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Evaluation of Kawasaki Disease Risk Scoring
System in a Single Center Experience from Japan
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Background: Kobayashi score (K-score) is widely accepted to predict intravenous immunoglobulin (IVIG) unresponsiveness
in Kawasaki disease (KD) and used for treatment stratification. However, its efficacy has been argued by the reports from
Western countries. Results: From 2013 to 2016, K-score was evaluable in 209 of 225 newly diagnosed Japanese KD patients in
our institute. Among them, 16 patients were treated with only acetylsalicylic acid, and 172 patients were initially treated with
IVIG (2 g/kg). IVIG unresponsiveness was observed in 33 of 130 patients (25.4%) with K-score <5, and in 16 of 42 patients
(38.1%) with K-score >5, yielding sensitivity of 32.7%, and specificity of 78.9%. 21 patients with K-score >5 were initially
treated with IVIG + prednisolone (PSL; 2 mg/kg/day), and four patients showed unresponsiveness. Coronary artery aneurysm
was observed in five patients with K-score <5, in which three were unresponsive to initial [IVIG, and in one patient with K-score
>5, who was unresponsive to IVIG + PSL. Conclusion: K-score system has good specificity, but low sensitivity for predicting
IVIG unresponsiveness and further modification is required.
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three decades.> Recently, targeting therapy to tumor necrosis
factor alpha has been shown effective to refractory KD.®

INTRODUCTION

awasaki disease (KD) is an acute inflammatory
B disease with unknown etiology which is diagnosed
based on six main clinical symptoms and develops
mostly in infants <4 years old.['* The prevalence of KD differs

substantially among countries, with the highest incidence in
Japan, which is 10-20-fold of Western countries.?!

After efficacy of the treatment by IVIG has been established
with the subsequent dramatic decrease of CAA complications,
several severity classifications for IVIG unresponsiveness as
substitution endpoints for CAA complications are applied to
further improve the clinical outcome.®! Among them, Japanese
Kobayashi score (K-score),!”” Egami score (E-score),’® and
Sano score (S-score)® system are well known and have been
reported useful to predict IVIG unresponsiveness [Table 1].
The K-score uses 7 factors whereas E-score and S-score
use 5 and 3 factors, respectively. The factors adopted in
three classifications are almost overlapping, except for total

Coronary artery aneurysm (CAA) during the acute phase is
well known as serious complication.’] Although the precise
long-term prognosis of CAA is to yet be determined, it is
believed to cause acute myocardial ischemia or infarction

eventually and the subsequent sudden death in some cases.™
The incidence of CAA has been decreased from 20% to <3%
dramatically through the early introduction of intravenous
immunoglobulin (IVIG) (2 g/kg) therapy in combination with
oral acetylsalicylic acid (ASA) (30 mg/kg/day) during the past

bilirubin level adopted in S-score.

Recently, K-score is widely accepted because treatment
stratification with K-score has shown the significant
effectiveness in the large prospective clinical study in
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Japan.' However, the usefulness and effectiveness of
K-score system have been argued by the reports from UK
and USA.I'Y

We report a clinical experience of Japanese KD patient in
our institute and discuss the clinical problem with K-score
system.

PATIENTS AND METHODS

We experienced 225 newly diagnosed KD patients in our
institute between 2013 and 2016.

Of 225 patients, K-score was evaluable in 209 cases. The
details of the patients are presented in Table 2. Principally,
the initial treatment was carried out with IVIG (2 g/kg) +

Table 1: Characteristics of KD patients in this study

KD patients n=225 (%)
Age

Mean+SD 34+28

Months (2-137)
Gender

Male 150 (66.7)

Female 75 (33.3)
Diagnosis

Complete 186 (82.7)

Incomplete 39 (17.3)
Primary 209 (92.9)
Recurrent 16 (7.1)
KD in family

Sibling (-) 212 (94.2)

Sibling (+) 13 (5.8)

Mother (+) 8 (3.6)

Father (+) 1(0.4)
Initial treatment

ASA only 16 (7.1)

IVIG 188 (83.6)

IVIG+PSL 21 (9.3)
K-score

K-score=5 63 (28.0)

K-score<5 146 (64.9)

Undetermined 16 (7.1)
CAL

Aneurysm 6 (2.7)

Dilatation 3(1.3)

KD: Kawasaki disease, IVIG: Intravenous immunoglobulin,
ASA: Acetylsalicylic acid, PSL: Prednisolone, CAL: Coronary
artery lesions, K-score: Kobayashi score, SD: Standard deviation

ASA (30 mg/kg/day), and 16 cases with mild symptoms
were treated with only ASA. We conducted prednisolone
(PSL) combination in addition to IVIG + ASA for cases with
K-score of five points or more from June 2016, according to
the report.

