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Diagnostic characteristics of supplemental la-
boratory criteria for incomplete Kawasaki dis-
ease in children with complete Kawasaki disease
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Department of Pediatrics, University of Ulsan College of Medicine, Seoul, Korea

Purpose: In 2004, the American Heart Association (AHA) had published an algorithm for the diagnosis
of incomplete Kawasaki disease (KD). The aim of the present study was to investigate characteristics of
supplemental laboratory criteria in this algorithm.

Methods: We retrospectively examined the medical records of 355 patients with KD who were treated
with intravenous immunoglobulin (IVIG) during the acute phase of the disease. Laboratory data were
obtained before the initial IVIG administration and up to 10 days after fever onset. In 106 patients, labo-
ratory testing was performed more than twice.

Results: The AHA supplemental laboratory criteria were fulfilled in 90 patients (25.4%), and the frequ-
ency of laboratory examination (odds ratio [OR], 1.981; 95% confidence interval [Cl], 1.391-2.821;
P<0.001) was a significant predictor of it. The fulfillment of AHA supplemental laboratory criteria was
significantly associated with refractoriness to the initial IVIG administration (OR, 2.388; 95% Cl, 1.182—
4.826; P=0.013) and dilatation of coronary arteries (OR, 2.776; 95% Cl, 1.519-5.074; £=0.001).
Conclusion: Repeated laboratory testing increased the rate of fulfillment of the AHA supplemental la-
boratory criteria in children with KD.
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Introduction

Kawasaki disease (KD) is an acute self-limiting vasculitis of unknown etiology that pre-
dominantly occurs in young children and can cause coronary artery abnormalities in up to
25.0% of untreated patients”. KD cannot be diagnosed according to any specific tests; rather,
the clinician should maintain a high index of suspicion for KD when a febrile patient pre-
sents with several compatible clinical findings. In the clinical practice, KD is typically diag-
nosed by applying recognized diagnostic criteria”. However, clinician’s occasionally meet
febrile children showing less than four of the principal clinical features of KD and without
any other evident cause of fever; some of these children have been diagnosed with incom-
plete KD”. Incomplete KD is thought to represent approximately 15.0%-36.2% of KD cases
19 and the risk of coronary artery abnormalities appears to be no lower in patients with
incomplete KD than in patients with a complete presentation”. Also, it is possible that co-
ronary artery abnormalities may become worse in incomplete KD patients due to delayed
diagnosis and treatment™™'?.

In 2004, the American Heart Association (AHA) published an algorithm for diagnosing
incomplete KD and these criteria have been clinically applied ever since”. Laboratory
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criteria within that algorithm are as follows: (1) serum albumin
<3.0 g/dL, (2) anemia for age, (3) increased alanine aminotrans-
ferase (ALT) levels, (4) platelet count >450,000/mm’ after the 7th
day of fever, (5) white blood cell (WBC) count >15,000/mm’, and
(6) urine WBC =10/high power field. More than three laboratory
criteria showing increased levels of acute phase reactants support
the diagnosis of an incomplete KD”. However, the performance of
these laboratory criteria has been partially assessed in a single
study only. In this study were all subjects children with coronary
artery aneurysms'”.
The aim of the present study was to investigate characteristics
of the AHA supplemental laboratory criteria by conducting a re-
trospective analysis of the medical records of patients with KD.

Materials and methods

1. Subjects

From January 2006 to December 2012, 511 children with KD
were admitted to Asan Medical Center. The study subjects were
comprised of 355 children among them. All subjects presented
with persisting fever and had at least 4 principal clinical features”:
changes in extremities, polymorphous exanthem, bilateral bulbar
conjunctival injection without exudate, changes in lips and oral
cavity, and cervical lymphadenopathy. They were treated with in-
itial intravenous immunoglobulin (IVIG) within 10 days after fever
onset. Following patients were excluded from the study: 19 pa-
tients who were transferred from other institutes after initial IVIG
treatment, 64 patients showing incomplete presentation, 10 pati-
ents that were admitted after fever lasting for more than 10 days
and 63 patients in whom fever spontaneously subsided before
initial IVIG administration.

