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Summary

Background Early identification of high-risk patients is essential to stratify treatment algorithms of Kawasaki dis- The Lancet Regional
ease (KD) and to appropriately select patients at risk for complicated disease who would benefit from intensified Health - Europe
first-line treatment. Several scores have been developed and validated in Asian populations but have shown low sen- ~ 2022/22: 100481
sitivity in predicting intravenous immunoglobulin (IVIG) resistance in non-Asian populations. We sought methods E:tbls'?/r;Ziin:l'?foxr&6/'
to predict the need for secondary treatment after initial IVIG in non-Asian populations. Ianzpe.z 0 2_1900 181 !
Methods We conducted a retrospective, multicenter study including consecutive patients with KD admitted to two

tertiary pediatric hospitals in France and Italy from 2005 to 2019. We evaluated the performance of the Kawanet-

score and compared it with the performances of initial echocardiography findings, and of a newly proposed score

combining the Kawanet-score and initial echocardiography findings. For each score, we assessed the AUC, sensitiv-

ity and specificity for predicting the need for second-line treatment.

Findings We included 363 children with KD, 186 from France and 177 from Italy, of whom 57 (16%) required sec-
ond-line therapy after the first IVIG dose. The Kawanet score, coronary artery dilation or aneurysm with maximal Z-
score >2.0 at baseline, and abnormal initial echocardiography had a sensitivity of 43%, 55% and 65% and a specific-
ity of 73%, 78%, 73%, respectively, for predicting the need for second-line treatment. The Kawanet-score was signifi-
cantly improved by combining it with initial echocardiography findings. The best predictive performance
(Sensitivity 76%, Specificity 54%) was obtained by combining the Kawanet-score with abnormal initial echocardiog-
raphy, defined by the presence of either coronary artery maximal Z-score >2.0, pericarditis, myocarditis and/or ven-
tricular dysfunction. This score predicted the need for second-line treatment in European, African/Afro-Caribbean
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and Asian ethnicity with a sensitivity of 80%, 65% and 100%, respectively, and a specificity of 56%, 51% and 61%,

respectively.

Interpretation Our study proposes a score that we named the Kawanet-echo score, which allows early identification
of children with KD who require a second-line treatment in multi-ethnic populations in Europe.
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Clinical scoring

Research in context

Evidence before this study

We searched in Pubmed articles using the terms “Kawasaki
Disease” AND “scoring system” or “prognosis” or “risk fac-
tors”. We identified more than 20 articles assessing the per-
formance of several scores to identify patients at high risk
of resistance to intravenous immunoglobulins (IVIG), first
line of treatment in Kawasaki Disease. These scores have
mainly been developed and validated in Asian populations,
but have shown low sensitivity to predict IVIG resistance in
other populations, including multi-ethnic populations in
European countries. Thus, there is a need for new methods
to predict the need for secondary treatment after initial
IVIG in non-Asian populations. Recently, a score called the
Kawanet score was developed in an European population.

Added value of this study

Based on data from two independent cohorts of consecu-
tive patients hospitalized at tertiary centers in France and
ltaly, we describe a scoring system that can predict
patients requiring second-line treatment after the first
dose of IVIG with a sensitivity of 76% and specificity of
54%. This scoring system combines the clinical and labora-
tory parameters of the previously published Kawanet-
score and findings from the initial echocardiography.

Implications of all the available evidence

If validated in other populations, this scoring system could
be a useful tool to identify at-risk patients in multi-ethnic
populations in European countries who might benefit
from intensive first-line treatment strategies.

Introduction

Kawasaki disease (KD) is the leading cause of acquired
heart disease in childhood in developed countries.” Cor-
onary artery aneurysms (CAA) determine the prognosis

of KD. The cardiac prognosis has been dramatically
improved by treatment with acetylsalicylic acid (ASA)
and intravenous infusion of 2g/kg of human immuno-
globulin (IVIG)." However, 11-20% of patients are resis-
tant to a first line of IVIG and show a higher rate of risk
of coronary artery abnormalities (CAAs)."* These
patients require secondary treatments.”® Recent studies
have shown the use of intensified first-line treatments,
such as adding glucocorticoids* or ciclosporine® to
IVIG and ASA, may be beneficial, particularly for
patients at high risk for developing coronary aneur-
ysms.

