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ABSTRACT

OBJECTIVE. Because late diagnosis of Kawasaki disease increases the risk for coronary
artery abnormalities, we explored the prevalence of and possible risk factors for
delayed diagnosis by using the database of the Pediatric Heart Network trial of
corticosteroid treatment for Kawasaki disease.

METHODS. We collected sociodemographic and clinical data at presentation for all
patients who were treated for presumed Kawasaki disease at 8 centers (7 in the
United States, 1 in Canada). Delayed diagnosis was evaluated by total number of
illness days to diagnosis and by the percentage of patients who were treated after
day 10 of illness. Independent predictors of delayed diagnosis were identified by
using multivariate linear and logistic regression.

RESULTS. Of the 589 patients who received intravenous immunoglobulin, 27 were
treated before screening for the trial and excluded; 562 patients formed the cohort
for analysis. Kawasaki disease was diagnosed at 7.9 = 3.9 days, 92 (16%) cases
after day 10. Centers were similar with respect to patient age and gender. Centers
differed in the patient percentage with incomplete Kawasaki disease; clinical
criteria of cervical adenopathy, oral changes, and conjunctivitis; and distance of
residence from the center. Independent predictors of greater number of illness
days at diagnosis included center, age of <6 months, incomplete Kawasaki disease,
and greater distance from the center. Independent predictors of diagnosis after day
10 were age of <6 months, incomplete Kawasaki disease, and greater distance).
Socioeconomic variables had no association with delayed diagnosis.

CONCLUSIONS. Even after adjustment for patient factors, illness duration at diagnosis
varies by center. These findings underscore the need to maintain a high index of
suspicion of Kawasaki disease in the infant who is younger than 6 months and has
prolonged fever even with incomplete criteria. Outreach educational programs
may be useful in promoting earlier recognition and treatment of Kawasaki disease.
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I(AWASAKI DISEASE (KD) is an acute febrile vasculitis
that is associated with coronary artery aneurysms
in ~20% of untreated children.!? Treatment with intra-
venous immunoglobulin (IVIg), if administered during
the first 10 days of illness, reduces the prevalence of
coronary aneurysms approximately fivefold.>* When
treatment is delayed beyond day 10 of illness, the inci-
dence of coronary artery aneurysms increases nearly
threefold over earlier treatment.> Indeed, treatment on
or before day 7 of illness is ideal.®”

Timely diagnosis of KD is often a challenge. Despite
almost 4 decades of research, the cause of KD remains
unknown, so the diagnosis depends on nonspecific clin-
ical signs rather than a definitive laboratory test. The
epidemiologic case definition includes fever and at least
4 of 5 principal clinical criteria: changes in the extrem-
ities, polymorphous exanthema, bilateral conjunctival
injection, changes in the lips and oral cavity, and cervical
adenopathy.!” These findings may be transient, and the
constellation of principal clinical criteria that are present
on physical examination may vary over time. Further-
more, coronary artery aneurysms have been docu-
mented in incomplete cases with <4 principal clinical
criteria.$

The purposes of this study were to describe the prev-
alence of and risk factors for delayed diagnosis of KD.
Our study population comprised all children who were
treated with IVIg during a 2-year period at clinical cen-
ters that participate in the National Heart, Lung, and
Blood Institute Pediatric Heart Network (PHN) cortico-
steroid trial for KD treatment.®

METHODS

Patients
From December 2002 through December 2004, the PHN
conducted a multicenter, randomized, double-blind, pla-
cebo-controlled trial to evaluate the efficacy of cortico-
steroids for the primary treatment of KD at 8 clinical
centers in North America (7 in the United States and 1 in
Canada). For determination of eligibility and for provi-
sion of descriptive statistics for the population from
which patients were enrolled in the randomized trial,
screening data were obtained for all patients who were
treated with IVIg for a presumed diagnosis of KD. These
screened patients form the cohort for this report.
Patient data were deidentified by using study identi-
fication numbers, and the study protocol and screening
forms for the trial were reviewed and approved by the
institutional review board at each of the 8 clinical cen-
ters and the data-coordinating center. An independent
data and safety monitoring board monitored the conduct
of the trial.

Data Collection and Definitions
Demographic data that were collected on the screening
form included age at presentation, gender, race and eth-

nicity, and zip or postal code. Clinical data included
number of illness days from onset of fever to diagnosis of
KD, previous treatment with IVIg, and the principal
clinical criteria that had been or were present by the
time of KD diagnosis.