The study was approved by the Institutional Review Board of
Asan Medical Center (2014-0283) and the need for a patient con-
sent was waived.

2. Data collection

Clinical, laboratory, and echocardiographic data were collected
from a review of medical records. Only data of C-reactive protein
and 6 other laboratory variables as factors constituting the AHA
supplemental laboratory criteria were collected that were ob-
tained before initial [VIG administration and up to 10 days post-
fever onset.

The body surface area was calculated using DuBois’s formula™”.
Laboratory tests were performed more than twice prior to IVIG
administration in 106 patients (29.9%). As a result there were 493
laboratory data sets. The highest values were selected if C-reactive
protein levels, WBC counts, ALT levels and urine WBC counts
were repeatedly performed; the lowest values were selected in case
of hemoglobin levels and albumin levels. The highest value of
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platelet counts was selected in 46 patients in whom complete
blood counts were performed from day 8 to day 10 postfever on-
set. The response to initial [VIG treatment was deemed “refractory”
if persistent or recrudescent fever was noted at least 36 hours after
IVIG administration. Z scores for coronary artery diameter were
calculated according to the formula of Dallaire and Dahdah'.
Coronary arterial dilatation was defined as a z scores for any co-
ronary artery of at least 2.5”'%.

Data of individual laboratory variable were categorized into
negative or positive, according to whether or not the value of in-
dividual laboratory variable corresponded to the AHA supple-
mental laboratory criteria. Age-adjusted normal ranges of hemo-
globin and serum ALT'” were used on this categorization. The
fulfillment of the AHA supplemental laboratory criteria in a sub-
ject was determined if serum level of C-reactive protein at least
3.0 mg/dL and there were at least 3 positive results of laboratory
variables.

In addition, 493 laboratory data sets were examined to assess
the relationship between the fulfillment of the AHA supplemental
laboratory criteria in each data set determined through the same
method to a subject and the day on which the corresponding la-
boratory test was performed.

3. Statistical analysis

All numerical data are presented as median and range. All sta-
tistical analyses were performed using SPSS ver. 21.0 (SPSS Korea
Data Solutions, Seoul, Korea). Statistical significance was defined
as a two-sided P-value of <0.05. Univariate logistic regression
analyses of clinical variables were performed to find a predictor
of the fulfillment of AHA supplemental laboratory criteria. Multi-
variate analysis of clinical variables which were significant pre-
dictors in univariate analyses was additionally performed. Chi-
square test was used in the analysis of the association of the
fulfillment of the AHA supplemental laboratory criteria with a
repetition of laboratory testing, a refractory to initial IVIG and the
dilatation of coronary arteries. The likelihood ratio test for trends
was used to analyze the relationship between the fulfillment of
the AHA supplemental laboratory criteria and the day on which
corresponding laboratory tests were performed.

Results

1. Analyses of data from 355 patients with complete presentation
of KD
The patients’ clinical and laboratory data are shown in Tables 1,
2. The AHA laboratory criteria were fulfilled in 90 patients (25.4
0%). Clinical variables found to be associated with the fulfillment
of the AHA supplemental laboratory criteria were as follows: the
day of initial IVIG (P=0.029) and the frequency of laboratory exa-



mination (P<0.001). The frequency of laboratory examination
(odds ratio [OR], 1.981; 95% confidence interval [CI], 1.391-2.821;
P<0.001) also remained as a significant predictor for the fulfill-
ment of the AHA supplemental laboratory criteria in multivariate
analysis. One hundred six patients who underwent multiple labo-
ratory testing fulfilled the AHA supplemental laboratory criteria
more often than 249 patients who underwent single testing (43.0
% vs. 18.1%, P<0.001) (Fig. 1).