Early identification of high-risk patients is essential
to stratify treatment algorithms of KD and appropriately
select patients at risk for severe disease who would ben-
efit from the intensification of first-line treatments. Sev-
eral scores have been developed to identify patients at
high risk of resistance to IVIG or coronary disease.” ?
Most of them have been developed and validated in
Japan, but have shown low sensitivity to predict IVIG
resistance in other non-Asian populations, including
multi-ethnic populations in Europe.'® '® A current chal-
lenge is therefore to establish new methods for early
identification for severe KD and predict the need for sec-
ondary treatment after initial IVIG in non-Asian popula-
tions.

In non-Asian populations, a scoring system called
Kawanet-score that takes into account laboratory and
clinical findings has recently been proposed to predict
patients requiring second-line treatment.” This score
includes ALT level > 30 IU/L, hepatomegaly, lympho-
cyte count < 2400/mm’ and time to treatment <
5 days, with 1 point per variable and cut-off > 2 points."”
Echocardiography, the imaging modality of choice for
the detection of coronary artery abnormalities and
assessment of myocardial function, is not included in
the Kawanet score. However, it has also been proposed
to be useful in the risk stratification of patients with
KD."™'72* Recent studies have proposed that abnormal
findings on initial echocardiography may be associated
with resistance to IVIG"™' in European populations
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and a baseline coronary artery maximal Z-score > 2.0 in
children is predictive of subsequent CAA development
in Asian®* and North American®° populations.

The objective of this study was to evaluate the perfor-
mance of the Kawanet-score in two KD independent
cohorts from two European countries and to assess
whether its performance can be improved by incorporat-
ing initial echocardiographic findings.

Methods

Study design

We conducted a retrospective, multicenter study includ-
ing two cohorts of consecutive KD patients admitted
from January 2005 to December 2019 (before the out-
break of the SARS-CoV-2 pandemics in Europe) to
either of the following two pediatric tertiary hospitals,
Robert-Debré University Hospital, in Paris, France and
Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico in Milan, Italy. We included all patients diag-
nosed with KD according to AHA diagnostic criteria’
before 18 years of age. Exclusion criteria were: i) another
diagnosis confirmed during the follow-up, ii) first echo-
cardiography performed >10 days after disease onset,
iii) first echocardiography performed >48h hours after
first treatment with immunoglobulins, iv) Patients pre-
viously included in the Kawanet cohort. For each patient
we recorded demographic, clinical and echocardio-
graphic data. All collected data were anonymous. This
study followed national ethic guidelines and has been
approved by data protection authorities and ethic com-
mittees (CNIL/No.2014908 & Noig8o120, CE Milano
Area 2 No 2018/0802).

Definitions. Initial dilatation or aneurysm was defined
according to the AHA criteria: dilation in presence of a
maximal Z score of 2 to <2.5; aneurysm in presence of
a maximal Z-score > 2.5." Z-scores were measured
using Dallaire and Dahdah method from Montreal,*
which is a rigorous scoring system, that has been devel-
oped based on larger populations and with careful statis-
tical modeling. It uses a square root function of the body
surface area and has the advantage of also providing
normative data for the left circumflex branch.” Abnor-
mal initial echocardiography was defined as presence of
one or more of the following findings: initial coronary
dilatation, aneurysms, pericarditis, myocarditis, or ven-
tricular dysfunction. As recommended,” coronary
brightness and/or coronary irregularity were not
included in the definition of abnormal echocardiogra-
phy in the main analysis, but have been explored in a
secondary analysis to see if it improved the score per-
formances. Pericarditis was defined by the presence of
pericardial effusion on echocardiography. Myocarditis
was defined as acute left ventricular systolic dysfunction
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at echocardiography, associated with elevation of bio-
markers of myocardial injury (Troponine I or T, CK-
MB). Both definitions were based on the AHA and ESC
criteria (AHA 2017 and ESC guidelines 2015 pericardial
diseases). Complete KD was defined according to the
AHA criteria, as KD Patients who meet the case defini-
tion based on the presence of prolonged unexplained
fever and at least 4 of the 5 principal clinical findings."
Incomplete KD was defined according to the AHA crite-
ria’ as KD with prolonged unexplained fever, fewer than
4 of the principal clinical findings, and compatible labo-
ratory or echocardiographic findings." The first day of
illness onset was defined as the first day that the patient
presented with signs related to KD.

