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ABSTRACT
Objective: High-dose intravenous immunoglobulin
(IVIG) decreases the risk for development of coronary arterial lesions (CAL) in Kawasaki disease (KD)
while patients resistant to IVIG have higher risk. This
study is aimed to investigate an additional therapy
affects the risk for CAL in IVIG resistant KD. Design:
The information from 11,510 children with KD was
collected by the nationwide survey (2003-2004) in Japan. The secondary therapeutic strategies for IVIG
resistant KD were an additional IVIG dose, steroids
or both. The incidence of CAL was compared among
4 groups: G1, children responded to initial IVIG; G2,
IVIG resistant patients receiving an additional IVIG
dose; G3, IVIG resistant patients receiving additional
steroids; G4, IVIG resistant patients receiving an additional IVIG dose plus steroids. CAL was assessed at
30th day of illness using ultrasound echocardiography. Results: 2229 patients (19.4%) were resistant to
initial IVIG. Incidence of CAL was significantly lower
in children responding to initial IVIG than in IVIG
resistant patients (1.9% and 11.0%, respectively; odd’s
ratio 6.3). The incidences of CAL in an each additional therapy group were as follows: G2: 6.7%, G3:
9.7%, G4: 22.2%. The risk for CAL was significantly
higher in G4 as compared with G2 and G3. Giant
aneurysmal formation (GA) was more frequently developed in G3 and G4 consisting of the patients receiving steroids (G1: 0.03%, G2: 0.63%, G3: 4.3%,
G4: 3.7%). Conclusion: The incidence of CAL was
considerably high in IVIG resistant KD and an additional therapy by steroids may increase the risk for
GA.
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1. INTRODUCTION
Kawasaki disease (KD) is an acute febrile illness characterized by fever persisting 5 days or more, bilateral conjunctival congestion, changes of lips and oral cavity
(reddening of lips, strawberry tongue, diffuse injection of
oral and pharyngeal mucosa), polymorphous exanthema,
changes of peripheral extremities (initial stage: reddening of palms and soles, indurative edema, convalescent
stage: membranous desquamation from fingertips) and
acute nonpurulent cervical lymphadenopathy. This disease is an acute systemic vasculitis of unknown etiology
that affects primarily small- and medium-sized arteries,
particularly the coronary arteries. High-dose intravenous
immunoglobulin therapy (IVIG) has decreased the risk
for development of coronary arterial lesions (CAL) in
KD [1-3] while approximately 10% to 15% of patients
showing resistance to initial IVIG have higher risk for
CAL [3-8].
The purpose of this study is to determine the risk for
CAL in IVIG resistant KD and to investigate whether
additional therapy might affect its risk based on the nationwide survey (2003-2004) in Japan.

2. METHODS
2.1. Subjects
The 18th nationwide survey on KD in Japan was conducted on January 2005 and included patients who visited hospital from January 1, 2003 through December 31,
2004. All pediatric hospitals and general hospitals having
a pediatric ward with 100 or more beds were included in
the survey. Pediatricians in an each selected hospital
were asked to complete a questionnaire for each case of
KD diagnosed over the two-year period. This survey
protocol and the questionnaire were reviewed and ap-
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significant.