In summary, IVIG + ASA was applied for 188 patients, IVIG
+ ASA + PSL (2 mg/kg/day) for 21 patients, and ASA for
16 patients, as an initial treatment.

We modified the way of PSL tapering. Briefly, PSL
(2 mg/kg/day) was given at least for 5 days and decreased
after C-reactive protein (CRP) <0.5 mg/dL was confirmed.
Subsequently, PSL (1 mg/kg/day) was given for 2-3 days
and PSL (0.5 mg/kg/day) for 2—-3 days [Figure 1].

Unresponsive to IVIG + ASA therapy was defined as follows;
the decline of fever (<37.5°) was not obtained, or fever was
re-increased again more than 37.5° within 24-36 h after
IVIG injection.

Statistical analysis was performed using a Chi-square method
and P < 0.05 was considered as statistically significant.

RESULTS

Of 225 patients, 150 were male (66.7%), and the mean age
was 34 months (range 2-137 months) with a median of
25 months. The treatment was started from 1% to 9* day, with
a mean of 4.8 £ 1.3 days (median of the 5" day). 16 cases
were recurrent, and siblings had a history of KD in 13 cases.
In nine cases, either parent had a history of KD. Concerning
with diagnosis, 186 cases were complete, and 39 cases
were incomplete. CAA was observed in 6 cases (2.7%), and
dilatation in 3 cases (1.3%).

For a refractory case to the initial treatment or a case with
re-fever, IVIG repeated dose, IVIG repeated dose + PSL
combination, or methylprednisolone pulse therapy were
provided.

Infliximab was given in two refractory cases, in one of which
giant aneurysm developed.

Then, we performed analysis for 209 cases, in which K-score
at diagnosis was evaluable [Figure 2].

K-score was five points or more in 63 cases (30.1%). In
146 cases with <5 points, 16 cases were treated with only
ASA and healed without a relapse and coronary artery lesions.
130 patients received initial IVIG therapy; 97 patients
responded and 33 cases (25.4%) were unresponsive. 42 of
63 patients with five points or more received initial IVIG,
and 21 patients received IVIG + PSL combination therapy.
26 patients responded among the former, and 16 cases
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Table 2: Scoring systems to predict unresponsiveness to IVIG therapy

Scoring system Threshold Point

Kobayashi score (=5 points; sensitivity 76%,

specificity 80%)
Na <133 mmol/L 2
AST >100 IU/L 2
Day of starting treatment (or diagnosis) Day 4 after onset or earlier 2
Neutrophils >80% 2
CRP >10 mg/dL 1
Platelets <300,000/uL 1
Age (months) <12 months 1

Egami score (=3 points; sensitivity 76%,

specificity 80%)
ALT =80 IU/L 2
Day of starting treatment (or diagnosis) Day 4 after onset or earlier 1
CRP =8 mg/dL 1
Platelets <300,000/uL 1
age (months) <6 months 1

Sano score (=2 points; sensitivity 77%,

specificity 86%)
AST =200 IU/L 1
Total bilirubin =>0.9 mg/dL 1
CRP >7 mg/dL 1

IVIG: Intravenous immunoglobulin, AST: Aspartate transaminase, ALT: Alanine transaminase, CRP: C-reactive protein

e )
l IVIG  CRP<0.5meg/dL RAISE IVIG+PSL
\_ 5days 5days 5days 5days )
( l IVIG CRP<0.5mg/dL Modified RAISE 1VIG+PSL )
v
\_ S5days 3days 3days )

Figure 1: Schema of RAISE and modified RAISE

(38.1%) were unresponsive. 17 patients responded among
the latter, and 4 cases (19.0%) were unresponsive.

We examined an unresponsiveness prediction by K-score
about 172 patients who received initial IVIG treatment.
A Chi-square test presented no significance (odds ratio =
1.81, 95% confidence interval [CI]: 0.87-3.78, P=0.11), and
sensitivity and specificity for unresponsiveness prediction
were 32.7% and 78.9%, respectively.

The CAA was found in one unresponsive case for IVIG +
PSL treatment, and in 5 cases with K-score of <5.

In 21 cases treated with IVIG + PSL, a mean period of PSL
administration was 10.7 days with 2 mg/kg/day for 5.9 days
(5-8 days) and 1-0.5 mg/kg for 4.8 days (3—6 days). There
was no relapse during the PSL tapering, and a mean PSL
administration period of 10.7 days was much less than
minimum 20 days of original RAISE study method.!""
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(K-score<5)

