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Introduction: Kawasaki disease (KD) is a systemic vasculitis that occurs mostly in children
under five years old. Kawasaki affects the middle-size arteries, especially the coronary arteries.
Therefore, without adequate treatment, it may cause coronary artery aneurysm in 25% of
patients. The purpose of this study was to investigate the relationship between Kobayashi,
Sano, and Egami criterions with coronary artery aneurysm in KD patients during the last ten
years and to identify risk factors in patients with intravenous immunoglobulin (IVIG)-resistant
and coronary artery aneurysms.

Methodology: Medical records of 363 Kawasaki patients referred during 2008-2017 were
reviewed. Patients’ demographic data and Kobayashi, Sano, and Egami scores of each patient
were calculated. Based on echocardiographic findings, cases of coronary artery aneurysm were
determined. Sensitivity, specificity, positive and negative predictive value, and the accuracy of each
criterion were determined to predicting IVIG resistance and detect coronary artery aneurysm.
Results: There was a slight relationship between IVIG-resistance in Kawasaki children and its
prediction based on the Kobayashi risk score, but no relationship was found between the Egami
and Sano criteria. Sixty-three patients (17.4%) had coronary artery lesions (CALs) on time of
diagnosis. There were no statistically significant differences between gender and mean age of
children with and without CALs. Also, there was no significant relationship between coronary
artery aneurysm in Kawasaki children and its prediction based on the above three risk factors.
The area under the ROC-curve of all three risk measures of Kobayashi, Egami, and Sano
indicated that all three criteria were not useful in predicting CALs.

Conclusion: Despite the low accuracy of the three above criteria to predictive of patients
with IVIG resistance, it seems that the variables of age, duration of fever, and C-reactive
protein (CRP) are more useful than other variables and may be utilized to evaluate patients
by establishing a more appropriate cut-off point.

Keywords: Kawasaki disease, coronary artery aneurysm, [VIG-resistant, Kobayashi, Sano,

Egami

Introduction

Kawasaki disease (KD) is an acute systemic vasculitis that mostly occurs in infants
and children, especially in Asian children.' The clinical manifestations include
fever, rash, conjunctivitis, cervical lymphadenitis, inflammation of the mouth and
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lips, erythema, and edema of the hands and legs.’
Although the exact cause of KD is not yet understood, it
seems that it is the pathophysiological response to
endothelial cell activation that leads to stimulation, inci-
dence, and overproduction of cytokines, chemokines,
growth factors, and other vasoactive substances.>*

Severe systemic inflammation and vasculitis can cause
cardiovascular involvement, especially coronary artery
involvements, including spasm or aneurysm. Coronary
artery lesions (CALs) occur in 15-25% of the KD children
and may lead to myocardial infarction, sudden death, or
late-onset ischemic heart disease, which is the leading
cause of long-term mortality.” Therefore, the ultimate
goal of treating acute KD is to reduce systemic inflamma-
tion and vasculitis as quickly as possible and consequently
prevent the progression of coronary artery injury and
thrombosis.’

It seems that the leading cause of acute coronary artery
aneurysm is intravenous immunoglobulin (IVIG) resis-
About 15-20%
Kawasaki have been reported to be IVIG-resistant even

tance. of the patients with acute
with standard treatment using high IVIG doses. Patients
with IVIG-resistant KD are at higher risk for CALs.’
Recent studies on the identification and prediction of
IVIG resistance have been focused on the development
of therapeutic alternatives in the early stage of the disease
and the prevention of coronary artery lesions.

To assess the risk factors for predicting IVIG resistance
and consequently for diagnosing of CALs in Japanese chil-
dren with KD, several criteria such as those introduced by
Kobayashi, Sano, and Egami that are mostly used methods
for clinical assessment of this disease in Japan.®'°
Therefore, predicting the prognosis of and knowing the
risk factors for KD will make it possible to recommend
more accurate control and prevention methods for this
group of patients in the Iranian population.

Since no study on the sensitivity and specificity of
these criteria in predicting of IVIG resistance and CALs
has been conducted in Iran so far, the present study was
designed to determine the relationship between Kobayashi,
Sano and Egami criteria and prevalence of IVIG resistance
and coronary artery aneurysm in Iranian children with KD.

