3–5). A tenth patient who received only
infliximab as the study treatment had haemolytic
anaemia that was attributed to the initial standard-of-care
IVIG infusion. An additional ten patients (seven who
received IVIG as their first study treatment and three
who received IVIG as their second study treatment)
had at least a 2 g/dL drop in haemoglobin concentration
(appendix pp 3–5). Thus, 19 (33%) of 58 patients
who received IVIG as either their first or second study
treatment developed haemolytic anaemia (three required
transfusion) versus three (7%) of 43 patients who received
only infliximab as their study treatment (none were
transfused; p=0·0028). Of the 16 patients across both
groups with at least a 2 g/dL drop in haemoglobin
concentration for whom the blood type was known, ten
had blood type A, three had blood type B, one had blood
type AB, and two had blood type O. Overall, of the
96 patients for whom the IVIG brand was known,
43 (45%) were treated with the Gammagard, which
included 15 (68%) of the 22 patients in total who
developed haemolytic anaemia. Weight-based dosing of
IVIG for obese patients has been reported as a risk factor
for haemolytic anaemia.16 However, only five (23%) of the
22 patients across both groups who developed presumed
haemolytic anaemia were classified as over
weight or
obese based on paediatric criteria from the US Centers
for Disease Control. Of three patients who had a decrease
in haemoglobin concentration of 2 g/dL or more
(significant anaemia) and received only infliximab as
their study treatment, one was obese and two were
classified as having a healthy weight.
There was no difference in median coronary artery
Z-worst score between the groups at baseline or at study
completion (table 3). Overall, ten (10%) of 101 patients for
whom echocardiogram data were available had a Z-worst
of at least 2·5 at study completion: four received
infliximab, one received second IVIG, and five crossed
over to receive both treatments (three had IVIG and two
had infliximab as first treatment). An increase of at
least 0·5 SD units in the coronary artery Z-worst score
from baseline to study completion occurred in eight (18%)
of 45 patients who received infliximab as their first study
treatment and three (7%) of 45 patients who received
second IVIG (p=0·20). At baseline, one (2%) of
50 patients assigned to infliximab and seven (14%) of
49 patients assigned to second IVIG had Z-worst scores
of at least 2·5 (p=0·031). Of patients with a Z-worst score
at baseline of less than 2·5, five (10%) of 49 patients in
the infliximab group and three (7%) of 42 patients in the
second IVIG group progressed to a Z-worst score of at
least 2·5 at study completion (p=0·72). Of 31 patients
who received crossover treatment, all but two had a
baseline Z-worst score of less than 2·5 and five patients
went on to develop aneurysms in one or both coronary
arteries. One patient whose baseline Z-worst score
was 2·86 in the infliximab group received no additional

Infliximab group

Second IVIG group

p value

Baseline

1·13 (0·73–1·73)

1·37 (0·76–2·05)

0·28

Study completion

1·12 (0·44–1·68)

1·07 (0·62–1·42)

0·58

Z-worst

Z-worst ≥2·5
Baseline*

1/50 (2%)

7/49 (14%)

0·031

Study completion

6/47 (13%)

4/45 (9%)

0·74

8/45 (18%)

3/45 (7%)

0·20

Z-worst change by ≥0·5 SD

Data are median (IQR) or n/N (%), unless stated otherwise. Z-worst was defined as the highest Z score for the right
coronary artery, left anterior descending coronary artery, or circumflex artery from the echocardiograms. p values were
calculated by Wilcoxon rank sum test for continuous Z-worst score and Fisher’s exact test for binary variables.
IVIG=intravenous immunoglobulin. *Z-worst scores at baseline for each patient by treatment group: 2·86 for
infliximab, 4·49, 4·45, 2·82, 2·80, 2·76, 2·65, and 2·53 for second IVIG.

