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1. GENERAL INTRODUCTION

Kawasaki disease (KD) is an acute, medium-vessel vasculitis that predominantly occurs in 
children less than 5 years of age. The main complication of this rare disease is the develop-
ment of coronary artery aneurysm (CAA) as a consequence of coronary arteritis. KD was 
first described in 1967 in Japan by Dr. Tomisaku Kawasaki1. Seven years later the first English 
publication by Dr. Kawasaki about KD appeared and two years later in 1976 the first Dutch 
case was reported2, 3. Nowadays, KD has been reported worldwide in all ethnic and racial 
groups, but still much is unclear about this pediatric disease. 

Epidemiology

Children under the age of five years are mostly affected with a male predominance (male 
to female ratio = 1.5 to 1). The disease is markedly more prevalent in Japan and other Asian 
countries (69 – 240 per 100.000 children <5 years of age) than in Western countries (4-15 per 
100.000 children <5 years of age) 4-7. In Japan, the recurrence rate has been reported to be 
~4% and the proportion of cases with a positive family history is ~2%4. 

Etiology

Despite more than 4 decades of research, the cause of KD is still unknown. The leading 
hypothesis is that KD reflects an abnormal inflammatory response to one or more unknown 
infectious triggers in genetically predisposed individuals8. A genetic predisposition to 
susceptibility is suggested by the striking difference in incidence between different ethnic 
groups, which is maintained following migration to countries with a lower incidence. In 
addition, the incidence of KD is increased in siblings of KD patients and in children born 
to parents with a history of KD9. The clinical and epidemiological features of KD support 
an infectious cause, including the presence of self-limiting symptoms that usually do not 
recur, the age distribution, laboratory features, seasonal variation, and the occurrence of 
epidemics. Its rarity in the first few months of life and in adults suggests an agent to which 
adults are immune and to which only the very young infants are being passively protected 
by maternal antibodies. However, efforts to identify an infectious agent in KD have not been 
successful to date10. 

Symptoms and diagnosis

There is no specific diagnostic test available for KD and the diagnosis is therefore based on 
the presence of clinical criteria. These diagnostic criteria include: 1. bilateral non-exudative 
conjunctival injection; 2. oral mucosal changes, such as erythema of the lips or strawberry 
tong; 3. changes of the extremities, such as edema, erythema and desquamation; 4. poly-
morphous rash; and 5. cervical lymphadenopathy2. 
Classic KD is defined as the presence of ≥5 days of fever and ≥4 the 5 classic criteria. Ac-
cording to the guidelines of the American Heart Association (AHA), incomplete KD cases 
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are defined as patients with ≥5 days of fever and less than 4 classic criteria, but who have 
involvement of the coronary arteries upon echocardiography or a set of suspect laboratory 
criteria11. These laboratory criteria include C-reactive protein (CRP) ≥30 mg/L, and ≥3 of the 
following supplemental laboratory criteria: albumin <30 g/L, anemia for age, elevation of 
alanine aminotransferase, platelets after day 7 ≥450 x 109/L, white blood cell count ≥15 x 
109/L, and urine ≥10 white blood cells/high-power field (in the absence of a positive culture).

Treatment

Standard treatment of the acute KD phase is well-established and consists of a single 
dose of high-dose intravenous immunoglobulin (IVIG) at 2g/kg, preferably given within 10 
days after the onset of fever. IVIG preparations consist of human pooled plasma-derived 
immunoglobulin G (IgG) from healthy blood donors. The mechanism of action of IVIG in 
KD is still unknown, but treatment with IVIG shortens the duration of fever and reduces 
the incidence of CAAs from 25% to less than 10%12, 13. Oral aspirin is also given because 
of its anti-inflammatory (at higher doses) and anti-thrombotic properties (at lower doses), 
although there is limited evidence for its efficacy in reducing the CAA rate14. The majority 
of patients treated with IVIG and aspirin respond promptly within 48 hours. However, a 
subgroup of patients fails to have a good clinical response to a single infusion of IVIG and 
has persistent or recrudescent fever. These IVIG non-responsive patients are at higher risk for 
the development of CAAs compared to those who respond15. The optimal therapy for these 
patients remains controversial as controlled trial data are lacking. Additional IVIG treatments, 
high-dose intravenous pulse methylprednisolone, TNF-alpha blockade, cyclosporine A, 
methotrexate, and anti-CD20 treatments have been used for IVIG non-responsive patients. 
Large, multicenter clinical trials in different ethnic populations are warranted to evaluate the 
safety and efficacy of these treatments. 
A concern about the use of IVIG is that the passively acquired antibodies can block replica-
tion of live-attenuated viral vaccines and hence the subsequent active immune response 
for generating an immunological memory against these viral agents16, 17. It is therefore 
recommended to defer vaccination with live-attenuated vaccines after administration of 
IVIG. However, there is no clear consensus about the appropriate time interval for active im-
munization after IVIG treatment for KD. The interval recommended in different national and 
international guidelines varies between 6 and 11 months18, 19. Studies about the interference 
of IVIG with active immunization responses are limited, especially in KD patients who are 
treated with high-doses of IVIG.
The MMR vaccine is a live-attenuated vaccine that is included in the Dutch immunization 
program. All children born since 1987 receive this vaccine at the age of 14 months and as a 
booster at 9 years of age.
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IgG or Fc-gamma receptors (FcγRs)

Since standard IVIG therapy is effective in the majority of the patients with KD, the IgG or 
Fc-gamma receptors (FcγRs) are of particular interest in KD research. The IgG receptors bind 
the Fc-domain of IgG and are expressed on different blood cells20. Based on their affinity 
for monomeric IgG, three types of FcγRs can be discriminated in humans. FcγR type I is a 
high-affinity receptor, whereas type II and III are low-affinity receptors (Figure 1).
The current paradigm in FcγR biology states that the balance between the activating and 
inhibitory FcγRs determines cell activation and therefore immune reactivity in the host. In 
humans there are various activating isoforms of the receptor (FcγRI, FcγRIIa, FcγRIIIa and 
FcγRIIIb) and there is a single inhibitory isoform (FcγRIIb). The inhibitory and activating 
isoforms are being differentially expressed on various leukocyte subsets. Loss of expression 
of the inhibitory FcγRIIb, overrepresentation of the activating FcγRs or altered FcγR function 
may result in unbalanced immunity and auto-inflammation. 
The genes encoding for the low-affinity FcγRs (FCGR2A, FCGR2B, FCGR2C, FCGR3A and FC-
GR3B) are located within one gene cluster on Chromosome 1q23. Variation in FcγR expres-
sion and function largely depends on single nucleotide polymorphisms (SNPs) and Copy 
Number Variation (CNV) within the FCGR2/3 gene cluster. CNV is defined as a DNA segment 
of 1kb or larger that is present at a variable copy number in comparison with a reference 
genome21. From a functional perspective, gene copy number differences may contribute to 
variation in gene expression at the transcript and/or protein level. CNV has been related to 

Figure 1. Schematic representation of the human FcγRs. 
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various autoimmune diseases22. Within the FCGR2-3 gene cluster, CNV has been identified 
in FCGR2C, FCGR3A and FCGR3B. A gene-dosage effect has been observed for these genes; 
one gene results in less surface expression of the FcγR than 2, 3 or 4 genes according to the 
gene copy number that may vary23. 
In our Genome-Wide association study (GWAS) on KD susceptibility, a SNP within FCGR2A 
(rs1801274, FCGR2A-131H>R) was identified as one of the most strongly associated genes24. 
This SNP encodes for a Histidine to Arginine change at amino acid position 131, resulting in 
a substantial difference in the ability to ligate human IgG2. The identified SNP in FCGR2A is 
located just outside of the region of the FCGR2/3 gene cluster that shows a high level of CNV, 
which had no SNP coverage in the GWAS (or any other GWAS performed). Thus, the results 
preclude any definitive testing for an association with one of the other FCGR2/3 genes. 

Cardiovascular complications

The main complication of KD is the development of CAAs in up to 25% of untreated pa-
tients and 5-10% of treated patients13, 25. CAA are most frequently identified in the proximal 
left descending coronary artery (LAD) and proximal right coronary artery (RCA), followed 
by the left mean coronary artery (LMCA), left circumflex coronary artery (LCX) and distal 
RCA. Age <1 year, male gender, delay of treatment, incomplete disease presentation, IVIG 
non-responsiveness and low serum albumin have been reported to be associated with the 
development of CAAs15, 26-28. 

Definition of CAA

In 1984 the Japanese Ministry of Health and Welfare established criteria for the identification 
of CAA. According to these criteria, a coronary artery is defined as abnormal if the internal 
diameter is greater than 3 mm in children younger than 5 years of age or >4 mm in those 
older than 5 years of age, if the internal diameter of a segment measures at 1.5 times the 
size of an adjacent segment, or if the lumen is clearly irregular29. More recent studies have 
reported that categorization for CAA by z-scores, with adjustment for body surface area 
(BSA), is more accurate than categorization by the dichotomous Japanese definition30-32. A 
coronary artery z-score ≥2.5 (i.e., a coronary dimension is ≥2.5 SDs above the mean for BSA) 
is defined as abnormal. CAA can be defined as small (<5 mm or z-score 2.5-5), medium (5-8 
mm or z-score 5-10) or giant (>8mm or z-score >10). 

Other cardiovascular complications

CAA are the most serious consequences of KD, but the disease may also result in other 
acute cardiovascular sequelae, including myocarditis, valvulitis, and vascular involvement 
of other vessels such as the axillary and renal arteries. Left ventricular dysfunction due to 
myocarditis has been documented in up to 50% of acute KD patients33-35. This finding has 
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been supported by autopsy and biopsy studies showing that almost all patients with KD 
had some signs of myocarditis or pericarditis36-37. 

Long-term follow-up: imaging

In approximately half of the patients the CAAs resolve within 2 years. The likelihood that 
an aneurysm will resolve appears to be determined mainly by its initial size, with smaller 
aneurysms having a greater likelihood of regression38. In the other half of the patients with 
CAAs, the aneurysms persist long-term and may lead to thrombus formation by blood 
flow turbulence and endothelial pro-coagulatory activity on the one hand, and stenotic 
vascular lesions on the other hand, which both can cause myocardial ischemia, infarction 
and sudden death. Patients with persistent aneurysms require life-long clinical follow-up 
and management. Patients with giant CAA (>8mm or z-score >10) have the most severe 
long-term prognosis. The long-term prognosis of patients with small and transient CAA or 
of those patients, who were without any coronary involvement during the acute phase 
of the disease, remains controversial. Although there is currently a lack of evidence for an 
increased long-term risk in these patients, this issue must certainly be further investigated 
because the former KD cases grow older and become adults. 

Current AHA guidelines

In 2004 an expert committee of the AHA published guidelines for the diagnosis, treatment 
and long-term follow-up of patients with a history of KD11. For long-term follow-up recom-
mendations, patients are stratified in 5 risk levels according to their relative risk of myocardial 
ischemia and infarction. The suggestions done by the AHA for routine and invasive imaging 
during follow-up of each risk level are shown in Table 1. 
In short, serial echocardiography and ECG are recommended for patients without coronary 
involvement or with transient coronary artery dilatations normalizing within the first 8 
weeks after the acute presentation of the disease (risk levels I-II). For patients with persistent 
CAAs serial nuclear stress-tests and conventional coronary angiography (CAG) are recom-
mended in addition to routine echocardiography and ECG examinations (risk levels III-V). 
These suggestions are based on a consensus of guidelines because long-term studies and 
prospective trials are lacking.
The imaging modalities recommended in the AHA-2004 guidelines have some significant 
limitations. Echocardiography is the first choice for routine coronary artery surveillance and 
is used to screen KD patients for the presence of coronary artery pathology39. 
An important disadvantage of echocardiography is that only the proximal part of the coro-
nary arteries can be visualized adequately and CAAs could therefore be missed. In addition, 
echocardiography may be limited by operator dependency and becomes progressively 
more difficult if a child grows and body size increases40. Nuclear perfusion scans are recom-
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mended to address ventricular function in relation to vascularization and ischemia with 
modest specificity, while resulting in high radiation exposure41, 42. 
CAG is the gold standard for coronary artery evaluation and is able to detect CAAs, coronary 
artery stenosis and thrombotic occlusion, but results in risks associated with its invasive na-
ture and the exposure to contrast and radiation43. A well-known problem of CAG is vascular 
damage at the puncture site resulting in thrombosis and occlusion of the femoral artery, 
which may limit the repeated use. The described limitations of CAG and perfusion scans 
hamper adherence to the AHA-2004 guidelines in (young) patients with persistent CAAs. 
Although studies in KD patients are limited to date, new imaging techniques like cardiac 
magnetic resonance imaging (CMRI) and computed tomography (CT) angiography scan-
ning are valuable alternatives for monitoring during the follow-up of patients with KD. 

Cardiac MRI

Cardiac magnetic resonance imaging (CMRI) has emerged as a non-invasive and radiation-
free imaging modality, which has the ability to evaluate the coronary artery anatomy, car-
diac volumes and function and myocardial perfusion within one examination. CMRI offers 
a detailed image of the coronary anatomy and may delineate both proximal and the more 
peripheral CAAs that can be missed by routine echocardiography44, 45. CMRI also facilitates 
pharmacological stress-testing in the same imaging investigation to assess reversible isch-
emia of the ventricular muscle wall as well as to visualize myocardial scar by the delayed 
contrast enhancement46, 47. 