We assessed delay in diagnosis of KD in 2 ways: (1)
total number of illness days from onset of fever to diag-
nosis of KD; and (2) the proportion of patients whose
illness was diagnosed after day 10. By convention, the
first day of fever was considered day 1 of illness.

The distance from the patient’s residence to the center
was derived from zip or postal code. Socioeconomic status
was estimated by using 2000 census data (www.census.
gov/Press-Release/www/2002/sumfile3.html) and was avail-
able by US zip code (thus not calculated for Canadian
patients). Three measures of socioeconomic status were
analyzed: the percentage of the population with a high
school degree or higher, median family income, and the
percentage of households under the poverty level. Each
US patient was assigned the socioeconomic status that
corresponded to his or her zip code.

Statistical Analyses

The primary outcome measures for this study were the
number of days from the onset of fever to diagnosis of
KD as a continuous variable and whether diagnosis oc-
curred after day 10 of illness. We compared center dif-
ferences in outcomes and proportion with incomplete
KD using analysis of variance and Fisher’s exact test,
respectively. Univariate associations between number of
fever days and potential predictors were identified using
linear regression. Univariate associations between the
proportions of patients whose illness was diagnosed after
day 10 were identified using logistic regression. The
Tukey multiple-comparisons method was used to com-
pare mean number of illness days between pairs of racial
subgroups. Generalized additive modeling was used to
examine nonlinearities in age and distance with respect
to outcome and to suggest appropriate transformations.
Univariate predictors significant at the P < .20 level were
then evaluated in multivariate modeling. Multivariate
linear and logistic regressions were used to identify in-
dependent predictors of the number of illness days until
diagnosis and the proportion diagnosed after day 10 of
illness, respectively. Least-squares means * SEs are used
to report covariate-adjusted number of illness days.
Analyses were conducted by using SAS 9.1 (SAS Insti-
tute, Inc, Cary, NC).

RESULTS

During the 2-year study period, 589 patients received
IVIg for the treatment of KD. Of these, 27 patients had
received at least 1 dose of IVIg before screening at the
PHN center and were excluded; the remaining 562 pa-
tients were included in the analysis; they had a median
age of 2.9 years (range: 11 days to 18.9 years), and 60%

PEDIATRICS Volume 120, Number 6, December 2007 e1435

Downloaded from www.pediatrics.org at Medical Library on November 30, 2007


http://pediatrics.aappublications.org

TABLE 1 Patient and Disease Characteristics of Patients Who Were Screened for the PHN KD Trial (Overall and
According to Number of lliness Days)
Characteristic Total Diagnosis on Diagnosis After P
or Before Day 10
Day 10
n 562 470 92
Age = SD (median), y 36+29(9) 36289 363527 .85
Age < 6 mo, % 7 5 16 <001
Male, % 60 60 64 42
Race/ethnicity, % 04
White 55 53 70
Black/African American 17 18 13
Asian 20 22 12
Other 7 7 4
Hispanic 16 16 14 69
Distance from center = SD, mi 159+ 169 152 %167 193£178 04
No. of days from fever onset to diagnosis = SD 79+39(7.0) 6.6 = 1.7(6.0) 14.8 = 48(13.0) <.001
(median)
Clinical criteria, %
Incomplete KD 28 24 49 <.001
Extremity changes 77 78 71 a7
Rash 86 88 79 04
Bilateral conjunctival injection 88 92 71 <.001
Oral changes 88 89 72 <.001
Cervical lymphadenopathy 44 46 32 01

were male (Table 1). The most common racial groups
were white (55%) and Asian (20%). The number of
illness days at the time of diagnosis of KD was 7.9 = 3.9
(median: 7.0); 92 (16%) cases were diagnosed after day
10 of illness.

Univariate Analyses

We explored whether delays in diagnosis were related to
the presence of fewer clinical criteria. Children who
had < 4 criteria (incomplete KD) received the diagnosis
significantly later than those with = 4 criteria (9.5 * 4.7
vs 7.3 = 3.3 days, respectively; P < .001). Similarly, a
higher percentage of patients with incomplete KD re-
ceived the diagnosis after day 10 of illness (29% vs 12%;
P < .001).

The total number of illness days to diagnosis was
associated with the presence versus absence of individ-
ual clinical criteria: extremity change (7.7 = 3.8 vs 8.6 =
4.0 days; P = .02), rash (7.8 £ 3.8 vs 9.0 = 4.4 days;
P = .01), bilateral conjunctival injection (7.6 = 3.4 vs
10.7 = 5.8 days; P < .001), oral change (7.6 = 3.4 vs
10.2 = 5.7 days; P < .001), and cervical lymphadenop-
athy (7.5 = 3.4 vs 8.3 £ 4.2 days; P = .02). Similarly,
diagnosis after day 10 of illness was more common when
specific clinical criteria were absent (Table 1).

