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Complete and incomplete
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Introduction: The aim of this national prospective surveillance study was to
compare the clinical presentation, laboratory findings, treatment, and coronary
artery outcome in patients with incomplete and complete Kawasaki disease (KD).
Methods: Between March 2013 and February 2019, children with a diagnosis of
complete and incomplete KD were reported by the Swiss Paediatric Surveillance
Unit and prospectively enrolled. Clinical data, laboratory values, treatment, and
echocardiographic features were collected at diagnosis and 1 year of follow-up.
Data were compared between children with complete or incomplete KD.
Results: A total of 351 questionnaires were registered from children with a diagnosis
of KD. Of them, 219 (62.4%) children had complete KD, and 132 (37.6%) children had
incomplete KD. Children with incomplete KD were younger and had a longer-lasting
fever; however, there were no differences in the level of C-reactive protein. All but
four children received intravenous immunoglobulin treatment, whereas 14% of
children were treated with corticosteroids. Children with incomplete KD were
more often treated with corticosteroids than children with incomplete KD
(p=0.01). At diagnosis, 39 (11.1%) patients had only coronary artery dilation and
57 (16.2%) had at least one coronary artery aneurysm. There were no differences
in coronary artery involvement between the two groups. At follow-up, 273 of 294
(92.8%) patients had no coronary artery involvement, with no difference between
the two groups (p=0.609). The overall incidence of coronary artery aneurysms at
diagnosis was 16.2%. At follow-up, most coronary artery aneurysms had
regressed, and coronary artery aneurysms were present in only 5.8% of the
patients. Coronary artery aneurysms were slightly more frequent in patients with
incomplete KD at follow-up (p=0.039) but not at diagnosis (p=0.208).
Conclusion: Although the clinical presentation in children with incomplete and
complete KD differs, the absence of coronary artery involvement does not. The
use of corticosteroids appears to be preventive against the development of
coronary artery aneurysms in these patients. However, the results of this
study suggest a lower rate of coronary artery aneurysm regression in patients with
incomplete KD. Further studies on a larger scale are needed to assess the risk of
non-regression of coronary artery aneurysms in this particular group of patients.
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Introduction

A diagnosis of Kawasaki disease (KD) is based on clinical and

laboratory criteria, and no definitive diagnostic test exists. The

diagnosis of incomplete KD remains challenging, and diagnostic

delays often occur, especially in infants. A more severe coronary

outcome in children with incomplete KD has been suggested but

remains controversial (1, 2). A previous study on the

epidemiology of KD in Switzerland showed that children aged

under one year of age or older than eight had more

echocardiographic abnormalities at diagnosis (3).

A prompt diagnosis and rapid treatment with intravenous

immunoglobulin (IVIG) remain the mainstays, as they have been

shown to be effective in reducing coronary artery aneurysms (CAAs) (4).

The aim of the present study was to compare the clinical

presentation, laboratory findings, treatment, and mid-term

coronary artery outcome in patients with complete or incomplete

KD in Switzerland. We hypothesized a more severe coronary

outcome for patients with incomplete KD.
Methods

Children aged under 18 years with a diagnosis of complete or

incomplete KD who were admitted between March 2013 and

February 2019 in one of the 33 pediatric clinics in Switzerland

and reported by the Swiss Paediatric Surveillance Unit (SPSU)

were prospectively enrolled.

As for our previous study on the epidemiology of KD in

Switzerland (3), an announcement was made by the physician in

charge of the patient through the SPSU (www.spsu.ch), which is

a surveillance system for rare pediatric diseases in hospitalized

children in each of the 33 Swiss pediatric hospitals set up by the

Swiss Pediatric Association and the Federal Office of Public

Health. After receiving the initial anonymous announcement

from the SPSU, a questionnaire was sent to the physician in

charge of the patient during the hospital stay.

Demographic and clinical data were collected, including

diagnostic clinical features for KD (bilateral non-purulent

conjunctivitis, oral mucosal changes, cervical lymphadenopathy,

skin rash, and changes in the extremities) and the duration of the

fever. The results from laboratory investigations were recorded,

including the most abnormal values during hospitalization for C-

reactive protein (CRP), albumin, hemoglobin (HBG), white blood

cell count (WBC), and platelet count.

Patients with a diagnosis of KD were matched either to the

“incomplete KD” or the “complete KD” group according to the

American Heart Association (AHA) guidelines (5, 6).

A follow-up questionnaire was sent 1 year after diagnosis to the

pediatric cardiologist listed on the initial questionnaire. Clinical

symptoms were recorded during the follow-up. This included

symptoms of heart failure, chest pain, and/or shortness of breath

at rest or during exercise.