Patients and Methods

Patients
The current study was approved by the ethics committee of
Shahid Beheshti University of Medical Sciences. Medical

records included demographics, clinical manifestations,
laboratory data, and the treatment of all children who pre-
sented with KD to two pediatric tertiary medical centers in
Iran between 2008 and December 2016 were reviewed. The
inclusion criteria for this study were based on a clinical
diagnosis of KD which defined as fever for more than five
days and at least four of the five KD criteria. Admission
during the acute period of the illness and treatment with at
least one IVIG course (2 g/kg) plus aspirin were also
included in the inclusion criteria. Patients who were admitted
during the sub-acute phase excluded from the study.

Patients also underwent echocardiography at the time
of admission, and coronary artery aneurysms (CAA) were
determined. We described CAA as the left anterior des-
cending (LAD) and/or the right coronary artery (RCA) z-
score >3 or original CAA criteria of the Japanese Ministry
of Health and Welfare in CA segments for which z-scores
are not available (CA dimension >3 mm for patients <5
years of age and >4 mm in patients >5 years of age).” Left
main CA (LMCA) z-score was not used for inclusion due
to previously reported variability in LMCA anatomy and
measurement.”

All data required to assess each of the Kobayashi,
Sano, and Egami criteria for the diagnosis of coronary
artery aneurysm, such as CRP at the beginning of admis-
sion, were determined and the scores of each criterion
were calculated. Then, based on each of the above risk
criteria, resistance to IVIG was determined. In this study,
IVIG resistance was indicated by a persistent fever after
the first dose of IVIG, which was defined as having a fever
after 24-72 hours.

Statistical Analysis

Data were analyzed with SPSS software and MedCalc
version 12.7.1.0. To analyze the continuous data, we
used the Student’s ¢-test for normally distributed variables
and Kruskal-Wallis for non-parametric variables. One-way
analysis of variance (ANOVA) was used to compare multi-
ple group averages. A linear logistic regression analysis
was performed in an attempt to determine predictors for
IVIG resistance. In all the analyses, a two-sided p-value of
<0.05 was considered statistically significant. Means were
accompanied by standard deviations and medians by
ranges.

Results
The study comprised 363 Iranian patients (59.8% male),
and their mean age was 4.3 + 2.9 years. The median time
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Table 1 Comparison of the Kobayashi, Egami, and Sano Criterions Between |IVIG-Responsive and IVIG Resistant Patients

Parameter IVIG Responsive n = IVIG Resistant n = P-value | Odds Ratio (95%
276 87 Cl)

Kobayashi Risk Sodium (<133 mmol/L) 64 (23.2%) 29 (33.3%) 0.067 1.66 (0.98-2.80)

Factor Fever (<4 days) 39 (14.1%) 27 (31.0%) 0.001* 2.74 (1.55-4.82)
AST (=100 IU/L) 24 (8.7%) 9 (10.3%) 0.670 1.21 (0.54-2.72)
Neutrophils (=280%) 102 (37%) 30 (34.5%) 0.703 0.90 (0.54-1.49)
CRP (210 mg/dL) 237 (85.9%) 67 (77.0%) 0.066 0.55 (0.30-1.01)
Age (12 months) 42 (15.2%) 29 (33.3%) 0.001* 2.79 (1.60—4.85)
Platelets (<300 x 10%/L) 105 (38%) 28 (32.2%) 0.372 0.77 (0.46-1.29)

Egami Risk Factor Age (< 6 months) 25 (9.1%) 13 (14.9%) 0.158 1.76 (0.86-3.62)
Fever (< 4 days) 40 (14.5%) 24 (27.6%) 0.009* 2.25 (1.26—4.00)
Platelets (< 300 x 109/L) 101 (36.6%) 26 (29.9%) 0.303 0.74 (0.44-1.24)
CRP (= 8 mg/dL) 235 (85.1%) 72 (72.4%) 0.010% 0.46 (0.26-0.81)
ALT (= 80 IU/L) 45 (16.3%) 14 (16.1%) 1.00 0.98 (0.51-1.90)

Sano Risk Factor CRP (28.0 mg/dL) 232 (84.1%) 64 (73.6%) 0.038* 0.53 (0.30-0.94)
Total Bilirubin (20.9 mg/ 9 (3.3%) 5 (5.7%) 0.580 1.81 (0.59-5.6)
dL)
AST (2200 IU/L) 15 (5.4%) 3 (3.4%) 0.580 I. (0.18-2.2)

Note: *Statically significant (P-value<0.05).

