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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.)

N ENGLJ MED 356;7 WWW.NEJM.ORG FEBRUARY 15, 2007

From Children’s Hospital and Harvard
Medical School, Boston (J.W.N., A.L.B.,
S.D.C., R.P.S)); New England Research
Institutes, Watertown, MA (L.A.S., P.D.M.,
G.L.K.); the University of Toronto, Hospital
for Sick Children, Toronto (B.W.M.); Pri-
mary Children’s Medical Center, Salt
Lake City (L.L.M.); Columbia University
Medical Center, New York (W.G.); Chil-
dren’s Hospital of Philadelphia, Philadel-
phia (V.L.V.); Medical University of South
Carolina, Charleston (A.M.A.); Duke Uni-
versity Medical Center, Durham, NC (J.S.L.);
and Children’s Hospital of Los Angeles
and University of Southern California, Los
Angeles (M.T.). Address reprint requests
to Dr. Newburger at the Department of
Cardiology, Children’s Hospital, 300 Long-
wood Ave., Boston, MA 02115, or at jane.
newburger@cardio.chboston.org.

*The other investigators in the Pediatric
Heart Network are listed in the Appendix.

N Engl ) Med 2007;356:663-75.
Copyright © 2007 Massachusetts Medical Society.

663

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



664

The NEW ENGLAND JOURNAL of MEDICINE

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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at baseline were included (Panel A) or not (Panel B). T bars indicate standard errors.

N ENGLJ MED 356;7 WWW.NEJM.ORG FEBRUARY 15, 2007

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

665



666

The NEW ENGLAND JOURNAL of MEDICINE

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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Table 1. (Continued.)

Characteristic

IgA (158 patients)
Median (mg/dl)
IQR (mg/dl)

1gG (158 patients)
Median (mg/dl)
IQR (mg/dl)

IgM (157 patients)
Median (mg/dl)
IQR (mg/dI)

Body-surface area—adjusted coronary-artery dimensions
Maximum z score (195 patients):
Proximal LAD z score (193 patients)
Proximal RCA z score (190 patients)
LMCA z score (194 patients)

Aortic root z score (162 patients)

No. of patients with coronary-artery abnormalities/no.
with echocardiogram (%) (195 patients)§

Intravenous
Methylprednisolone Placebo
79 95
50-112 55-147
668 731
519-833 512-915
109 110
78-146 65-140
1.70+1.45 1.60+1.52
1.05+1.58 1.14+1.49
1.19+1.23 1.17£1.52
0.84+1.04 0.93x1.19
0.77+0.85 0.84+0.85
26/99 (26) 27/96 (28)

* Plus—minus values indicate means +SD. No between-group comparisons were significant (all P values >0.10). IQR de-
notes interquartile range, LAD left anterior descending coronary artery, RCA right coronary artery, and LMCA left main

coronary artery.

7 Race or ethnic group was assigned by the parent or physician. Percentages exceed 100 because patients could be as-
signed both to a racial group and to the Hispanic ethnic group.

I Maximum z score was defined as the larger of the proximal LAD and the proximal RCA z scores.

§ Patients with coronary-artery abnormalities had a proximal LAD or proximal RCA z score of 2.5 or more or at least one
coronary artery that met the criteria of the Japanese Ministry of Health for aneurysms.**

were randomly assigned to receive placebo. Pa-
tients in the two study groups had similar base-
line characteristics (Table 1).

The study groups did not differ significantly
in coronary-artery outcomes at week 1 or week
5 after randomization (Table 2), with the excep-
tion of a smaller mean diameter of the posterior
descending artery in the intravenous methylpred-
nisolone group than in the placebo group (0.12+
0.03 cm vs. 0.13+0.03 cm, P=0.01), based on only
half the patients in the study because of poor vi-
sualization of this artery. The primary end point
was the z score of the left anterior descending
coronary artery or that of the right coronary artery
at week 5, whichever was larger; the intravenous
methylprednisolone group and placebo group had
similar mean values (1.31£1.55 and 1.39+2.03,
respectively; P=0.76). The percentage of children
with coronary-artery abnormalities — defined as
those meeting the criteria of the Japanese Minis-
try of Health for aneurysms or those associated

