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Performance of 2004 American Heart Association
Recommendations for Treatment of Kawasaki Disease

WHAT’S KNOWN ON THIS SUBJECT: Diagnosis of incomplete KD\
remains challenging but vital, because failure to treat patients
expediently with IVIG infusions results in increased CAA
formation. No studies have assessed the utility of the 2004 AHA KD
initial diagnosis and treatment recommendations.

WHAT THIS STUDY ADDS: This study is the first to assess
performance of the 2004 AHA recommendations for children with
suspected KD. Qur results imply that use of the recommendations
would have directed at least 97% of the children at highest risk
/
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toward appropriate IVIG therapy.

OBJECTIVE: The 2004 American Heart Association (AHA) statement in-
cluded a clinical case definition and an algorithm for diagnosing and
treating suspected incomplete Kawasaki disease (KD). We explored the
performance of these recommendations in a multicenter series of US
patients with KD with coronary artery aneurysms (CAAs).

METHODS: We reviewed retrospectively records of patients with KD
with CAAs at 4 US centers from 1981 to 2006. CAAs were defined on the
basis of z scores of >3 or Japanese Ministry of Health and Welfare
criteria. Our primary outcome was the proportion of patients present-
ing at iliness day =21 who would have received intravenous immuno-
globulin (IVIG) treatment by following the AHA guidelines at the time of
their initial presentation to the clinical center.

RESULTS: Of 195 patients who met entry criteria, 137 (70%) met the
case definition and would have received IVIG treatment at presentation.
Fifty-three patients (27%) had suspected incomplete KD and were eli-
gible for algorithm application; all would have received IVIG treatment
at presentation. Of the remaining 5 patients, 3 were excluded from the
algorithm because of fever for <5 days at presentation and 2 because
of <2 clinical criteria at >6 months of age. Two of these 5 patients
would have entered the algorithm and received IVIG treatment after
follow-up monitoring. Overall, application of the AHA algorithm would
have referred =190 patients (97%) for IVIG treatment.

CONCLUSIONS: Application of the 2004 AHA recommendations, com-
pared with the classic criteria alone, improves the rate of IVIG
treatment for patients with KD who develop CAAs. Future multicenter
prospective studies are needed to assess the performance character-
istics of the AHA algorithm in febrile children with incomplete criterion
findings and to refine the algorithm further. Pediatrics 2010;125:

£234—e241
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Kawasaki disease (KD) is a leading
cause of acquired heart disease in
North American children, producing
coronary artery aneurysms (CAAs) in
20% to 25% of children who do not re-
ceive intravenous immunoglobulin
(IVIG) treatment before the tenth day of
illness.'=3 With unknown cause and no
diagnostic test or pathognomonic clin-
ical finding, KD has been diagnosed by
using a clinical case definition that re-
quires fever together with =4 of 5
principal clinical criteria. However,
children with incomplete KD (ie, those
who do not meet the complete clinical
case definition) seem to have a risk of
CAAs at least as great as that of chil-
dren who fulfill the classic criteria.*
Timely diagnosis and treatment of
children with incomplete KD remain
challenging.

In 2004, the American Heart Associa-
tion (AHA) published a statement on
the diagnosis, treatment, and long-
term management of KD, which subse-
quently was endorsed by the American
Academy of Pediatrics.® The report in-
cluded an algorithmto aid clinicians in
the evaluation of patients with sus-
pected KD who do not meet the com-
plete case definition and thus may not
be identified or receive timely referral
for IVIG treatment. The AHA algorithm
for patients with suspected incom-
plete KD was based on expert opinion
and anecdotal reports, rather than
large clinical trials or registries. In a
retrospective, multicenter study, we
sought to assess the performance of
the AHA recommendations for IVIG
treatment for children with CAAs at-
tributable to KD.

