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Abstract Approximately 15-20% of patients with Kawasaki
disease (KD) are not responsive to high-dose intravenous
gammaglobulin (IVIG). We have previously reported a
predictive method for identifying IVIG-non-responsive
patients (high-risk KD patients). We determined the safety
and effectiveness of pulse methylprednisolone with high-dose
IVIG (mPSL+IVIG) as a primary treatment for high-risk KD
patients. Sixty-two high-risk KD patients were treated with
pulse methylprednisolone 30 mg/kg over 2 h, followed by
IVIG 2 g/kg over 24 h (mPSL+IVIG group) and were
compared with a historical control group of 32 high-risk
patients treated with IVIG 2 g/kg alone at the participating
hospitals before this study was opened (IVIG group). High-
risk patients were identified with at least two of three predictors
(C-reactive protein >7 mg/dL, total bilirubin >0.9 mg/dL or
aspartate aminotransferase >200 IU/L). Sixty-six percent (95%
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confidence interval [CI] 54-78%) of patients had a prompt
defervescence in the mPSL+IVIG group compared with 44%
(95% CI 26-62%) for the IVIG group (p=0.048). Coronary
artery lesions were observed in 24.2% (95% CI 13.2-35.2%)
and 46.9% (95% CI 28.6-65.2%) of patients in the mPSL+
IVIG and IVIG groups, respectively (p=0.025). This is the
first report showing that mPSLA+IVIG is effective and safe as
a primary treatment for high-risk KD patients.
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Introduction

Kawasaki disease (KD) is a systemic inflammatory disease
characterised by fever and systemic vasculitis [8]. The most
severe problem with this disease is vasculitis and subse-
quent remodelling of the major arteries, including coronary
arteries. Although abnormalities of coronary arteries have
been highlighted, these are only representative and silent
injuries occur in many systemic arteries. Such injuries may
lead to serious problems in former patients during middle
age. Indeed, some reports suggested that children with KD
were at high risk for coronary artery disease, even in
patients without development of coronary artery abnormal-
ities [1, 3, 8]. Therefore, the aim of KD treatment is the
prompt termination of systemic inflammation as early as
possible and inhibition of the development of systemic
vasculitis.

Current standard primary therapy for KD is a large dose
of intravenous gammaglobulin (IVIG) 2 g/kg [5, 8] with
aspirin 30-50 mg/kg/day, which can reduce the prevalence
of coronary artery lesions to approximately 5% [8].
However, approximately 15-20% of patients with KD have
been reported as IVIG-non-responsive [4, 8, 11], even
though standard high-dose IVIG therapy was appropriately
initiated. In these patients, coronary artery lesions frequent-
ly developed, despite the use of additional treatments,
including further IVIG and steroids [4, 10], indicating that
current alternative treatments are ineffective after the failure
of the initial IVIG treatment. In other words, an earlier and
more effective primary therapy is required for non-
responsive patients.

Hence, we proposed the prediction of IVIG-non-respon-
sive patients before starting an initial treatment [10].
Patients with at least two of three predictors (C-reactive
protein [CRP] >7 mg/dL, total bilirubin >0.9 mg/dL or
aspartate aminotransferase [AST] >200 IU/L) are predicted
to be non-responsive to initial IVIG treatment (sensitivi-
ty=77%, specificity=86%, and positive and negative pre-
dictive values of 59% and 94%, respectively) [10]. We

Table 1 Patient characteristics at diagnosis

defined these patients as having high-risk KD. According to
these criteria, approximately 20% of KD patients are
predicted to be resistant to IVIG. We examined the
effectiveness and safety of pulse methylprednisolone
combined with IVIG as a primary treatment in patients
with high-risk KD in a prospective, multicentre study and
the results were compared with a historical control group.

Patients and methods

Between April 2002 and March 2005, 62 patients with
newly diagnosed high-risk KD (17% of all KD patients)
were enrolled in this study. Patients aged >3 months with
fever of <5 days duration at the time of diagnosis were
eligible. Exclusion criteria included a previous diagnosis of
KD or the presence of a dilated coronary artery (=3SD
internal diameter). The Institutional Review Board of each
participating hospital approved this study, and informed
consent was obtained from the guardians of all patients.