Table 3: Z-worst at baseline, study completion, and change over time

treatment and developed a giant aneurysm
(Z-worst score 15·01) by the time of study completion.
The results of the sensitivity analysis (comparison of
second IVIG with infliximab: OR 0·23, 95% CI
0·09–0·59; p=0·0023) showed a similar trend as for the
primary outcome model, which did not adjust for
baseline platelet and categorical Z-worst (cutoff of 2·5).
There were 45 adverse events in the infliximab group
and 65 adverse events in the second IVIG group
(appendix p 1). 24 (44%) of 54 patients in the infliximab
group and 33 (67%) of 49 patients in the second IVIG
group had at least one adverse event (p=0·029). There
were a total 51 serious adverse events: 15 in the infliximab
group and 36 in second IVIG group. 37 patients had at
least one serious adverse event; ten (18%) patients in the
infliximab group and 27 (55%) in the second IVIG group
(p=0·0002). Serious adverse events that were deemed
definitely or probably related to study treatment were
experienced by none of the patients who received only
infliximab and by nine (15%) of 58 patients who received
IVIG as either their first or second study treatment.
Haemolytic anaemia was the serious adverse event in all
nine patients. There were no reported deaths in this
study.

For more on Centers for Disease
Control weight classification
see https://www.cdc.gov/
healthyweight/bmi/calculator.
html

Discussion
The KIDCARE trial compared two standard therapies
for children with Kawasaki disease and persistent
or recrudescent fever 36 h to 7 days after completion of
their initial IVIG infusion—second IVIG infusion or
infliximab. Patients assigned to infliximab had fewer
days of fever, less need for additional therapy, less severe
anaemia, fewer serious adverse events attributed to study
treatment, and shorter hospitalisation compared with
patients assigned to a second infusion of IVIG. The
prolonged hospitalisation was related in part to the
longer time required for second IVIG infusion (8–12 h vs
2 h for infliximab) and in part to the excess number of
patients who required a crossover study treatment. No
differences were noted between the two treatment groups
regarding the resolution of laboratory markers of
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inflammation or coronary artery outcome. Specifically,
there were no significant differences in white blood cell
count, absolute neutrophil count, C-reactive protein, or
worst coronary artery Z score at any study timepoint
between the treatment groups. The elevated erythrocyte
sedimentation rate at study completion in the IVIG
group was likely an artifact of higher concentrations of
the positively charged IgG molecule that falsely elevates
the erythrocyte sedimentation rate. The trial was not
designed to address prevention of coronary artery
aneurysm because such trial would have required a
much larger sample size and a core echocardiographic
laboratory for standardised coronary artery measure
ments across sites. Clinicians who treat patients with
Kawasaki disease need guidance for two different clinical
situations: best practice for patients at risk for aneurysms
because of elevated Z scores on the initial echocardiogram,
and best practice for patients with normal initial echo
cardiograms but persistent fever after initial IVIG
infusion. The KIDCARE trial addressed best practice for
the second group.
The most common adverse event in our study
was haemolytic anemia. Haemolytic anaemia as a
complication of IVIG was first reported two decades ago
in a Japanese patient.17 The occurrence of haemolytic
anaemia fol
lowing IVIG infusion has been clearly
associated with non-blood group O antibodies and is a
dose-related effect.16,18 Anti-blood group IgG2 antibodies
bind to red cells that are cleared by macrophages through
a FCgRII-receptor mediated mechanism.19 The antiblood group antibody titres vary among IVIG brands
currently used in the USA.
Alternative treatments for IVIG resistance that have
been reported include infliximab (5 mg/kg), steroids
(methylprednisolone 2 mg/kg/day or 30 mg/kg pulse
steroids), ciclosporin, anakinra, and plasmapheresis.8
Several retrospective case series have been reported,
the largest of which included 412 patients from Japan,
of whom 363 (84%) infliximab-treated patients became
afebrile with no safety issues.20 In a two-centre,
retrospective study from the USA of either second IVIG
infusion or infliximab as the first re-treatment, patients
with IVIG resistance who were treated with infliximab
had more rapid resolution of fever and inflammatory
markers, fewer days spent in hospital, and lower costs of
care.21 There was no difference in coronary artery
outcomes between groups, although the study lacked
sufficient power to measure an effect.21 In an open-label,
observational study from Japan of infliximab (5 mg/kg)
for IVIG resistance, 291 patients were enrolled.22 The
majority had already received a second IVIG dose or
other therapies and the authors concluded that the safety
profile was excellent. Three small, randomised clinical
trials of second IVIG versus infliximab (5 mg/kg)
enrolling between 24 to 43 subjects have been reported
from the USA,7 Korea,23 and Japan.24 Although all trials
showed trends of defervescence in favour of infliximab,
8