METHODS
Subjects

We performed a retrospective chart
review of data for children with KD and
CAAs who were evaluated at 4 US pedi-
atric hospitals. Inclusion criteria in-
cluded (1) presentation with KD be-
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tween 1981 and 2006; (2) diagnosis
within 21 days after fever onset; (3)
CAA defined on the basis of Japanese
Ministry of Health and Welfare criteria
or zscore of >3 for the left main, prox-
imal left anterior descending, or prox-
imal right coronary artery; and (4)
medical records adequate for determi-
nation of whether the patient met the
complete case definition and, whenthe
case definition was not met, for appli-
cation of the AHA algorithm for sus-
pected incomplete KD. Specifically, we
required a record of age, date of fever
onset, date of diagnosis, and data be-
fore treatment, including the presence
or absence of each principal clinical
criterion, C-reactive protein (CRP)
level and/or erythrocyte sedimenta-
tion rate (ESR), and =4 of the 6 supple-
mental laboratory criteria enumer-
ated in the AHA guidelines, that is,
hemoglobin level, white blood cell
count, platelet count if fever was
present for =7 days, albumin level,
alanine aminotransferase (ALT) level,
and urinary white blood cell count. The
study was reviewed and approved by
the institutional review board at each
participating institution.

Data Collection and Definitions

Patients who met the complete case
definition were defined as having =3
fever days and =4 classic symptoms
(nonspecific rash, nonexudative bilat-
eral conjunctivitis, redness and swell-
ing of the hands and feet, typical oral
changes, and cervical lymphadenopa-
thy) at presentation. We used the AHA
algorithm for the assessment of sus-
pected incomplete KD for patients at
the time of their first presentation to
the clinical center (Fig 1). Patients
were eligible to enter the algorithm if
they either had had fever for =5 days
and met 2 or 3 clinical criteria or were
infants =6 months of age with =7
days of fever, systemic inflammation
without explanation, and <2 criteria.

ARTICLES

Charts were reviewed for patient age
at fever onset, day of fever at diagno-
sis, presence or absence of each of the
5 major clinical criteria, and pretreat-
ment laboratory data from the time of
presentation (see above). Echocardio-
graphic records for all patients were
reviewed by the contributing center,
and the maximal dimension in any ves-
sel determined through echocardiog-
raphy between 1981 and 2006 was re-
corded. Coronary artery zscores were
calculated for the left main coronary,
right proximal coronary, and proximal
left anterior descending coronary ar-
teries by dividing the difference be-
tween the actual coronary artery di-
mension and the predicted coronary
dimension for a child of a given body
surface area (Haycock method) by the
SD.87 For patients with enlargement in
the distal right coronary, posterior de-
scending, and circumflex coronary ar-
teries or other coronary artery seg-
ments without validated predicted
dimensions for body surface area in
children, absolute values were used
and coronary abnormalities were clas-
sified by using Japanese Ministry of
Health and Welfare criteria.? In those
instances, CAAs were defined on the
basis of a dimension of >3 mm for pa-
tients <5 years of age or >4 mm for
children =5 years of age.

Statistical Analyses

Continuous variables were summa-
rized as medians and ranges. For com-
parisons between patients with com-
plete KD and those with incomplete KD
who entered the AHA algorithm, as well
as between patients =6 months of age
and those >6 months of age, the Wil-
coxon rank sum test was used for con-
tinuous variables and Fisher’s exact
test was used for categorical vari-
ables. For comparisons across the 4
centers, the Kruskal-Wallis test was
used for continuous variables and
Fisher’s exact test was used for cate-
gorical variables.
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Evaluation of Suspected Incomplete Kawasaki Disease (KD)'
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FIGURE 1