Table 1. AHA-2004 guidelines11

Risk
Level

Coronary artery involvement Routine follow-up and 
diagnostic testing

Invasive testing

I No coronary involvement Echocardiography 
+ ECG every 5 years 

-

II Transient CAA 
(disappear <8 weeks)

Echocardiography 
+ ECG every 3-5 years

-

III Small to medium, isolated CAA 
(3–6 mm, z-score 3-7)

Annual echocardiogram + ECG; 
myocardial perfusion scan (stress-
test) every 2 years if >10 years of 
age 

Angiography if non-invasive 
test suggests ischemia.

IV Large, isolated CAA 
(>6mm) or multiple aneurysms 
in 1 vessel

Biannual echocardiogram + ECG; 
biannual myocardial perfusion 
scan (stress-test)

CAG at 6-12 months; repeated 
CAG if non-invasive test 
or other findings suggest 
ischemia.

V Obstruction of coronary artery Biannual echocardiogram + ECG; 
annual myocardial perfusion scan 
(stress-test)

CAG to address therapeutic 
options. 

Abbrevations: CAG=conventional coronary angiography; ECG=electrocardiogram.
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Long-term follow-up: psychosocial consequences

Prior studies have mainly focused on the etiology and the cardiac complications of KD, and 
studies evaluating the long-term psychosocial consequences on patients and their families 
are limited. We know from our clinical experience that families of children with KD experi-
ence a great deal of stress and anxiety in relation to the disease’s acute and severe onset, 
the uncertainty about the diagnosis due to difficulties in diagnosing KD because of the lack 
of any specific diagnostic test (apart from the echocardiography results about the develop-
ment of CAA), the potentially severe coronary artery involvement, and the requirements for 
long-term medical management. In addition, symptoms indicating central nervous system 
(CNS) involvement such as extreme irritability and aseptic meningitis may be present in 
a considerable number of patients. Other severe neurological complications like severe 
lethargy, facial nerve palsy, sensorineural hearing loss, hemiplegia and cerebral infarction 
have also been documented in the literature and experienced in the large Kawasaki cohort 
in the Netherlands that we have collected over the years48-53. To provide comprehensive 
care for patients with KD, more insight in the psychosocial consequences of the disease on 
patients and their parents is also needed. 

2. OUTLINE OF THIS THESIS

Part I - Epidemiology

In chapter 2 of this thesis, we describe the results of an epidemiological study of KD in The 
Netherlands. This study used the Dutch Pediatric Surveillance Unit (DPSU), a national system 
for surveillance of rare and new pediatric diseases, to examine the incidence, demographic 
characteristics, treatment regimen and cardiac outcome of KD in The Netherlands. 

Part II - Treatment

The following two chapters of this thesis focus on treatment of acute and IVIG non-
responsive patients with KD. In chapter 3, we review the current evidence for treatment 
of the acute KD phase, and we discuss the management options for IVIG non-responsive 
patients. In chapter 4, we report for the first time on the beneficial use of Anakinra, a human 
interleukin-1 receptor antagonist (IL-1 RA), in an IVIG non-responsive patient with severe 
coronary artery pathology. 

Part III – IgG-related immunity

The two chapters of part III discuss IgG-related immunity in relation to KD. The aim of the 
study described in chapter 5 was to evaluate the IgG response to mumps, measles and 
rubella (MMR) vaccination in KD patients treated with IVIG in comparison with healthy 
controls. In addition, we focused on the influence of the interval from IVIG administration 
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to MMR vaccination on the effectiveness of the vaccine because there is currently no clear 
consensus about the appropriate time interval for active immunization after IVIG treatment. 
The genetic study described in chapter 6, focuses on fine-mapping of the FCGR2/3 gene 
cluster using a previously validated Multiplex Ligation-Dependent Probe Amplification 
(MLPA) assay developed in our laboratory. The FCGR2/3 gene cluster encodes for the low-
affinity IgG receptors. The FCGR-specific MLPA assay had been developed by our research 
group in 2008 and was used to study the genetic variation of this complex gene cluster in 
KD. We hypothesized that CNV and SNPs in and around the FCGR2/3 gene cluster, regulat-
ing transcription and expression of the activating and inhibitory FcgRs, are associated with 
susceptibility to KD. 

Part IV – Imaging during long-term follow-up

Part IV of this thesis focuses on the long-term cardiovascular consequences of KD. In 
chapter 7 and 8, we applied CMRI during the long-term follow-up of patients with KD. 
Chapter 7 describes a study about the feasibility of a comprehensive CMRI protocol to 
assess coronary artery pathology, reversible ischemia and myocardial infarction in patients 
with a history of KD. In addition, we assessed the performance of CMRI in comparison with 
echocardiography. In chapter 8 we investigated biventricular function by CMRI during the 
long-term follow-up of KD patients. CMRI is the reference standard for the assessment of 
biventricular function. In chapter 9 we compare carotid intima-media thickness (cIMT) as 
surrogate marker of cardiovascular disease between patients with history of KD and controls. 

Part V – psychosocial consequences

In part V we present the data of a large study in almost 300 families about the long-term 
psychosocial impact of KD on patients and their parents. Chapter 10 describes the health-
related quality of life (HRQOL) and psychosocial functioning of a large group of Dutch chil-
dren and adolescents with a history of KD, in comparison with healthy controls. In chapter 
11 we report the parental data of this study, including the HRQOL and parental perceptions 
of child vulnerability of parents of a child with history of KD. These reports contribute to the 
scarce literature about the psychosocial consequences of KD. 
Finally, in the summary and general discussion of this thesis (chapter 12) the major findings 
presented in this thesis are discussed with implications for clinical practice and directions for 
future research in KD, a disease that has remained enigmatic over the years.
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ABSTRACT

Background:

The aim of this study was to evaluate the incidence, disease presentation, treatment and 
cardiac outcome of Kawasaki disease (KD) in the Netherlands.

Method:

The national Dutch Pediatric Surveillance Unit (DPSU) was used to prospectively register 
new KD cases from 2008 through 2012. Questionnaires were sent to pediatricians to obtain 
clinical information. 

Results:

Nationwide 341 cases were reported during the 5-year study period, of which 319 question-
naires (93.0%) were returned. The mean incidence of KD was estimated to be 5.8/100,000 
children <5 years of age. The median age at disease onset was 2.4 years (range 0.1-14.6 
years) and 79.2% of cases were <5 years of age. The male to female ratio was 1.5 to 1. In-
complete KD was diagnosed in 22.3% of cases and these cases were significantly younger 
than complete cases (median, 1.1 [0.1-13.7] versus 2.8 [0.2-14.6] years, p<0.001). In total, 308 
patients (96.6%) received IVIG. Retreatment with IVIG was given in 71 (23.1%), and additional 
steroid treatment in 17 patients (5.5%). During the acute phase coronary artery aneurysms 
(CAA) developed in 43 cases (13.5%). Multivariate logistic regression analysis showed that 
male gender, delay of treatment (>10 days) and IVIG non-responsiveness were independent 
risk factors for CAA development.

Conclusion:

This prospective study of KD in the Netherlands revealed a mean annual incidence of 
5.8/100,000 children <5 years of age. Clinicians should consider the diagnosis of KD in 
young (male) children with persistent inexplicable fever to start IVIG treatment within 10 
days to prevent development of CAA.
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INTRODUCTION

Kawasaki disease (KD) is an acute vasculitis that predominantly occurs in children less than 
five years of age. The disease was first described in 1967 in Japan by Tomisaku Kawasaki, and 
has now been reported worldwide in all ethnic and racial groups1. The main complication of 
this rare disease is the development of coronary artery aneurysms (CAA), which occurs in up 
to 25% of untreated patients, and in 5-10% of patients adequately treated with high-dose 
intravenous immunoglobulins (IVIG) within 10 days after the disease onset. KD is the leading 
cause of acquired heart disease in developed countries. It is characterized by prolonged 
fever unresponsive to antibiotics in combination with a constellation of other features, in-
cluding bilateral conjunctival injection, rash, erythema of the lips and oral mucosa, cervical 
lymphadenopathy and changes of the extremities2.
The etiology of the disease remains unknown, despite 4 decades of research. The leading 
hypothesis is that KD reflects an abnormal inflammatory response to one or more infectious 
triggers in genetically susceptible individuals. A genetic predisposition is supported by the 
striking difference in annual incidence between children of Asian (69 – 222 per 100,000 
children <5 years of age) and European descent (4 – 15 per 100,000 children <5 years of age) 
3-7. The first case of KD in the Netherlands was reported in 19768. 
The aim of our study was to determine the incidence of KD in the Netherlands and to ex-
amine the demographic characteristics, treatment regimen and cardiac outcome in Dutch 
patients with KD. 

METHODS

Surveillance system

The Dutch Pediatric Surveillance Unit (DPSU) is a national system for surveillance of rare and 
new diseases in infancy and childhood in The Netherlands. All clinically active pediatricians 
participate in the DPSU through the Dutch Pediatric Society. Pediatricians receive a monthly 
electronic card to register various disorders, which are under surveillance by the DPSU. For 
the period January 2008 to January 2013 KD was one of those diseases. Before the start of 
the registration, all pediatricians had obtained background information about the disease 
and instructions for registration of cases. 
At the end of each month, cases were registered and subsequently the DPSU provided 
our KD study group with the names and contact addresses of the pediatricians who had 
reported one or more KD cases. The pediatricians received an online questionnaire for each 
reported case to collect clinical details on sex, age, ethnicity, clinical symptoms, laboratory 
results, treatment regimen and cardiac outcome. Personal details of the patients were lim-
ited to the initials and date of birth. This study was conducted according to the guidelines 
of our national and local ethics committee. 
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Clinical data collection

All cases aged 0-18 years with a diagnosis of complete or incomplete KD were included 
in the study. Complete KD was defined by the presence of ≥5 days of fever and ≥4 of the 
5 diagnostic criteria for KD9. These diagnostic criteria included (1) bilateral non-exudative 
conjunctival injection; (2) oral mucosal changes, such as erythema of the lips or strawberry 
tong; (3) changes of the extremities, such as edema, erythema and desquamation; (4) poly-
morphous rash; and (5) cervical lymphadenopathy. Incomplete KD cases were defined 
According to the guidelines of the American Heart Association as patients with ≥5 days 
of fever and <4 diagnostic criteria, but who had CAAs upon echocardiography or a set of 
suspect laboratory criteria2. These laboratory criteria include C-reactive protein (CRP) ≥30 
mg/L, and ≥3 of the following supplemental laboratory criteria: albumin <30 g/L, anemia 
for age, elevation of alanine aminotransferase, platelets after day 7 ≥450 x 10e9/L, white 
blood cell count (WBC) ≥15 x 10eg/L, and urine ≥10 white blood cells/high-power field 
(in the absence of a positive culture). Cases were excluded if they were duplicate reports 
or known errors of reporting, which included incorrect diagnosis or diagnosis outside the 
study period. 
Results of 2-dimensional echocardiography during the acute phase and at least 8 weeks 
after the acute phase were collected. CAA were defined according to criteria established 
by the Japanese Ministry of Health in 1984, that is, a lumen diameter >3 mm in children 
younger than 5 years, >4 mm in those >5 years, or a diameter 1.5 times the size of an adja-
cent segment or an irregular lumen10.

Statistics

Statistical analysis was performed using the Statistical Package for Social Sciences version 
20.0 for Windows. Data are expressed as mean ± standard deviation (SD), median with 
range, or number with percentage as appropriate. Descriptive statistics were performed 
on the demographic characteristics. Parametric and non-parametric comparative tests for 
continuous data and Chi-square test for categorical data were used to compare variables 
between groups. Multivariate logistic regression analysis was performed to analyze risk fac-
tors for CAA development. The odds ratio (OR), and 95% confidence intervals were reported. 
P < 0.05 was considered statistically significant. The annual incidence rates of KD in The 
Netherlands were calculated based on census data from Statistics Netherlands (Centraal 
Bureau voor Statistiek). 

RESULTS

Report of cases

During the 5-years study period from 2008 through 2012, the mean return rate of the 
electronic cards was 84%. In total, 384 KD cases were reported by the clinicians. Forty-three 
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cases were excluded because of duplicated reports (n = 38) or known errors of reporting 
(n = 5). The median age at disease onset of the remaining 341 cases was 2.6 years (range 4 
weeks to 14.6 years). Many patients (270/341 = 79.2%) were <5 years of age and 79 patients 
(23.2%) were <1 year of age at the onset of KD. Figure 1 shows the distribution of age at the 
onset of disease.

Incidence rates 

Based on the census data provided by Statistics Netherlands, the mean annual incidence 
of KD in The Netherlands was calculated (Table 1). From 2008 through 2012, the annual 
incidence was estimated to be 5.8 per 100,000 children under the age of 5 years and 8.7 per
100,000 children under the age of 1 year (Table 1). The annual number of reported cases 
under the age of 5 years varied between 47 and 60 per year, corresponding to an annual 
incidence rate between 5.1 and 6.3 per 100,000 children. The annual incidence in the age 
group of <1 year showed more variation, with the lowest incidence in 2010 (5.4/100,000 
children) and the highest incidence in 2008 (12.4/100,000 children).

Figure 1.

Age at onset of Kawasaki disease of the 341 cases reported by the Dutch pediatricians, 2008 through 2012. 
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Table 1. Incidence rates of Kawasaki disease in The Netherlands (2008 through 2012)

Year Population 
<1 year

Cases 
<1 year

Incidence 
rate *

Population 
<5 years

Cases 
<5 years

Incidence 
rate **

2008 180762 23 12.7 945 727 60 6.3

2009 184408 17 9.2 931 556 51 5.5

2010 184586 10 5.4 924 881 47 5.1

2011 184007 13 7.1 923 106 57 6.2

2012 179653 16 8.9 918 736 55 6.0

Total 913416 72 8.7 4 644 006 270 5.8

* Incidence rate per 100,000 children under the age of 1 year
** Incidence rate per 100,000 children under the age of 5 years

The Netherlands is divided into 12 provinces. The incidence of KD per province for the 5-year 
study period is shown in Figure 2A. The incidence of KD was higher in the provinces with a 
higher density of population (Figure 2B). 

