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Abstract We studied the effects of a new regimen con-
sisting of intravenous immune globulin (IVIG) com-
bined with dexamethasone (DEX) on clinical outcome
and serum levels of vascular endothelial growth factor
(VEGF) in the initial treatment of Kawasaki disease
(KD). A total of 46 KD patients received 0.3 mg/kg per
day DEX plus heparin i.v. for 3 consecutive days,
together with 2 g/kg IVIG over 4 to 5 days (DEX
group). Low-dose acetylsalicylic acid was started after
completion of DEX therapy. The control group con-
sisted of 46 KD patients retrospectively treated earlier
with 2 g/kg IVIG over 4 to 5 days plus higher dose
acetylsalicylic acid (CONTROL group). No serious ad-
verse effect was noted in either group. There were no
differences in baseline and post-treatment laboratory
data except for C-reactive protein between the groups.
Post-treatment C-reactive protein in the DEX group
(median 0.9 mg/dl, range 0.0 to 24.7 mg/dl) was lower
than that (1.2 mg/dl, range 0.2 to 19.5 mg/dl) in the
CONTROL group (P=0.033 by Mann-Whitney U test).
In addition, the mean duration of fever after the first
IVIG infusion was 2.2 days (median 1 day, range 1 to 12
days) in the DEX group and 2.8 days (2 days, 1 to 16
days) in the CONTROL group (P =0.015 by Mann-
Whitney U test). The new regimen did not reduce
VEGF levels. Two patients in each group developed
small- or medium-sized coronary artery aneurysms.

Conclusion: Although this regimen did not affect coro-
nary outcome, intravenous immune globulin therapy
combined with dexamethasone for the initial treatment
of Kawasaki disease was safe and may accelerate the
resolution of systemic inflammation.
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Introduction

Kawasaki disease (KD) is an acute febrile vasculitic
syndrome of unknown aetiology [6]. Coronary artery
aneurysms (CAA) develop in approximately 15% to
25% of untreated cases. KD is the leading cause of
acquired coronary heart disease in children [15]. Intra-
venous immune globulin (IVIG) is clearly effective in the
rapid resolution of KD inflammation; however,
approximately 15% of patients had persistent or recur-
rent fevers after IVIG completion and are considered to
have a higher risk of developing CAA, suggesting a need
for a better treatment regimen [10, 13, 17,18]. We and
others have demonstrated that vascular endothelial
growth factor (VEGF) might play a role in the patho-
genesis of KD. Severe oedema with plasma leakage has
been documented in patients who were resistant to IVIG
compared with those who responded [9, 12,18].
Dexamethasone (DEX) is reported to ameliorate brain
oedema [4] and tracheal oedema [2], and to suppress the
production of VEGF in vitro [7]. We investigated the
effects of IVIG combined with DEX on clinical outcome
and serum VEGF levels in the initial treatment of acute
KD.
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Subjects and methods

Subjects

From January 2001 to August 2001, we enrolled patients in the
Chiba Municipal Kaihin, Teikyo University Ichihara, and Chiba
University Hospitals after obtaining their informed consent.
Diagnosis of KD was based on the criteria of the Japanese
Kawasaki Disease Research Committee [5]. For the comparison of
the efficacy and safety of the regimen, patients who had been
treated with IVIG (2 g/kg over 4 to 5 days) and acetylsalicylic acid
(30 mg/kg) in these hospitals before January 2001 were used as
controls. To exclude selection bias, control patients were selected
retrograde from January 2001 and the numbers of patients from
each hospital were matched. In both groups, subjects were excluded
if they did not receive IVIG nor had a baseline echocardiogram
indicating coronary abnormalities.

Treatment protocols

The protocols are indicated in Fig. 1. A total of 46 patients were
treated intravenously with 0.15 mg/kg of DEX twice a day for 3
consecutive days together with 2 g/kg IVIG over 4 to 5 days (DEX
group). DEX was administered twice a day by a single injection,
60 min before IVIG infusion and 60 min after IVIG completion.
Patients of the DEX group received intravenous heparin infusion
(10 U/kg per h) during DEX therapy as anti-coagulant therapy.
Low-dose acetylsalicylic acid (10 mg/kg per day) was started after
completion of DEX treatment. The 0.3 mg/kg per day dose of
DEX used in this study has almost equivalent anti-inflammatory
potency of 2 mg/kg per day prednisolone used in the previous
investigation [1,14]. A group of 46 control KD patients received
standard IVIG therapy, 2 g/kg IVIG for 4 to 5 consecutive days
plus 30 mg/kg oral acetylsalicylic acid (CONTROL group). An
axillary temperature was taken for each patient, with fever defined
as >37.5�C. Patients who became afebrile within 5 days of starting
IVIG were classified as IVIG-responsive. Patients who had
persistent fever up to the 6th day of IVIG treatment were defined
as IVIG-resistant. IVIG-resistant patients were treated with
additional IVIG. None received ulinastatin during the course of
their illness. Laboratory investigations were performed before the
first IVIG dose and the following day after completion of initial
IVIG treatment. CAA were defined with internal diameters of
aneurysms >3.0 mm by two-dimensional echocardiogram 2 weeks
after the onset of fever.