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CRP, C-reactive protein; IVIG, intravenous immunoglobulin.

from fever onset until the first treatment was 7.4 + 2.5
days. All patients were treated with 2 g/kg of intravenous
immunoglobulin, and there were 87 (24.0%) IVIG resis-
tant patients. There was a significant difference between
the responder and resistant group in age, duration of fever,
and C-reactive protein (CRP) level in comparing
Kobayashi, Egami, and Sano criteria (Table 1).

C-reactive protein on admission, with an odds ratio of
0.53 (p = 0.038), Age of less than 1 year (odds ratio 0.736,
p = 0.005) and fever of less than four days (odds ratio
0.733, p = 0.037) were the only variables that remained
significant (Table 2 and Figure 1). However, these vari-
ables contribute to the final R2 (21.8) was relatively low.
Each of the three scores; Kobayashi, Sano, and Egami,
demonstrated low sensitivity (8.1-48.3%), positive predic-

tive value (29.2-31.7), and negative predictive value

Table 2 Multivariate Analysis, Using Binary Logistic Regression
Model with Log It Link Function and Stepwise Selection for
Evaluating the Predisposing Factors for the Occurrence of
Resistance to Intravenous Immunoglobulin

Parameter Probability P-value | X? P-value
Ratio

Fever (< 4 days) 0.736 0.005 21.86 | <0.001

Age (12 months) | 0.733 0.037

CRP (= 8 mg/dL) | — 0.111 - -

Abbreviation: CRP, C-reactive protein.

(76.4-80.4). The Kobayashi and Egami scores demon-
strated a moderate specificity (66.3—80.4%), while the
Sano score demonstrated a good specificity (93.8%).

Of'the 363 patients, 63 developed CALs on disease onset.
There was no significant difference between the age and
gender of patients with and without CALs (P>0.05). Also,
there was no significant difference between Kobayashi,
Egami, and Sano scores in patients with and without CALs
(P>0.05). Sensitivity, specificity, positive predictability,
negative predictability, and accuracy of three scoring systems
for the diagnosis of CALs are shown in Table 3.

Discussion

Kawasaki disease is believed to be the commonest
vasculitis of medium vessels in Asian children.
However, many children with KD remain undiagnosed
possibly because of the lack of cognizance amongst
pediatricians. The development of coronary artery
abnormalities is the symbol of KD and accounts for
most morbidity and mortality associated with the
disease.! This two-center observational study retro-
evaluated the three

spectively applicability  of

Japanese scoring systems, Kobayashi, Egami, and
Sano that assess the risk of IVIG resistance in the
Iranian population with Kawasaki disease.

Based on the results of our study, it can be stated that

these three criteria are more specific than sensitive in
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Figure | Univariate analysis and area under the ROC curve for fever < 4 days and
age < | year, in predicting IVIG resistance in children with Kawasaki disease. (Blue

line: Fever < 4 days; Green line: Age

>

12 months; Grey line: Reference line;

Diagonal segments are produced by ties).
Abbreviations: IVIG, intravenous immunoglobulin; ROC, receiver operating
characteristics.

predicting IVIG resistance and coronary artery involvement

in Kawasaki patients, suggesting that correction is needed.

Accordingly, identifying non-Japanese patients at risk for

IVIG resistance remains a challenge. Therefore, it is neces-

sary to develop a new risk assessment tool to predict IVIG

resistance in children with Kawasaki disease in future treat-

ment strategies.

There are many differences in the epidemiology of KD

among the Japanese population compared to the non-Asian

population. The risk of the disease is high and is even

greater among siblings affected in Japan.''

In our study population, the mean age of patients was

4.3 years, and the prevalence of disease was higher in

males (59.8%). These statistics were consistent with data

from patients with KD in many ethnic groups.'* However,

the highest incidence of the disease in Japanese patients

was between 6 and 11 months.'>

The sensitivity of age, duration of fever, and CRP level
for predicting resistance to IVIG treatment in the current
study were low (8-48%), and specificity was in the mod-
erate range (66-93%).

In our population, Japanese scoring methods were able
to identify most low-risk patients; however, these scoring
systems were unable to identify high-risk patients who
need more care and could benefit from early and aggres-
sive treatment intervention.