proved by the institutional review board at Jichi Medical
University.
Completed questionnaires were returned by 1618
(70.1%) of 2308 hospitals contacted. A total of 19,138
patients diagnosed as having KD by physicians were
reported. Among them, 16,413 (85.8%) patients received
initial IVIG. The information from 11,510 children with
KD treated by IVIG (2 g/kg single infusion or 1 g/kg for
2 days) within 9 days of the illness was available. In addition, information in regard to the secondary treatment
for patients who did not respond to initial IVIG was collected. IVIG resistant KD patient was defined as the
child receiving secondary treatment after initial IVIG
administration though failure to respond to initial IVIG is
generally defined as persistent or recrudescent fever after
36 hours from completion of the initial IVIG infusion [9].
This is because of its nature of retrospective and multicenter survey. Although the secondary treatments for IVIG
resistant patients varied considerably, consisting of additional IVIG dose [4,7,8], steroids therapy [10], ulinastatin therapy [11], or plasma exchange therapy [12], minority of patients who received secondary treatment
other than IVIG or steroids, such as ulinastatin therapy or
plasma exchange therapy, were excluded from the further
analysis. CAL was assessed repeatedly within 30th day
of illness and finally at the 30th day of illness using ultrasound echocardiography according to the guideline of
Japan Kawasaki Disease Research Committee (1984)
[13]: coronary arterial dilatation was defined as more
than 3 mm in diameter for a child younger than 5 years
old or more than 4 mm for those 5 years old and above.
The patients were considered to be complicated by CAL
if they have: 1) dilatation (coronary arterial dilatation
detected even at the 30th day, 2) aneurysm: coronary
arterial diameter of 4 - 8 mm at the 30th day, and 3) giant
aneurysm (GA): aneurysmal change of coronary arteries
(≥8 mm in diameter) at the 30th day.

3. RESULTS
3.1. Rate of Initial IVIG Resistant KD
Patients and Additional Treatment
for Them
Among 11,510 patients, 9281 responded to initial IVIG
while 2229 patients (19.4%) were resistant to initial
IVIG and received additional therapy. These subjects
were classified into four groups based on the response to
initial IVIG and the subsequent therapeutic strategies:
Group 1 (G1), children responded to initial IVIG (n =
9281); Group 2 (G2), IVIG resistant patients receiving an
additional IVIG dose (n = 1108); Group 3 (G3) IVIG
resistant patients given steroids (n = 93); Group 4 (G4),
IVIG resistant patients receiving an additional IVIG plus
steroids (n = 135).
The remaining 893 patients received secondary treatment other than IVIG or steroids, such as ulinastatin (319
cases) or plasma exchange therapy (total of 14 cases).

3.2. Incidence of CAL in Relation to
Response to Initial IVIG
Table 1 summarizes the incidence of CAL in the 4
groups. The incidence was significantly lower in children
who responded to initial IVIG (G1, n = 9281; CAL:
1.87%) than that in IVIG resistant patients (G2, G3, G4
and other additional treatment groups, n = 2229; CAL:
11.03%, p < 0.01). The odds ratio of the risk of developing CAL between the patients with IVIG resistance and
responding patients was 6.32.
Table 1 shows the incidence of CAL in each additional therapy group: 6.68% in G2 (n = 1108), 9.68% in
G3 (n = 93), and 22.22% in G4 (n = 135). Statistical
analysis revealed that the risk for development of CAL
was significantly higher in G2, G3 and G4 than that in
G1 (p < 0.01, p < 0.01, and p < 0.05, respectively). Furthermore, G4 showed significantly higher incidence of
CAL when compared with G2 and G3 (p < 0.05 and

2.2. Statistics
Statistical analysis was performed by chi-square test using SPSS 16.0. P value less than 0.05 was considered

Table 1. Incidence of CAL: comparison of four therapeutic groups.
*

G1

No additional therapy

*

G2

additional IVIG

*

G3

additional steroids

*

G4

additional IVIG plus steroids

N

9281

1108

93

135

Dilatation (%)

1.44

3.70@

2.15

5.93@

Aneurysm (%)

0.40

2.35@

3.23@

12.59@#$

Giant aneurysm (%)

0.03

0.63@

4.30@#

3.70@#

1.87

@

@

Total CAL (%)

6.68

9.68

22.22@#$

*
G1, children responded to initial IVIG; G2, IVIG resistant patients receiving an additional IVIG; G3, IVIG resistant patients receiving an additional
steroids; G4, IVIG resistant patients receiving an additional IVIG plus steroids; @significant difference compared to G1 (<0.01), #significant difference compared to G2 (<0.01), $significant difference compared to G3 (<0.05).
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p < 0.05, respectively).
In regard to the type of CAL, the incidences of AN
and GA were significantly higher in G2, G3, and G4
compared to that in G1 as well, whereas that of Dil was
significantly higher only in G2 and G4 than that in G1.
GA was more frequently seen in G3 and G4 consisting of
the patients receiving steroids than in G1 and G2 consisting of the patients not receiving steroids (G1: 0.03%,
G2: 0.63%, G3: 4.3%, G4: 3.7%).