A refractory to initial IVIG was shown in 38 patients (10.7%).
The fulfillment of the AHA supplemental laboratory criteria was
significantly associated with the refractory to initial IVIG (OR,
2.388; 95% CI, 1.182-4.826; P=0.013). A coronary arterial dilata-
tion was observed in 56 patients (15.8%). The fulfillment of AHA
supplemental laboratory criteria was also significantly associated

Table 1. Clinical characteristics of 355 patients with Kawasaki disease

Characteristic Value

Age (mo) 25.2 (1.6-186.0)
Female sex 142 (40.0)

Body weight (kg) 12.5 (5.2-58.1)
Height (cm) 90.0 (52.9-176.4)
Body surface area (m?) 0.54 (0.27-1.72)
Family history 2 (0.6)
Recurrent iliness 1(3.1)

Principal clinical features

Conjunctival injection 347 97.7)
Changes in lips/oral cavity 337 (94.9)
Changes in extremities 330 (93.0)
Polymorphous exanthem 325 (91.5)
Cervical lymphadenopathy 235 (66.2)
Frequency of laboratory examination 1(1-5)
Day of IVIG 6 (3-10)

Values are presented as median (range) or number (%).
IVIG, intravenous immunoglobulin.

Table 2. Laboratory characteristics and number of patients with labora-
tory values corresponding with AHA supplemental laboratory criteria

Characteristic Median (range) Cutoff ~ No. (%)

CRP (mg/dL) 7.95(0.26-44.51) =30 331(93.2)

Supplemental laboratory criteria 90 (25.4)
WBC count (/mm’) 13,450 (3,000-31,300) >15,000 140 (39.4)
Hemoglobin (g/dL) 11.5(8.4-16.9) Anemia 100 (28.2)
Platelet (x10%/mm?) 312 (51-864) >450 2 (27.9%
Albumin (g/dL) 4 (2.0-4.5) <3.0 70(19.7)
ALT (U/L) 38 (5-1,028) >45 170 (47.9)
Urine WBC (/HPF) - >10 114 (32.1)

*Percentage was calculated in 46 patients who underwent complete blood
count examination on 8th—10th day after fever onset.

AHA, American Heart Association; CRP, C-reactive protein; WBC, white blood
cell; ALT, alanine aminotransferase; HPF, high power field.
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with the dilatation of coronary arteries (OR, 2.776; 95% CI, 1.519-
5.074; P=0.001).

2. Relationship between the fulfillment of AHA supplemental
laboratory criteria, its individual factors and the day of labo-
ratory testing in 493 laboratory data sets
The observed increase in the tendency to fulfill the AHA supple-

mental laboratory criteria during a sustained bout of fever was

not significant (P=0.075). Both the incidence of anemia (P=0.012)

and hypoalbuminemia (P<0.001) tended to increase following a

bout of sustained fever; however, neither the incidence of leuko-

cytosis (P=0.077), the increase of ALT (P=0.126) nor the urine WBC
>10/high power field (P=0.156) showed a significant tendency

(Table 3, Fig. 2).

Discussion

This study showed that repeated laboratory testing could in-
crease the rate of fulfillment of the AHA supplemental laboratory
criteria and that the incidences of anemia and hypoalbuminemia
tend to increase following a sustained fever. In addition, the ful-
fillment of the AHA supplemental laboratory criteria was signifi-
cantly associated with the refractory to initial IVIG and the dilata-
tion of coronary arteries. These results will help a clinician to
manage children suspected of having KD.

However, the rate of fulfillment of AHA supplemental laboratory
criteria that is identical to its diagnostic sensitivity was only 25.4
% in overall subjects and 43.0% in subjects with repeated labora-
tory testing. Those diagnostic sensitivities were disappointingly
low. Yellen et al.” found that all 53 patients with incomplete KD
in their study fulfilled the AHA supplemental laboratory criteria.
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Fig. 1. Percentage of patients fulfilling American Heart Association (AHA)
supplemental laboratory criteria for the diagnosis of incomplete Kawasaki
disease. Comparison between the results of patients who underwent a
single laboratory test and those of patients who underwent multiple tests.
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Table 3. Relationship between the fulfillment of AHA supplemental laboratory criteria and individual factors (laboratory variables) and the day at which

laboratory examination was performed

Variable <4th Day (n=154) 5th Day (n=137) 6th Day (n=119) 7th Day (n=37) 8th—10th Day (n=46)