Seasonal distribution of Kawasaki disease

The seasonal distribution is shown in Figure 3. The number of cases peaked in the winter 
months of December and January during the 5-year study period (Fig. 3A). During the 5-year 
period, the onset of KD occurred most frequently in winter (101 cases, 29.6%), followed by 
spring (85 cases, 24.9%), autumn (84 cases, 24.6%) and summer (71 cases, 20.8%). 

Figure 2

This figure shows the annual incidence of Kawasaki disease per province in The Netherlands during the 
5-year study period (A) and the density of the total population of the different provinces (B). In the different 
provinces of The Netherlands, the densities of the population of children less than 5 years of age follow 
a similar distribution as the densities of the total population: <13.5 children less than 5 years of age per 
km² in Drenthe, Friesland, and Zeeland; 13.5-21 children/km² in Flevoland, Groningen and Overijssel; 21-50 
children/km² in Gelderland, Limburg and Noord-Brabant; and >50 in Utrecht, Noord-Holland and Zuid-
Holland. 
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Questionnaires about the clinical characteristics were returned by the pediatricians for 319 
of the 341 cases (response rate 93.5%). The characteristics of these patients are described in 
Table 2. There were 193 males (60.5%) and 126 females (39.5%), providing a gender ratio of 
1.53 to 1. Ethnicity was reported in 281 patients (88.1%). Of these 281 patients, 180 (64.1%) 
were reported to be of Caucasian origin. Of the remaining 101 cases (35.9%), either one 
or both of the parents were of non-Caucasian origin (among others: Chinese, Japanese, 
Vietnamese, Moroccan and Turkish).
All patients had persistent fever for ≥5 days, except for 13 patients (4.4%) who were treated 
on day 3 or 4. Rash was reported in 285 cases (89.6%), conjunctival injection in 276 (87.1%), 
oral mucositis in 277 (87.4%), changes of the peripheral extremities in 247 (77.4%), and 
lymphadenopathy in 228 cases (71.9%). Other clinical manifestations that were reported 
included gastrointestinal symptoms (i.e. diarrhea, vomiting and abdominal pain; 26.3% 
of cases), arthritis/arthralgia (10.3%), coughing (16.9%), otitis media (11.9%) and jaundice 
(1.9%). Incomplete KD with persistent fever and <4 diagnostic criteria was diagnosed in 71 
patients (22.3%). Cases with an incomplete presentation were significantly younger than 
those patients with a complete presentation (median age, 1.1 years [range 0.1-13.7 years] vs. 
2.8 years [range 0.2-14.6 years], P<0.001). The median duration of hospitalization was 6 days 
(range 1-71 days). The period of hospitalization was significantly longer in incomplete cases 
compared with the complete cases (median duration, 7 days [range 1-71 days] vs. 5 days 

Figure 3

Monthly distribution of Kawasaki cases in The Netherlands for the total study period from 2008 through 
2012 (n=341).
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[range 1-47 days], P =0.007). Eleven patients (3.4%) were admitted to the pediatric intensive 
care unit for circulatory and/or respiratory support. No deaths were reported. 

Laboratory parameters

The mean laboratory values at admission before IVIG infusion are given in Table 2. Labora-
tory values were available in the following numbers of cases: hemoglobulin in 290 cases 
(90.9%), CRP in 299 (93.7%), white blood cell count in 294 (92.2%), platelet count in 289 
(90.6%) and albumin in 167 cases (52.4%). Incomplete cases had significantly lower albumin 
values at admission compared to complete cases (29.3 ± 6.2 versus 32.8 ± 6.7, P = 0.005). 

Table 2. Characteristics of the 319 patients with Kawasaki disease in The Netherlands (2008-2013) for 
whom the questionnaires were returned by the pediatricians. 

Total Incomplete Complete P CAA pos † CAA neg † P

Total group 319 (100) 71 (22.3) 248 (77.7) NS 43 (13.5) 275 (86.2) NS

Gender

Male 193/319 (60.5) 44/71 (62.0) 149/248 (60.1) NS 37/43 (86.0) 156/275 (56.7) <0.001

Age at disease onset

Age in years, median 
(range)

2.4 (0.1-14.6) 1.1 (0.1-13.7) 2.8 (0.2-14.6) <0.001 1.7 (0.1-11.3) 2.7 (0.1-14.6) 0.036

<1 year of age 75/319 (23.5) 34/71 (47.9) 41/248 (16.5) <0.001 16/43 (37.2) 58/275 (21.1) 0.022

<5 years of age 255/319 (79.9) 59/71 (83.1) 196/248 (79.0) NS 37/43 (86.0) 217/275 (78.9) NS

Laboratory results*

Hemoglobin in mmol/L 6.8 ± 0.7 6.7 ± 0.9 6.9 ± 0.7 NS 6.5 ± 0.7 6.9 ± 0.7 0.027

White cell count x109/L 16.5 ± 7.1 17.2 ± 7.8 16.3 ± 7.0 NS 16.5 ± 6.9 16.5 ± 7.2 NS

Platelet count x109/L 405 ± 187 440 ± 245 394 ± 165 NS 519 ± 280 389 ± 165 0.009

CRP in mg/L 138 ± 95 128 ± 87 141 ± 98 NS 167 ± 107 134 ± 93 0.047

Serum albumin in g/L 32.0 ± 6.7 29.3 ± 6.2 32.8 ± 6.7 0.005 29.2 ± 4.7 32.5 ± 6.9 0.021

Treatment 

High-dose IVIG 308/319 (96.6) 67/71 (94.4) 241/248 (97.2) NS 40/43 (93.0) 267/275 (97.1) NS

Start IVIG, median (range) 7 (3-46) 8 (3-46) 7 (3-28) 0.018 8 (3-46) 7 (3-28) 0.007

Start IVIG within 10 days 249/308 (80.8) 46/67 (68.7) 203/241 (84.2) 0.007 25 (62.5) 223 (81.1) 0.004

Repeat dose IVIG 71/308 (23.1) 16/67 (23.9) 55/241 (22.8) NS 16/40 (40.0) 55/267 (20.6) 0.011

Steroids 17/308 (5.5) 5/67 (7.5) 12/241 (5.0) NS 7/40 (17.5) 10/267 (3.7) 0.001

Infliximab 2/308 (0.6) 1/67 (1.5) 1/241 (0.4) NS 2/40 (5.0) 0/267 (0.0) 0.018

Anakinra 1/308 (0.3) 0/67 (0.0) 1/241 (0.4) NS 1/40 (2.5) 0/267 (0.0) NS

Data presented as no (%), unless otherwise indicated. 
* Laboratory data are presented as mean ± SD 
† Echocardiography results were not available for one patient. 
P-values indicate comparison of incomplete cases versus complete cases, and CAA positive versus CAA 
negative patients, respectively.
NS = not significant. 
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Treatment

All patients received high-dose IVIG treatment (2g/kg), except for 11 patients (3.4%) in whom 
the diagnosis was initially missed. In 8 of these 11 patients treatment with high-dose aspirin 
was started when KD was diagnosed. The 3 remaining patients did not receive aspirin. A 
fourth patient was not treated with aspirin because he was known with hemophilia A. 
Treatment was started within 10 days in 249 of the 308 patients (80.8%), who were treated 
with IVIG. Incomplete cases received IVIG about 1 day later than the complete cases (median, 
8 days [3-46 days] vs. 7 days [3-28 days], P=0.020) and the percentage of patients adequately 
treated within 10 days after the onset of fever was significantly lower (69.7% vs. 84.2%, P = 
0.008). In 71 of the treated patients (23.1%), a second dose of IVIG was administered because 
of persistent or recrudescent fever after the initial IVIG dose. Seventeen treated patients 
(5.5%) also received treatment with steroids. Additional treatment with infliximab was 
reported in 2 IVIG non-responders, and the interleukin-1 receptor antagonist Anakinra was 
given in 1 case. Side-effects of IVIG were reported in 7 patients (2.2%) and included hypoten-
sion, tachycardia, itching and rash. There was no difference between IVIG responders (1 dose 
of IVIG) and IVIG non-responders (IVIG retreatment) in terms of gender, age at disease onset, 
KD presentation or laboratory results. 

Echocardiography

Results of echocardiography during the acute phase were available in all patients except for 
1 female patient. Echocardiography results at 8-week follow-up were missing in 3 patients. 
CAA was diagnosed at echocardiographic evaluation in 43 cases (13.5%) during the acute 
phase. In 18 of these patients (5.6%), the abnormalities persisted >8 weeks. Giant aneurysms 
were identified in 3 male patients, 2 of them were aged <1 year at the onset of KD and had 
an incomplete disease presentation. All 3 patients were IVIG non-responders. 
When compared to non-CAA patients, the proportions of male subjects, incomplete cases, 
young patients (<1 year of age), IVIG non-responders and patients with delayed treatment 
(>10 days) were higher in the patients with CAA (Table 2). The mean value of CRP and plate-
let count were increased, and hemoglobulin and serum albumin were decreased in CAA-
positive patients compared with CAA-negative patients (CRP: 167±107 vs. 134±93, P=0.048; 
platelet count: 519±280 vs. 389±165, P=0.010; hemoglobulin: 6.5±0.7 vs. 6.9±0.7, P=0.014; 
serum albumin: 29.2±4.7 vs. 32.5±6.9, P=0.021). Multivariate logistic regression analysis 
was performed to assess the effect of individual factors on CAA development. Laboratory 
variables were removed from the analysis to limit the number of variables in the model and 
because 10-47% of the laboratory values were missing. Multivariate analysis showed that 
male gender, delay of treatment (>10 days) and IVIG non-responsiveness were independent 
risk factors of CAA development (Figure 4). 
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DISCUSSION

This is the first prospective epidemiological study of KD in The Netherlands. Our study 
revealed a mean annual incidence of 5.8 per 100,000 children <5 years of age from 2008 
through 2012. As expected, this incidence is very different from the high incidence observed 
in Japan and other Asian countries (Table 3)5-7. The annual incidence varied between 5.1 and 
6.3 during our 5-year study period. These incidences fall within the range from 3.6 to 15.2 
reported in other European studies3, 4, 11-15. The mean incidence in our study is relatively low, 
which could be explained by the method used. Despite the prospective surveillance system 
with a response rate of >85%, some cases may not have been reported by the pediatri-
cians. In addition, cases may have been missed because of the public health system in The 
Netherlands, where general practitioners see the children before referral to the pediatrician. 
Although general practitioners follow national guidelines to contact a pediatrician after 3 
days of persistent fever (and earlier in infants and very young children), it is possible that 
they miss cases of KD because they are generally unaware of this rare disease. In addition, 
pediatricians may also underdiagnose KD because of the obvious resemblance with infec-
tious disease and the lack of any diagnostic test. We therefore believe that the incidence of 
5.8 per 100,000 children <5 years of age should be taken as a minimum estimate of the true 
incidence of KD in The Netherlands. 
A remarkable finding on the incidence rates is that it seems to be related to the population 
density, which varies throughout the country. We observed a difference in the incidence 

Figure 4

Risk factors associated with the development of coronary artery aneurysms in Dutch patients with Kawasaki 
disease reported to the Dutch Pediatric Surveillance Unit (2008-2013). Results of the multivariate logistics 
analysis are shown as odds ratios (OR) with 95% confidence intervals (CI). 
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Table 3. Annual incidence rates of Kawasaki disease per 100,000 children under the age of 5 years.