Outcome and outcome measures

The primary outcome was the proportion of therapeutic
failure among children with KD, defined as the need for
a second-line treatment before hospital discharge (a sec-
ond infusion of IVIG or other treatments after the first
IVIG dose, including corticosteroids, or anti-tumor
necrosis factor agent, or anakinra, or cyclosporine). This
outcome, rather than persisting fever on day 2, was cho-
sen to reflect current practices, and because it was the
main outcome used to build the Kawanet score.”” As a
sensitivity analysis, we considered therapeutic failure as
persisting or relapsing fever on day 2 following the start
of initial IVIG therapy. We also conducted the following
additional analyses:

® An analysis restricted to children in whom the first
echocardiography was performed before the first-
line treatment,

® An analysis considering a maximal Z-score > 2.5 to
define initial coronary artery dilatation or aneu-
rysm,

® An analysis including a delay between disease onset
and first-line treatment > 10 days or not to build the
score.

Secondary outcomes included the proportion of ther-
apeutic failure in different subgroups, based on center
(French and Italian), ethnicity, age at KD onset (<4 or
>4 years), sex and complete versus incomplete KD.

For all outcomes, the Kawanet score performances, i.
e. sensitivity, specificity, and area under the curve
(AUCQ) of the receiver operator characteristic (ROC)
curve were assessed, and compared to the performances
of initial echocardiography findings alone, and a combi-
nation of the Kawanet score with initial echocardiogra-
phy findings.

The Kawanet score included ALT level > 30 IU/L,
hepatomegaly, lymphocyte count < 2400/mm’ and
time to treatment < 5 days, with 1 point per variable and
cut-off > 2 points.” Ethnicity was defined by origin of
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parents and classified into different subgroups: Euro-
pean, African/Afro-Caribbean, Asian (Far East), or
mixed ethnicity (children with parents from different
areas) and other ethnicities.

Statistical analysis

We described patient characteristics as numbers and
percentages for categorical variables, and median
with interquartile range for quantitative ones. First,
we assessed the association between Kawanet score
(with a threshold of >2), initial echocardiography
findings, and their combination with treatment fail-
ure using a univariate logistic regression model, and
a multivariate logistic regression model adjusted for
potential confounders (age, sex, ethnicity, complete
Kawasaki disease, year of diagnosis, and delay
between disease onset and firstline treatment).
Then, we assessed the performances of the Kawanet
score (AUC of the ROC curve, sensitivity and speci-
ficity with a cut-off > 2), and compared it to the per-
formances of initial echocardiography findings, and
the combination of the Kawanet score and initial
echocardiography findings. The cut-off of the modi-
fied Kawanet score was selected based on sensitivity
and specificity for the different thresholds. A two-
sided p-value <o.o5 was considered statistically sig-
nificant. All statistical analyses were performed using
R v3.6.1 (http://www.R-project.org).

Role of the funding source

As there was no specific funding for this study, no fund-
ing source had any role in study design, data collection,
data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

Results

We included 363 children with KD, 221 (61%) males
and 141 (39%) females, with a median age at presenta-
tion of 2 years (IQR 1.2 — 3.5) (see Flow chart in supple-
mentary Figure 1). Baseline characteristics of patients
from France (n=186), Italy (n=177), and the entire study
population are presented in Table 1. Overall, 227 (63%)
patients had complete KD, 81 (22%) had persistent fever
48h after completion of the initial infusion of immuno-
globulins and 57 (16%) required second-line treatment.
Both the need for second-line treatment and persisting
or relapsing fever on day 2 were significantly associated
with occurrence of CAA at week 6 (OR 3.6, 95% CI [1.5;
8.3], p=0.003 and OR 2.6, 95% CI [L.1; 5.8], p=0.020,
respectively, supplementary Table 1).