Younger age was also significantly associated with
delayed diagnosis; nonparametric modeling demon-
strated that diagnosis was most likely to be delayed in
infants who were younger than 6 months. Infants who
were younger than 6 months (n = 37), compared with
older children (n = 525), received the diagnosis after a
significantly greater number of illness days (10.0 * 5.4
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vs 7.8 £ 3.7 days; P < .001). Similarly, a significantly
greater proportion of infants who were younger than 6
months received the diagnosis after day 10 of illness
(41% vs 15%; P < .001). Age had a curvilinear relation-
ship with diagnosis after day 10 (Fig 1), with adolescents
also at risk for delayed diagnosis; however, statistical
power was limited in this age range, and a term for
additional risk in this age group was not retained in
modeling.

We hypothesized that residence at a greater distance
from the clinical center would be a risk factor for delayed
diagnosis. Greater distance was positively correlated
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FIGURE 1

Estimated probability of diagnosis after day 10 based on a generalized additive model fit
for age. The Pvalue for nonlinearity is .01, primarily because of the increased likelihood of
diagnosis after day 10in younger children. The fringes represent the ages of patients who
received the diagnosis after day 10 (upper) and on or before day 10 (lower).
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TABLE2 Multivariate Risk Factors for lliness Days to KD Diagnosis

Parameter Covariate-Adjusted No. of P
lliness Days, Mean *+ SE2
Site 03
1 8.89 £ 042
2 8.70 £ 042
3 938057
4 9.56 =049
5 1031 £0.75
6 8.07 =082
7 9.70 £0.55
8 7.54+0.72
Age
<6 mo 9.82 +0.62 01
=6mo 822 £0.21
Distance, mi 0.02 = 0.01° 03
Incomplete KD
Yes (principal criteria < 4) 9.97 + 040 <001
No (principal criteria = 4) 807 037

Linear regression model: R? = 0.12.

aThe covariate-adjusted mean number of illness days is the mean number of illness days
assuming that the mean values of, or prevalences of, each other variable in the model are the
same for the subgroups of interest (eg, similar across centers, similar for patients <6 vs =6
months); therefore, the estimated subgroup differences in the mean number of iliness days
cannot be attributed to variation in the other factors included in the model.

b Covariate-adjusted mean increase in number of illness days per 1-mi increase in distance.

with greater number of illness days (P < .01), and mean
distance from center was greater in patients who re-
ceived the diagnosis after day 10 of illness (P = .04; Ta-
ble 1).

In univariate analysis, race was significantly associ-
ated with the total number of illness days to diagnosis
(P = .04) because white patients had a longer time to
diagnosis compared with Asian patients (mean: 8.3 vs
7.1 day, pairwise adjusted P = .01). The trend was
similar for the proportion of patients who received the
diagnosis after day 10 of illness, with 20% of white
patients having late diagnosis and 10%, 12%, and 11%
of Asian, black/African American, and “other” patients,
respectively, having a late diagnosis (P = .04). Gender
had no association with either the total number of illness
days to diagnosis (P = .58) or the percentage of patients
who received the diagnosis after day 10 of illness (P =
A42).

Among US cases, socioeconomic status was not re-
lated to either of the outcome measures used to define
delayed diagnosis. The mean for median family income
of the patients who received a diagnosis early (on or
before day 10) versus late (after day 10) of illness was
$59 700 £ $27 200 vs $58 200 = $21 500, respectively
(P = .66). The mean percentage of families who were
estimated to be below poverty level was 10 £ 10% vs
9 = 10% for the patients who received the diagnosis
early versus late (P = .41). The mean percentage of
families who were estimated to have a high school de-
gree or higher was 80 * 15% vs 82 * 14% for the
patients who received the diagnosis early versus late (P
= .50).

TABLE3 Multivariate Risk Factors for KD Diagnosis After Day 10 of

lliness
Parameter OR 95% Cl P
Age, <6vs =6 mo 3.03 147-6.27 003
Incomplete KD vs = 4 principal criteria 284 1.77-4.56 <.001
Distance, mi 1.01 1.00-1.02 04

Logistic regression model: R2 = 0.061. Cl indicates confidence interval.

