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ABSTRACT

BACKGROUND
Treatment of acute Kawasaki disease with intravenous immune globulin and aspi-
rin reduces the risk of coronary-artery abnormalities and systemic inflammation,
but despite intravenous immune globulin therapy, coronary-artery abnormalities
develop in some children. Studies have suggested that primary corticosteroid therapy
might be beneficial and that adverse events are infrequent with short-term use.

METHODS
We conducted a multicenter, randomized, double-blind, placebo-controlled trial to
determine whether the addition of intravenous methylprednisolone to conventional
primary therapy for Kawasaki disease reduces the risk of coronary-artery abnor-
malities. Patients with 10 or fewer days of fever were randomly assigned to receive
intravenous methylprednisolone, 30 mg per kilogram of body weight (101 patients),
or placebo (98 patients). All patients then received conventional therapy with intra-
venous immune globulin, 2 g per kilogram, as well as aspirin, 80 to 100 mg per
kilogram per day until they were afebrile for 48 hours and 3 to 5 mg per kilogram
per day thereafter.

RESULTS

At week 1 and week 5 after randomization, patients in the two study groups had
similar coronary dimensions, expressed as z scores adjusted for body-surface area,
absolute dimensions, and changes in dimensions. As compared with patients re-
ceiving placebo, patients receiving intravenous methylprednisolone had a somewhat
shorter initial period of hospitalization (P=0.05) and, at week 1, a lower erythro-
cyte sedimentation rate (P=0.02) and a tendency toward a lower C-reactive protein
level (P=0.07). However, the two groups had similar numbers of days spent in the
hospital, numbers of days of fever, rates of retreatment with intravenous immune
globulin, and numbers of adverse events.

CONCLUSIONS
Our data do not provide support for the addition of a single pulsed dose of intrave-
nous methylprednisolone to conventional intravenous immune globulin therapy for
the routine primary treatment of children with Kawasaki disease. (ClinicalTrials.gov
number, NCT00132080.)
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HE STANDARD OF CARE FOR CHILDREN

with acute Kawasaki disease is treatment

with high-dose intravenous immune glob-
ulin and aspirin.* Despite receiving high-dose in-
travenous immune globulin within the first 10
days of illness, approximately 5% of children with
Kawasaki disease have subsequent coronary an-
eurysms and 1% have giant aneurysms, as classi-
fied on the basis of criteria of the Japanese Min-
istry of Health.?>** Moreover, when coronary-artery
dimensions are adjusted for body-surface area,
a far greater proportion of children with Kawasaki
disease have coronary-artery dilation than would be
detected with the use of unadjusted dimensions.>

The role of corticosteroids in the primary treat-
ment of Kawasaki disease has been the subject
of retrospective case series and open trials, with
insufficient evidence to make recommendations
concerning their use. Although one early study
showed a detrimental effect of corticosteroid
therapy in patients with Kawasaki disease,® the
results of other studies have suggested that cor-
ticosteroids may be beneficial in preventing coro-
nary-artery aneurysms.”*? The effect of primary
treatment with pulsed corticosteroids on coro-
nary dimensions has not been tested in a double-
blind, placebo-controlled trial.

To study the efficacy and safety of pulsed cor-
ticosteroid therapy, added to conventional treat-
ment with intravenous immune globulin plus as-
pirin, in the primary treatment of acute Kawasaki
disease, we conducted a multicenter, randomized,
double-blind, placebo-controlled trial within the
Pediatric Heart Network.'? Patients were randomly
assigned to receive either a pulsed dose of intra-
venous methylprednisolone or placebo; intrave-
nous immune globulin and aspirin were admin-
istered to both groups.

METHODS

PATIENTS

Patients were recruited from December 2002
through December 2004 from eight centers in
North America. Eligible patients were between
days 4 and 10 of'illness, with day 1 defined as the
first day of fever. At least one of the following
was also required for eligibility: the patient met
four or more principal clinical criteria®; the patient
had a coronary-artery z score? of 2.5 or more for
the proximal right coronary artery or the left an-
terior descending coronary artery, as measured by

two-dimensional echocardiography, and met two
principal clinical criteria (for patients younger
than 6 months) or three principal clinical criteria
(for patients 6 months of age or older); or the pa-
tient had a coronary aneurysm as defined accord-
ing to criteria of the Japanese Ministry of Health#
and met at least one principal clinical criterion.
Exclusion criteria were previous treatment with
intravenous immune globulin; treatment with cor-
ticosteroids, other than inhaled forms, in the
previous 2 weeks; the presence of a disease known
to mimic Kawasaki disease’; previous diagnosis
of Kawasaki disease; contraindication to cortico-
steroid use; and inability to take aspirin. Written
informed consent was obtained from parents or
legal guardians; assent from patients was also
obtained when appropriate, according to the guide-
lines of local institutional review boards, which
approved the study protocol.