First, we assessed the association between need of
second-line treatment and i) Kawanet score > 2, ii) Ini-
tial maximal Z-score > 2 iii) abnormal initial echocardi-
ography (presence of either initial maximal Z-score > 2,
pericarditis, myocarditis, or ventricular dysfunction). All

Italian cohort, N=177 French cohort, N=186 Total, N=363
Age at disease onset, years 2.1[1.1;34] 2.0[1.2;3.7] 2.0[1.2;3.5]
Female 64 (36%) 77 (41%) 141 (39%)
Ethnicity, NA=19
European 142 (80%) 41 (25%) 183 (53%)
African/Afro-Caribbean 10 (6%) 100 (60%) 110 (32%)
Asian 11 (6%) 26 (16%) 37 (11%)
Complete KD 105 (59%) 122 (66%) 227 (63%)
Modifications of extremities 106 (60%) 103 (55%) 209 (58%)
Diffuse exanthema 139 (79%) 158 (85%) 297 (82%)
Conjunctival injection 147 (83%) 148 (80%) 295 (81%)
Cervical adenitis >1.5 cm 74 (42%) 99 (53%) 173 (48%)
Modifications of oral mucosa 154 (87%) 162 (87%) 316 (87%)
Delay between disease onset and first-line treatment (days) 7[5;9] 6[5; 8] 715 8]
Initial cardiac complications 58 (33%) 53 (28%) 111 (31%)
Coronary artery maximal Z- score >2.0 54 (31%) 35 (19%) 89 (25%)
Coronary artery maximal Z-score >2.5 44 (25%) 31(17%) 75 (21%)
Myocarditis 1(1%) 3 (2%) 4 (1%)
Pericarditis 2 (1%) 27 (15%) 29 (8%
Need for second-line therapy 26 (15%) 31 (17%) 57 (16%)
Persisting fever 48h after the start of the initial IVIG therapy 27 (15%) 54 (29%) 81 (22%)
Table 1: Baseline characteristics of the population, N=363.
Categorical variables are expressed as numbers (percentage), and quantitative variables are expressed as median [interquartile range].
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variables were significantly associated with need of sec-
ond-line treatment and fever 48h after first line immu-
noglobulins, both in wunivariate and multivariate
analysis (Table 2).

Second, we studied the performance of the Kawanet
score, baseline coronary artery maximal Z-score > 2.0
and initial abnormal echocardiography, in predicting
IVIG resistance and persistence or relapse of fever 48h
after IVIG treatment (Table 3). The Kawanet score, base-
line maximal Z-score > 2.0 and abnormal initial echo-
cardiography had respectively a sensitivity (Se) of 43%,
55% and 65% and a specificity of 73%, 78%, 73% for pre-
dicting the need for second-line treatment. Because of
the poor sensitivity of the Kawanet score, we designed
new scores based on the combination of the Kawanet
score with baseline coronary artery maximal Z-score
>2.0 or abnormal initial echocardiography, called modi-
fied Kawanet scores. Modified-Kawanet score 1 is based
on a combination of Kawanet score (1 point per variable)
and presence of coronary dilatation and/or aneurysm
(2 points if any is present). Modified-Kawanet score 2
(box 1), is based on a combination of Kawanet score (1
point per variable) and presence of abnormal initial
echocardiography findings (coronary dilatation, aneu-
rysm, pericarditis, myocarditis, ventricular dysfunction;
2 points if at least one is present), Both modified scores
1 and 2 have a cut-off of > 2. The Kawanet score was
substantially improved by the addition of maximal Z-
score > 2.0 (score 1; Se 69%, Sp 56%, AUC 0.69,
Table 3). Combining the Kawanet score with abnormal
initial echocardiographic findings (which also include
presence of peri- or myocarditis or ventricular dysfunc-
tion) further increased the performance (score 2;
Se 76%, Sp 54%, AUC o.71; Table 3). A further addition
of the presence of coronary brightness or irregularity to
the abnormal initial echocardiographic findings did not
improve the modified Kawanet score (supplementary
Tables 2,3). Similar results were obtained when analyz-
ing the performances of these scores in predicting per-
sistence of fever 48h after first-line treatment (Table 3).
ROC curves of the Kawanet and modified Kawanet
scores 1 and 2, as well as the sensitivity and specificity
for different cut-off are shown in supplementary Figure
2 and supplementary Table 4. The modified Kawanet
score 2 had the best performance in predicting the need
for second-line therapy as well as persistent fever at
H48 (supplementary Table 5). Similar results were
obtained when restricting the analysis to children in
whom the first echocardiography was performed before
the first-line treatment, or when considering a maximal
Z-score > 2.5 to define initial coronary artery dilatation
or aneurysm (supplementary Tables 6 and 7). Including
the delay between disease onset and the first-line treat-
ment did not improve the performances of the score
(supplementary Table 8).