The historical control group included 32 patients who
were treated with IVIG 2 g/kg alone at the participating
hospitals before this study was opened. They were
diagnosed as high-risk KD in the same way, and the
eligibility criteria were identical.

Patients received pulse methylprednisolone 30 mg/kg
over 2 h followed by the administration of IVIG (2 g/kg
over 24 h). We used heparin (10 U/kg/h, continuous
infusion) concomitantly from 2 h before the start of
methylprednisolone for 48 h. Aspirin (30 mg/kg/day, three
times daily) was given from the end of heparin administra-
tion, and it was reduced to 10 mg/kg/day after deferves-
cence. We considered the treatment to be effective when a
patient had defervescence within 24 h after the completion
of IVIG administration. Rebound was defined as a transient
fever after the defervescence.

Laboratory tests were performed at least once weekly
until the CRP became normal. The cardiovascular sequellae
were evaluated by serial cardiac ultrasound studies. Two-

IVIG alone (n=32) mPSL+IVIG (n=62) p-value
Characteristic
Gender (M/F) 13/19 35/27 0.19
Median age, years (range) 2.37 (0.19-5.03) 2.78 (0.33-6.97) 0.26
Mean coronary artery z-score (range) 1.02 (—1.6 to 2.9) 1.18 (—1.08 to 2.87) 0.47
Median illness day at treatment (range) 4 (2-6) 3 (0-5) 0.0003
Mean CRP, mg/dL (range) 12.0 (5.6-22.9) 9.3 (3.3-21.5) 0.011
Mean AST, IU/L (range) 251.7 (17-1,192) 360.9 (19-1,455) 0.10
Mean total bilirubin, mg/dL (range) 2.0 (0.5-7.1) 2.1 (0.41-6.4) 0.82

CRP=C-reactive protein; AST=aspartate aminotransferase
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Table 2 Effectiveness of initial treatment

IVIG alone (n=32) mPSL+IVIG (n=62) p-value
Effective 14 (44%) 41 (66%) 0.048
Ineffective
Rebound 0 14
Refractory 18 7

dimensional echocardiographic measurements of coronary
artery dimensions, the left main, proximal right and
proximal left anterior descending coronary arteries (LMCA,
RCA and LAD, respectively), were obtained at least three
times during the early phase: before the treatment,
immediately after the treatment and a short time later. The
diameter of the coronary artery was expressed as a z-score
and the value of the standard deviation from a standardised
coronary artery dimension was calculated from the body
surface area [10]. Dilation of the coronary artery was
defined as a z-score >3.0 and coronary aneurysm as a
z-score >5.0.

Statistical analysis for differences in the mean values
was performed with Student’s #-test. Gender, effectiveness
and the incidence of coronary artery lesions were compared
by means of x> analysis.

The authors had full access to the data and take
responsibility for its integrity. All authors have read and
agreed to the manuscript as written.

Table 3 Distribution of maximum z-scores

Results
Patient characteristics

The patient cohort included 35 boys and 27 girls with a
median age of 2.8 years (range 0.3—7.0). The mean coronary
artery z-score was 1.18 (range —1.08 to 2.87) at diagnosis.
The difference was not significant between patients in the
study group (mPSL+IVIG group) and historical control
group (IVIG group) (Table 1).

Effectiveness of pulse methylprednisolone with high-dose
IVIG

The treatment was effective in 66% (95% confidence
interval [CI] 54-78%) of patients in the mPSL+IVIG group
compared with 44% (95% CI 26—62%) of those in the IVIG
group (Table 2). The combination of pulse methylprednis-
olone and IVIG was significantly more effective (p=0.048).

Table 3 shows the distribution of the maximum z-score
for each patient. Coronary artery lesions (z-score >3.0) were
observed in 24.2% (95% CI 13.2-35.2%) of patients in the
mPSL+IVIG group, compared with 46.9% (95% CI 28.6—
65.2%) of those in the IVIG group (p=0.025). Moreover,
the incidence of coronary artery aneurysm (z-score >5.0)
was significantly lower in the mPSL+IVIG group (p=
0.002). The mean maximum z-score was also significantly
decreased in the mPSL+IVIG group compared with the
IVIG group (2.28 vs. 4.31, p=0.008).