Evaluation of suspected incomplete KD. (1) In the absence of a standard method for diagnosis, this
algorithm cannot be evidence-based but represents the informed opinion of the expert committee.
Consultation with an expert should be sought whenever assistance is needed. (2) Infants <6 months
of age on the seventh day of fever without other explanation should undergo laboratory testing and, if
evidence of systemic inflammation is found, echocardiography, even if the infants meet no clinical
criteria for diagnosis. (3) Characteristics suggesting KD are listed in Table 1. Characteristics suggest-
ing diseases other than KD include exudative conjunctivitis, exudative pharyngitis, discrete intraoral
lesions, bullous or vesicular rash, and generalized adenopathy. Alternative diagnoses should be
considered (Table 2). (4) Supplemental laboratory criteria include albumin levels of <3.0 g/dL, ane-
mia for age, elevation of ALT level, >450 000 platelets per mm? after the seventh day, white blood cell
count of >15000 cells per mm3, and >10 white blood cells per high-power field in the urine. (5)
Treatment can begin before echocardiography is performed. (6) Echocardiograms are considered
positive for purposes of this algorithm if any of 3 conditions are met, that is, the z score for the
anterior interventricular or right coronary artery is >2.5, coronary arteries meet Japanese Ministry
of Health and Welfare criteria for aneurysms, or there are >3 other suggestive features, including
perivascular brightness, lack of tapering, decreased left ventricular function, mitral regurgitation,
pericardial effusion, or zscores for the anterior interventricular and right coronary arteries between
2 and 2.5. (7) If the echocardiogram is positive, then treatment should be given to children within 10
days after the onset of fever and to those beyond the 10th day with clinical and laboratory signs of
ongoing inflammation. (8) Typical peeling begins under the nail beds of fingers and then toes. Echo
indicates echocardiography; f/u, follow-up. (Reproduced with permission from Newburger JW, Taka-
hashi M, Gerber MA, et al. Diagnosis, treatment, and long-term management of Kawasaki disease: a
statement for health professionals from the Committee on Rheumatic Fever, Endocarditis and Ka-
wasaki Disease, Gouncil on Cardiovascular Disease in the Young, American Heart Association. Circu-
lation. 2004;,110(17):1709.)

Repeat Echo
Consult

KD Expert

RESULTS

During the 25-year review period, we
identified 263 patients with KD and

CAAs. Of those patients, 248 (94%) pre-
sented in the first 21 days of illness
and 195 (74%) had data adequate for
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application of the clinical case defini-
tion for complete KD and the AHA algo-
rithm for suspected incomplete KD. Of
the 195 patients who represent our
study subjects (Table 1), 73% were
male. The median age at diagnosis was
2.1 years (range: 0.1-19.4 years), and
37 patients (19%) were =6 months of
age. The median duration of fever at
diagnosis was 7 days (range: 3—21
days). We explored the number of prin-
cipal clinical criteria met by our study
population, all of whom had CAAs (Fig
2). All 5 classic clinical criteria were
met in 53 cases (27%), 4 criteria in 84
(43%), 3 criteria in 41 (21%), 2 criteria
in 14 (7%), and 1 criterion in 3 (2%).
Therefore, 30% of children had incom-
plete KD. At least 1 IVIG infusion was
eventually administered to 184 pa-
tients (94%), including 56 (97%) of 58
with incomplete KD.

We applied the 2004 AHA recommenda-
tions retrospectively to determine how
many of our population of children
with CAAs attributable to KD would
have been treated with IVIG infusions if
the guidelines had been applied at pre-
sentation (Fig 3). Among the 195 pa-
tients, 137 (70%) met the case defini-
tion for complete KD and would have
been referred for immediate IVIG treat-
ment. Of the remaining 58 patients, 53
(91%) were eligible to enter the AHA
algorithm for suspected incomplete
KD because they either had fever for
=5 days and 2 or 3 classic clinical cri-
teria (n = 52) or were =6 months of
age with <2 criteria, systemic inflam-
mation, and =7 days of fever without
other explanation (n = 1). Application
of the AHA algorithm for suspected in-
complete KD would have referred all 53
eligible patients with incomplete KD
for IVIG treatment.

Five (3%) of the 195 patients neither
met the complete case definition nor
would have been eligible to enter the
AHA algorithm for suspected incom-
plete KD at the time of their first pre-
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TABLE 1 Demographic, Clinical, and Laboratory Characteristics of Patients With KD and CAAs at

Presentation

All Complete KD Incomplete KD P (Complete KD
(N =195) (N=137)  Eligible for AHA Vs
Algorithm Incomplete KD)
(N = 53)

Age at symptom onset, median (range),y 2.1 (0.1-19.4) 2.3 (0.1-19.4) 1.9(0.1-15.3) A7
=6 mo of age, % 19 16 28 .067
Male, % 73 73 74 1.0
Fever duration at diagnosis, median 7 (3-21) 6 (3—17) 9 (5-21) <.001

(range), d
Rash, % 94 100 79 <.001
Conjunctival injection, % 94 100 85 <.001
Oral changes, % 88 97 68 <.001
Lymphadenopathy, % 43 53 19 <.001
Extremity changes, % 69 88 21 <.001
CRP level of =3.0 mg/dL or ESR 100 (195) 100 (137) 100 (53)

of =40 mm/h, % (n)
WBC count of =15 000 cells per mm?, 51(195) 53 (137) 49 (53) 75