Third, we investigated the performance of the Kawa-
net score, initial abnormal echocardiography, and
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Persistent fever at H48

Need for second-line treatment

Multivariate analysis®

Univariate analysis

=282/
363 (78%)

No, N

=81/
363 (22%)

Yes, N

Multivariate analysis®

Univariate analysis

=306/
363 (84%)

No, N:

=57/
363 (16%)

Yes, N:

Variable

P value OR [95% CI] P value

OR [95% CI]

P value OR [95% Cl] P value

OR [95% CI]

0.007

23[1.3;4.2]

0.010

32/77 (42%) 69/263 (26%) 2.0(1.2;34]

0.021

2.2[1.1;4.3]

0.019

2.11[1.2;3.7]

78/287 (27%)

23/53 (43%)

Kawanet score®

(NA=23)

0.0003

3.0(1.7;5.5]

0.003

<0.0001 30/81 (37%) 59/282 21%) 2.2[1.3;3.8]

5.6[29;11.1]

60/306 (20%) 421[24;7.7] <0.0001

29/57 (51%)

Baseline coronary

artery maximal

Z-score > 2.0

77/302 (25%) 4.412.5;8.0] <0.0001 5.7[3.0;11.2] 0.0001 38/81 (47% 73/278 (26%) 25[1.54.2] 0.0004 3.1[1.8;5.5] 0.0001

34/57 (60%)

Abnormal initial

echocardiogra-

=4)°

phy (NA

=363.

Table 2: Association of Kawanet-score, initial echocardiography findings, and their combination with treatment failure, N

* Defined as initial maximal Z-score > 2, pericarditis, myocarditis, or ventricular dysfunction.

> With a threshold > 2.

€ Adjusted on age, sex, ethnicity, complete Kawasaki disease, year of diagnosis, and delay between disease onset and first-line treatment.
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initial echocardiography® (2 points) (NA=27)"

Score Need for second-line treatment Persistent fever at H48
AUC Sensitivity Specificity AUC Sensitivity Specificity
Kawanet score (1 point per variable)” (NA=23) 0.60 43% 72% 0.59 41% 73%
Baseline coronary artery maximal Z-score >2.0 0.67 55% 80% 0.58 39% 78%
Abnormal initial echocardiography® (NA=4) 0.69 65% 74% 0.61 49% 73%
Kawanet score (1 point per variable) + baseline 0.69 69% 56% 0.62 61% 56%
maximal Z-score >2.0 (2 points) (NA:23)b
Kawanet score (1 point per variable) + abnormal 0.71 76% 54% 0.64 67% 54%

> With a threshold > 2.

Table 3: Performances of the Kawanet and modified-Kawanet scores, N=363.
# Defined as initial coronary maximal Z-score > 2.0, pericarditis, myocarditis, or ventricular dysfunction.

modified Kawanet score 2 stratified on geographic and
ethnic background (Table 4). In both the Italian and
French cohorts, the modified Kawanet score 2 had the
best performance (AUC o.72 and AUC o.70, respec-
tively; Table 4). With respect to ethnicity, the modified
Kawanet score 2 performed better than the Kawanet
score and initial echocardiography alone in all studied
ethnicities (Table 4). The performance of the modified
Kawanet score 2 according to complete/incomplete KD
and age (<2, <4 or> 4 years) are shown in Table 4 and
supplementary Table 9.