We considered whether center differences were re-
lated to the likelihood of delayed diagnosis. Both the
total number of days from onset of fever to diagnosis
(center mean number of illness days range: 6.4-9.7
days; P < .01) and the proportion of total patients who
received the diagnosis after day 10 of illness (range: 4%
to 30%; P = .02) varied significantly by center. Centers
also varied significantly in the proportion of treated pa-
tients who had <4 principal clinical criteria (range: 13 %
to 47%; P = .004).

Multivariate Analyses

The results of multivariate regression analyses are sum-
marized in Tables 2 and 3. Centers differed in their
proportion of patients with incomplete KD and with
specific principal clinical criteria; however, clinical cen-
ter remained an independent risk factor for an increased
number of illness days from onset of fever to diagnosis of
KD even when adjusting for these factors (Fig 2). Spe-
cifically, in models that adjusted for the presence versus
absence of incomplete KD (ie, <4 vs =4 principal crite-
ria), independent risk factors for greater number of ill-
ness days until diagnosis included age < 6 months (P =
.01), distance from center (P < .03), < 4 principal cri-
teria (P < .001), and clinical center (P = .03). When the
multivariable model included individual principal crite-
ria rather than an indicator variable for incomplete KD,

11

Covariate-adjusted No. of iliness days
©
1
——
—a—

T T T T T T T T
1 2 3 4 5 6 7 8

Clinical center

FIGURE 2

Covariate-adjusted mean number of iliness days according to center. Bars represent *1
SE. The number of illness days differs significantly according to center (7 degrees of
freedom; P = .03), even after adjustment for age (<6 vs =6 months), distance from
center, and diagnosis of incomplete versus complete KD.
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independent predictors included age < 6 months (P <
.01), clinical center (P < .05), absence of bilateral con-
junctival injection (P < .001), and absence of oral
changes (P < .001). Greater distance from center was
marginally associated with delays in diagnosis in this
model (P = .06). We assessed whether the impact of
distance and incomplete KD on number of illness days
depended on age (<6 vs =6 months) and found no
interaction.

We also identified independent predictors of the di-
chotomous outcome of diagnosis on or before day 10
versus after day 10 of illness using multivariate logistic
regression (Table 3). Adjusting for incomplete KD, inde-
pendent predictors of diagnosis after day 10 included age
< 6 months (odds ratio [OR]: 3.03; P < .01) <4 principal
criteria (OR: 2.84; P < .001), and distance from center in
miles (OR: 1.01; P = .04). Clinical center did not achieve
statistical significance in this multivariate model (P =
.11). Adjusting for individual principal clinical criteria,
independent predictors for diagnosis after day 10 of ill-
ness included age < 6 months (OR: 3.54; P < .001),
absence of bilateral conjunctival injection (OR: 0.28; P <
.001), and absence of oral changes (OR: 0.48; P < .02).

DISCUSSION

KD is an acute childhood vasculitis of unknown cause
with morbidity and mortality deriving primarily from
coronary artery aneurysms.'? The leading cause of ac-
quired heart disease in children in North America to-
day,’® KD cannot be diagnosed by any specific test or
pathognomonic clinical feature. Rather, the clinician
must maintain a high index of suspicion for KD in the
febrile patient with a constellation of clinical findings,
including fever, bilateral conjunctival injection, ery-
thema of the lips and oral mucosa, changes in the ex-
tremities, rash, and cervical lymphadenopathy.

We used 2 outcomes to assess delays in the diagnosis
of KD: the number of days from onset of illness to
diagnosis (illness days) and diagnosis on or before day 10
versus after day 10 of illness. We found that predictors of
delayed diagnosis included age < 6 months, fulfilling <4
principal clinical criteria (ie, incomplete KD), greater
distance of residence from the clinical center, and spe-
cific clinical center (illness days only). The presence of
conjunctival injection or of oral changes was protective
against a late diagnosis of KD.

Previous studies have explored the consequences and
predictors of delayed diagnosis of KD. A retrospective
chart review of patients who had KD and were treated
during a 6-year period in Denver revealed that patients
who were treated after day 10 of illness were 2.8 times
more likely to have coronary artery aneurysms than
those who were treated earlier.” Indeed, because vascu-
lar injury is evident as early as 1 week after the onset of
fever,® the most recent American Heart Association/
American Academy of Pediatrics guidelines for KD rec-
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ommend treatment by day 7 if possible.” Treatment
within this period depends on both timely medical con-
sultation by the parents and early recognition of KD by
the clinician who is evaluating the child.