IVIG alone mPSL+IVIG
(n=32) (n=62)
Z-score
0-3 17 47
3-5 7 N 13 ]
5-10 6 46.9%* 1 24.2%%
>10 2 25%# 1 3.28"
Mean (95% CI) 4.31 (2.36-6.27) - 2.28 (1.84-2.72) 44’p=0.008
*p=0.025.
#5=0.002.
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Table 4 Comparison of maximum z-scores

Effective Rebound Refractory
(n=41) (n=14) (n=7)
zZ-score
0-3 35 8 4
3-5 6 5 2
15%%* 43% 43%
>5 0 1 1

*p=0.049 vs rebound and refractory patients.

The AST and total bilirubin levels were normalised
promptly after the treatment. However, some patients
developed transient AST elevation, which seemed to be
adverse events. The CRP levels were normalised within
two weeks in almost all patients, though one month was
required for the normalisation of CRP levels in three
refractory or rebound patients.

Rebound or refractory patients after pulse
methylprednisolone with high-dose IVIG

Seven patients were refractory and 14 patients had rebound
after mPSL+IVIG treatment. Nine of them had coronary
artery lesions (Table 4). The incidence of coronary artery
lesions was significantly higher in rebound or refractory
patients than in responsive patients (p=0.049). Although 19
of 21 rebound or refractory patients received additional
treatments, including corticosteroids and/or IVIG, coronary
artery lesions developed in six patients and these treatments
seemed to be insufficient (Fig. 1). Two patients without
further treatments also developed coronary artery lesions.

Adverse events
Nine patients developed hypothermia (<36.0°C), nine

transaminase elevation, four bradycardia (<60/min) and
one hypertension. These adverse events were transient and

@ Springer

disappeared in a few days. There were no serious adverse
events.

Discussion

The addition of pulse methylprednisolone to standard high-
dose IVIG treatment was safe and proved to be significantly
more effective in decreasing the frequency and severity of
coronary artery lesions in high-risk KD patients compared
with a historical group of similar patients treated with high-
dose IVIG alone. Thus, this study showed, for the first time,
that the early termination of systemic inflammation as soon

Rebound/refractory
n=21
[ I | |
IVIG alone Steroids +/- IVIG None
n=14 n=5 n=2
CAL- CAL+ CAL- CAL+ CAL+
n=11 n=3 n=2 n=3 n=2

Fig. 1 Additional treatments for rebound or refractory patients in the
mPSL+IVIG group. CAL+=patients with coronary artery lesions (z-
score >3.0); CAL—=patients with no coronary artery dilations
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as possible is key in preventing the progression of
vasculitis.

In recent years, corticosteroid treatments have been
reviewed in various reports describing the treatment of
IVIG-resistant patients [2, 12]. Furthermore, two prospec-
tive studies suggested that corticosteroids were safe and
effective as the initial treatment for the early termination of
inflammation [7, 9]. However, both studies failed to show
the substantial difference in the most important issue of
coronary artery abnormalities. The present study is the first
report demonstrating the usefulness of corticosteroids for
preventing the development of coronary artery injury with
respect to both frequency and severity. A randomised trial
conducted by Newburger et al. [9] examined an identical
regimen to ours in KD patients. However, no significant
differences between treatment groups were noted in the
coronary artery dimensions. We speculate that their result
differs from ours because the frequency of coronary artery
abnormalities in the unselected KD patients that they
targeted was low. In contrast, the subjects of our study
were limited to high-risk patients who frequently show the
development of coronary artery lesions.

Although this combination treatment accomplished
successful results, it failed in 34% of high-risk patients.
Half of these cases had coronary artery lesions, despite the
use of some additional therapies, including IVIG and/or
corticosteroids. These results suggest that a more potent
anti-inflammatory treatment, for example, two courses of
pulse methylprednisolone therapy with high-dose IVIG,
may be required.

Our study indicates that pulse methylprednisolone
therapy is a safe and powerful initial treatment for KD.
The power of the prediction of non-responsiveness to initial
therapy with IVIG alone is limited, and the late sequellae of
systemic vasculitis are unknown in KD patients, even in
patients without acute coronary artery injury. Moreover, a
recent study reported that a combination of prednisolone
and IVIG in primary therapy for all KD patients improved
coronary artery outcome [6]. Hence, it seems appropriate
that methylprednisolone pulse therapy combined with high-
dose IVIG is applied to all KD patients without coronary
artery dilations at diagnosis.
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