The data from the echocardiography indicating a presence or

absence of coronary artery dilation and/or aneurysms were recorded

at the time of diagnosis and during the follow-up. In the case of
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coronary artery involvement and data availability, coronary artery

dimensions for the right coronary and the left coronary artery

(expressed in mm) were recorded and z-scores were calculated (7).

Coronary artery dilation and the degree of the coronary aneurysm

were defined according to the AHA guidelines (6).

Initial treatments with IVIG and doses of acetylsalicylic acid

(ASA), together with any additional immunomodulatory therapy

(e.g., corticosteroids, anakinra), were recorded. Medical

treatments during the follow-up were collected.

Demographic data, clinical symptoms and signs, laboratory

values, treatments, and coronary artery outcomes at presentation

were compared between the incomplete and complete KD groups.

The coronary artery outcome between the two groups was

compared during the follow-up.

Data have been reported as the mean with SD or the median

with interquartile range, as appropriate. The statistical

significance of differences between patients with complete and

incomplete KD was assessed using the Student’s t-test for

continuous variables and Pearson’s chi-square test for categorical

variables. A p-value <0.05 was considered significant.

The research protocol was approved by the Institutional Ethics

Board (CER-VD). Because of the anonymous data collection, the

Ethics Committee waived informed consent. The study was

performed in compliance with the 1964 Helsinki Declaration and

its later amendments.
Results

Between March 2013 and February 2019, 351 questionnaires were

collected from children with a diagnosis of KD. Of them, 219 (62.4%)

children had complete KD, and 132 (37.6%) children had incomplete

KD. In children aged under one year of age, the proportion of

incomplete KD was even higher, at 54.5%. The demographic,

clinical, and laboratory features of children with complete or

incomplete KD at the time of diagnosis are illustrated in Table 1.

The mean age at diagnosis was 3.4 ± 1.2 years. Children with an

incomplete KD were younger and had a longer-lasting fever. The

typical clinical symptoms were significantly less frequent in

children with incomplete KD, with rash being the most common

symptom in both groups. There were no differences in

inflammatory markers, such as CRP levels, but all other recorded

laboratory parameters (hemoglobin, thrombocytes, white blood

cells, and albumin) did differ (Table 1). For the latter laboratory

parameters, the children with incomplete KD had more

abnormal levels compared to the children with complete KD.

The medical therapies at the time of diagnosis and 1 year of

follow-up are illustrated in Table 2. All but four (98.6%) children

received IVIG and aspirin treatment at the time of diagnosis,

with no differences between the two groups. Of them, one child

was diagnosed retrospectively with incomplete KD due to axillary

artery aneurysms more than 1 year after the acute disease, two

children had a late diagnosis of KD and were already afebrile at

the time of diagnosis, and in one child, no details were given

regarding the reason for no treatment. Interestingly, these last

three children did present with a complete form of KD. All
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TABLE 1 Clinical and laboratory data at diagnosis.

Incomplete KD Complete KD p-value
Age [mean (SD) in months] 34.8 (32.3) 45.0 (35.3) 0.004

Sex (male N, %) 81 (61%) 128 (58%) 0.787

Clinical symptoms

Rash 88/128 212/218 0.005

ADP 35/121 135/214 <0.001

Extremities 48/127 181/215 <0.001

Mucosa 78/127 210/219 <0.001

Conjunctivitis 72/122 204/219 <0.001

Duration of fever [mean (SD) in days] 9.1 (4.0), n = 105 7.2 (3.3), n = 167 <0.001

Laboratory

CRP level, g/L (mean/SD) 117.8 (77.0) 115.2 (87.5) 0.389

HBG level, g/L (mean/SD) 97.3 (18.3) 104.8 (16.3) <0.001

Thrombocytes G/L (mean/SD) 407.9 (220.75) 344.0 (148.8) <0.001

WBC 20.7 (22.7) 17.3 (11.3) <0.001

Albumin 30.0 (6.2) 32.2 (9.4) 0.030

KD, Kawasaki disease; ADP, adenopathy; CRP, C-reactive protein; HBG, hemoglobin; WBC, white blood cell count.

Continuous variables are expressed in mean (SD). Categorical variables are expressed in N (%).
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children received an IVIG dose of 2 g/kg, whereas the initial aspirin

dose varied between 50 and 80 mg/kg in patients with incomplete

KD. Approximately one-fifth of the patients received a second dose

of IVIG; however, there were no differences between the children

with complete and incomplete KD. Of all the children, 14% were

treated with corticosteroids. Children with incomplete KD were

more often treated with corticosteroids compared to children

with incomplete KD (p = 0.01).

Additional anticoagulation therapy with vitamin K

antagonists or antiplatelet therapy with clopidogrel was added in

12 patients.

The follow-up questionnaires of 294 patients were reviewed.