A variety of factors may have a negative impact on
the timely diagnosis of KD. Anderson et al® retrospec-
tively explored the reasons for diagnosis after day 10 of
illness during an outbreak in Colorado. In contrast to our
prospective study in which 16% of children received the
diagnosis after day 10 of illness, they found that 24% of
their KD patients received the diagnosis after day 10. In
their study, late diagnosis was not related to age, gender,
time to the first medical visit, number of medical visits,
physician specialty, number of antibiotics received,
white blood count, or sedimentation rate but was related
to dispersion of symptoms over a longer period. In fact,
patients in their study eventually exhibited the typical
features of KD. Delays in diagnosis were also associated
with significantly more days of fever, rash, conjunctival
injection, or oral changes in their study. Because data
were obtained only at 1 point in time (screening), we
were unable to assess whether the incomplete cases in
our study eventually fulfilled the recommended Amer-
ican Heart Association/American Academy of Pediatrics
criteria for KD. Their latter finding was not supported by
our study, however, in which the presence of conjunc-
tival injection and oral changes actually lessened the
likelihood of delayed diagnosis.

Incomplete cases have also been implicated as a major
factor in late diagnosis. A review!!-"> reported that chil-
dren with fewer than the recommended 4 criteria ac-
count for 15% to 20% of patients who are treated for
KD. The percentage of incomplete cases was higher in
this study (28%) and may represent the referral pattern
for KD at the participating centers.

Younger age was previously reported>!'416 as a risk
factor for late diagnosis and coronary abnormalities. A
recent study from Taiwan'® reported that infants who
were < 6 months received the diagnosis an average of 2
days later than older children, and 50% received the
diagnosis after day 10 compared with 22% of children
who were = 6 months. Despite these reports, many
physicians continue to have a low index of suspicion for
KD in the febrile infant. In a 2004 survey, 57% of 132
pediatricians and 26 % of 345 pediatric infectious disease
physicians reported that they did not consider the diag-
nosis of KD for a child who was younger than 6 months
or older than 8 years.!” The failure even to consider KD
may account for our finding that infants in this age
group received the diagnosis after significantly more ill-
ness days and had 3.5 times the odds for receiving the
diagnosis after day 10 of illness. Our data suggest a
U-shaped relationship with age and support previous
reports of delayed diagnosis in older children as well,!81°
but because of the small number of patients in the older
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age group, there was insufficient power to show signif-
icance.

Practice variation among centers may also account for
delays in diagnosis. Clinical centers differed significantly
in the proportion of incomplete cases that were treated
with IVIg as well as in the number of illness days to
diagnosis and the proportion of patients who were
treated after day 10. We found that the specific clinical
center at which a child was treated was an independent
predictor of greater illness days at diagnosis even after
adjusting for age < 6 months, clinical presentation, and
distance. In contrast, center differences for diagnosis af-
ter day 10 of illness were explained at least in part by
differences in the specific principal criteria (eg, absence
of conjunctival injection or extremity changes) met at
the centers.

This study should be viewed in light of its limitations.
First, because there is no diagnostic laboratory test for
KD, the child may be treated even without diagnostic
certainty, especially for incomplete cases. The design of
this study did not permit us to determine the criteria
used for diagnosis or to explore the extent to which time
to diagnosis of KD was affected by differing thresholds
among physicians and centers for treatment of incom-
plete KD. Second, the patient’s zip code was used as a
proxy for socioeconomic status. Although it is a common
practice for health researchers to use this approach, the
use of such aggregate proxy can introduce statistical
bias.2° Third, the data set did not allow us to determine
the particular characteristics of each center that were
associated with a higher percentage of patients with
delayed diagnosis. Specific factors that were evaluated in
previous studies, such as the medical specialty of the
provider, number of antibiotics received, number of fol-
low-up visits, and access-to-care issues, were not col-
lected from our screened cohort. Finally, in patients who
were screened but not enrolled in the randomized trial,
data were not collected on coronary artery abnormalities
or laboratory test results, further limiting our ability to
explore risk factors for and consequences of delayed
diagnosis.

CONCLUSIONS

Independent risk factors for a greater number of illness
days to diagnosis and a higher percentage of patients
who received the diagnosis of KD after day 10 of illness
include patient factors as well as disease and center
characteristics. Our findings underscore the need to
maintain a high index of suspicion of KD when pro-
longed fever occurs in the infant who is younger than 6
months, even with incomplete principal clinical criteria.
It seems likely that outreach education for both clini-
cians and parents would heighten awareness of KD and
lessen delays in its diagnosis and treatment. Future re-
search should explore the center-specific factors that are
responsible for practice variations to facilitate the design

of effective strategies for improving the quality of care
for children with KD.
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