with z scores for the proximal left anterior de-
scending coronary artery or right coronary artery
of 2.5 or more — was not significantly different
between the two groups (Table 2 and Fig. 1). The
groups also had similar z scores for the proxi-
mal right coronary artery and the left anterior de-
scending coronary artery, similar absolute dimen-
sions of the seven measured coronary segments,
and similar changes in dimensions from baseline
to week 1 and week 5, with the exception of the
data for the posterior descending artery at week
5 and its change from baseline. Excluding patients
in whom only the left main coronary artery was
dilated, potentially owing to preexisting anatomic
variation, four patients (two in each group) had
coronary-artery abnormalities that were more
than mild (coronary-artery diameter >4 mm); only
one (in the placebo group) had an aneurysm with
a maximum diameter exceeding 6 mm.
Aortic-root z scores, although larger in our pa-
tients than in the general population, were simi-
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Table 2. Coronary-Artery Outcomes at Week 1 and Week 5 after Randomization.*

Variable

z Score
Maximumi:
Week 1
Week 5
Proximal LAD
Week 1
Week 5
Proximal RCA
Week 1
Week 5

All patients
Week 1
Week 5

Week 1
Week 5

Coronary-artery abnormalities(

Patients without abnormalities at baseline|

Intravenous
Methylprednisolone Placebo Difference P Valuey}
mean +SD (no. of patients) mean +SE (95% Cl)
1.77+1.66 (98) 1.69+2.00 (92) 0.08:0.27 (~0.44 to 0.61) 0.76
1.31+1.55 (95) 1.39+2.03 (95) -0.08+0.26 (-0.59 to 0.44) 0.76
1.12+1.63 (97) 1.12+1.75 (92) -0.01:0.24 (~0.49 to 0.48) 0.98
0.63+1.63 (93) 0.75+1.92 (94) -0.12+0.26 (~0.63 to 0.40) 0.65
1.17+1.48 (98) 1.21+1.98 (90) -0.05+0.25 (-0.54 to 0.46) 0.86
0.93+1.61 (93) 0.94:1.88 (95) -0.02+0.26 (~0.52 to 0.49) 0.95
no. ftotal no. (%)

30/99 (30.3) 28/93 (30.1) 0.2+6.6 (-12.8 t0 13.2) 1.00
15/95 (15.8) 18/95 (18.9) -3.2+5.5 (-13.9 to 7.6) 0.70
11/71 (15.5) 6/66 (9.1) 6.4+5.6 (~0.05 to 17.3) 0.31
2/68 (2.9) 5/67 (7.5) -4.5:3.8 (-12.0 to 3.0) 0.27

* Cl denotes confidence interval, proximal LAD left anterior descending artery, and proximal RCA right coronary artery.

7 Difference was defined as the value for the intravenous methylprednisolone group minus the value for the placebo group. P values for
z scores were calculated with the use of the two-sample t-test, and the P values for coronary-artery abnormalities with the use of a Fisher’s
exact test. The P value for maximum z score at week 5 was adjusted for one interim analysis.

I Maximum z score was defined as the larger of the proximal LAD and the proximal RCA z scores.

§ Patients with coronary-artery abnormalities had a proximal LAD or proximal RCA z score of 2.5 or more or at least one coronary artery that
met the criteria of the Japanese Ministry of Health for aneurysms.**

9 Patients without a determination of coronary-artery abnormality status at baseline or with abnormalities at baseline were excluded.