The remaining 56 patients were either lost to follow-up or the

questionnaire was not returned. One child died during the acute

phase of KD.

The mean time from diagnosis to follow-up was 10.1 ±

5.5 months. This is explained by the fact that, although the
TABLE 2 Medical therapy at diagnosis and follow-up.

Incomplete KD
Dose of IVIG per g/kg 2

IVIG (initial treatment), N (%) 131 (99.2)

Second dose of IVIG, n of patients (%) 29/125 (23.2)

Corticosteroids, n of patients (%) 23/132 (17.4)

Aspirin treatment at diagnosis, N (%) 131 (99.2)

Dose of aspirin at diagnosis in mg/kg 80 (50–80)

Median/IQR
VKA (n/%) 7 (5.3)

Clopidogrel (n/%) 2 (1.5)

Other (n/%) 0 (0)

Treatment at FU
Aspirin 20 (15%)

VKA 4 (3.0%)

Clopidogrel 0

Beta-blockers 0

IVIG, intravenous immunoglobulin; IQR, interquartile range; VKA, vitamin K antagonist
aEnalapril.
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questionnaire was sent out 1 year after the acute illness, some

cardiologists in charge of the patients did see them earlier for

follow-up and discharged them earlier. At follow-up, aspirin was

continued in 36 (12.2%) patients. Six patients received therapy

with vitamin K antagonists. Two patients had additional therapy

(one patient had clopidogrel, and one had beta-blockers).

At the time of follow-up, all patients were free of cardiovascular

symptoms.

In total, 255 (72.6%) children had no coronary artery

involvement at the time of diagnosis. Of the 96 (27.3%) children

with coronary artery involvement, 39 (11.1%) patients had only

coronary artery dilation, and 57 (16.2%) had at least one CAA

on echocardiography. There were no differences in coronary

artery involvement between both groups (Table 3). For those

patients with coronary aneurysms, right coronary artery (RCA)

aneurysms were more frequent in patients with incomplete KD

compared with patients with complete KD (p = 0.038).
Complete KD p-value
2 N/A

216 (98.6) 0.95

43/207 (20.7) 0.60

28/219 (12.8) 0.01

216 (98.6) 0.95

80 N/A

1 (0.4) N/A

2 (0.9)

1 (0.4)a

16 (7.3%)

2 (0.9%) N/A

1 (0.5%) N/A

1 (0.5%) N/A

; FU, follow-up; KD, Kawasaki disease.
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FIGURE 1

Coronary artery involvement at diagnosis. Pearson’s chi-square test
showed no differences between the groups for complete and incomplete
KD in patients with dilation only (p=0.08), small CAA (p=0.91), medium
CAA (p=0.11), and giant CAA (p=0.14). KD, Kawasaki disease; CAA,
coronary artery aneurysm.

Bressieux-Degueldre et al. 10.3389/fped.2023.1137841
Of the 57 patients with at least one CAA, 30 (52.6%) patients

had small CAAs, 18 (31.6%) patients had medium-sized CAAs,

and 8 (14.0%) patients had giant CAAs. Of those patients with

giant CAAs, five had incomplete KD, and three had complete

KD. Figure 1 shows the distribution of the severity of CAAs

between the two groups. In one patient with CAA, no data were

given on the exact size; therefore, the severity of the CAA could

not be assessed. Small, medium-sized, and giant CAAs were

equally present in both groups (Figure 1).

At the follow-up, 273 of 294 (92.8%) patients had no coronary

artery involvement, with no difference between the two groups

(p = 0.609). Coronary artery dilation was seen in 5 (1.7%)

patients and 16 (5.8%) patients had at least one coronary

aneurysm. The presence of at least one CAA was slightly more

prevalent in incomplete KD (p = 0.039). In total, five patients

had small CAAs, eight had medium-sized CAAs, and two had

giant CAAs at the time of follow-up. In one patient, the

dimension of the CAA was not specified. Figure 2 shows

coronary artery involvement at follow-up in children with

complete or incomplete KD. When comparing the severity of

CAAs in patients with complete or incomplete KD, no

significant difference was found between the two groups (Figure 2).
Discussion

This is the first prospective study comparing cardiac outcomes

in complete or incomplete KD during acute illness and mid-term

follow-up in Switzerland.

The proportion of patients with incomplete KD versus

complete KD in this national prospective surveillance study is in

line with recent studies (3, 8, 9), and slightly higher than in a

previous retrospective single-center study in Switzerland between

1981 and 2014, where incomplete KD represented 29.5% of all

patients with KD (10).
TABLE 3 Coronary artery involvement.