CRP>3.0 mg/dL 133 (86.4) 128 (93.4) 107 (89.9) 32 (86.5) 41(89.1)

Supplemental laboratory criteria 1(13.6) 27 (19.7) 22 (18.5) 7(18.9) 2(26.1)
WBC count >15,000/mm® 21(13.6) 27 (19.7) 22 (18.5) 7(18.9) 12 (26.1)
Anemia* 3(21.4) 33 (24.1) 36 (30.3) 12 (32.4) 7(37.0)
Platelet >450x10%/mm® - - 14 (30.4)
Albumin <3.0 g/dL* 18 (11.7) 29 (21.2) 29 (24.4) 17 (46.0) 20 (43.5)
ALT >45 1U/L 66 (42.9) 66 (48.2) 46 (38.7) 11 (29.7) 17 (37.0)
Urine WBC >10/HPF 38 (24.7) 36 (26.3) 25 (21.0) 5(13.5) 9(19.6)

Values are presented as number (%).

AHA, American Heart Association; CRP, C-reactive protein; WBC, white blood cell; ALT, alanine aminotransferase; HPF, high power field.

*P<0.05, showing significant tendency during a sustained bout of fever.
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Fig. 2. Relationship between the day of laboratory testing and the frequ-
ency at which individual laboratory variables met American Heart Asso-
ciation (AHA) supplemental laboratory criteria. The thick dash denotes
the rate of fulfillment of AHA supplemental laboratory criteria according
to the day of laboratory testing. ALT, alanine aminotransferase; WBC,
white blood cell.

not be caused by the presentation type of illness. No remarkable
differences of laboratory findings have been reported between
two presentation types*'?, although a low level of serum ALT*"
and a low frequency of pyuria' were exceptionally reported in
children with incomplete presentations of KD. One possible ex-
planation for this discrepancy may be differences in the study
subjects. All the subjects recruited by Yellen et al.” had coronary
abnormalities and all laboratory tests were performed up to 21
days postfever onset, which is later than the 10 days in the present
study. We believe that the ideal diagnostic criteria for incomplete
KD should not be based on coronary artery abnormalities only
and that they should be based on clinical/laboratory findings ob-
tained within 10 days post fever onset. The possibility of future
cardiovascular risk has not been excluded even in patients without
definite coronary artery abnormalities during the acute phase of
the disease. Thus, a long-term observation of those patients has
been recommended'*””. We think it is needed to consider the fu-
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ture cardiovascular risk in the management of children with in-
complete presentations of KD also. In addition, the fever duration
is an important predictor of coronary artery abnormalities™”.
Indeed, the AHA recommends the administration of IVIG within
the first 10 days of illness”. Therefore, ideal diagnostic criteria for
an incomplete presentation of KD could support the diagnosis
within 10 days postfever onset.

For the future, we recommend brain natriuretic peptide (BNP)
as a factor of upgraded criteria if an upgrade of supplemental la-
boratory criteria for the diagnosis of an incomplete KD is consi-
dered. It has been reported that the value of BNP is above 50 pg/
mL in nearly half of patients with KD***.

One limitation of this study is its retrospective design. Firstly,
none of the laboratory variables were evaluated on a daily basis,
which may at least partly be the reason for the low diagnostic
sensitivity of the AHA supplemental laboratory criteria. Secondly,
there were no age/gender-matched controls presenting with fever
due to other causes. Therefore, we were unable to examine the
diagnostic specificity of the AHA supplemental laboratory criteria
as another important performance issue.

In conclusion, repeated laboratory testing could increase the
rate of fulfillment of the AHA supplemental laboratory criteria in
children with KD.
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