668

lar in the intravenous methylprednisolone group
and the placebo group at week 1 (0.93£0.83 and
0.95+0.82, respectively; P=0.88) and week 5 (0.86*
0.88 and 0.83%0.80, respectively; P=0.84). The
precentages of patients with mitral regurgitation
were similar in the two study groups; in the com-
bined groups, mild or moderate mitral regurgi-
tation was present in 27% of patients at baseline,
15% at week 1, and 9% at week 5. No patients
had severe mitral regurgitation. Aortic regurgita-
tion occurred in one patient in each group at base-
line, in two patients in the intravenous methyl-
prednisolone group at week 1, and in one patient
in the intravenous methylprednisolone group at
week 5. At baseline, the mean left ventricular
shortening fraction was marginally higher in the
intravenous methylprednisolone group than in
the placebo group (37£6% and 35*+6%, respec-

N ENGLJ MED 356;7 WWW.NEJM.ORG

tively; P=0.08) but was similar in the two groups
at week 1 and week 5. The prevalence of pericar-
dial effusion was similar in the two groups: 2% at
baseline, 3% at week 1, and 0% at week 5.

The time to first hospital discharge was mar-
ginally shorter in the intravenous methylpredniso-
lone group than in the placebo group, but the two
groups had similar total numbers of days in the
hospital (including readmissions) and days of fe-
ver both after randomization and after the onset
of illness (Table 3). Similarly, the groups did not
differ significantly in the percentage of patients
who were retreated at least once with intravenous
immune globulin or in the total number of epi-
sodes of retreatment with intravenous immune
globulin (Table 3).

Children treated with intravenous methylpred-
nisolone, as compared with those treated with
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Table 3. Duration of Hospital Stay, Duration of Fever, and Retreatment with Intravenous Immune Globulin (IVIG).*
Intravenous
Methylprednisolone Placebo
Variable (N=101) (N=97) P Value
No. of days from randomization until first hos- 0.05
pital discharge
Median 3 3
IQR 2-3 34
Total no. of days spent in the hospital after ran- 0.40%;
domization
Median 3 3
IQR 3-3 34
No. of days of fever after randomization 0.14%
Median 0 1
IQR 0-1 0-1
No. of episodes of IVIG retreatment 13 20 0.19§
Patients retreated with IVIG — no. (%) 12 (11.9) 15 (15.5) 0.549

* One patient in the placebo group withdrew from the trial shortly after randomization, before receiving the study drug,
and these data were not collected. IQR denotes interquartile range.

7 The P value was calculated with the use of the log-rank test.

i The P value was calculated with the use of the Wilcoxon rank-sum test.
§ The P value was calculated with the use of Poisson regression.
€ The P value was calculated with the use of a Fisher’s exact test.

placebo, had a lower erythrocyte sedimentation
rate at week 1 (P=0.02), lower serum IgG levels
at week 1 and week 5 (P=0.06 and P=0.03, respec-
tively), lower serum IgA level at week 1 (P=0.05),
and tendencies toward a lower C-reactive protein
level at week 1 (P=0.07) and a higher hemoglobin
level at week 5 (P=0.09). Other laboratory measures
were similar in the two groups at weeks 1 and
5 (Table 4).

One or more adverse events occurred in 26
children (26%) in the intravenous methylpredniso-
lone group and in 22 children (23%) in the pla-
cebo group (P=0.62) (Table 5). The total number
of adverse events did not differ significantly be-
tween the intravenous methylprednisolone group
and the placebo group (37 and 24 events, respec-
tively; P=0.18). Two children in each group had
serious adverse events, none of which were con-
sidered to be related to intravenous methylpred-
nisolone or placebo. The serious events in the
methylprednisolone group included shock and
respiratory failure, with negative blood cultures
3 days after initial hospital discharge, and pro-
found sensorineural hearing loss; those in the
placebo group included possible nonocclusive
thrombus in the right coronary artery on echo-

cardiography (treated with abciximab) and ana-
phylaxis to intravenous immune globulin. Adverse
events were attributed to intravenous methylpred-
nisolone or placebo in five patients, all in the
intravenous methylprednisolone group (P=0.00).
These included four episodes of hypotension dur-
ing infusion of the study drug and one episode of
hypokalemia. The incidence of adverse events be-
lieved to be related to Kawasaki disease or to
treatment with intravenous immune globulin did
not differ significantly between the two groups.