At diagnosis Incomplete KD
(n = 132)

Complete KD
(n = 219)

p-value

No CA involvement 86 (65.1%) 169 (77.2%) 0.201

CA dilation only 20 (15.1%) 19 (8.7%) 0.080

At least one aneurysm 26 (19.7%) 31 (14.2%) 0.208

RCA dilation 17 (12.9%) 23 (10.5%) 0.514

RCA aneurysm 12 (9.1%) 8 (3.7%) 0.038

LCA dilation 37 (28.0%) 43 (19.6%) 0.111

LCA aneurysm 12 (9.1%) 9 (4.1%) 0.065

At follow-up Incomplete KD
(n = 111)

Complete KD
(n = 183)

p-value

No CA involvement 99 (89.2%) 174 (95.1%) 0.609

CA dilation only 2 (1.8%) 3 (1.6%) 0.873

At least one aneurysm 10 (9.0%) 6 (3.3%) 0.039

RCA dilation 2 (1.8%) 0 (0%)

RCA aneurysm 6 (5.4%) 4 (2.2%)

LCA dilation 2 (4.5%) 4 (2.2%)

LCA aneurysm 8 (7.2%) 3 (1.6%)

KD, Kawasaki disease; CA, coronary artery; RCA, right coronary artery; LCA, left

coronary artery.
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Indeed, several epidemiological studies have shown a rise in the

incidence of incomplete KD over the last several years, with some

reports showing that more than 40% of KD patients have

incomplete KD (2, 11–12). This is thought to be due to the

impact of the guidelines published in 2004, including the

laboratory criteria (13); it may also reflect the lower threshold for

the diagnosis and treatment of patients with suspected KD in

order to avoid cardiac sequels (12).

In the present study, the age of onset was lower in patients with

incomplete KD than in those with complete KD, and in patients

aged under one year of age, more than half fulfilled the criteria

for incomplete KD. Indeed, the proportion of patients with

incomplete KD has been shown to be particularly high in

patients aged younger than one (14) and even higher, up to

78.1%, in patients aged under six months (15, 16). This might be

due to their immature immune systems, leading to a weaker

response to vasculitis in the younger patient population (17).

Not surprisingly, classic clinical symptoms were less prevalent

in children with incomplete KD in our study. This is in line with

the American Heart Association algorithm (6), which defines

incomplete KD in children as a fever of 5 days or more and two

or three compatible criteria, or in infants as a fever lasting 7 days

or more without any other explanation. Other studies also found

significant differences in the clinical characteristics between

complete or incomplete KD (1, 12), with children with

incomplete KD having less conjunctival congestion,

lymphadenopathy, and hand and foot redness (18).

One clinical difference between the two groups is the duration

of fever, which was longer in the group with incomplete KD. This

can be due to the delay in diagnosis in the last group, which was

not evaluated in our study, and because of the definition of

incomplete KD in infants (6), but also due to the higher rate of

IVIG resistance. Other studies also reported a longer fever

duration in incomplete KD patients (18).
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FIGURE 2

Coronary artery involvement at follow-up. Pearson’s chi-square test showed no differences between the groups for complete and incomplete KD in
patients with dilation only (p= 0.873), small CAA (p= 0.307), medium CAA (p= 0.149), and giant CAA (p= 0.741). KD, Kawasaki disease; CAA, coronary
artery aneurysm.
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Despite the longer duration of fever in incomplete KD

patients, there were no differences in inflammatory markers, such as

CRP levels, between the two groups. This has also been observed in

another study comparing children with complete and incomplete

KD (1, 18). In the present study, this might be explained by the

greater use of corticosteroids in children with incomplete KD.

Incomplete KD is characterized by some but not all of the

diagnostic criteria for KD (6). As a result, one can expect that

the laboratory values in incomplete KD may not be as

pronounced as those seen in complete KD. However, in this

study, all laboratory values, except for CRP levels, were more

abnormal in patients with incomplete KD. This might be

explained by the fact that the most abnormal laboratory value

during the hospital stay was recorded and not the baseline value

at diagnosis. In a large retrospective study by Manlhiot et al. (1),

most laboratory values differed between incomplete and complete

KD, with incomplete KD having the most abnormal values.

In this study, patients with incomplete KD did not receive a second

dose of IVIG more often; however, they were more often treated with

corticosteroids. This might be due to the fact that patients with

incomplete KD have a higher rate of IVIG resistance, needing, in

addition to a second dose of IVIG, second-line treatments such as

corticosteroids. Furthermore, patients in this group are younger,

some aged under one year, making them a high-risk group for

treatment with corticosteroids in addition to IVIG.

In this national prospective surveillance study, the overall

incidence of CAA at diagnosis was 16.2%. Tulloh et al. (19)

reported, in a prospective population survey in the UK and

Ireland between 2013 and 2015, a rate of CAA of 19% and an

incidence of 1.6% for giant CAAs during the acute phase, which

is similar to this study.