Country Inci- 
dence

Data source Year of data 
collection 
[no years]

Ref.*

Australia

Australia 3.7 National surveillance system: Australian Paediatric Surveillance 
unit (www.inopsu.com) 

1993-1995 [2] 22

New Zealand 8.0 National surveillance system: New Zealand Paediatric 
Surveillance unit (www.inopsu.com) 

2001-2003 [2] 23

Europe

Denmark 3.6 Retrospective review of national hospital discharge register 1981-2005 [15] 3

Norway 5.4 Review of hospital discharge registries 1998-2009 [10] 4

The Netherlands 5.8 National surveillance system: Dutch Pediatric Surveillance Unit 2008-2013 [5] -

Sweden 7.4 Hospital discharge records 1998-2009 [10] 4

England 8.4 Hospital admission data 1998-2003 [5] 11

France 
(Northern part)

9.0 Prospective cohort study in pediatric departments of 18 
hospitals in Northern France

2005-2006 [1] 12

Iceland 10.7 National report system 1996-2006 [10] 13

Finland 11.4 Review of hospital discharge registries 1998-2009 [10] 4

Ireland 15.2 Review of hospital discharge registries 1996-2001 [5] 14

Italy 
(Northeastern area)

15.4 Retrospective review of medical records of all children 
admitted to the regional hospitals

1981-1983 [2] 15

Middle East

Israel 6.4 Retrospective review of discharge data (Israel National Hospital 
Discharge Register)

1996-2011 [14] 24

South America

Chile 6.8 Retrospective review of national hospital discharge databases 2001-2007 [5] 25

North America

Jamaica 2.7 Retrospective review of hospital discharge records of major 
referral centers island wide

1986-1998 [12] 26

Canada 
(Ontario)

26.2 Triennial surveillance: retrospective review of hospital 
discharge records and contact of pediatric cardiologists

1995-2007 [12] 27

Hawaii 50.4 Retrospective review of hospital discharge records 1996-2007 [10] 28

Asia

Thailand 2.7 Review of registry from major cardiac referral centres (National 
Registry of Thai Children)

1998-2002 [4] 29

China

Jilin Province 5.0 Survey in the 32 provincial hospitals 1999-2009 [10] 30

Sichuan 7.1 Survey in 212 provincial hospitals 1997-2002 [5] 31

Hong Kong 39.0 Prospective surveillance (1997-2000) 1997-2000 [3] 32

Shanghai 46.3 Survey in 50 hospitals providing pediatric care 2003-2008 [5] 33

Beijing 49.4 Survey and review of records in 45 hospitals with pediatric 
departments in Beijing and its suburbs

2000-2005 [5] 34

Taiwan 69.0 National health insurance database 2003-2007 [4] 5

Korea 113.1 Retrospective survey in 101 general hospitals 2006-2009 [3] 6

Japan 222.9 21st nationwide survey 2009-2011 [2] 7

* When more than one study has been published from a single country, the latest study was reported. 
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of KD within the different provinces of The Netherlands with the highest incidences in the 
most densely populated provinces. Urbanization and industrialization have been previously 
suggested to be related to the occurrence of KD11, which may be accompanied by impor-
tant socio-cultural differences between the highly populated areas versus the agricultural 
regions in The Netherlands.
Cases of KD were reported throughout the year, but peaked in the winter months of Decem-
ber and January. In 30% of cases the onset of KD occurred in winter. This is in agreement with 
the results of a recent large study by Burns et al with data from >25 countries distributed 
over the globe11. In this study, a statistically significant seasonal cycle was observed in the 
Northern Hemisphere extra-tropics with the highest numbers in winter months. 
The beneficial effect of IVIG treatment on the development of CAA and duration of fever is 
well-recognized in KD16. Patients should be treated with IVIG (2g/kg) in a single infusion over 
10-12 hours, rather than multiple infusions (400 mg/kg/day for 4-5 consecutive days), as 
was advocated before 199117. In our study, 96.6% of patients were treated with IVIG, and the 
patients all received IVIG in a single infusion of 2g/kg. Delay of treatment after 10 days has 
been described as a risk factor for CAA development, which was confirmed in our study18. 
More than 80% of the Dutch patients were treated within 10 days. Although treatment was 
started later in the incomplete cases than in the complete cases, many of the incomplete 
patients (69%) also received IVIG treatment within 10 days after the onset of fever. These 
observations support our idea that Dutch pediatricians are aware of the disease and treat 
possible cases adequately. However, we should still aim at enhancing awareness of KD 
to increase the number of patients diagnosed and adequately treated within 10 days to 
minimize the CAA rate. 
In 23% of the Dutch patients a second dose of IVIG was administered, which is compa-
rable to other studies16. The optimal treatment for IVIG non-responsive patients remains 
controversial as controlled trial data are lacking to date. The current recommendations of 
the American Heart Association are to administer a second dose of IVIG in patients non-
responsive to the first dose of IVIG and to limit treatment with steroids to those children in 
whom 2 IVIG infusions were ineffective2. All 71 non-responsive patients received a second 
dose of IVIG. Steroids were subsequently administered in the 17 patients not responding to 
the 2 prior infusions of IVIG. Infliximab was used in 2 patients who were non-responsive to 
retreatment with IVIG and steroids and suffered from severe coronary artery pathology. The 
interleukin-1 receptor antagonist Anakinra was given in 1 case with a beneficial outcome, as 
we had previously reported19.
The overall proportion of children with CAA was 13.5% during the acute phase. Most pa-
tients had transient abnormalities and only 5.6% of all cases had persistent CAA after 8 
weeks. This is in agreement with other studies reporting an incidence between 5-10%2, 17. 
Regarding risk factors of CAA development in patients with KD, we found that male gender, 
IVIG non-responsiveness and delay of treatment were risk factors. A large study in 15,940 
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Japanese patients also reported in IVIG non-responders a significantly higher risk of CAAs 
(OR: 10.4 with 95% CI: 7.0-15.5) and giant CAAs (OR: 54.1 with 95% CI 12.8-227.7). In our study 
only 3 patients developed giant CAAs. These were all IVIG non-responders. 
The strength of our study was the use of a prospective surveillance system with participa-
tion of all clinically active pediatricians in the country. However, our study must be viewed 
in the light of some limitations. First, some cases of KD may not have been reported leading 
to an underestimation of the real KD incidence. Second, the availability of data was limited 
to those details asked and returned by the pediatricians. Third, patients were stratified for 
CAA based on the Japanese Ministry of Health criteria instead of z-scores with adjustment 
for body surface area, and some patients with mild coronary dilatations may therefore be 
misclassified as normal20. The Japanese definition is still routinely used in The Netherlands 
to identify CAA. We tried to collect data of length and weight of the patients to calculate 
z-scores ourselves, but too many data were not returned by the pediatricians. However, 
McCrindle et al studied independent risk factors for CAA development before and found the 
same results with the use of either the Japanese definition or z-scores21.

ACKNOWLEDGEMENTS

We thank all pediatricians in The Netherlands for notifying KD cases and answering the 
questionnaires. 



38

Pa
rt

 I 
   

 E
pi

de
m

io
lo

gy

REFERENCES

1. Kawasaki T. [Acute febrile mucocutaneous syndrome with lymphoid involvement with specific des-

quamation of the fingers and toes in children]. Arerugi 1967;16:178-222.

2. Newburger JW, Takahashi 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 Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart 

Association. Pediatrics 2004;114:1708-33.

3. Fischer TK, Holman RC, Yorita KL, Belay ED, Melbye M, Koch A. Kawasaki syndrome in Denmark. Pediatr 

Infect Dis J 2007;26:411-5.

4. Salo E, Griffiths EP, Farstad T et al. Incidence of Kawasaki disease in northern European countries. 

Pediatr Int 2012;54:770-2.

5. Huang WC, Huang LM, Chang IS et al. Epidemiologic features of Kawasaki disease in Taiwan, 2003-

2006. Pediatrics 2009;123:e401-e405.

6. Park YW, Han JW, Hong YM et al. Epidemiological features of Kawasaki disease in Korea, 2006-2008. 

Pediatr Int 2011;53:36-9.

7. Nakamura Y, Yashiro M, Uehara R et al. Epidemiologic features of Kawasaki disease in Japan: results of 

the 2009-2010 nationwide survey. J Epidemiol 2012;22:216-21.

8. Becker AE. Letter: Kawasaki disease. Lancet 1976;1:864.

9. Newburger JW, Takahashi 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 Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart 

Association. Pediatrics 2004;114:1708-33.

10. Research Committee on Kawasaki Disease. Report of the subcommitte on standardization of diagnos-

tic criteria and reporting of coronary artery lesions in Kawasaki disease. Ministry of Health and Welfare, 

Tokyo 1984.

11. Harnden A, Mayon-White R, Perera R, Yeates D, Goldacre M, Burgner D. Kawasaki disease in England: 

ethnicity, deprivation, and respiratory pathogens. Pediatr Infect Dis J 2009;28:21-4.

12. Heuclin T, Dubos F, Hue V et al. Increased detection rate of Kawasaki disease using new diagnostic 

algorithm, including early use of echocardiography. J Pediatr 2009;155:695-9.

13. Olafsdottir HS, Oskarsson G, Haraldsson A. [Kawasaki disease in Iceland 1996-2005, epidemiology and 

complications]. Laeknabladid 2012;98:91-5.

14. Lynch M, Holman RC, Mulligan A, Belay ED, Schonberger LB. Kawasaki syndrome hospitalizations in 

Ireland, 1996 through 2000. Pediatr Infect Dis J 2003;22:959-63.

15. Tamburlini G, Strinati R. Kawasaki disease in north-east Italy. Lancet 1983;1:822-3.

16. Tacke CE, Burgner D, Kuipers IM, Kuijpers TW. Management of acute and refractory Kawasaki disease. 

Expert Rev Anti Infect Ther 2012;10:1203-15.

17. Newburger JW, Takahashi M, Beiser AS et al. A single intravenous infusion of gamma globulin as com-

pared with four infusions in the treatment of acute Kawasaki syndrome. N Engl J Med 1991;324:1633-9.

18. Muta H, Ishii M, Yashiro M, Uehara R, Nakamura Y. Late intravenous immunoglobulin treatment in 

patients with Kawasaki disease. Pediatrics 2012;129:e291-e297.



Chapter 2     Kaw
asaki disease in The N

etherlands

39

19. Cohen S, Tacke CE, Straver B, Meijer N, Kuipers IM, Kuijpers TW. A child with severe relapsing Kawasaki 

disease rescued by IL-1 receptor blockade and Extracorporeal Membrane Oxygenation. Ann Rheum 

Dis 2012.

20. De Zorzi A, Colan SD, Gauvreau K, Baker AL, Sundel RP, Newburger JW. Coronary artery dimensions 

may be misclassified as normal in Kawasaki disease. J Pediatr 1998;133:254-8.

21. McCrindle BW, Li JS, Minich LL et al. Coronary artery involvement in children with Kawasaki disease: 

risk factors from analysis of serial normalized measurements. Circulation 2007;116:174-9.

22. Royle JA, Williams K, Elliott E et al. Kawasaki disease in Australia, 1993-95. Arch Dis Child 1998;78:33-9.

23. Heaton P, Wilson N, Nicholson R, Doran J, Parsons A, Aiken G. Kawasaki disease in New Zealand. J 

Paediatr Child Health 2006;42:184-90.

24. Bar-Meir M, Haklai Z, Dor M. Kawasaki disease in Israel. Pediatr Infect Dis J 2011;30:589-92.

25. Borzutzky A, Hoyos-Bachiloglu R, Cerda J, Talesnik E. Rising hospitalization rates of Kawasaki Disease in 

Chile between 2001 and 2007. Rheumatol Int 2012;32:2491-5.

26. Pierre R, Sue-Ho R, Watson D. Kawasaki syndrome in Jamaica. Pediatr Infect Dis J 2000;19:539-43.

27. Lin YT, Manlhiot C, Ching JC et al. Repeated systematic surveillance of Kawasaki disease in Ontario 

from 1995 to 2006. Pediatr Int 2010;52:699-706.

28. Holman RC, Christensen KY, Belay ED et al. Racial/ethnic differences in the incidence of Kawasaki 

syndrome among children in Hawaii. Hawaii Med J 2010;69:194-7.

29. Durongpisitkul K, Sangtawesin C, Khongphatthanayopthin A et al. Epidemiologic study of Kawasaki 

disease and cases resistant to IVIG therapy in Thailand. Asian Pac J Allergy Immunol 2006;24:27-32.

30. Zhang X, Zhang Z, Liu S, Sun J. Epidemiologic survey of Kawasaki disease in Jilin from 1999 through 

2008. Pediatr Cardiol 2012;33:272-9.

31. Li XH, Li XJ, Li H, Xu M, Zhou M. Epidemiological survey of Kawasaki disease in Sichuan province of 

China. J Trop Pediatr 2008;54:133-6.

32. Ng YM, Sung RY, So LY et al. Kawasaki disease in Hong Kong, 1994 to 2000. Hong Kong Med J 

2005;11:331-5.

33. Ma XJ, Yu CY, Huang M, Chen SB, Huang MR, Huang GY. Epidemiologic features of Kawasaki disease in 

Shanghai from 2003 through 2007. Chin Med J (Engl) 2010;123:2629-34.

34. Du ZD, Zhao D, Du J et al. Epidemiologic study on Kawasaki disease in Beijing from 2000 through 

2004. Pediatr Infect Dis J 2007;26:449-51.
 



P



PART II
TREATMENT





Chapter 3
THE MANAGEMENT OF ACUTE AND 

REFRACTORY KAWASAKI DISEASE

C.E. Tacke
D. Burgner 
I.M. Kuipers
T.W. Kuijpers

Expert Review of Anti-Infective Therapy 2012 Oct;10:1203-15



44

Pa
rt

 II
   

  T
re

at
m

en
t

SUMMARY

Acute Kawasaki disease (KD) is treated with high-dose intravenous immunoglobulin (IVIG), 
which is proven to decrease the incidence of coronary artery aneurysms (CAAs) from 25% 
to less than 5%. Aspirin is also given, although the evidence base is less secure. There is 
increasing evidence for steroid therapy as adjunctive primary therapy with IVIG, especially 
in Asian children. Approximately 10 to 30% of patients fail to respond to the initial IVIG and 
are at increased risk of CAAs. The optimal treatment for IVIG non-responsive KD remains 
controversial. Management options include further dose(s) of IVIG, corticosteroids, TNF-α 
blockade, cyclosporin A, anti-IL-1, and anti-CD20 therapy. In this article, we review the cur-
rent evidence for treatment of acute KD and discuss options for IVIG non-responders.
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic pediatric vasculitis that was fist described in 
1967 in Japan1. Up to 25% of untreated KD patients develop coronary artery aneurysms 
(CAAs), which may lead to ischemic heart disease, myocardial infarction and sudden death 
at a young age. Kawasaki disease is the most common cause of acquired heart disease in 
children in developed countries. Children younger than 5 years of age are mainly affected 
and the disease is predominant in males. KD is clinically characterized by persistent fever, 
a lack of response to antibiotics and a constellation of other features, which together form 
the cardinal diagnostic criteria: bilateral conjunctival injection, rash, erythema of the lips and 
oral mucosa, cervical lymphadenopathy, and changes of the extremities2. 
The etiology of KD remains unclear, despite four decades of research. The consensus is 
that KD reflects an abnormal inflammatory response to one or more unknown infectious 
triggers in genetically susceptible individuals3. A genetic predisposition to KD susceptibility 
is suggested by the striking difference in incidence between children of Asian (113 – 240 
per 100,000 children <5 years of age) and European descent (8-17 per 100,000 children <5 
years of age), which is maintained following migration of Asians to countries with a lower 
incidence4, 5. In addition, the incidence of KD is increased in siblings of KD patients and in 
children born to parents with a history of KD6. The clinical and epidemiological features of KD 
support an infectious cause, including the presence of self-limiting symptoms that usually 
do not recur, elevated inflammatory parameters, the age distribution with a predominance 
in young children, seasonal variation, and the occurrence of epidemics2, 7. However, efforts 
to identify a single unifying infectious agent have failed. Autopsy studies of KD patients 
have demonstrated a systemic inflammatory process involving many tissues and organs, 
but most strikingly affecting the coronary arteries. 
Standard treatment of the acute KD phase is based on trial evidence and consists of high-
dose intravenous immunoglobulin (IVIG), given within 10 days of the onset of fever. This 
reduces the incidence of CAAs to about 5% and shortens the duration of fever8. Aspirin is 
also given, although the dosage regimen varies between centers and the evidence base for 
its use is less secure9. However, up to a third of patients will have persistent or recrudescent 
fever after a single dose of IVIG and these patients are at higher risk for the development 
of CAAs10. The optimal therapy for IVIG non-responders remains controversial. Here we 
review the treatment of the acute KD phase, and focus on management options for IVIG 
non-responsive patients. 