The effect of intravenous methylprednisolone
on coronary-artery outcomes at week 5 was con-
sistent across predetermined subgroups: male or
female, less than 1 year of age or 1 year or older,
presence or absence of coronary-artery abnormali-
ties at baseline, and less than 7 days or 7 or more
days of illness at randomization. Similarly, we did
not observe any significant interaction between
subgroups and treatment assignment with re-
gard to the time to initial discharge from the
hospital, the total numbers of days in the hospi-
tal or days of fever, or the presence or absence of
retreatment.

To explore whether the effect of intravenous
methylprednisolone on coronary outcomes dif-
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Table 4. Laboratory Data at Week 1 and Week 5 after Randomization.*
Intravenous
Variable Methylprednisolone Placebo P Value
Hemoglobin (g/dl)
Week 1
No. 96 92
Mean +SD 11.1+1.2 10.9+1.3 0.25
Week 5
No. 91 94
Mean +SD 12.0+0.9 11.7£1.0 0.09
White-cell count (x1072/mm?)
Week 1
No. 96 92
Median 9.5 9.6 0.68:
IQR 7.9-12.1 7.6-12.3
Week 5
No. 91 94
Median 7.7 8.0 0.54%
IQR 6.2-9.2 6.4-9.3
Platelet count (x1073/mm?)
Week 1
No. 96 92
Mean +SD 645+174 661+189 0.55
Week 5
No. 91 94 0.27
Mean +SD 391+95 406+97
Erythrocyte sedimentation rate (mm/hr)
Week 1
No. 93 88
Median 57.0 69.0 0.02
IQR 35.0-88.0 46.5-100.0
Week 5
No. 88 91
Median 11.0 12.0 0.33
IQR 5.5-18.5 8.0-20.0
C-reactive protein (mg/dl)
Week 1
No. 91 88
Median 0.25 0.43 0.07
IQR 0.08-0.57 0.10-0.90
Week 5
No. 84 89
Median 0.02 0.03 0.13
IQR 0.02-0.07 0.02-0.11
670 N ENGLJ MED 356;7 WWW.NEJM.ORG FEBRUARY 15, 2007
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Table 4. (Continued.)
Intravenous
Variable Methylprednisolone Placebo P Value
Albumin (g/dl)
Week 1
No. 94 91
Mean +£SD 3.65+0.44 3.57+0.45 0.23
Week 5
No. 91 93
Mean +£SD 4.18+0.32 4.17£0.33 0.83
1gG (mg/dl)
Week 1
No. 94 92
Median 1920 2050 0.06
IQR 1690-2210 1690-2490
Week 5
No. 88 93
Median 1050 1140 0.03
IQR 894-1180 959-1340
IgA (mg/dl)
Week 1
No. 93 92
Median 94 126 0.05
IQR 60-172 73-185
Week 5
No. 88 93
Median 59 70 0.21
IQR 32-113 39-111
IgM (mg/dl)
Week 1
No. 93 92
Median 145 163 0.14
IQR 111-194 120-215
Week 5
No. 88 93
Median 104 109 0.74
IQR 70-123 73-137

* P values were calculated with the use of the Wilcoxon rank-sum test except those for hemoglobin, platelet count,
and albumin, which were calculated with the use of the two-sample t-test. IQR denotes interquartile range.

fered according to the severity of illness, we per-
formed a post hoc comparison of the efficacy of
the drug in the 27 patients with persistent fever
who required retreatment with intravenous im-
mune globulin (12 in the intravenous methylpred-

nisolone group and 15 in the placebo group) with
the efficacy in the 172 children who did not re-
quire retreatment (those who had a response to
intravenous immune globulin). The efficacy of
intravenous methylprednisolone at week 1 and

N ENGLJ MED 356;7 WWW.NEJM.ORG FEBRUARY 15, 2007

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

671



672

The NEW ENGLAND JOURNAL of MEDICINE

Table 5. Adverse Events.*

Variable
Total no. of events
Events per patient — no. of patients (%)
0
1
2
3
4
=1 Adverse event — no. of patients (%)§
Related to IVMP or placebo
Related to IVIG
Related to study protocol
Occurred in the hospital
=1 Serious adverse event — no. of patients (%)
Events typically associated with IVIG — no. of patients (%)
Congestive heart failure
Headache
Hemolytic anemia
Hypotensionq|
Anaphylaxis
Shock