Our results showed that, for the Iranian patient, the
scoring methods derived from studies of Japanese patients
are a poor predictor of resistance to IVIG treatment. Our
findings are also consistent with other studies on non-
Asian populations.'*'

We attempted to develop a predictive model to identify
IVIG treatment resistance risk factors in our study group.
In the study by Sleeper et al, male gender and low serum
albumin levels founded as two independent risk factors for
IVIG resistance, however, none of these criteria were
included in the Japanese criterion score.'?

A study by Park et al showed that the mean alanine
transaminase, total bilirubin, aspartate aminotransferase
(AST), neutrophil percent, and NT-proBNP levels were
significantly higher in IVIG resistant patients and the
levels of sodium and HDL were significantly lower in
those patients. Their study also found no differences in
risk factors such as CRP, platelet count, and albumin. They
concluded that, based on multivariate logistic regression
analysis, two serum levels of ALT and bilirubin were
identified as independent predictors of IVIG resistance.'®

In the present study, we identified age less than
one year, and fever of 4 days or less as independent risk
factors for IVIG resistance. However, these factors had
a low predictive value.

According to Our findings in echocardiography, 63
patients (17.4%) had coronary artery aneurysms on time
of diagnosis. There was no statistically significant differ-
ence between gender and mean age of children with KD
with and without CALs.

Table 3 Sensitivity, Specificity, Positive Predictability Value, Negative Predictability Value, and Accuracy of Kobayashi, Egami, and

Sano Criterions to Diagnosis of Coronary Artery Aneurysms

Risk Scoring System Sensitivity Specificity PPV NPV Accuracy
Kobayashi 24 34.9% 62.3% 16.3% 82.0% 57.6%
Egami 23 28.6% 79.7% 22.8% 84.2% 70.8%
Sano 22 6.4% 93.3% 16.7% 82.6% 78.2%

Abbreviations: NPV, negative predictability value; PPV, positive predictability value.
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Also, our results showed that three Japanese scoring
systems were unable to predict coronary artery aneurysm in
Iranian patients with Kawasaki disease. The sensitivity and
specificity of these three scoring systems in predicting cor-
onary artery aneurysm were (34-6%) and (93-82%), respec-
tively. Also, the ROC-Curve level of Kobayashi, Egami, and
Sano in diagnosing of the coronary aneurysm was 48.6%,
54.1%, 49.8%, respectively, that indicating all three scoring
systems are not statistically useful in predicting CALs.

Similar results were also found in other studies of non-
Japanese patients. In the study by Davies et al, coronary
artery aneurysm occurred in 33.9% of patients, and there
was no significant difference between patients with and
without IVIG in coronary artery involvement. In their
study, the sensitivity and specificity of the Kobayashi
scoring system for predicting coronary artery aneurysm
were 60% and 36%, respectively.'*

Due to the high prevalence in the Japanese population,
many studies have concluded that genetics is a reliable and
relevant factor in the onset of the disease. It is also more
likely to occur among siblings and children whose parents
and family members have the condition KD.® These find-
ings are a possible explanation for the question of why
Japanese scoring practices performed poorly in our
research and other populations, thus making the individual
assessment of each ethnic group critical.

Limitations

Although this study was the first comprehensive study in the
Iranian pediatric community with acceptable sample size,
there were some limitations. Lack of one pediatric cardiolo-
gist for echocardiography studied, and lack of some data such
as ferritin of serum were the main limitations of our study.

Conclusion

Kobayashi, Egami, and Sano risk scores were not useful
for predicting coronary artery involvement and IVIG
resistance in Kawasaki patients. However, despite the
strength of the above criteria in correctly diagnosing
patients with IVIG resistance, the variables of CRP, age,
and duration of fever appear to perform more useful than
other variables and may be more appropriate for asses-
sing patients by establishing criteria. Therefore, the need
to develop a new risk assessment tool to predict IVIG
resistance in children with Kawasaki disease still seems
to be necessary.

Abbreviations

ALT, alanine transaminase; ANOVA, one-way analysis of
variance; AST, aspartate aminotransferase; CALs, coron-
ary artery lesions; CRP, C-reactive protein; IVIG, intrave-
nous immunoglobulin; KD, Kawasaki disease.
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