% (n)
Anemia, % (n) 60 (193) 60 (136) 65 (52) 51
Platelet count of =450 X103 cells per 61 (108) 62 (65) 66 (41) 42

mm? if =7 d of fever at presentation,

% (n)
Albumin level of =3.0 g/dL, % (n) 48 (172) 48 (119) 49 (49) 1.0
ALT level elevation, % (n) 49 (180) 55 (127) 33 (48) 011
Urinary WBC count of >10 cells per 21 (169) 27 (123) 5(41) .002

high-power field, % (n)
WBC indicates white blood cell.

84 (43%)

Number of Patients
W
o

14 (T%)

41 (21%)

2

3

Number of Clinical Criteria

FIGURE 2

Number of clinical criteria present at the time of initial evaluation for 195 patients with KD and CAAs.
Clinical criteria included rash, conjunctival injection, oral changes, lymphadenopathy, and extremity

changes.

sentation to the clinical center (Table
2). Three would have become eligible
later, because their fevers lasted =5
days and they had 2 or 3 principal clin-
ical criteria. If those 3 patients had
then entered the algorithm, 1 would
have satisfied the criteria for immedi-
ate IVIG treatment. The other 2 would
have been referred for echocardiogra-
phy, and 1 would have received IVIG

PEDIATRICS Volume 125, Number 2, February 2010

treatment, on the basis of abnormal
echocardiographic findings, on day 5.
The other had negative echocardio-
graphic findings on day 6 and so would
not have been referred for IVIG treat-
ment; subsequent echocardiography
performed on day 12 of iliness showed
a GAA. The remaining 2 children, each
of whom was >6 months of age with
only 1 principal clinical criterion,

ARTICLES

would not have been eligible to en-
ter the algorithm. Therefore, careful
follow-up monitoring in the days after
the first presentation to the clinical
center would have resulted in success-
ful application of the AHA algorithm
and appropriate IVIG treatment for 2 of
5 children. With inclusion of those chil-
dren, =192 (98%) of 195 subjects with
KD and CAAs would have been referred
appropriately for IVIG treatment, in-
cluding =55 (95%) of 58 patients with
incomplete KD at initial presentation.

We compared the characteristics of
patients who satisfied the criteria for
complete KD with those of patients
who had AHA algorithm-eligible incom-
plete KD. Patients with incomplete KD
who were eligible to enter the algo-
rithm had a longer time to KD diagno-
sis (median: 9 days [range: 5—21 days]
vs 6 days [range: 3—17 days]; P < .001)
and a greater tendency to be =6
months of age (28% vs 16%; P = .067).
The 2 groups had similar laboratory
measures (Table 1) with the exception
of serum ALT levels, which were more
frequently elevated for age in patients
with complete KD (55% vs 33%; P =
011).

We compared the characteristics of in-
fants =6 months of age, who repre-
sented 19% of the study population,
with those of patients >6 months of
age (Table 3). Infants =6 months of
age tended to be more likely to have
incomplete KD (41% vs 27%; P = .063)
and had more days of fever at presen-
tation (median: 9 vs 7 days; P = .003).
Only 16% of young infants had cervical
lymphadenopathy at the time of pre-
sentation, compared with 49% of older
children (P<<.001). Infants =6 months
of age were more likely to have white
blood cell counts of >15000 (P = .05)
and anemia for age (P = .005) and
were less likely to have elevated ALT
levels for age (P << .001). Other clinical
and laboratory findings were similar
between the 2 age groups.
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¥

Classification and projected treatment on the basis of data obtained at the first evaluation for 195
patients with KD and CAAs with application of the 2004 AHA recommendations for the diagnosis and
treatment of KD. 2 When both the ESR and CRP level were recorded, a GRP level of =3.0 mg/dL or ESR
of =40 mm/hour was considered a positive marker of systemic inflammation, regardless of the other
value.  Positive supplemental criteria included (1) white blood cell count of =15 000 cells per mm?,
(2) anemia for age, (3) platelet count of =450 X 103 cells per mm? if fever had been present for =7
days at the time of presentation, (4) albumin level of =3.0 g/dL, (5) ALT level elevation for age, and (6)
urinary white blood cell count of >10 cells per high-power field.