Intravenous
Methylprednisolone Placebo
(N=101) (N=97) P Value
37 24 0.18+
0.18:
75 (74) 75 (77)
18 (18) 20 (21)
6 (6) 2(2)
1(1) 0
1(Q) 0
26 (26) 22 (23) 0.62
5 (5) 0 0.06
9(9) 11 (11) 0.64
2(2) 0 0.50
18 (18) 12 (12) 0.33
2(2) 2(2) 1.00
0 0 1.00
5 (5) 3(3) 0.72
1(Q) 0 1.00
5(5) 1(1) 0.21
0 1(1) 0.49
1(1) 0 1.00

* One patient in the placebo group withdrew from the trial shortly after randomization, before receiving the study drug,
and adverse events were not monitored. P values were calculated with the use of a Fisher’s exact test, unless otherwise
specified. IVMP denotes intravenous methylprednisolone, and IVIG intravenous immune globulin.

 The P value was calculated with the use of Poisson regression.

1 The P value was calculated with the use of the Mantel-Haenszel test for linear trend.

§ All relations of adverse events with a study drug or protocol were possible or probable.

9 Hypotension was defined as systolic blood pressure below the 5th percentile.

week 5 differed between these two subgroups
with regard to mean maximum z scores (P=0.03
and P=0.006, respectively) and the percentages
of patients with coronary-artery abnormalities
(P=0.02 and P<0.001, respectively). Among the
patients who were retreated with intravenous im-
mune globulin, the mean maximum z score tended
to be lower in the intravenous methylpredniso-
lone group than in the placebo group at week 1
(1.35%1.21 and 2.73%2.40, respectively; P=0.07)
and was significantly lower at week 5 (0.77+0.86
vs. 2.66%+2.37, P=0.01). Correspondingly, the per-
centages of patients with coronary-artery abnor-
malities in the intravenous methylprednisolone
group and the placebo group were 25% (3 of 12

patients) and 67% (10 of 15 patients), respectively,
at week 1 (P=0.05) and 0% (0 of 11 patients) and
60% (9 of 15 patients), respectively, at week 5 (P=
0.002). Images for one patient at week 5 were
insufficient for the classification of the presence
or absence of coronary abnormalities.

The patients retreated with intravenous im-
mune globulin in the intravenous methylpredniso-
lone group had a shorter time to first hospital
discharge than did those in the placebo group
(median, 3 days and 4 days, respectively; P=0.05
by the log-rank test), but the two subgroups had
similar numbers of days of fever and days in the
hospital, as well as similar laboratory results. Five
of the children retreated with intravenous immune
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globulin (two in the intravenous methylprednis-
olone group and three in the placebo group)
received rescue intravenous methylprednisolone
because of persistent or recrudescent fever after
two episodes of retreatment with intravenous im-
mune globulin.

DISCUSSION

We found that primary therapy with pulsed intra-
venous methylprednisolone, administered as a
single dose of 30 mg per kilogram before conven-
tional therapy with intravenous immune globu-
lin (2 g per kilogram), did not improve coronary-
artery outcomes at week 1 or week 5 after study
enrollment. Pulsed intravenous methylpredniso-
lone somewhat shortened the duration of the ini-
tial period of hospitalization and accelerated the
recovery of some laboratory markers of the acute-
phase response, but the total number of days of
fever and of hospitalization did not differ sig-
nificantly between study groups. The addition of
intravenous methylprednisolone to conventional
therapy was not associated with fewer adverse
side effects. In post hoc subgroup analyses of chil-
dren with persistent fever who received retreat-
ment with intravenous immune globulin, coro-
nary outcomes were better in the intravenous
methylprednisolone group than in the placebo
group. Thus, children at highest risk for resis-
tance to intravenous immune globulin and for
coronary abnormalities may benefit from corti-
costeroid therapy. However, a single pulsed dose
of intravenous methylprednisolone in addition to
conventional therapy is not indicated for routine
primary treatment of all children with Kawasaki
disease.