At follow-up, most CAAs had regressed, and CAAs were

present in only 5.8% of the patients.
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Overall, 72.6% and 92.8% of the patients had no coronary

artery involvement at diagnosis and follow-up, respectively, with

no differences between patients with incomplete and complete

KD, despite a longer duration of fever in the first group. CAAs

were slightly more frequent in patients with incomplete KD at

follow-up but not at diagnosis. This suggests that the CAA

regression rate is lower in incomplete KD than in complete KD.

Friedman et al. (20) found an association between a higher CAA

z-score at diagnosis and a lack of regression. This cannot explain a

lower regression rate in incomplete KD in our study, as there were

no differences in the size of CAAs at diagnosis between the two

groups. However, because of the small number of patients, further

studies are warranted to identify any potential association between

the regression rate of CAAs in incomplete and complete KD.

In Asian countries, especially in Japan, numerous risk scores,

including Kobayashi et al. (21), Egami et al. (22), and Sano et al. (23),

have been developed to estimate IVIG resistance and the increased

risk of cardiac complications. However, no score has been validated

in North American and European populations (24, 25).

Previous studies in non-Asian countries have been contradictory

regarding the risk of coronary artery involvement in incomplete

versus complete KD. A retrospective study by Manlhiot et al. (1)

found no differences between children with incomplete and complete

KD. Davidson et al. (26) identified from a retrospective study in

South Australia that children with incomplete KD were more likely to

develop CAAs. However, both were retrospective studies, and the

mid-term outcome was not analyzed. In a population-based study

between 2004 and 2014 in Sweden, Mossberg et al. (27) described a

much higher rate of CAA (31%) during the acute phase and an

association between CAA and incomplete KD, with an incidence of

CAA of 46.7% in this group. However, about one-quarter of patients

with incomplete KD were not treated within 10 days with IVIG. In

the present study, the time from the first day of fever to treatment
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with IVIGwas not recorded; however, themean duration of feverwas 9

days in patients with incomplete KD. The distribution of the size of the

CAAs was similar to the present study, with more than half of the

patients having small CAAs.

In this study, the use of corticosteroids was higher in patients with

incomplete KD. This could explain the lack of difference in

inflammatory markers and coronary artery involvement between the

two groups despite the longer duration of fever in children with

incomplete KD. Indeed, steroids have been shown to reduce the risk

of coronary artery development in addition to IVIG in KD, especially

when given as an initial treatment (28). Some authors recommend the

use of corticosteroids as initial therapy in patients with a high risk for

IVIG resistance, for example, in children aged under 1 year (29, 30).

A high index of suspicion and prompt treatment with IVIG

and, when indicated, corticosteroids are crucial to reducing the

risk of coronary artery involvement.
Limitations

The present study has some limitations. First, several clinical and

paraclinical data items were not completed in the questionnaire. The

echocardiographic data from the left coronary artery were recorded,

but the questionnaire did not specify the branches. If not specified by

the treating cardiologist, we used the z-scores for the left main

coronary artery. This might underestimate some results in terms of

the severity of the CAAs of the left coronary artery. Furthermore, a

number of patients were lost to follow-up. Second, during the

study period, the international guidelines for the diagnosis and

management of KD changed in 2017. This might have led to changes

in clinical practice in the different hospitals involved in the study.
Conclusion

Although the clinical presentation in children with incomplete

and complete KD is different, especially in the duration of fever,

freedom from coronary artery involvement did not differ in this

nationwide prospective surveillance study in Switzerland. The use

of corticosteroids appears to be protective against the

development of CAAs in this patient population. However, the

results of this study suggest a lower rate of CAA regression in

patients with incomplete KD. Further studies on a larger scale

are needed to assess the risk of non-regression of CAA in this

particular group of patients.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors upon reasonable request.
Ethics statement

The studies involving human participants were reviewed and

approved by the Commission cantonal d’éthique de la recherche
Frontiers in Pediatrics 06
sur l’être humain (Canton de Vaud). Written informed consent

from the participants’ legal guardian/next of kin was not

required to participate in this study in accordance with the

national legislation and institutional requirements.
Author contributions

NS and EG designed the study. SB and EG collected the data.