We explored variations in the perfor-
mance of the AHA recommendations
according to clinical center (Table 4).
Centersvaried according to age at pre-
sentation (P < .001), proportion of in-
fants =6 months of age (P = .005), and
proportion of infants with elevated ALT
levels for age (P << .001). Centers were

otherwise similar with respect to lab-
oratory data and clinical characteris-
tics, including proportion male, days of
fever, and proportion with incomplete
presentation. The centers did not dif-
fer with respect to performance of the
2004 AHA recommendations in suc-
cessfully guiding IVIG treatment, with

TABLE 2 Patients With Neither Complete KD Nor AHA Algorithm-Eligible Incomplete KD

limited statistical power. Similarly,
performance of the 2004 AHA recom-
mendations did not differ when we an-
alyzed patients who presented by day
21 (n = 195), day 14 (n = 182), or day
10 (n = 154). However, our statistical
power to detect such differences was
limited.

DISCUSSION

Timely IVIG treatment is hampered by
incomplete clinical signs in at least
15% to 20% of children with KD.>-'" In-
deed, incomplete presentation with KD
is a risk factor for delayed diagnosis,
failure to treat with IVIG infusions, and
development of coronary artery le-
sions.'213 |In the absence of a diagnos-
tic test for KD, several groups have
published strategies for the evaluation
of children with suspected incomplete
KD.'*-16 In 2004, the AHA updated scien-
tific statement not only included crite-
ria for classic KD but also proposed a
new algorithm for the initial assess-
ment and treatment of children with
suspected incomplete KD. This algo-
rithm was based primarily on expert
consensus, because of the dearth of
evidence-based studies. The present
study is the first to examine the perfor-
mance of the 2004 AHA recommenda-
tions in a large population of children
meeting the standard for the diagnosis
of KD, that is, CAAs.

Our retrospective review suggests
that, among North American children
with CAAs secondary to KD, application

Center  Age,y  Duration of Fever  No. of Clinical ~ Reason Not Eligibleto  CRP Level of  No. of Positive Findings on First Time at IVIG
at Presentation, Criteria Enter AHA Algorithm =3.0mg/dL  Supplemental Echocardiogram Treatment,
d Present for Suspected or ESR of Laboratory d
Incomplete KD =40 mm/h Criteria
1 9.1 4 2 <5 d of fever Yes 1 First echocardiogram negative 6
on day 6; repeat
echocardiogram with CAA
on day 12
4 29 4 3 <5 d of fever Yes 1 CAA on day 5 5
4 19 4 3 <5 d of fever Yes 3 Unknown 5
1 1.3 8 1 <2 clinical criteria Yes 1 CAA on day 8 8
3 8.3 14 1 <2 clinical criteria Yes 3 CAA on day 14 14
e238 YELLEN et al
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TABLE 3 Demographic, Clinical, and Laboratory Characteristics of Patients According to Age at
Presentation

=6 mo (N=37) >6mo (N = 158) P

Age at symptom onset, median (range), y 0.29 (0.1-0.5) 2.8 (0.54—-19.4) <.001
Male, % 70 73 .69
Duration of fever at diagnosis, median (range), d 9 (4-21) 7(3-22) .003
Rash, % 97 93 47
Conjunctival injection, % 89 96 23
Oral changes, % 92 87 .58
Lymphadenopathy, % 16 49 <.001
Extremity changes, % 70 68 1.0
No. of clinical criteria present, median (range) 4 (1-5) 4 (1-5) 052
CRP level of =3.0 mg/dL or ESR of =40 mm/h, % 100 100
WBG count of =15 000 cells per mm3, % 62 49 15
Anemia for age, % (n) 81 (37) 55 (156) .005
Platelet count of =450 X103 cells per mm3 69 (26) 59 (82) 37

if =7 d of fever at presentation, % (n)
Albumin level of =3.0 g/dL, % (n) 55 (33) 47 (139) 45
ALT level elevation, % (n) 9 (34) 58 (146) <.001
Urinary WBG count of =10 cells per high-power 18 (34) 22 (135) .65

field, % (n)
Complete KD, % 59 73 12
Incomplete KD eligible for AHA algorithm, % 41 24 .063

WBC indicates white blood cell.