Previous prospective studies of the use of cor-
ticosteroids in primary treatment of children with
Kawasaki disease have been inconclusive with re-
gard to the effect on coronary-artery abnormali-
ties. The authors of a meta-analysis concluded
that, if combined with aspirin-containing regi-
mens as initial therapy, corticosteroids signifi-
cantly reduced the incidence of coronary-artery
aneurysms.'* Of the eight studies included,®10:15-20
only one had blind interpretation of echocar-
diography'®; two were prospective,>1° and one
included intravenous immune globulin admin-
istration according to current guidelines.*> The
conclusions from the meta-analysis are there-
fore limited by the quality and design of the stud-

ies.?1,22 Recently, Inoue et al.*? performed a multi-
center, prospective randomized trial in which
intravenous immune globulin and aspirin were
administered with or without the addition of in-
travenous prednisolone until defervescence, fol-
lowed by the daily administration of oral pred-
nisolone until C-reactive protein levels normalized.
Patients in the corticosteroid group had a lower
prevalence of coronary dilation (as defined accord-
ing to criteria of the Japanese Ministry of Health)
during the first month of illness than did the
conventional group. Beyond 1 month, this differ-
ence was no longer significant. Assignment to
corticosteroids or placebo and interpretation of
echocardiograms, performed at local centers, were
not blind. Our study, a larger-scale clinical trial,
involved the optimal, currently recommended reg-
imen of intravenous immune globulin in all pa-
tients, was double-blind and placebo-controlled,
and included blind interpretation of echocardio-
grams.

Although intravenous methylprednisolone did
not affect coronary-artery outcomes among pa-
tients whose fevers responded to intravenous im-
mune globulin, it appeared to be beneficial in pa-
tients who required retreatment with intravenous
immune globulin. The post hoc nature of these
analyses and practical limitations in prospectively
identifying patients who do not have a response
to intravenous immune globulin are important
caveats to this conclusion. However, in several
recent publications, investigators have constructed
risk scores for the Japanese population in order
to predict resistance to intravenous immune glob-
ulin from baseline data.?32° More aggressive pri-
mary treatment with corticosteroids might ben-
efit children who are determined at baseline to
be at high risk for such resistance.

Additional study limitations should be noted.
We studied a single dose of intravenous methyl-
prednisolone only, since we believed that this regi-
men was the safest addition to standard treatment
with intravenous immune globulin in a relatively
low-risk population.?”-3° The results of our trial
do not preclude the efficacy of other corticosteroid
regimens for primary treatment or that of corti-
costeroid rescue therapy for children with persis-
tent fever or aneurysms after conventional primary
treatment.®3°-33 The anatomical site of tempera-
ture measurement was not standardized, which
decreased the accuracy of fever assessment. Data
were not collected beyond week 5 after random-
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ization. However, new coronary aneurysms rarely
develop after the first month of illness, and ap-
proximately half of coronary aneurysms regress,
through myointimal proliferation, to a normal in-
ternal lumen diameter.* Thus, any differences be-
tween the two groups at week 5 would only have
diminished over time. Finally, the study was un-
derpowered for subgroup analyses and for detec-
tion of between-group differences in the numbers
of adverse events.

In summary, our data do not provide support
for the addition of a single dose of pulsed intra-
venous methylprednisolone to conventional ther-
apy in the routine primary treatment of Kawa-
saki disease. Although pulsed corticosteroid
therapy was associated with more rapid resolu-
tion of serum inflammatory markers and a some-
what shorter initial length of stay in the hospi-
tal than placebo, it did not improve coronary-artery

outcomes or reduce the numbers of adverse events,
days in the hospital, or days of fever. Since post
hoc subgroup analysis suggested that primary
therapy with intravenous methylprednisolone
might benefit children with persistent fever after
treatment with intravenous immune globulin, fu-
ture prospective studies should explore the use-
fulness of corticosteroid or other immunomodu-
latory therapies in children at highest risk for
resistance to intravenous immune globulin.
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