4. DISCUSSION
The vast majority of children with respond promptly to
treatment, which consists of an infusion of IVIG (2 g/kg,
administered over 12 hours) and high dose aspirin (30 100 mg/kg/day in three or four divided doses). Randomized, prospective clinical trials in Japan and US in the
1980s established that IVIG was an effective and safe
treatment, which reduces the rate of CAL [1-3]. A proportion of patients (10% to 20%), however, fail to become afebrile despite treatment with IVIG and aspirin
[3-8]. For those who did not respond to initial IVIG, most
of the clinicians would attempt a repeated dose of IVIG
at 2 g/kg to achieve resolution of the inflammatory process with unsatisfactory results [4,7,8].
Thus, an additional therapy for IVIG resistant KD has
not been established and several treatment strategies
other than secondary IVIG [14] have been explored as
following: plasma exchange [12], methyl-prednisolone
pulse therapy [10], ulinastatin [11], cyclophosphamide
plus steroids [8], cyclosporin A plus steroids [15], methotrexate plus steroids [16] and infliximab [17,18].
In this study, we tried to clarify the efficacy and the
risk of an additional therapy by IVIG and/or steroids on
the incidence of CAL, because they were the most commonly applied therapeutic strategies for IVIG resistant
KD patients not only in Japan but also in other countries.
As a result, an additional IVIG dose was the most frequently used second line therapy for initial IVIG resistant KD patient (49.7%), and the incidence of CAL in
this group was 6.68% (GA: 0.63%). Steroids were used
as second line therapy in some patients (4.27%) and the
incidence of CAL was 9.68% (GA: 4.3%). Statistical
analysis clearly demonstrates a significant difference in
the risk for development of CAL between patients without additional therapy (G1) and those with additional
therapy (G2, G3 and G4; p < 0.01, p < 0.01, and p < 0.05,
respectively). As to the type of CAL, it was noteworthy
that the patients receiving steroids (G3 and G4) revealed
the higher incidence of GA (G3: 4.3%, G4: 3.7%) than
those not receiving steroids (G1: 0.03%, G2: 0.63%).
These results suggest that steroids might increase the risk
for GA formation, which was reported previously [19].
Although the reason why steroids increase the risk for
Copyright © 2012 SciRes.

developing aneurysms is currently unknown, steroids
may mask the serial inflammation in IVIG resistant KD
patients, thus resulting in some necessary subsequent
treatments being delayed [20].
There are, however, some limitations in our study.
First, several selection bias, i.e., more severe cases are
given priority in allocation to G3 (IVIG resistant patients
receiving steroids) or G4 (IVIG resistant patients receiving an additional IVIG plus steroids), may lead to the
high incidence of GA in these groups. Second, considerable number of children in G4 received an additional
IVIG plus steroids not as the secondary but as the third
line therapy: it can be easily speculated that they did not
respond to the secondary therapy and that the risk for
CAL in those patients is significantly higher than that of
those not requiring the third line therapy. Thus, more
severe cases might have been included in G4 and this
possibly affects the high incidence of GA in this group.
Even though significantly higher incidence of GA in G4
might be due to selection bias, the finding that higher
incidence of GA in G3 consisting of the IVIG resistant
patients receiving only steroids suggest the causal relationship between the steroids use and GA.
In conclusion, incidence of CAL was significantly
higher in patients with IVIG resistance than those responding to initial IVIG and subsequent steroids therapy
may increase the risk for GA in children with initial
IVIG resistant KD, although a selection bias might affect
this result. We therefore recommend an additional IVIG
dose in patients with IVIG resistant KD while waiting
the results of further studies to confirm the possible
deleterious effect of steroids on the risk of CAL in this
disease.
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