TABLE 4 Demographic, Clinical, and Laboratory Characteristics of Patients With KD and CAAs at
Presentation According to Center

Center 1 Center 2 Center 3 Center 4 P
(N=97) (N=27) (N=22) (N = 49)
Age at symptom onset, median (range),y 2.1 (0.1-19.4) 0.7 (0.1-14.5) 3.4 (0.2-9.5) 3.0 (0.1-15.3) <<.001
Male, % 75 74 82 63 35
Age of =6 mo, % 21 41 9 8 005
Duration of fever at diagnosis, median 6 (3-21) 8 (3-21) 8 (5—16) 7 (4-16) .086
(range), d
Rash, % 98 93 86 90 043
Conjunctival injection, % 95 96 91 94 .84
Oral changes, % 86 96 73 94 043
Lymphadenopathy, % 51 26 41 37 10
Extremity changes, % 65 78 7 67 .52
No. of clinical criteria present, median 4 (1-5) 4 (2-5) 4 (1-5) 4 (2-5) .55
(range)
CRP level of =3.0 mg/dL or ESR of =40 100 100 100 100
mm/h, %
WBG count of =15 000 cells per mm3, % 47 52 55 57 73
Anemia for age, % (n) 61 (95) 63 (27) 68 (22) 53 (49) 63
Platelet count of =450 X103 cells per 69 (48) 45 (20) 62 (13) 59 (27) 35
mm? if =7 d of fever at presentation,
% (n)
Albumin level of =3.0 g/dL, % (n) 47 (75) 38 (26) 73 (22) 45 (49) .088
ALT level elevation, % (n) 51 (87) 16 (25) 32 (22) 72 (46) <.001
Urinary WBC count of =10 cells per high- 22 (88) 23 (26) 18 (17) 21 (38) 1.0
power field, % (n)
Complete KD, (%) n (72) 70 (74) 20 (59) 13 (69) 34 79
Eligible for suspected incomplete KD AHA (26) 25 (26) 7 (36) 8 (27) 13

algorithm, (%) n
Met neither definition, (%) n (2)2 0)0 (5) 1 4) 2

WBC indicates white blood cell.

of the 2004 AHA recommendations
would have identified the majority for
appropriate IVIG treatment at the time

of presentation. Only 70% of our sub-
jects would have been treated with IVIG
infusions if clinicians had relied on ful-
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fillment of the complete case defini-
tion, whereas =97% of subjects would
have been treated through use of the
2004 AHA recommendations. We infer
that use of the 2004 AHA recommenda-
tions by primary care providers may
hasten treatment of incomplete KD and
thereby reduce the likelihood and se-
verity of CAA formation related to de-
layed or missed KD diagnosis.

Children =6 months of age were over-
represented in our study group with
CAAs. Furthermore, a larger propor-
tion of infants tended to present with
incomplete KD, compared with the
older group. Several previous studies
found that infants were at increased
risk for both incomplete presenta-
tion'"® and coronary abnormali-
ties.20-%8 Delayed diagnosis, which is
common in the infant KD population,'?
also was demonstrated to be a risk
factor for the development of coronary
abnormalities.? Other investigators
found that pediatricians are less likely
to consider a diagnosis of KD for in-
fants even when they present with
complete KD.2” These findings under-
score the need for increased clinical
suspicion for incomplete KD in infants
with an unknown cause of fever. The
new AHA algorithm for patients with
suspected KD seems to be of particular
benefit when used for the assessment
of infants; all infants would have been
referred for IVIG treatment at presen-
tation (Fig 4).