Discussion

Our study developed a scoring system, based on a modi-
fication of the Kawanet score, that allows early identifi-
cation of severe forms of KD in multi-ethnic
populations. This scoring system, which we propose to
call the Kawanet-echo score, can predict patients requir-
ing second-line treatment after the first dose of IVIG
with a sensitivity of 76% and specificity of 54%. Its per-
formance was similar in an Italian and a French cohort,
suggesting that it is robust for multi-ethnic populations

Variable Points

ALT level >30 IU/L 1
Hepatomegaly 1
Lymphocyte count <2400/mm? 1
Time to treatment < 5 days 1
Abnormal initial echocardiography 2

Presence at least 1 of the following:

*Coronary maximal Z-score > 2.0

*Pericarditis

*Myocarditis

*Ventricular dysfunction
Total
Cut-off >2

Box 1: Calculation of the modified Kawanet score 2.

in Europe. If validated in other populations of children
with KD, it may help in the implementation of specific
treatment strategies for patients at risk for severe KD.

In the literature many predictive scores have been
developed to identify patients with severe forms of KD.
Most of them perform well in Asian populations” ° but
perform poorly in European and North American popu-
lations.”*™" The study reporting the initial Kawanet-
score showed a good performance of this score to pre-
dict need for second-line treatments in French
children with KD (sensitivity 77%; specificity 60%),
which is in contrast with a poor performance of the
Kawanet score in our study population (sensitivity 43%;
specificity 72%), though we used the same primary
readout. Different modalities of patient recruitment and
their biases (voluntary register-based study versus con-
secutive patient cohorts) and demographic differences
may have contributed to these divergent observations.
Because of the poor sensitivity of this score in our popu-
lation we developed a new scoring system that combines
the Kawanet-score and data from the initial echocardiog-
raphy findings.

Previous studies indicated that abnormal coronary
and extra-coronary findings on initial echocardiography
may be associated with resistance to IVIG™'® and sub-
sequent CAA development.***#** Our study confirms,
in two European KD cohorts, the association between a
coronary artery maximal Z-score > 2.0 at the initial
echocardiography and severe KD, as measured by the
need for second-line treatments and persistence of fever
48h after the end of initial IVIG treatment. Baseline z
scores had moderate sensitivity and the highest specific-
ity of all the models in this cohort. Furthermore, our
results show that in addition to a maximal Z-score >
2.0, other findings on the initial echocardiogram should
also be included in the prediction of severe disease,
namely pericarditis, myocarditis or ventricular dysfunc-
tion. In contrast, adding more subjective variables, such
as the presence of coronary brightness or irregularity,
does not further improve the performance of the initial
echocardiogram in predicting severe disease.
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Cohort Score Need for second-line treatment
AUC Sensitivity Specificity
Italian cohort, N=177 Kawanet score® (NA=23) 0.55 30% 76%
Abnormal initial echocardiography® (NA=4) 0.68 65% 70%
Kawanet score + abnormal initial echocardiography®® (NA=27) 0.72 80% 53%
French cohort, N=186 Kawanet score® 0.62 52% 69%
Abnormal initial echocardiography® 0.68 48% 87%
Kawanet score + abnormal initial echocardiography™® 0.70 74% 55%
European ethnicity, N=183 Kawanet score® (NA=17) 0.60 36% 78%
Abnormal initial echocardiography® (NA=4) 0.69 64% 74%
Kawanet score + abnormal initial echocardiography®® (NA=21) 0.73 80% 56%
African/Afro-Caribbean ethnicity, N=110 Kawanet score” (NA=2) 0.60 53% 66%
Abnormal initial echocardiography® 0.66 47% 86%
Kawanet score + abnormal initial echocardiography™® (NA=2) 0.65 65% 51%
Asian ethnicity, N=37 Kawanet score® 0.69 75% 67%
Abnormal initial echocardiography® 0.70 50% 90%
Kawanet score + abnormal initial echocardiography™® 0.85 100% 61%
Complete KD, n=227 Kawanet score® (NA=13) 0.58 44% 67%
Abnormal initial echocardiographyb (NA=4) 0.66 47% 84%
Kawanet score + abnormal initial echocardiography®® (NA=17) 0.70 76% 49%
Incomplete KD, n=136 Kawanet score” (NA=10) 0.62 41% 80%
Abnormal initial echocardiography® 0.72 71% 73%
Kawanet score + abnormal initial echocardiography®® (NA=10) 0.71 88% 47%
Male, n=222 Kawanet score® (NA=12) 0.54 42% 68%
Abnormal initial echocardiographyb (NA=2) 0.70 61% 79%
Kawanet score + abnormal initial echocardiography™® (NA=14) 0.67 78% 47%
Female, n=141 Kawanet score® (NA=11) 0.70 47% 77%
Abnormal initial echocardiographyb (NA=2) 0.60 40% 81%
Kawanet score + abnormal initial echocardiography™® (NA=13) 0.78 87% 51%
age <4 years, n=291 Kawanet score® (NA=17) 0.59 39% 77%
Abnormal initial echocardiographyb (NA=2) 0.71 63% 79%
Kawanet score + abnormal initial echocardiography®® (NA=19) 0.71 79% 52%
age >4 years, n=72 Kawanet score® (NA=6) 0.56 54% 50%
Abnormal initial echocardiographyb (NA=2) 0.57 31% 83%
Kawanet score + abnormal initial echocardiography™® (NA=8) 0.67 85% 33%
Table 4: Performances of the Kawanet, abnormal initial echocardiography and modified-Kawanet score among different cohorts,
ethnicities and patient characteristics, N=363.
¢ With a threshold > 2.
> Defined as initial coronary dilatation, aneurysm, pericarditis, myocarditis, or ventricular dysfunction. Kawanet score: 1 point per variable. Modified Kawa-
net score 2: T point per variable for the Kawanet score, 2 points for the initial echocardiography.