the small numbers of patients precluded any robust
conclusions and the trials should be viewed only
as hypothesis-generating. In the current trial, we used
10 mg/kg of infliximab based on the favourable safety
profile and the pharmacokinetics of infliximab modelled
from two randomised studies in patients with Kawasaki
disease.11 This analysis suggested that IgG from previous
administration of IVIG might compete for recycling
through the neonatal FC-gamma receptor. Thus, it was
estimated that higher doses of infliximab would be
required to achieve the same tissue concentrations of
TNF blockade compared with administration of
infliximab in the absence of IVIG.
A different strategy pursued by several investigators
has been to select drugs that could be added to the initial
IVIG regimen to prevent recrudescent fever. The RAISE
study in Japan used a scoring system that was validated
for Japanese patients to select those who were likely to be
refractory to initial IVIG therapy.25 These patients were
randomly assigned to receive either 2 mg/kg of
prednisolone for 3–5 weeks (based on normalisation of
C-reactive protein concentrations) plus standard therapy
or standard therapy alone. There were significantly fewer
patients with coronary artery abnormalities in the group
receiving prednisolone plus IVIG (3% vs 23%, risk
difference 0·20, 95% CI 0·12–0·28, p<0·0001). However,
a caveat to the adoption of this protocol for other
countries is that although this scoring system works well
in Japanese patients, it has poor predictive value in mixed
ethnic populations.3,26 Two randomised controlled trials
of intensification of initial therapy with either high-dose
pulse methyl
pred
nisol
one or infliximab were not
successful in preventing IVIG resistance.27,28
The findings in the present study challenge the AHA
guidelines that suggest the use of second IVIG over
infliximab or steroids for treatment of IVIG resistance.8
Similarly, Kawasaki disease treatment guidelines from
Japan also recommend a second IVIG infusion as firstline treatment for IVIG resistant patients.29 The relative
cost of infliximab versus second IVIG for IVIG resistance
was the subject of an analysis published in 2021, which
found a cost savings of US$824 759 per 100 patients
treated with 10 mg/kg infliximab for IVIG resistance
versus second IVIG.30 The cost savings was driven by
lower cost per dose, shorter infusion time, and
monitoring for 24 h before discharge, which resulted in a
shorter length of stay.
Although this study provides the first adequately
powered comparison between two treatments for IVIG
resistance, we recognise several limitations. There was
no centralised interpretation of echocardiograms by a
core laboratory and thus the assessment of coronary
artery changes stratified by treatment must be cautious.
However, body surface area and Z-worst score
calculations were standardised across study sites by the
Data Coordinating Center. Some sites chose to intensify
therapy immediately for patients with an abnormal initial
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echocardiogram (Z-worst score ≥2·5) or other high-risk
features and thus such patients were not enrolled in this
study. This strategy could have resulted in a selection
bias toward inclusion of patients with lower risk of poor
outcomes. The lower mean platelet count and higher
number of patients (n=7) with a baseline Z-worst score of
at least 2·5 in the second IVIG group could suggest
imbalance in disease severity between the treatment
groups. However, a sensi
tivity analysis adjusting for
these variables showed similar results for the primary
outcome. Although the study sought to achieve geo
graphical and racial diversity, enrolment of patients was
not uniform across the 30 sites, which resulted in a dis
proportionate number of patients enrolled at the
San Diego site with a large proportion of Hispanic
patients. Although haemolytic anaemia emerged as a
serious side-effect of second IVIG infusion, the clinical
evaluation of these patients was not complete across all
sites, which precluded a detailed description of these
events. Further, the study was not designed to determine
outcomes beyond the first clinic visit so effects of therapy
that might have occurred beyond this timepoint were not
collected. Finally, an open-label study always has the
potential for introducing unintentional bias.
Future studies should compare infliximab to
methylprednisolone for treatment of IVIG resistance in
patients with Kawasaki disease. Until then, infliximab is
a safe, well tolerated, and effective treatment for this
patient population and has significant advantages over
second IVIG infusion.
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