INITIAL TREATMENT OF ACUTE KAWASAKI DISEASE 

IVIG

IVIG is a polyclonal IgG preparation purified from pooled plasma from healthy blood donors. 
In addition to its use in Kawasaki disease, IVIG is used in primary and secondary immune 
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deficiencies, and several other autoimmune and systemic inflammatory diseases11. Success-
ful treatment of KD patients with IVIG was first described in 1984 by Furusho et al12, and 
was subsequently confirmed by other studies13-17 (Table 1). Treatment with IVIG reduces the 
incidence of CAAs, and results in a shorter duration of fever and leads to improvement in in-
flammatory parameters. Patients should be treated with IVIG (2 g/kg) given by a single large 
infusion over 10-12 hours, rather than multiple infusions (400 mg/kg/day for 4-5 consecutive 
days), as was previously advocated16. However a single large IVIG infusion is a considerable 

Table 1. Randomized trials evaluating the efficacy of IVIG as primary treatment for patient with Kawasaki 
disease.

Study No. of 
patients

Study 
population

Treatment protocol Patients with CAAs

Subacute Convalescent
Furusho12

1984
85 Patients with 

KD, ≤7 days 
after disease 
onset

IVIG (400 mg/kg/day for 4 days) + aspirin 
[n=40] 
versus 
aspirin [n=45]

15% 
versus 
42%
P<0.01
(<30 days)

8% 
versus
 31%
(30-60 days)

Newburger13

1986
153 Patients with 

KD, ≤10 days 
after disease 
onset

IVIG (400 mg/kg/day for 4 days) + aspirin 
[n=75] 
versus 
aspirin [n=78]

8% 
versus 
23%
P=0.01 
(2 weeks)

4% 
versus 
18%
P=0.005
(7 weeks)

Nagashima14

1987
136 Patients with 

KD, ≤10 days 
after disease 
onset and 
no CAA at 
enrolment.

IVIG (400 mg/kg/day for 3 days) + aspirin 
[n=69] 
versus
aspirin [n=67]

13% 
versus 
31% 
P<0.05
(4 weeks)

-

Barron15

1990
44 Patients with 

KD, ≤7 days 
after disease 
onset

IVIG (400 mg/kg/day for 4 days) + aspirin 
[n=22] 
versus 
IVIG (1 g/kg in 1 infusion) + aspirin [n=22]

5% 
versus 
9%
P=NS
(2 weeks)

5% 
versus
 0%
P=NS
(1 year)

Newburger16

1991
549 Patients with 

KD, ≤10 days 
after disease 
onset

IVIG (400 mg/kg/day for 4 days) + aspirin 
[n=276]
versus 
IVIG (2 g/kg in 1 infusion) + aspirin [n=273]

9.1% 
versus 
4.6%
P=0.042 
(2 weeks)

7.2%
 versus 
3.9%
P=0.098
(7 weeks)

Morikawa17

1994
451 Patients with 

KD, ≤9 days 
after disease 
onset

A: IVIG (200 mg/kg in 5 doses) + aspirin 
[n=147]
versus
B: IVIG (400 mg/kg in 5 doses) + aspirin 
[n=152]
versus
C: IVIG, another brand (200 mg/kg in 5 
doses) + aspirin [n=152]

13% (A) 
versus 
5% (B)
versus 
8% (C)

-

Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulin; NS=not significant; 
RCT=randomized controlled trial.
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oncotic load, and in patients with pancarditis and compromised cardiac function, a slower 
infusion may be necessary; expert advice should be sought. When possible, treatment 
should be started within 10 days of disease onset18. The CAA rate in patients appropriately 
treated with IVIG is approximately 5%16. Although a study by Tse et al suggested that treat-
ment with IVIG on or before 5 days of fever may result in better coronary outcomes19, most 
studies showed no evidence that early treatment within 5 days after the onset of illness 
has greater efficacy in preventing CAAs than treatment on day 5-920, 21. Early treatment may 
result in an increased need for IVIG retreatment20, 21. Although differences exist between 
brands and lots of IVIG, most studies failed to find a significant difference between IVIG 
products22-23The mechanism of action of IVIG is still not understood, but it appears to have 
generalized anti-inflammatory effects. Increased levels of pro-inflammatory cytokines have 
been reported during the acute KD phase, including TNF-α, IL-1 and IL-625-27. The elevated 
cytokine levels normalize rapidly after IVIG therapy, suggesting that these pro-inflammatory 
mediators play a major role in the KD pathogenesis and that reducing circulating and local 
cytokines may have major therapeutic benefit in KD. In addition to modulation of inflam-
matory cytokine production, other proposed mechanisms of IVIG include neutralization of 
bacterial superantigens or other causative agents, inhibition of endothelial cell proliferation 
and activation, augmentation of regulatory T-cell activity, balancing Th1/Th2 response, 
reduction of NO production by neutrophils and reducing antibody-producing B-cells28.

Aspirin

Aspirin has been used in the treatment of KD patients for many years because of its anti-
inflammatory (at higher doses) and antithrombotic properties (at lower doses). The prob-
able efficacy of high-dose aspirin (80-180 mg/kg/day) in the acute KD phase in reducing the 
incidence of CAAs was suggested in an early study by Koren et al29. Although no prospective 
study has confirmed that aspirin reduces the incidence of CAAs, it has become part of the 
standard treatment in KD30-33. Aspirin is usually given at anti-inflammatory doses during the 
acute phase, but controversy remains regarding the exact dose. In the USA and Europe, as-
pirin at high-dose (80-100 mg/kg/day in four doses) is most widely recommended, whereas 
concern about hepatic toxicity led to the use at a more moderate dose (30-50 mg/kg/day, 
ordinarily in three doses) in Japan2. In Australia a lower antithrombotic dose (3-5 mg/kg/day) 
is often commenced from the onset of disease.
Practices regarding the duration of high-dose aspirin administration also vary between 
centers. Some clinicians continue high-dose aspirin until day 14 of illness; others reduce 
the dose after the child has been afebrile for 48 -72 hours. In general, the dose is reduced 
(to 3-5 mg/kg per day) after the acute phase and continued until there is no evidence on 
echocardiography of coronary artery involvement at 6-8 weeks after the disease onset. 
Aspirin is continued until complete resolution of CAAs has been established, or indefinitely 
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in those patients who developed persistent CAAs. In patients with severe coronary artery 
pathology, more intense anticoagulant treatment is needed.

Steroids

Corticosteroids suppress immune responses and have potent anti-inflammatory effects. 
They are widely used as first-line therapy in many vasculitides. It is therefore plausible that 
steroids would be beneficial in the acute management of KD. However, the administration 
of steroids has been much debated since an early study by Kato et al in the pre-IVIG era 
(1979) that suggested an increased risk of CAA formation in patients primarily treated with 
steroids. Eleven of the 17 patients (65%) treated with oral prednisolone developed CAAs. 
Interestingly, in the same study none of the 7 patients treated with prednisolone plus aspirin 
developed CAAs32. The study of Kato et al was a non-randomized and uncontrolled study 
performed in a small number of patients. Subsequent studies evaluating the initial treat-
ment of KD patients with steroids showed no effect or a possible beneficial effect (Table 
2)34-41. 
The Pediatric Heart Network evaluated whether the addition of intravenous methylpred-
nisolone (IVMP) to the initial therapy for KD reduced the CAA risk in a large, multicenter, 
double-blind, placebo-controlled trial of 199 patients with KD38. Patients were randomized 
to receive a single pulsed dose of IVMP (30 mg/kg over 2 to 3 hours) or placebo, in addi-
tion to standard treatment with IVIG and aspirin. The coronary z-scores at week 1 and 5, 
numbers of days of fever and rates of retreatment with IVIG were similar between the two 
study groups, suggesting no overall benefit in unselected US patients with KD. In post hoc 
analyses, the coronary artery outcomes of children with persistent fever who received IVIG 
retreatment were better in the IVMP subgroup. The authors concluded that the addition 
of IVMP to conventional therapy is not indicated for routine treatment of KD, but may be 
beneficial for patients at high-risk of IVIG non-response and CAAs.
Kobayashi et al recently published results from the RAISE study, a multicenter trial in Japan 
in 242 KD patients at high risk for IVIG non-response and coronary artery involvement41 
(using a Japanese-derived risk stratification system for likely IVIG non-response that was 
developed by the same authors42). They assessed whether addition of prednisolone to the 
standard initial treatment with IVIG and aspirin reduced the incidence of CAAs. Participants 
were randomized to receive IVIG (2 g/kg infusion in 24 hours) with aspirin (30 mg/kg/day), 
or the same regimen with the addition of prednisolone. Prednisolone was given at 2 mg/
kg/day in three divided doses given by intravenous injection for 5 days. If fever had resolved, 
the prednisolone dose was reduced and given orally. This study showed that addition of 
prednisolone to the standard regimen improves coronary artery outcome in the primary 
treatment of high-risk KD patients (3% vs. 23% during the study period; P<0.0001 and 3% 
vs. 13% at week 4; P=0.014). In addition, the IVIG plus prednisolone group had more rapid 
fever resolution (median duration of fever 1 vs. 2 days; P<0.0001) and the need for additional 
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rescue therapy was lower (13% vs. 40%; P<0.001). The number of serious adverse events was 
similar in the groups41.
Discordance between the US and Japanese trials may partly be due to differences in the 
study populations and treatment regimens (i.e. a single dose versus a prolonged course of 
steroids). Taking into account the results of the studies of Okada et al39 and Ogata et al40 that 
showed a positive effect of a single dose of steroids on the coronary outcomes (Table 2), the 
differences in study populations of both trials seem to be the most important explanation. 
The RAISE study was performed in children of Japanese origin who were at high risk for IVIG 
non-response and CAAs, based on the Kobayashi risk score. The Kobayashi risk score does 
not accurately predict IVIG non-response in the non-Japanese population, with a very low 
sensitivity of 33% and specificity of 87%43. Further study examining the addition of steroids 
to the conventional primary treatment in a different or mixed ethnic population, as well as 
in other Asian cohorts of high-risk KD patients seems to be warranted, but only when pa-
tients at high-risk of IVIG non-response can be discriminated reproducibly from the majority 
of low-risk patients. To avoid overtreatment with steroids, the development of more widely 
applicable risk parameters for CAA formation is therefore required. 

MANAGEMENT OF IVIG NON-RESPONDERS 

The majority of patients treated with IVIG and aspirin respond promptly within 48h. How-
ever, a subgroup of patients fails to have a good clinical response to a single infusion of IVIG 
and has persistent or recrudescent fever ≥36-48 hours after the completion of the initial 
IVIG infusion. The incidence of IVIG-non-response varies in most centers ranging between 
10-20%44-46, but can be as high as 38% as reported in a US cohort in 200647. Various risk 
factors for IVIG-non-response have been described, including early treatment before day 5, 
male gender, laboratory parameters (e.g. increased CRP, low hemoglobin, low albumin and 
low sodium) and recurrent KD10, 42, 48-51. IVIG non-responders are at increased risk of CAAs. 
A large study of 15,940 Japanese patients reported in IVIG non-responders a significantly 
higher risk of CAAs (odds ratio: 10.38; 95%CI: 6.98 – 15.45) and of giant CAAs (odds ratio: 
54.06; 95%CI 12.84 – 227.65)10.
The optimal therapy for IVIG non-responders remains controversial as controlled trial data 
are lacking, and therefore, the agent used as additional therapy varies between centers and 
investigators. Additional IVIG treatments, high-dose intravenous pulse methylprednisolone 
(IVMP), TNF-α blockade, cyclosporine A, IL-1 blockade, methotrexate, anti-CD20, and other 
treatments have been used for KD patients with initial failure to respond to IVIG. 

IVIG retreatment 

A second dose of IVIG is recommended by most experts, including the American Heart 
Association consensus guidelines, for KD patients with an incomplete response to the first 
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dose of IVIG2. In up to 80% of these patients, a second dose is effective in controlling disease 
activity46, 52. In a multicenter survey by Burns et al, IVIG non-responders retreated with 1 g/
kg infusion had a significantly greater likelihood of developing CAA, compared with those 
retreated with infusions of 2 g/kg (4 out of 7 patients (57.1%) versus 1 of 17 patients (5.9%); 
P=0.014)53. On the basis of these results, a dose of 2 g/kg is recommended instead of a lower 
dose of 1g/kg for IVIG retreatment.