In our study cohort, the difference between the num-
ber of patients requiring second-line treatment (n=57/
363, 16%) and patients with persistent fever at 48h
(n=81/363, 22%) appears to be quite high. Our data did
not allow us to identify the exact factors that contributed
to the decision not to treat some of the patients with per-
sistent fever at 48 h after completion of IVIG. Because
physicians, in case of patients in good clinical condi-
tions, typically decide on treatment during regular day-
time shifts it is conceivable that some treatment
decisions were made a few hours after the 48-hour
threshold that defined persistent fever. For patients
with improving general clinical conditions who became
apyretic after the 48-hour cutoff but before the clinical
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round, physicians may have decided not to administer
any second-line treatment.

Our study has several limitations. It is based on
patient cohorts from two tertiary centers in two different
European countries, which allows for some degree of
external validation. Because both participating centers
are tertiary centers located in large cities, we cannot
exclude selection bias. The Kawanet score is likely to be
subject to some variability because it includes a rather
subjective clinical variable, hepatomegaly, which how-
ever has the advantage of being widely available. Our
data did not allow us to assess whether ultrasound
assessment of hepatomegaly would improve the perfor-
mance of this score. Because the sensitivity and
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specificity of the proposed score are not perfect, there
remains a risk of not detecting patients at risk. In addi-
tion, its use in low-resource countries (where high-dose
IVIGs can be purchased out of pocket) may raise con-
cerns given the low specificity. Furthermore, echocardi-
ography measurements are operator-dependent, and it
has to be considered that a pediatric cardiologist may
not be present in all centers, making our score poten-
tially more difficult to implement in settings where
such expertise is not available. The proposed score
seemed to perform better in Asian and European
(respectively sensitivity 100% and 80%; specificity 61%
and 56%) than in African/Afro-Caribbean patients
(sensitivity 65%; specificity 51%). Because the prognosis
of patients with KD of African descent has varied in the
literature and because of the relatively small number of
patients in our subgroup analysis, additional studies in
larger cohorts are needed to conclude on the perfor-
mance of the score according to ethnicity and specific
clinical features.

Conclusion

Our study proposes a score that allows early identification
of children with KD requiring second-line treatment in
multi-ethnic populations. If validated in other larger multi-
ethnic populations of children with KD, it could help in
the implementation of specific treatment strategies for
patients of different ethnicities at risk for severe KD.
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