We explored the reasons why the AHA
algorithm would not have directed
some children in the series to IVIG
treatment. Two patients had only a sin-
gle principal clinical criterion in addi-
tion to fever. Children with fever and a
single principal criterion do not enter
the AHA algorithm unless they are =6
months of age and hence would not be
explicitly addressed by the 2004 AHA
recommendations. We cannot exclude
the possibility that other symptoms of
KD were transient in these 2 children
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Infants <6 months
at Presentation

n=37

Criteria for Complete
KD not met:
INCOMPLETE KD
n=15

Fever 23 days and 24
clinical criteria:
COMPLETE KD

n=22

Ineligible to enter
2004 AHA algorithm
for suspected

incomplete KD
n=0

Eligible to enter 2004 AHA algorithm
for suspected incomplete KD:

a) Fever 25 days and 2 or 3 clinical criteria

OR

b) Fever 27 days, systemic inflammation, other
etiologies excluded (n=1)

n=15

¥

ial CRP <3.0 mg/DL CRP 23.0 mg/DL andfor
&gﬁ;m]‘—[ﬂd ESR <40 mmfhr"] [ ESR 240 rgm!hr"
n=0 n=1

[

laboratory criteria®

laboratory criteria®

<3 Supplemental 23 Supplemental
n=15

n=0

r
Echocardiogra, Immediate
l graphy | =
Treatment

FIGURE 4

Classification and projected treatment on the basis of data obtained at the first evaluation for 37
infants =6 months of age with KD and CAAs with application of the 2004 AHA recommendations for the
diagnosis and treatment of KD. @ When both the ESR and CRP level were recorded, a CRP level of =3.0
mg/dL or ESR of =40 mm/hour was considered a positive marker of systemic inflammation, regard-
less of the other value. ® Positive supplemental criteria included (1) white blood cell count of =15 000
cells per mm3, (2) anemia for age, (3) platelet count of =450 X 103 cells per mm? if fever had been
present for =7 days at the time of presentation, (4) albumin level of =3.0 g/dL, (5) ALT level elevation
for age, and (6) urinary white blood cell count of >10 cells per high-power field.

and were missed by parents and care
providers. It is worth noting that 1
child was 8 years of age, outside the
typical KD age range. Older age itself
has been shown to be a risk factor for
delayed diagnosis, development of
CAAs, complications, and persistence
of CAAs over time.2*% One other child
had incomplete criterion findings, with
normal echocardiographic findings on
day 6 of illness; a second echocardio-
gram was not performed until day 12
of illness, when coronary changes
were seen. Although the AHA algorithm
suggests repeating echocardiography
when fever persists in children with
elevated GRP levels and/or ESRs and
<3 supplemental laboratory criteria,
the appropriate interval for retesting
is not given. Future iterations of the
algorithm might specify that repeat
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echocardiography be performed soon-
er, particularly if the first echocardio-
gram is obtained early in the course of
illness. However, changes in the algo-
rithm that improve sensitivity must be
balanced against worsening specific-
ity, with widespread overuse of echo-
cardiography and IVIG treatment.

Our retrospective study should be
viewed in light of its limitations. We as-
sessed patient characteristics at pre-
sentation, and it is possible that some
patients with incomplete presenta-
tions might have satisfied the criteria
completely with longer follow-up mon-
itoring. CAAs were determined on the
basis of echocardiographic interpreta-
tion at each participating clinical cen-
ter, rather than in a core laboratory.
Because we included only patients

with KD with CAAs, laboratory results
for our study population are likely to
be skewed toward greater systemic in-
flammation, compared with average
children with KD.2® Qur study design
did not permit us to assess the speci-
ficity of the algorithm for suspected
KD, and we could not evaluate the num-
ber of unnecessary laboratory tests,
echocardiograms, or IVIG infusions.
The retrospective nature of the study
also precluded us from determining
whether application of the 2004 AHA
guidelines improved patient out-
comes. Of note, the most important
aim of IVIG treatment for patients with
KD is to prevent CAAs. By restricting
the study population to children who
developed coronary artery sequelae of
KD, we were able to demonstrate that
the 2004 AHA guidelines successfully
guided children at highest risk toward
IVIG treatment.

CONCLUSIONS

Our study is the first to assess the
performance of the 2004 AHA recom-
mendations in facilitating the diag-
nosis and treatment of KD in children
with CAAs. Fewer than three fourths
of children with CAAs met the com-
plete case definition at presentation.
Incorporation of the AHA algorithm
for suspected incomplete KD in the
initial assessment would have re-
ferred the great majority of this high-
risk KD population forimmediate IVIG
treatment. Future multicenter pro-
spective studies are needed for as-
sessment of the performance char-
acteristics of the AHA algorithm
among febrile children with incom-
plete criterion findings and further
refinement of the algorithm.
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