Steroids 

Only small and largely uncontrolled studies have been performed on the efficacy of steroids 
in IVIG non-responders45, 54-58. Overall, these studies reported a faster resolution of fever, but 

Table 3. Studies evaluating the efficacy of steroids as treatment for IVIG non-responsive patients with 
Kawasaki disease.

Study No. of IVIG non-
responders

Study design Study population Treatment protocol Number of 
patients 

with CAAs

Studies about steroids as third line treatment

Wright54

1996
4 Case series KD patients with IVIG 

non-response after 2 
IVIG doses

IVMP (30 mg/kg/day for 1-3 
days)

4/4 (100%)

Dale55

2000
7 Case series KD patients with IVIG 

non-response after 2 
IVIG doses

Oral PRED (2mg/kg/day for 
2 weeks)

5/7 (71.4%)

Hashino56

2001
17 / 262 (7%) Randomized 

controlled trial
KD patients with IVIG 
non-response after 2 
IVIG doses

IVMP (20 mg/kg/day for 3 
days) [n=9] 
versus
3rd IVIG infusion (1g/kg) [n=8]

7/9 (77.8%) 
versus 5/8 

(62.5%)
P=NS

Studies about steroids as second line treatment

Miura57

2005
22 / 169 (13%) Randomized 

controlled trial
KD patients with non-
response to initial IVIG 
infusion (≥48 h after 
IVIG)

IVMP (30 mg/kg/day for 3 
days) [n=11]
versus
2nd IVIG infusion (2 g/kg over 
24h) [n=11]

3/11 (27.3%) 
versus 2/11 

(18.2%)
P=NS

Furukawa45

2008
63 / 411 (13%) Retrospective, 

multicenter, 
cohort study

KD patients with non-
response to initial IVIG 
infusion (>36 h after 
IVIG). IVIG was only 
given to patients whose 
families refused IVMP. 

IVMP (30 mg/kg/day for 3 
days), followed by PRED 
(1mg/kg/day) tapered over 7 
days [n=44]
versus
2nd IVIG infusion (1-2 g/kg) 
[n=19]

2/19 (10.5%) 
versus 5/44 

(11.4%)
P=NS

Ogata58

2009
27 / 164 (16%) Prospective, 

comparative 
study between 2 
different centers 

KD patients aged 2 
months – 10 years with 
IVIG non-response 
(>36-48 h after initial 
IVIG infusion)

IVMP (30 mg/kg/day for 3 
days) [n=13]
versus
2nd IVIG infusion (2g/kg) 
[n=14]

0/13 (0%) 
versus 3/14 

(21.4%) 
P=NS 

Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulins; IVMP=intravenous 
methylprednisolone; KD=Kawasaki disease; NS=not significant; PRED=prednisolone.
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a similar rate of CAAs in patients with IVIG failure treated with steroids compared to IVIG re-
treatment. The studies performed can be separated in studies about steroids as second-line 
treatment (i.e., in patients after initial IVIG failure) or as third-line treatment (i.e., in patients 
after non-response to repeated IVIG infusions) (Table 3).
Hashino et al performed a randomized controlled trial examining steroids as third-line treat-
ment56. The study was performed in 17 KD patients who were non-responsive to 2 doses of 
IVIG (13.4% in a total of 262 patients who were treated with IVIG). Patients were randomized 
to receive a 3-day course of IVMP (30 mg/kg once daily) or a third IVIG infusion (1 g/kg). 
No difference in rate of CAAs was observed, but the steroid group had a shorter duration 
of high fever (1.4±0.7 days vs. 4.8±3.4 days; P<0.05). In addition, the medical costs for the 
patients treated with IVMP pulse therapy were significantly lower than those for the IVIG 
retreatment group. 
In 2005, Miura et al performed the first small randomized controlled trial about IVIG as 
second-line treatment57. A second IVIG infusion (n=11) was compared with IVMP treatment 
(n=11) in patients with initial IVIG failure, but the study was halted prematurely because of 
adverse effects of IVMP. Although the adverse events were transient, sinus bradycardia (82% 
vs. 18%; P=0.01) and hyperglycemia (55% vs. 0%; P=0.01) occurred more frequently in the 
IVMP group. Two other studies comparing IVMP versus IVIG as second-line treatment for 
KD did not report a comparison of the side effects between both groups45,58. The studies 
observed a shorter duration of fever in the IVMP group, but no difference in the CAA rate. In 
the IVMP group, significantly lower medical costs were reported58. The recommendation of 
the American Heart Association is to restrict steroid treatment to children in whom two or 
more IVIG infusions have been ineffective2. 

TNF-α blockade

TNF-α is a key pro-inflammatory cytokine and circulating levels of TNF-α are markedly el-
evated in acute KD patients25, 27, 59. The plasma level of TNF-α is correlated with an increased 
risk of CAA development and TNF-α polymorphism may be associated with disease suscepti-
bility25. In a well-characterized animal model for coronary vasculitis, intraperitoneal injection 
of Lactobacillus caseii cell wall extract results in coronary inflammation. In this model, which 
is the most frequently used to study KD pathogenesis, blocking TNF-α activity resulted 
in complete protection from coronary artery inflammation. In addition, TNF-α receptor 
I-deficient mice did not develop coronary arteritis, indicating that the TNF- α receptor I 
pathway is responsible for signaling TNF-α-mediated functions leading to coronary artery 
inflammation in this model60. These observations suggest a key role for TNF-α in KD etiology 
and a potential role for TNF-α blockers in treatment of KD. 
In human studies of TNF blockade in KD, data from 2 biologics have been reported: infliximab 
and etanercept. Infliximab is a chimeric mouse-human monoclonal antibody that binds 
specifically to human TNF-α. Etanercept is a dimeric fusion protein consisting of the ligand-
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binding portion of the human p75 TNF receptor linked to the Fc portion of human IgG1. 
The beneficial effect of infliximab has been suggested in individual cases61-65, and in larger 
non-randomized studies of patients with IVIG non-response (Table 4)66-69. In a retrospective 
study, Burns et al reported rapid clinical improvement in 13 of the 16 IVIG non-responders 
treated with a single infusion of infliximab. Cessation of fever and lowering of CRP levels was 
observed following infliximab treatment66. These authors subsequently conducted a clinical 
trial in 24 children to assess the safety, tolerability and pharmacokinetics of infliximab (5 mg/
kg) versus a second IVIG infusion (2 g/kg) in KD patients non-responsive to the initial IVIG 
infusion. Both infliximab and IVIG retreatment were safe and well tolerated67. A retrospective 
study by Son et al in 2011 compared the efficacy and safety of a second IVIG infusion (n = 
86; at 2 g/kg) with infliximab (n = 20; at 5 mg/kg) for patients with initial IVIG non-response. 
Patients who were first retreated with infliximab had faster resolution of fever (median 8 ver-
sus 10 days; P=0.028) and fewer days of hospitalization (median 5.5 versus 6 days; P=0.040), 
compared with IVIG retreatment, but coronary artery dimensions and adverse events were 
similar. The power of this study was limited68. Recently, results of an open-label case series 

Table 4. Studies evaluating TNF-α blockade as treatment for IVIG non-responsive patients with Kawasaki 
disease

Study No. of 
IVIG non-

responders

Study design Study population Treatment protocol Main study results

Burns66 
2005

17 Case series Patients with 
refractory KD after 
at least two doses 
of IVIG

Infliximab (5 mg/kg) 
[n=15] or Infliximab 
(10 mg/kg) [n=2]

Defervescence in 13/16 
patients, and decrease of CRP 
levels. No Infusion reactions 
or complications. 

Burns67

2008
24 Multicenter, 

randomized 
controlled 
trial (pilot 
trial)

KD patients (initial 
IVIG within 14 days) 
with non-response 
48h-7 days after the 
IVIG infusion. 

Infliximab (5 mg/kg) 
[n=12]
versus
2nd IVIG (2 g/kg) 
[n=11]

Cessation of fever (<24h): 92% 
versus 67%.
No differences in laboratory 
variables, fever or coronary 
artery outcome.
Infliximab was safe and well-
tolerated. 

Son68

2011
106 / 641 
(16.5%) 

2-center 
retrospective 
review

KD patients with IVIG 
non-response

Infliximab (5 mg/kg) 
[n=20]
versus
2nd IVIG (2 g/kg) 
[n=86)

CAAs: 35% versus 34% (P=.91)
Fever: 8 versus 10 days 
(P=.028)
Hospitalization: 5.5 versus 6 
days (P=.033)
Adverse events: 0% versus 
2.3% (P=1.00)

Mori69

2012
20 Open label 

trial
KD patients with IVIG 
non-response (≥48h 
after initial IVIG 
infusion)

Infliximab (5 mg/kg) Rapid improvement of 
inflammatory symptoms and 
markers. No adverse events. 
Two patients were refractory 
to infliximab (and underwent 
plasma exchange therapy). 

Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulins; KD=Kawasaki disease.
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of infliximab treatment (5 mg/kg) in 20 KD patients with initial IVIG failure were published. 
This study also demonstrated rapid improvement of clinical symptoms and normalization of 
inflammatory markers in the majority of patients (90%). Echocardiography revealed that the 
increased echogenicity or mild dilatation observed in all patients regressed to normal size 
within the convalescent phase. Only one patient had CAAs, which had completely normal-
ized 1 year later69.
In another study about the efficacy of infliximab for IVIG non-responders and the dy-
namic changes of cytokines during infliximab treatment, a concern was raised that TNF 
blockade may suppress systemic inflammation, but not local vasculitis70. Serum levels of 
pro-inflammatory cytokines decreased dramatically in response to infliximab treatment, but 
VEGF and local proteins that trigger inflammation remained high − including molecules 
in so-called damage-associated molecular pattern pathways, including MRP8/MRP14 and 
S100A12. These proteins are involved in local pro-inflammatory mechanisms of the vessel 
wall and may play an important role in the development of CAAs71, 72. Future prospective, 
randomized clinical trials (RCTs) are needed to establish the role and efficacy of anti-TNF-α 
therapy in IVIG non-responsive patients.
Of note, results of two multicenter RCTs to assess the efficacy of infliximab, as well as of 
etanercept, in reducing the IVIG non-response and CAA rate during initial treatment of KD 
are expected shortly73. A preceding small pilot trial in 15 patients suggested etanercept 
(0.4–0.8 mg/kg over a 2-week period) to be safe and well tolerated as adjunctive treatment 
for the first IVIG infusion74. None of the patients required retreatment or rescue therapy. 

Cyclosporin A

In KD management, cyclosporin A may be an effective treatment option because it is a 
negative regulator of the calcineurin/nuclear factor of activated T-cells (NFAT) pathway 
and therefore suppresses T-cell activity. There is increasing evidence from a variety of 
studies that T-cells are likely to be central to KD vascular pathogenesis. In T-cells inositol 
1,4,5-trisphosphateP3 (IP3), released by stimulation of the T-cell receptor complex, increases 
intracellular calcium. The increased levels of calcium activate calcineurin, which leads to 
nuclear translocation of NFAT, and transcription of IL-2. Inositol 1,4,5-trisphosphate 3-kinase 
C (ITPKC) acts as a negative regulator of T-cell activation by reducing IP3. In 2008, Onouchi 
et al reported, in a genome-wide linkage study in Japanese and US children, on a functional 
single nucleotide polymorphism (SNP) in the ITPKC gene (rs28493229) on chromosome 
19q13.2 that was significantly associated with KD susceptibility and formation of CAAs75. 
The C risk allele of this SNP reduces splicing activity of the ITPKC mRNA, which in turn results 
in increased signaling through the calcineurin/NFAT pathway and cell activation, and may 
contribute to immune hyperactivity in KD. In a large case-control genome wide association 
study (GWAS) in 2173 KD patients and 9383 controls, Khor et al recently confirmed the previ-
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ous findings of a genetic association in the region of the ITPKC gene76. Collectively, these 
findings would support a potential role for cyclosporin A in the management of KD. 
Clinical experience to date is limited, but the beneficial effect of cyclosporin A in a single 
IVIG non-responsive KD patient has been reported77. Suzuki et al evaluated oral cyclosporin 
A treatment in a pilot study of 28 Japanese patients with non-response to the initial and 
additional IVIG infusion78. The initial dose of cyclosporin A was 4-8 mg/kg/day (in two doses), 
and the dose was adjusted to 4-8 mg/kg/day to maintain a trough level of 60 to 200 ng/mL. 
Treatment was continued until the patients became afebrile and their CRP level decreased 
to a negative value (<0.3 mg/dL). Eighteen patients became afebrile within 3 days (64.3%), 
and 4 within 4-5 days. The remaining 6 patients had persistent or recrudescent fever at 
least 5 days after cyclosporin A treatment. Four patients developed CAAs, 2 before and 2 
after the start of cyclosporin A treatment. There were no serious adverse effects, which was 
important because of a reported case of fatality in a boy with severe therapy-resistant KD, 
who was treated with cyclosporin A79. A recent case series of 10 American KD patients on 
calcineurin/NFAT inhibitors supported the findings on safety and efficacy of Suzuki et al80. 
These patients had failed to respond to multiple therapies, but treatment with cyclosporin A 
(n = 9) or tacrolimus (n = 1) resulted in rapid defervescence and resolution of inflammation 
in all patients. 