Measurements of serum vascular endothelial growth factor levels

Serum levels of free VEGF165 were assayed using an ELISA kit (R
and D Systems) as previously reported [18,20]. The IVIG solution
did not contain VEGF protein, as determined with this assay.
Serum samples before the first IVIG dose and the following day
after completion of the initial IVIG dose (2 g/kg) were collected
and stored frozen at )80�C until use. In this study, paired serum
samples taken before and after initial IVIG were available in 16
patients of the DEX group and 14 patients of the CONTROL
group, respectively. Of these, one DEX and two CONTROL
patients were IVIG-resistant.

Statistical analysis

The results are presented as the mean ± SD. For comparisons of
the two groups, numeric values were analysed using the Student or
Welch t test for unpaired values. Comparisons between paired
VEGF values were performed with a paired t test. Data that did
not show a normal distribution were analysed by the Mann-
Whitney U test. Categorical data were assessed by the chi-squared
test. A value of P < 0.05 was considered significant. The statistical
analyses were conducted with the Prism Software, version 4
(Graphpad Software, San Diego).

Results

Demographic data for the DEX and CONTROL groups

The demographic data for both groups are summarised
in Table 1. There were no differences with respect to age
(2.4±2.0 versus 2.2±1.5 years old; P =0.60 by Welch’s
t test), sex distribution (male/female, 23/23 versus 22/24;
P =0.83 by chi-squared test), body weight (median
11.3 kg, range 5.9 to 22.8 kg versus median 9.7 kg,
range 5.6 to 20.5 kg; P=0.56 by Mann-Whitney U test)
or duration of illness on admission (5.3±1.6 versus
5.2±1.5 days P =0.73 by unpaired Student’s t test)
between the DEX and CONTROL groups.

Clinical outcome

No serious adverse effects were noted in patients of
either group. No hypertension, glycosuria or thrombo-
embolic event was noted in any individual. The mean
duration of fever after the start of initial treatment was
2.2 days (median 1 day, range 1 to 12 days) in the DEX
group and 2.8 days in the CONTROL group (median 2
days, range 1 to 16 days; P =0.015 by Mann-Whitney
U test) (Table 2). In this series, 6 of 46 patients in each

Fig 1 Protocols of regimens used in this study. The DEX group
patients received 2 g/kg IVIG over 4 to 5 days, together with
0.3 mg/kg per day DEX for 3 days. The study group also received
intravenous heparin infusion (10 U/kg per h), but not acetylsali-
cylic acid, during the first 3 days. Low-dose acetylsalicylic acid
(10 mg/kg per day) was started after completion of DEX treatment.
Control KD patients received IVIG, 2 g/kg over 4 to 5 days, with
30 mg/kg per day acetylsalicylic acid
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group were IVIG-resistant and were treated with addi-
tional IVIG. The additional doses were 1728±413 mg in
the DEX group and 1740±958 mg in the CONTROL
group ( P =0.98 by unpaired Welch’s t test). The
duration of re-treated IVIG was 3.3±1.5 days and
2.7±1.4 days, respectively ( P =0.44 by unpaired Stu-
dent’s t test). In 12 IVIG-resistant patients, the mean
duration of fever after the start of initial treatment was
8.3±2.7 days in the DEX group and 9.2±3.8 days in the
CONTROL group ( P =0.67 by unpaired Student’s t
test). All IVIG-resistant patients responded to addi-
tional IVIG, but 2 of the 46 in each group (a total of
four patients) developed CAA. Follow-up echocardio-
graphic and angiographic examinations confirmed the
regression of CAA within 8 months after illness in all
these patients.

Laboratory data for the DEX and CONTROL groups

There were no differences in baseline and post-treatment
haematcrit, platelets, total protein and albumin between
the groups (Table 3). Circulating white blood cell counts
in the DEX group were higher than those in the CON-
TROL group, probably due to corticosteroid effects.
After initial IVIG completion, the mean level of C-reac-
tive protein was 2.6 mg/dl (median 0.9 mg/dl, range 0.0
to 24.7 mg/dl) in the DEX group and 2.7 mg/dl (median
1.2 mg/dl, range 0.2 to 19.5 mg/dl) in the CONTROL
group ( P =0.033 by Mann-Whitney U test).