SB conducted the data analysis and wrote the first draft. All authors

contributed to the article and approved the submitted version.
Funding

Open access funding by University of Lausanne.
Acknowledgments

We thank the representatives of the Swiss Paediatric
Surveillance Unit (SPSU): M. Albisetti, W. Bär, V. Bernet,
M. Bianchetti, L. Buetti, H. U. Bucher, M. Büttcher, F. Cachat,
A. Castiglione, V. Colombo, C. Däster, P. Diebold,
Z. Dovhunovà, S. Ferroni, S. Fluri, M. Gebauer, M. Gehri,
E. Giannoni, P. Götschel, S. Grupe, L. Hegi, K. Held-Egli,
M. Horn, P. Imahorn, T. Karen, C. Kind, L. Kottanattu,
B. Laubscher, R. Lauener, U. Lips, H. Madlon, V. Maghaouri-
Slim, A. Malzacher, J. McDougall, J.-C. Minet, M. Mönkhoff,
A. Moser, V. Muehlethaler, A. Niederer, V. Pezzoli, N. Piol,
K. Posfay Barbe, G. Ramos y Munoz, L. Reinhard, T. Riedel,
H. Roten, C. Rudin, K. P. Rühs, M. Russo, V. Schlumbom,
N. Schöbi, G. Simonetti, S. Stirnemann, C. Stüssi, E. Süess,
R. Tabin, M. Tomaske, A. Ughetto, R. Villiger, S. Wellmann,
J. Wildhaber, K. Woll, M. Wopmann, A. Wörner, G. Zeilinger,
A. Zemmouri, U. Zimmermann, and S.-A. Zoubir; the SPSU
board: A. Wörner, I. Bolt, C. Hagmann, B. Laubscher,
G. Simonetti, F. Stollar, M. Mäusezahl, D. Beeli, and all the
dedicated physicians for taking care of the patients and helping to
complete the questionnaires. We thank all pediatric cardiologists
who followed up with the patients and completed the questionnaires:
Y. Aggoun, C. Balmer, M. Beghetti, Z. Beric, M. Bouhabib, T. Boulos
Ksontini, B. Burkhardt, A. Cavigelli, M. Christmann, M. Dechant,
B. Donner, D. Ehrlinspiel, M. Fasnacht, M. Frenzel, R. Ghisla,
M. Glöckler, M. Gittermann, J. Günthard, M. Hämmerli, R. Hoop,
S. Hormann, D. Hutter, D. Jakob, W. Knirsch, O. Kretschmar,
P. Kuen, C. Leoni-Foglia, C. Mann, K. Mayer, Y. Mivelaz,
A. Oxenius, M. Pavlovic, J.-P. Pfammatter, M. Prsa, D. Quandt,
T. Seiler, R. Soyka, D. Stambach, A. Stefani-Glücksberg,
H. Steinmann, B. Stiansy, C. Tissot, M. Tomaske, E. Valsangiacomo,
R. Weber, and D. Wütz.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fped.2023.1137841
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Bressieux-Degueldre et al. 10.3389/fped.2023.1137841
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Pediatrics 07
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Manlhiot C, Christie E, McCrindle BW, Rosenberg H, Chahal N, Yeung RSM.
Complete and incomplete Kawasaki disease: two sides of the same coin. Eur
J Pediatr. (2012) 171:657–62. doi: 10.1007/s00431-011-1631-2

2. Shivalingam G, Prashanth GP, Hebbal K, Aguiar R. Clinical presentation and
cardiovascular outcome in complete versus incomplete Kawasaki disease. Indian
Pediatr. (2017) 54(10):844–7. doi: 10.1007/s13312-017-1147-6

3. Gradoux E, Di Bernardo S, Bressieux-Degueldre S, Mivelaz Y, Boulos Ksontini T,
Prsa M, et al. Epidemiology of Kawasaki disease in children in Switzerland: a national
prospective cohort study. Swiss Med Wkly. (2022) 152:w30171. doi: 10.4414/SMW.
2022.w30171

4. Oates-Whitehead RM, Baumer JH, Haines L, Love S, Maconochie IK, Gupta A,
et al. Intravenous immunoglobulin for the treatment of Kawasaki disease in
children. Cochrane Database Syst Rev. (2003) 2003(4):CD004000. doi: 10.1002/
14651858.CD004000

5. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Burns JC, et al.
Diagnosis, treatment, and long-term management of Kawasaki disease: a statement
for health professionals from the committee on rheumatic fever, endocarditis and
Kawasaki disease, council on cardiovascular disease in the young, American Heart
Association. Circulation. (2004) 110:2747–71. doi: 10.1161/01.CIR.0000145143.19711.78

6. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz M,
et al. Diagnosis, treatment, and long-term management of Kawasaki disease: a
scientific statement for health professionals from the American Heart Association.
Circulation. (2017) 135(17):e927–99. doi: 0.1161/CIR.0000000000000484

7. McCrindle BW, Li JS, Minich LL, Colan SD, Atz AM, Takahashi M, et al.
Coronary artery involvement in children with Kawasaki disease: risk factors from
analysis of serial normalized measurements. Pediatric Heart Network Investigators.
Circulation. (2007) 116(2):174–9. doi: 10.1161/CIRCULATIONAHA.107.690875