Anti-IL-1 treatment 

IL-1 is another pro-inflammatory cytokine that is considered as the gatekeeper of inflam-
mation81. The IL-1 family consists of three proteins: IL-1α, IL-1β and IL-1 receptor antagonist 
(IL-1RA). IL-1β is the predominant species of human IL-1. This protein becomes bioactive 
when the pro-IL-1β is cleaved by caspase-1 to IL-1β. Caspase-1 is activated by the action of a 
large intracellular complex known as the inflammasome. IL-1 signaling is mediated through 
binding to the IL-1 receptor. IL-1 RA can competitively bind the IL-1 receptor and prevent 
signaling. 
Several studies reported elevated levels of IL-1β in acute KD patients, and it has been shown 
that administration of IVIG is associated with a decrease in the IL-1β secretion and an in-
crease of IL-1RA production26, 82, 83. In addition, in patients with KD, IL-1β polymorphisms are 
associated with an increased IL-1β production and IVIG non-response84. Gene expression 
patterns have shown that acute KD was characterized by increased relative abundance 
of gene transcripts associated with innate immunity and pro-inflammatory processes, 
including several genes in the IL-1 pathway85, 86. In addition, comparison of the transcript 
abundance profiles of IVIG responsive and non-responsive subjects revealed that transcripts 
of the IL-1 pathway genes were more abundant in the non-responders85. This highlights the 
potential importance of the IL-1 signaling pathway in KD and suggests a potential role for 
anti-IL-1 therapy in IVIG non-responders. A variety of biologic agents target the IL-1 pathway, 
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including anakinra (recombinant human IL-1RA), and canakinumab (recombinant human 
anti-IL-1β monoclonal antibody). 
We recently reported for the first time the beneficial use of anakinra in a severely affected KD 
patient with extensive coronary artery pathology87. The boy was successfully treated with 
anakinra for 7 days after non-response to IVIG and IVMP, and for another period of 6 weeks 
when he developed recurrent disease. His coronary artery lesions normalized within the 
following 6 months. 
In a mouse model for KD with L. casei wall extract, Lee et al showed that IL-1β is indeed 
critically involved in the coronary arteritis and that the coronary lesions can be prevented 
by IL-1RA treatment88. In addition, there was a trend toward a more effective inhibition of 
the incidence of CAA formation and inflammation severity score in these mice, as well as 
lower myocarditis score in the IL-1RA treated mice (anakinra), compared with the anti-TNF 
group (infliximab). Anti-IL-1 treatment may provide new therapeutic strategies to prevent 
coronary lesions in KD. 
Canakinumab is another biologic agent that targets the IL-1 pathway. It is a human mono-
clonal antibody that specifically inhibits IL-1β signaling. Canakinumab has the advantage 
of its long half-life (26 days), compared to anakinra (4-6 h). Further research regarding the 

efficacy of anti-IL-1 treatment, including anakinra or canakinumab, is warranted.

Methotrexate

The efficacy of methotrexate treatment has been suggested in an individual case report and 
in a case series of 4 KD patients89, 90. In a subsequent trial by Lee et al, low-dose oral metho-
trexate therapy (10 mg/m², once weekly until CRP levels normalized) was administered in 17 
IVIG non-responsive patients. Methotrexate resulted in prompt resolution of fever and rapid 
improvement of inflammatory parameters. No patient had recurrent fever after cessation of 
methotrexate therapy. The small sample size in this single-centre study provided insufficient 
power to assess coronary artery outcomes and adverse effects91.

Anti-CD20 treatment

A marked increase of circulating B-cells with the production of cytotoxic immunoglobulins 
directed against endothelial cells has been documented in patients with KD92, 93, and B-cell 
suppression therefore seems to be a potential treatment option. Rituximab, a chimeric anti-
CD20 monoclonal antibody, is a biologic agent that is specifically directed against the CD20 
antigen present on B-cells and induces B-cell immunosuppression. Sauvaget et al recently 
reported a single case of a child with KD who was successfully treated with rituximab (15 
mg/kg/day). This boy had not responded to 3 infusions of IVIG retreatment and steroid 
therapy. Rituximab resulted in a cessation of fever, decrease in acute phase reactants and an 
improvement of the coronary pathology. The treatment regimen was well tolerated, and ad-
ditional IVIG was given to decrease the infectious risk associated with rituximab94. However, 
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the additional costs associated with repeated IVIG may make this therapy unsuitable for 
widespread use though.

Other treatments 

Plasma exchange therapy has been reported as an effective alternative therapy in IVIG non-
responsive KD patients to reduce the incidence of CAAs95-97. However, plasma exchange 
therapy is not generally recommended because of its medicals costs and possible risks, 
including hypotension, electrolyte abnormality, bleeding, allergy, and infection98.
Several studies have indicated that markedly activated neutrophils or elevated levels of 
neutrophil elastase are involved in IVIG failure and CAA formation99. Urinary trypsin inhibitor 
(ulinastatin) is a glycoprotein derived from human urine, which inhibits neutrophil elastase 
and prostaglandin H2 synthase at messenger RNA level100. Ulinastatin is considered to be a 
reasonable treatment option for KD patients, and has been used in Japan as an adjunctive 
therapy for KD patients101-103. The only study that showed a decrease in the occurrence of 
CAAs is a recent retrospective study performed by Kanai et al103. These authors evaluated 
whether addition of ulinastatin to the initial KD treatment improved coronary artery out-
comes. Patients who had initially been treated with ulinastatin plus IVIG and aspirin (n=369) 
were compared with patients who had been treated with conventional therapy (n=1178). 
The authors showed that ulinastatin was associated with fewer patients requiring additional 
rescue therapy (13% vs. 22%; P<0.001) and a reduction in CAA formation (3% vs. 7%; P=0.01).

Therapy of early cardiovascular complications

In patients without CAAs or with transient dilatations, antiplatelet therapy is discontinued 
after the sub-acute stage at 6-8 weeks, if echocardiography is normal at this time. Long-
term treatment with aspirin is recommended for patients with persistent coronary artery 
lesions because of an increased risk of intracoronary thrombosis due to an abnormal blood 
flow in the aneurysms. Low-dose aspirin (3-5 mg/kg/day) is the mainstay for children with 
persistent small-to–medium-sized aneurysms (3-6 mm). For patients with larger (>6 mm) or 
giant (>8 mm) aneurysms, adjunctive anticoagulant treatment is recommended and expert 
advice should be sought2. 
One study has reported a significantly lower incidence of myocardial infarction in patients 
with giant CAAs treated with a combination of low-dose aspirin and warfarin (n = 19; target 
INR: 1.5-2.5 IU) than in those treated with aspirin alone (n=49). Sudden death occurred in 
7 patients (14%) taking aspirin alone, but in none of the patients taking the combination 
therapy, although this difference was not statistically significant104. Although oral warfarin 
is currently recommended for long-term anticoagulant treatment, the use of subcutaneous 
low-molecular-weight heparin has been suggested as a reliable alternative. A retrospective 
study by Manlhiot et al found that, compared with oral warfarin, the use of low-molecular-
weight heparin was associated with a similar frequency of thrombosis, lower rates of sub- or 
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supra-therapeutic coagulation and a reduction in major bleeding episodes105. Interestingly, 
the maximum CAA z-scores diminished over time for patients on low-molecular-weight 
heparin but not for those on warfarin, although the mechanism is unknown. Larger RCTs 
may be warranted.
The platelet fibrinogen receptor glycoprotein (GP) IIb/IIIa plays an important role in platelet 
thrombus formation. Abciximab is a blocking monoclonal antibody acting as GP IIb/IIIa in-
hibitor associated with the reduction of thrombotic complications and vascular remodeling 
in adults with acute coronary syndromes106. Administration of abciximab has been proposed 
for KD patients with large CAAs, after rapid regression of large CAAs was observed in a single 
patient who had been treated with abciximab107. Williams et al subsequently reported that 
patients with large CAAs (>5mm) treated with abciximab in addition to standard therapy 
(n = 6) demonstrated greater regression in CAA diameter at early follow-up (4-6 months) 
than patients who received standard therapy alone (n = 9); percentage decrease 41±19% 
vs. 17±27%, p=0.003. In the abciximab group, 13 of the 19 (68%) CAAs resolved at early 
follow-up compared with 7 of 19 (35%) in the standard therapy group108. McCandless et 
al retrospectively analyzed long-term follow-up data on the changes in diameters of large 
CAAs (diameter >5 mm or z-score >10) in patients receiving both abciximab and standard 
therapy (n = 11), and compared these changes to those of a similar group receiving stan-
dard therapy alone (n = 7). The change in CAA z-score compared with baseline was similar 
in the two groups at 1 year, but at 3-5 years of follow-up the abciximab group had a greater 
decrease in the CAA z-score (-14.0 ± 4.0 vs. -8.2 ± 5.9; P=0.04). Abciximab treatment may be 
associated with vascular remodeling in patients with large aneurysms109. Prospective large 

clinical trials are needed to establish the effectiveness of abciximab.

Expert commentary and five-year view

Standard therapy for patients with KD is well established and consists of a single infusion of 
high-dose IVIG (2 g/kg) and aspirin, although the optimal dose regimen for aspirin is unclear 
and there is limited evidence for its efficacy in acute KD. For 10-20% of KD patients who 
do not respond to the initial IVIG infusion, we recommend a second dose (2 g/kg) of IVIG 
because this has been shown to be safe and effective in controlling disease activity in the 
majority (up to 80%) of these patients. IVMP, infliximab and anti-IL-1 treatment should be re-
served for the small number of patients non-responsive to repeated IVIG infusions, because 
limited data are currently available regarding the safety and efficacy of these treatments. In 
our view, anti-IL-1 treatment may provide a promising treatment option, with the potential 
to prevent coronary artery lesions, although the evidence to date is at the level of a case 
report and clinical experience is limited. Larger, multicenter clinical trials in different ethnic 
populations are warranted to identify the best treatment regimen for IVIG non-responders. 
Over the next 5 years, we anticipate major developments in the genetic field, resulting in 
identification of the genes influencing disease susceptibility and therapy efficacy in KD pa-
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tients. This may result in a better identification of patients at high risk for IVIG non-response 
and CAA development, and may allow improvement of therapy, including the possibility of 
targeted steroid therapy in high-risk patients. In addition, we believe that the use of biologic 
agents, including anakinra or infliximab, in treatment of IVIG non-responsive patients will 
increase significantly over the next 5 years. 
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INTRODUCTION

Kawasaki disease (KD) is an acute inflammatory vasculitis that predominantly occurs in 
children under 5 years of age1. The disease is associated with the development of coronary 
artery aneurysms (CAAs) in 15-25% of untreated cases2. Standard treatment consists of high-
dosed intravenous immunoglobulins (IVIG) along with aspirin3. About 15% of patients do 
not respond to a single dose of IVIG and need retreatment4. When ongoing signs of active 
disease are present, methylprednisolone pulses are often administered5. If there is a lack 
of response to the initial IVIG infusion, alternative anti-inflammatory medication such as 
infliximab or plasmapheresis have been suggested in individual case series6,7. 
We report, for the first time, on the beneficial use of an interleukin-1 receptor antagonist 
(IL-1RA) in relapsing KD.  

CASE REPORT

A 2-year old boy was presented with persistent fever, coughing and swollen cervical lymph 
nodes. The boy’s condition had not improved with empirical antibiotic treatment. He devel-
oped a rash, conjunctivitis and swollen extremities. Upon admission the child was lethargic 
boy and he had an increased C reactive protein (340mg/L) (Figure 1). KD was diagnosed, 
followed by IVIG administration (2g/kg). Tachycardia and hypotension developed the next 
day. Echocardiography showed diminished shortening fraction of 20% without CAA. Two 
days later (day 9) he was admitted to the intensive care unit for KD-associated myocarditis 
and fever. His blood pro-B natriuretic peptide levels had risen to >70 000ng/L (normal value 

Figure 1. 

Time course of CRP, temperature and treatment in a patient with severe, therapy-resistant Kawasaki disease. 
IL-1RA was administered in two episodes resulting in a prompt response. 

Abbreviations: CRP=C reactive protein; IL-1RA=interleukin-1 receptor antagonist; IVIG=intravenous 
immunoglobulin. 
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<100ng/L). After a second dose of IVIG (2g/kg) he received multiple methylprednisolone 
pulses with little effect. Echocardiography showed dilatations of the left descending (LAD) 
and right coronary artery (RCA). At day 14, the patient was intubated because of respiratory 
and circulatory failure. He had to be supported by extracorporeal membrane oxygenation 
from day 14 until 17. Fever persisted after decanulation. At day 18, IL-1RA was started 
(Anakinra once daily; 1mg/kg subcutaneously). The fever disappeared instantly and his 
coronary status remained stable. 
From day 27 onwards, 3 days after the last administration of IL-1RA, the fever recurred. When 
rash and skin desquamation subsequently reappeared, IVIG with low-dose prednisone was 
initiated without lasting response. Escherichia coli was cultured from his urine. Antibiotics 
were administered for suspected pyelonephritis and the fever only subsided temporarily. 
Pulsed methylprednisolone again had no effect. Echocardiography at day 53 showed pro-
gression to giant CAAs. At day 54, IL-1RA was restarted and fever again instantly subsided. 
The maximal coronary artery diameter observed during admission was 6.6mm (z-score 16.9) 
for the LAD and 7.5mm (z-score 16.2) for the RCA. Representative echocardiography images 
are shown in Figure 2. 
Ten days after IL-1RA was reinitiated the patient was discharged. IL-1RA was continued for 
6 weeks, combined with aspirin and coumarin to prevent coronary thrombosis. Coronary 
angiography after 6 months showed normalization of his coronary arteries (Figure 2), which 
was unexpected in such a severe case of KD. 