Serum levels of vascular endothelial growth factor

There were no differences in the age (3.0±2.4 versus
2.5±2.0 years old; P =0.57 by unpaired Student’s t

test), sex distribution (male/female, 9/7 versus 6/8; P
=0.46 by chi-squared test), body weight (13.8±1.3
versus 11.5±4.8 kg; P =0.22 by unpaired Student’s t
test) or duration of illness on admission (4.6±1.0 versus
5.1±0.7 days; P =0.12 by unpaired Welch’s t test)
between the DEX and CONTROL groups. Baseline
levels of VEGF (862±501 versus 927±524 pg/ml;
P =0.73 by unpaired Student’s t test) and post-treat-
ment levels (1263±588 versus 1101±680 pg/ml;
P =0.49 by unpaired Student’s t test) were similar be-
tween the DEX and CONTROL groups (Table 3). The
VEGF levels before and after treatment were significant
in the DEX group ( P =0.0015 by paired t test), but not
in the CONTROL group ( P =0.24 by paired t test). Of
these 30 patients studied VEGF levels, three patients
were IVIG-resistant. Serum VEGF level after treatment
increased from 291 to 621 pg/ml in the patient resistant
to DEX regimen and also increased from 1511 to
2899 pg/ml or from 821 to 1167 pg/ml in the two
patients resistant to CONTROL regimen, respectively.

Discussion

Pathological findings of KD vasculitis are characterised
by systemic oedema and mononuclear cell infiltrates.
Vascular leakage due to increased vascular permeability
is evident in tissues from patients with fatal KD [20], and
VEGF may play an important role in this leakage
[18,20]. Oedematous changes with cellular infiltration
are often found in the systemic arteries of these patients,
including the pulmonary, iliac, hepatic, splenic, renal
and coronary arteries [20]. Additionally, the venous
system is also characterised by oedematous change with
cellular infiltration. Since systemic oedema seems to be a
characteristic feature of KD, it is important to know

Table 1 Demographic data at time of admission

DEX group (n=46) CONTROL group (n=46) P

Age (years) 2.4±2.0 2.2±1.5 0.60a

Sex (male/female) 23/23 22/24 0.83b

Body weight (kg) (mean/median/SD/range) 12.0/11.3/4.5/5.9–22.8 11.1/9.7/3.6/5.6–20.5 0.56c

Duration of illness before treatment (days) 5.3±1.6 5.2±1.5 0.73d

aWelch’s t test
bChi-squared test
cMann-Whitney U test
dStudent’s t test

Table 2 Clinical outcome in each group

DEX group (n=46) CONTROL group (n=46) P

Duration of fever after therapy (days) (mean/median/SD/range) 2.2/1.0/2.7/1–12 2.8/2.0/3.0/1–16 0.015a

IVIG-resistant (patient number) 6 6 1.0b

Re-treated IVIG doses (mg/kg) 1728±413 1740±958 0.98c

CAA (patient number) 2 2 1.0b

aMann-Whitney U test
bChi-squared test
cWelch’s t test
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whether steroid therapy would be effective in the reso-
lution of inflammation in KD. However, the effects of
steroid therapy remain to be elucidated.

To our knowledge, this is the first trial using DEX for
the initial treatment of acute KD, although prednisolone
or pulse methylprednisolone have been used for KD
therapy [3, 11, 14, 16,19]. DEX is known to ameliorate
tracheal oedema in preterm infants with respiratory
failure [2]. Other reports have documented that DEX
ameliorates brain oedema in experimental brain tumours
and in peritoneal brain oedema [4], and reduces VEGF
expression in growth plate chondrocytes in vitro [7]. In
the present study, the duration of fever in the DEX
group was shorter than that in the CONTROL group. In
addition, post-treatment C-reactive protein in the DEX
group was lower than that in the CONTROL group.
These were the differences found in the clinical effects of
the studied regimens. Similar effects were reported by
Shinohara et al. [14] in studies using prednisolone in the
treatment of acute KD. The serum levels of VEGF did
not differ between patients treated with and without
DEX. Similar results were reported in a study of preterm
infants with respiratory distress syndrome [8]. In that
study, early post-natal DEX treatment decreased the
amounts of hepatocyte growth factor but not VEGF in
tracheal aspirate fluids. In our study, the DEX regimen
did not reduce serum VEGF levels.

We have preliminarily demonstrated that IVIG
therapy, combined with DEX and heparin (but not
acetylsalicylic acid), is safe in the initial treatment of
acute KD and may shorten the duration of fever. The
results do not support an effect of DEX on the reduction
of serum VEGF levels. Although a single IVIG dose
regimen is recognised as more effective compared with
multiple infusions [10,13], the health insurance did not
cover 2 g/kg single dose of IVIG for the initial treatment

of acute KD in Japan during the study period. Further
analyses using larger numbers of patients treated with
single IVIG dose plus steroids may be necessary to
confirm the efficacy of IVIG plus steroids.
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