8. Xie LP, Yan WL, Huang M, Huang M-r, Chen S, Huang G-y, et al. Epidemiologic
features of Kawasaki disease in Shanghai from 2013 through 2017. J Epidemiol. (2020)
30:429–35. doi: 10.2188/jea.JE20190065

9. Ae R, Makino N, Kosami K, Kuwabara M, Matsubara Y, Nakamura Y.
Epidemiology, treatments, and cardiac complications in patients with Kawasaki
disease: the nationwide survey in Japan, 2017–2018. J Pediatr. (2020) 225:23–29.e2.
doi: 10.1016/j.jpeds.2020.05.034

10. De La Harpe M, di Bernardo S, Hofer M, Sekarski N. Thirty years of Kawasaki
disease: a single-center study at the university hospital of lausanne. Front Pediatr.
(2019) 7:11. doi: 10.3389/fped.2019.00011

11. Li T, Feng J, Li N, Liu T. Correct identification of incomplete Kawasaki disease.
J Int Med Res. (2021) 49(3):3000605211001712. doi: 10.1177/03000605211001712

12. Robinson C, Chanchlani R, Gayowsky A, Brar S, Darling E, Demers C, et al.
Incidence and short-term outcomes of Kawasaki disease. Pediatr Res. (2021) 90
(3):670–7. doi: 10.1038/s41390-021-01496-5

13. Ghelani SJ, Sable C, Wiedermann BL, Spurney CF. Increased incidence of
incomplete Kawasaki disease at a pediatric hospital after publication of the 2004
American Heart Association guidelines. Pediatr Cardiol. (2012) 33(7):1097–103.
doi: 10.1007/s00246-012-0232-9

14. Mastrangelo G, Cimaz R, Calabri GB, Simonini G, Lasagni D, Resti M, et al.
Kawasaki disease in infants less than one year of age: an Italian cohort from a
single center. BMC Pediatr. (2019) 19(1):321. doi: 10.1186/s12887-019-1695-0

15. Moreno E, Garcia SD, Bainto E, Salgado AP, Parish A, Rosellini BD, et al.
Presentation and outcomes of Kawasaki disease in Latin American infants younger
than 6 months of age: a multinational multicenter study of the REKAMLATINA
network. Front Pediatr. (2020) 8:384. doi: 10.3389/fped.2020.00384
16. Grasa CD, Fernández-Cooke E, Sánchez-Manubens J, Carazo-Gallego B, Aracil-
Santos J, Anton J, et al. Kawasaki disease in children younger than 6 months of age:
characteristics of a Spanish cohort. Eur J Pediatr. (2022) 181(2):589–98. doi: 10.1007/
s00431-021-04215-8

17. Chang FY, Hwang B, Chen SJ, Lee PC, Meng CC, Lu JH. Characteristics of
Kawasaki disease in infants younger than six months of age. Pediatr Infect Dis J.
(2006) 25(3):241–4. doi: 10.1097/01.inf.0000202067.50975.90

18. Cai WJ, Ding SG. Retrospective analysis of clinical characteristics and related
influencing factors of Kawasaki disease. Medicine (Baltimore). (2022) 101(52):
e32430. doi: 10.1097/md.0000000000032430

19. Tulloh RMR, Mayon-White R, Harnden A, Ramanan AV, Tizard EJ, Shingadia
D, et al. Kawasaki disease: a prospective population survey in the UK and Ireland from
2013 to 2015. Arch Dis Child. (2019) 104(7):640–6. doi: 10.1136/archdischild-2018-
315087

20. Friedman KG, Gauvreau K, Hamaoka-Okamoto A, Tang A, Berry E, Tremoulet
AH, et al. Coronary artery aneurysms in Kawasaki disease: risk factors for progressive
disease and adverse cardiac events in the US population. J Am Heart Assoc. (2016) 5
(9):e003289. doi: 10.1161/JAHA.116.003289

21. Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K, Tomomasa T, et al.
Prediction of intravenous immunoglobulin unresponsiveness in patients with
Kawasaki disease. Circulation. (2006) 113:2606–12. doi: 10.1161/
CIRCULATIONAHA.105.592865

22. Egami K, Muta H, Ishii M, Suda K, Sugahara Y, Iemura M, et al. Prediction of
resistance to intravenous immunoglobulin treatment in patients with Kawasaki
disease. J Pediatr. (2006) 149:237–40. doi: 10.1016/j.jpeds.2006.03.050

23. Sano T, Kurotobi S, Matsuzaki K, Yamamoto T, Maki I, Miki K, et al. Prediction
of nonresponsiveness to standard high-dose gamma-globulin therapy in patients with
acute Kawasaki disease before starting initial treatment. Eur J Pediatr. (2007)
166:131–7. doi: 10.1007/s00431-006-0223-z