ASA only
16pts
146 pts (T.Bil >= 1mg/dL, 2 cases)
responsive
IVIG 130pts 97pts P l 2pts CAA+
(T.Bil >= 1mg/dL, 7 cases) (T.Bil >= 1mg/dL, O case)
unresponsive
33pts P ' 3pts CAA+ |
(T.Bil >= 1mg/dL, 4 cases) (T.Bil >= 1mg/dL, 1 case)
(K-score>=5)
17pts responsive
IVIG+PSL (T.Bil >= Img/dL, 9 cases)
21pts unresponsive
63pts apts Cor o ]
p (T.Bil >= 1mg/dL, 4 cases)
42pts responsive
VIG 26pts
(T.Bil >= 1mg/dL, 10 cases)
16pts unresponsive

(T.Bil >= 1mg/dL, 7cases)

Figure 2: Summary of treatment response in 209 patients in whom Kobayashi score was determined

DISCUSSION

Our report from a Japanese single institute also exhibited
similar results as those of the reports from UK!"!! and USA,!*
which argued the efficacy of K-score system. In particular,
the sensitivity in our study was as low as 32.7%, which was
much worse than 76% in the original report.!”

In 172 patients who received IVIG + ASA as an initial
treatment, 33 cases in a group of K-score <5 (33/130 = 0.254)
and 16 cases in the K-score >5 group (16/42 = 0.38) showed
IVIG unresponsiveness, and there was no significant difference
between both groups (odds ratio = 1.81, 95% CI: 0.87-3.78,
P =0.11). CAA developed in one case of K-score >5 group
(1/42 = 0.024), and in 5 cases of K-score <5 group (5/130 =
0.038), which exhibited no significant difference (odds ratio =
0.69, 95% CI: 0.07-5.37, P = 0.65). About K-score >5 group,
16 of 42 cases with IVIG treatment (16/42 = 0.381) and 4 of
21 cases with IVIG + PSL treatment (4/21 = 0.190) showed
unresponsiveness to initial treatment, which showed difference
(odds ratio = 2.62, 95% CI: 0.75-9.17, P=0.13), although
not statistically significant. It was thought that the treatment
escalation by PSL addition was feasible for K-score >5 groups.

Based on these observations, prediction of IVIG
unresponsiveness by K-score should be reconsidered.

Particularly, it should be emphasized that more than expected
IVIG unresponsive cases were still involved in the low
K-score group. It seems important to find a new factor to
predict IVIG unresponsiveness in a case of the K-score <5

group.

In this regard, we have found that a D-dimer level may be
useful as one candidate factor (submitted). KD is classified
as medium vessel vasculitis pathologically,!¥! and D-dimer is
regarded as a useful indicator of vasculitis.'¥ Furthermore, it
has been reported that elevated D-dimer is related with severity
of KD.!I'3161 Briefly, IVIG unresponsiveness prediction by
K-score is effective in the case with D-dimer <2.5 pg/mL,
whereas it is more likely to be IVIG unresponsive in the case
with D-dimer >2.5 pg/mL, even if with low K-score.

In the original report of RAISE study,!'” PSL (2 mg/kg/day)
was further continued for 5 days after having confirmed CRP
<0.5 mg/dL, 1 mg/kg/day, and 0.5 mg/kg/day of PSL was
given for 5 days, respectively, during the tapering, which
resulted in minimum of 20 days PSL administration.

In our practice, total PSL administration period was reduced
to 10.7 days, which was almost half of 20 days. Considering
the adverse effects of the long-term PSL administration, our
method seems feasible enough.
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As mentioned previously, total bilirubin level (T-Bil) is
involved in S-score, but not in K-score and E-score. We
examined the impact of bilirubin level on K-score system.

In the cases with K-score <5, T-Bil was 1mg/dL or more in four
of 33 cases (12.1%) with IVIG unresponsiveness and in 13 of
146 cases (8.9%) with IVIG responsiveness, whereas, T-Bil was
1 mg/dL or more in 30 of 63 cases (47.6%) with K-score >5.
However, T-Bil was Img/dL or more in 7 of 16 cases (43.8%)
with IVIG unresponsiveness, and in 10 0f26 cases (38.5%) with
IVIG responsiveness among K-score >5 groups, which showed
no significant difference. In 21 cases who received IVIG +
PSL, T-Bil was 1 mg/dL or more in 9 of 17 cases (52.9%) with
responsiveness, and in all of 4 cases (100%) who presented
unresponsiveness to IVIG + PSL treatment [Figure 2].

T-Bil is used for a severity classification with S-score,” and
it is easily expected that it is closely related with severity of
KD determined by K-score. However, it is uncertain whether
T-Bil is useful as an additional factor to predict more severe
KD who presents IVIG + PSL unresponsiveness in the case
with K-score >5.

CONCLUSION

K-score system has good specificity (78.9%) but low sensitivity
(32.7%) for predicting IVIG unresponsiveness in our cohort.
Our patients were all Japanese, and the discrepancy between
original report of Japan and those of UK and USA could not
be attributed to racial differences. Further modification is
necessary to improve the sensitivity of the scoring system to
predict IVIG unresponsiveness of KD.
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