PROCEDURES
Patients were randomly assigned to receive either
intravenous methylprednisolone (30 mg per kilo-
gram of body weight over 2 to 3 hours) or placebo
infusion, within strata according to age (<1 year
or 21 year) and sex, with the use of dynamic bal-
ancing at each center. After the study drug was
infused, all children received diphenhydramine
(Benadryl), 1 mg per kilogram, followed by intra-
venous immune globulin, 2 g per kilogram over
10 hours. They also received aspirin, 80 to 100 mg
per kilogram per day, until they were afebrile for
48 hours; then they received aspirin, 3 to 5 mg
per kilogram daily, until study completion. Chil-
dren who had a temperature of 38.3°C or higher
36 hours or more after completion of the initial
treatment with intravenous immune globulin,
without another probable source of fever, were
retreated with 2 g of intravenous immune glob-
ulin per kilogram. A third treatment with intra-
venous immune globulin, 2 g per kilogram, was
administered to patients with recrudescent or
persistent fever 36 hours or more after intrave-
nous immune globulin retreatment, without an-
other probable source of fever. Patients with con-
tinued fever after the third dose were treated at
the discretion of center physicians.
Echocardiograms and laboratory data were
obtained at baseline and at means (+SD) of 7.8*
1.8 days (median, 8.0) and 36.5+4.3 days (median,
36.0) after randomization. Using two-dimensional
echocardiography, we measured the internal lu-
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men diameters of the left main coronary artery,
the proximal and distal left anterior descending
coronary arteries, and the circumflex, posterior
descending, and proximal and distal right coro-
nary arteries. In addition, coronary arteries were
classified on the basis of the presence or ab-
sence of aneurysms according to criteria of the
Japanese Ministry of Health.'* The diagnosis of
pericardial effusion required more than 1 mm of
fluid. At a core laboratory, all echocardiograms
were interpreted in a fashion that was blind to
patient identity and illness day.

Temperatures were measured immediately be-
fore each aspirin dose was administered, but the
site (e.g., rectal) of temperature measurement was
not standardized. Children were hospitalized until
they had been afebrile for more than 12 hours.
Parents recorded the temperatures of the patients
daily after discharge.

Adverse events were classified according to
severity, expectedness, and attributability (a pos-
sible or probable relation to factors in the study).
Classification was adjudicated by a Pediatric Health
Network subcommittee to ensure consistency
across centers.

STATISTICAL ANALYSIS
The primary outcome variable was the larger of
the z scores for the right coronary artery and the
left anterior descending coronary artery at week
5 after randomization. For the five echocardio-
grams (2.6%) at week 5 on which only one primary

segment was visualized, the maximum z score was
based on the dimension of the single segment. We
calculated that we needed to enroll 194 patients,
including 10% in excess to account for one in-
terim analysis and the possibility of missing data,
for the study to have a statistical power of 85% to
detect a mean difference of 0.50%1.10 in the max-
imum z score, with a two-sided significance level
of 5%. One interim analysis was reviewed by an
independent data and safety monitoring board.
All reported P values are two-sided and are not
adjusted for multiple testing, unless otherwise
specified. P values of less than 0.05 were consid-
ered to indicate statistical significance.

We compared the distributions of data between
the two study groups as follows: for continuous
variables, using a t-test if the data were normally
distributed and Wilcoxon’s rank-sum test other-
wise; for time from admission to initial hospital
discharge, using a log-rank test; and for categori-
cal variables, using a Fisher’s exact test unless
otherwise specified. We compared the numbers
of adverse events and episodes of retreatment in
each study group using Poisson regression. We
transformed coronary-artery dimensions to z scores
(standard-deviation units) on the basis of body-
surface area.r We performed four prespecified
subgroup analyses, as well as a post hoc analysis
according to the presence or absence of retreat-
ment with intravenous immune globulin, using
a test for interaction between the subgroup factor
and study group.
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Figure 1. Percentages of Patients with Coronary Abnormalities.
at baseline were included (Panel A) or not (Panel B). T bars indicate standard errors.
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Table 1. Demographic, Laboratory, and Echocardiographic Characteristics at Randomization.*

Intravenous

Characteristic Methylprednisolone Placebo
Age at enrollment (199 patients)

Median (yr) 2.9 2.9

IQR (yr) 1.3-5.0 1.6-4.4

Age <1 yr (%) 16 17
Male sex (%) (199 patients) 62 62
Race or ethnic group (199 patients)

White (%) 63 52

Black (%) 17 20

Asian (%) 14 14

American Indian or Alaskan Native (%) 1 2

Native Hawaiian or other Pacific Islander (%) 1 0

More than one (%) 4 10

Other or unknown (%) 0 1

Hispanic (%) 17 17
Days of illness at enrollment (199 patients)

Median 6.0 6.0

IQR 6.0-8.0 5.0-7.0
Hemoglobin (g/dl) (198 patients) 11.0+1.1 10.9+1.2
White-cell count (198 patients)

Median (x1073/mm?3) 135 12.9

IQR (x103/mm?) 10.4-16.6 10.0-17.1
Platelet count (x1072/mm?) (198 patients) 394+138 393+147
Erythrocyte sedimentation rate (187 patients)

Median (mm/hr) 65.5 67.0

IQR (mm/hr) 45.0-90.0 40.0-93.0
C-reactive protein (138 patients)

Median (mg/dl) 7.2 6.8

IQR (mg/dl) 3.3-14.0 3.7-18.4
Albumin (g/dl) (182 patients) 3.3£0.6 3.3£0.6

We performed secondary analyses of all out- RESULTS

come variables, excluding data for six patients
who were discovered after enrollment to have met
an exclusion criterion, for two patients who did
not receive corticosteroid therapy despite random-
ization to the intravenous methylprednisolone
group, and for eight patients who were enrolled
because they had coronary abnormalities but who
would not have met the classic criteria for Kawa-
saki disease.® The inferences reached were simi-
lar to those derived from analysis of the entire
data set.

During the 2-year study period, 589 children were
treated for Kawasaki disease (Fig. 1). Of these,
276 were ineligible for the trial; 185 met at least
one exclusion criterion, most often being ill for
more than 10 days (102 patients), and the remain-
ing 91 did not meet the inclusion criteria. Of the
313 eligible children, 199 (64%) had parental con-
sent for enrollment in the study. Of these, 101
were randomly assigned to receive intravenous
methylprednisolone, 30 mg per kilogram, and 98
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