24. Sleeper LA, Minich LL, McCrindle BM, Li JS, Mason W, Colan SD, et al.
Evaluation of Kawasaki disease risk-scoring systems for intravenous immunoglobulin
resistance. J Pediatr. (2011) 158:831–5.e3. doi: 10.1016/j.jpeds.2010.10.031

25. Tremoulet AH, Best BM, Song S, Wang S, Corinaldesi E, Eichenfield JR, et al.
Resistance to intravenous immunoglobulin in children with Kawasaki disease.
J Pediatr. (2008) 153:117–21. doi: 10.1016/j.jpeds.2007.12.021

26. Davidson H, Kelly A, Agrawal R. Retrospective review of Kawasaki disease at the
women’s and children’s hospital, South Australia. J Paediatr Child Health. (2021)
57:1893–8. doi: 10.1111/jpc.15603

27. Mossberg M, Mohammad AJ, Kahn F, Segelmark M, Kahn R. High risk of
coronary artery aneurysm in Kawasaki disease. Rheumatology (Oxford). (2021) 60
(4):1910–4. doi: 10.1093/rheumatology/keaa512

28. Kobayashi T, Saji T, Otani T, Otani T, Takeuchi K, Nakamura T, Arakawa H,
et al. Efficacy of immunoglobulin plus prednisolone for prevention of coronary
artery abnormalities in severe Kawasaki disease (RAISE study): a randomised, open-
label, blinded-endpoints trial. Lancet. (2012) 379(9826):1613–20. doi: 10.1016/
S0140-6736(11)61930-2

29. Eleftheriou D, Levin M, Shingadia D, Tulloh R, Klein NJ, Brogan PA.
Management of Kawasaki disease. Arch Dis Child. (2014) 99(1):74–83. doi: 10.1136/
archdischild-2012-302841

30. Chen S, Dong Y, Kiuchi MG, Wang J, Li R, Ling Z, et al. Coronary artery
complication in Kawasaki disease and the importance of early intervention: a
systematic review and meta-analysis. JAMA Pediatr. (2016) 170(12):1156. doi: 10.
1001/jamapediatrics.2016.2055
frontiersin.org

https://doi.org/10.1007/s00431-011-1631-2
https://doi.org/10.1007/s13312-017-1147-6
https://doi.org/10.4414/SMW.2022.w30171
https://doi.org/10.4414/SMW.2022.w30171
https://doi.org/10.1002/14651858.CD004000
https://doi.org/10.1002/14651858.CD004000
https://doi.org/10.1161/01.CIR.0000145143.19711.78
https://doi.org/0.1161/CIR.0000000000000484
https://doi.org/10.1161/CIRCULATIONAHA.107.690875
https://doi.org/10.2188/jea.JE20190065
https://doi.org/10.1016/j.jpeds.2020.05.034
https://doi.org/10.3389/fped.2019.00011
https://doi.org/10.1177/03000605211001712
https://doi.org/10.1038/s41390-021-01496-5
https://doi.org/10.1007/s00246-012-0232-9
https://doi.org/10.1186/s12887-019-1695-0
https://doi.org/10.3389/fped.2020.00384
https://doi.org/10.1007/s00431-021-04215-8
https://doi.org/10.1007/s00431-021-04215-8
https://doi.org/10.1097/01.inf.0000202067.50975.90
https://doi.org/10.1097/md.0000000000032430
https://doi.org/10.1136/archdischild-2018-315087
https://doi.org/10.1136/archdischild-2018-315087
https://doi.org/10.1161/JAHA.116.003289
https://doi.org/10.1161/CIRCULATIONAHA.105.592865
https://doi.org/10.1161/CIRCULATIONAHA.105.592865
https://doi.org/10.1016/j.jpeds.2006.03.050
https://doi.org/10.1007/s00431-006-0223-z
https://doi.org/10.1016/j.jpeds.2010.10.031
https://doi.org/10.1016/j.jpeds.2007.12.021
https://doi.org/10.1111/jpc.15603
https://doi.org/10.1093/rheumatology/keaa512
https://doi.org/10.1016/S0140-6736(11)61930-2
https://doi.org/10.1016/S0140-6736(11)61930-2
https://doi.org/10.1136/archdischild-2012-302841
https://doi.org/10.1136/archdischild-2012-302841
https://doi.org/10.1001/jamapediatrics.2016.2055
https://doi.org/10.1001/jamapediatrics.2016.2055
https://doi.org/10.3389/fped.2023.1137841
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Complete and incomplete Kawasaki disease: Clinical differences and coronary artery outcome from a national prospective surveillance study in Switzerland
	Introduction
	Methods
	Results
	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