Figure 2.

Representative echocardiography images of the patient with KD showing a tubular aneurysmatic lesion of 
the left main coronary artery (diameter 5.5mm: z-score 7.2) and left descending coronary artery (maximal 
diameter 6.4mm: z-score 16.9) [A] and a saccular aneurysm of the right coronary artery (maximal diameter 
6.8 mm: z-score 13.1) [B] during the acute phase. Follow-up conventional coronary angiography at 6 
months after discharge showed complete normalization of the coronary artery pathology [C].
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DISCUSSION

Several studies have suggested that immune activation and secretion of cytokines contrib-
ute to the pathogenesis of KD. Elevated levels of IL-1 have been reported in acute patients 
and have been correlated to vascular endothelial cell damage8-10. IVIG treatment has been 
associated with a decrease in IL-1 levels and it has been shown that IL-1 levels remain el-
evated in refractory patients9. These observations suggested a potential role for IL-1R block-
ers, which is supported by the lasting response to Anakinra observed in our patient. Lee et 
al recently showed in a mice model for KD that IL-1 is indeed critically involved in coronary 
arteritis and that CAA development can be prevented by IL-1R blockade11. 
This is the first report of the beneficial use of an IL-1RA in patients with KD. Although the 
clinical recovery may be coincidental, we have observed a clinical response of fever to IL-
1RA twice in this patient. Relapse and rapid deterioration of both his clinical and coronary 
findings after stopping IL-1RA after 7 days suggest its beneficial role in preventing vascular 
injury from progressing or normalization upon injury. 
In summary, this case suggests the potential benefit of IL-1 blockade in patients with re-
fractory KD. Further research regarding the efficacy of IL-1-blockade in KD appears to be 
warranted. 

PATIENT CONSENT

Obtained. 
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SUMMARY

A concern with the use of intravenous immunoglobulins (IVIG) is that the passively acquired 
antibodies may interfere with the serological response to active immunization, particularly 
against live-attenuated vaccines. The aim of our study was to evaluate the serological re-
sponse to MMR vaccination in patients treated with high-dose IVIG for Kawasaki disease 
(KD), in comparison with age- and gender-matched healthy controls. The results of our 
case-control study shows that the MMR vaccination should be postponed to at least 9 
months after treatment with high-dose IVIG for KD to optimize the serological response to 
vaccination. 
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INTRODUCTION

Standard treatment in Kawasaki disease (KD) consists of the administration of high-dose in-
travenous immunoglobulin (IVIG). IVIG is a polyclonal immunoglobulin preparation purified 
from pooled plasma from blood donors. A concern with the use of IVIG is that the passively 
acquired antibodies may interfere with the serological response to active immunization1,2. 
Current guidelines recommend postponing the measles, mumps, and rubella (MMR) vac-
cination to at least 6 months after IVIG treatment. In The Netherlands, children receive this 
vaccine at the age of 14 months and 9 years. We evaluated the MMR vaccination response 
in patients treated with IVIG for KD, in comparison with healthy controls. 

METHODS

We retrospectively included 198 KD patients (age, 1-9 years) with serum samples obtained 
between January 2002 and January 2011. At the time of sampling, these patients had 
received the first MMR vaccine of the national immunization program. Forty-three patients 
were excluded because of a missing vaccination history (n = 17), administration of a booster 
MMR vaccination (n = 3), or blood sampling within 6 months after IVIG infusion (n = 23). 
The latter was to minimize the risk of measuring antibodies from IVIG. Each of the remain-
ing 155 patients was age- and gender-matched to a control subject from the PIENTER-2 
study, a cross-sectional seroprevalence study performed in 6386 individuals to evaluate 
the immunization program3. Sera of patients and controls (median age, 5.1 years [range, 
15 months–8.9 years], 60% male) were tested for specific MMR IgG concentrations using a 
fluorescent bead-based multiplex immunoassay4.Antibody concentrations were expressed 
in international units per ml (IU/ml, measles and rubella) or RIVM units per ml (RU/ml, 
mumps). Seroprotection proportions were determined by using cut-off values of 0.2 IU/ml 
for measles, 10 IU/ml for rubella and 45 RU/ml for mumps5-6.
For analysis, patients were divided into 3 groups: (1) Patients who were vaccinated before the 
IVIG administration (n=92), (2) Patients who were vaccinated after the IVIG administration 
(n=58), and (3) Patients who did not receive IVIG because of a delayed or missed diagnosis 
(n=5). Antibody concentrations and seroprotection proportions were compared between 
patients and controls using paired t-tests and chi-² tests (or Fisher exact tests, when ap-
propriate). IgG concentrations are reported as geometric mean concentrations (GMC). 

RESULTS

When we compared the 92 patients who were vaccinated before the IVIG administration with 
the controls, no differences were found in IgG concentrations or seroprotection proportions 
(Table 1). The same was observed for the 5 untreated patients, although the numbers were 
too small for further analysis. 
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In the 58 patients who were vaccinated after the IVIG administration additional analyses were 
performed. First, we investigated the relationship between the interval from IVIG adminis-
tration to vaccination and the IgG concentrations. The correlation was strong for measles 
(rho=0.680, P<0.001; Spearman’s rank test), moderate for rubella (rho=0.435, P<0.001) and 
weak for mumps (rho=0.273, P=0.039). Subsequently, we evaluated the serological response 
based on the interval between IVIG and vaccination. Of the 58 patients, 20 patients (35%) 
had been vaccinated within 6 months, 11 (19%) within 6 to 9 months and 27 (47%) after 
more than 9 months. Figure 1 shows the serological response. In comparison with the 
matched controls, patients vaccinated within 6 months had a lower GMC against measles 
(P<0.001), mumps (P=0.046) and rubella (P=0.036). In the patients vaccinated between 6 
and 9 months, a lower GMC (P=0.002) and proportion of seroprotection (P=0.005) were also 
observed against measles, but not for mumps or rubella. When vaccinated after more than 
9 months, there were no statistical differences between patients and controls. Finally, we 
compared the patients who received 1 dose of IVIG (n=40) or 2 doses (n=18) of IVIG, and 
found no differences (seroprotection proportions against measles: 55% vs. 61%, P=0.664; 
mumps: 80% vs. 72%, P=0.511; and rubella: 93% vs. 78%, P=0.111, respectively). The numbers 
of patients were too small for further analysis in subgroups based on the interval from IVIG 
administration to vaccination. 

Table 1. Serological response in patients with Kawasaki disease who were MMR vaccinated after the IVIG 
infusion in comparison with matched controls 

KD patients
n=92

Controls 
n=92

P-value OR (95% CI)**

GMC*

Measles 1.89 (1.54–2.29) 1.54 (1.26–1.88) 0.160 -

Mumps 126 (102–156) 115 (93–143) 0.559 -

Rubella 58 (48–70) 51 (41–63) 0.272 -

Seroprotection proportion

Measles 97.8% (90/92) 100% (92/92) 0.497 1.0 (1.0 – 1.1)

Mumps 83.7% (77/92) 80.4% (74/92) 0.564 1.3 (0.6 – 2.7)

Rubella 95.7 % (88/92) 92.3% (85/92) 0.351 1.8 (0.5 – 6.4)

* GMC data are expressed as mean with 95% CI, given in IU/ml for measles and rubella, and in RU/ml for 
mumps. 
** The OR indicates the odds of having protective antibody concentrations for KD patients compared with 
matched controls.
Abbreviations: GMC=geometric mean concentrations; CI=confidence interval; IVIG=intravenous 
immunoglobulin; MMR=measles, mumps, rubella; OR=odds ratio. 
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It is recommended to defer live-attenuated vaccines after IVIG administration, but there is no 
clear consensus about the appropriate time interval. In Japan, an interval of 6 to 7 months 
is recommended based on a study by Sonobe that measured the persistence of measles 
antibodies from IVIG7. Of the 28 patients with KD tested after 6 months, 25 had negative 
titers. After 7 months, all 8 patients tested had negative titers. International guidelines of the 
Advisory Committee on Immunization Practices and the American Academy of Pediatrics 
advise measles vaccination after an interval of more than 11 months post-IVIG. This recom-
mendation is based on extrapolation of the results of a study by Siber et al1 who showed that 
an intramuscular dose of immunoglobulin (80 mg/kg) inhibited the serological response to 
measles up to 5 months, and on the half-life of passively administered immunoglobulins. 
However, estimates of the half-life of IgG differ among studies, and the duration of interfer-
ence can therefore not be predicted precisely. In addition, it has been shown that measles 
vaccination may fail in young children even though levels of maternal antibodies declined 
to undetectable levels8. 
We evaluated the MMR vaccine effectiveness in our large cohort of patients with KD and 
found a normal response in patients vaccinated before the IVIG administration, in contrast 
to prior findings9. Results of the 58 patients vaccinated after the IVIG administration indi-
cated a reduced effectiveness of the mumps and rubella vaccination up to 6 months and 
9 months for measles. We therefore recommend an interval of more than 9 months after 

Figure 1.

Geometric mean antibody concentrations (GMC) ± standard error (SE) [A-C] and seroprotection proportions 
[D-F] against measles, mumps and rubella in subgroups of patients vaccinated after the administration of 
IVIG based on the interval in months between the administration of IVIG and MMR vaccination (<6 months, 
n=20; 6 to 9 months, n=11; and >9 months, n=27).

Abbreviations: IVIG=intravenous immunoglobulins; KD=Kawasaki disease; MMR=mumps, measles, rubella.
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IVIG administration. The 11-month interval recommendation by the Advisory Committee 
on Immunization Practices and American Academy of Pediatrics may be longer than strictly 
necessary. 
Another clinically relevant finding is that 35% of patients who received the MMR vaccine 
after the IVIG administration were vaccinated within 6 months, despite the Dutch guideline 
recommending a 6-month interval. The percentage was even substantially higher (18 of 
23 = 78%) when only patients were evaluated who were older than 8 months at the mo-
ment of treatment with IVIG. These were the patients who did not automatically achieve 
the 6-month interval when they reached the age for vaccination. Our cohort of patients is 
referred from all over the country, suggesting that Dutch medical personnel carrying out 
the immunization program are generally unaware of the guidelines. 
The measles component of the vaccine seems to be less immunogenic in the presence 
of passively acquired antibodies than the mumps and rubella components. There are two 
possible explanations. First, IVIG possibly contains higher levels of measles antibodies, as 
compared to the levels of mumps and rubella antibodies. Second, attenuated measles virus 
may be more easily hampered by IVIG than attenuated mumps and rubella virus. Both op-
tions (i.e. increase in concentrations and avidity of anti-measles IgG) were tested and could 
not be substantiated in 5 different IVIG batches (data not shown). 
In conclusion, we recommend postponing the MMR vaccination to at least 9 months after 
IVIG administration and aim at an increased awareness of the guidelines. 



Chapter 5     M
M

R vaccination after IVIG
 for KD

83

REFERENCES

1. Siber GR, Werner BG, Halsey NA, Reid R, Almeido-Hill J, Garrett SC et al. Interference of immune 

globulin with measles and rubella immunization. J Pediatr 1993;122:204-11.

2. Ruderman JW, Barka N, Peter JB, Stiehm ER. Antibody response to MMR vaccination in children who 

received IVIG as neonates. Am J Dis Child 1991;145:425-6.

3. Van der Klis FR, Mollema L, Berbers GA, de Melker HE, Coutinho RA. Second national serum bank for 

population-based seroprevalence studies in the Netherlands. Neth J Med 2009;67:301-8.

4. Smits GP, van Gageldonk PG, Schouls LM, van der Klis FR, Berbers GA. Development of a bead-based 

multiplex immunoassay for simultaneous quantitative detection of IgG serum antibodies against 

measles, mumps, rubella, and varicella-zoster virus. Clin Vaccine Immunol 2012;19:396-400.

5. Skendzel LP. Rubella immunity. Defining the level of protective antibody. Am J Clin Pathol 1996;106:170-

4.

6. Andrews N, Pebody RG, Berbers G, Blondeau C, Crovari P, Davidkin I et al. The European Sero-Epide-

miology Network: standardizing the enzyme immunoassay results for measles, mumps and rubella. 

Epidemiol Infect 2000;125:127-41.

7. Sonobe T. Intravenous gamma-globulin therapy and vaccination (in Japanese). Shoni-naika 

1994;26:1929-33.

8. Albrecht P, Ennis FA, Saltzman EJ, Krugman S. Persistence of maternal antibody in infants beyond 12 

months: mechanism of measles vaccine failure. J Pediatr 1977;91:715-8.

9. Kuijpers TW, Wiegman A, van Lier RA, Roos MT, Wertheim-van Dillen PM, Pinedo S et al. Kawasaki 

disease: a maturational defect in immune responsiveness. J Infect Dis 1999;180:1869-77.





Chapter 6
FC-GAMMA RECEPTOR GENETIC 

VARIATION IN KAWASAKI DISEASE

On behalf of the International Kawasaki Disease Genetics Consortium

Submitted. 

C.E. Tacke
W.B. Breunis
S. Nagelkerke
J. Geissler
L.T. Hoang
J. Ellis
A.L. Ponsonby
S. Davila

C.C. Khor
M.L. Levin
D. Burgner
C. Shimizu
J.C. Burns
M.L. Hibberd
T.W. Kuijpers



86

Pa
rt

 II
I  

   
IG

G
-r

el
at

ed
 im

m
un

ity

ABSTRACT

Background: 

Kawasaki disease (KD) is a pediatric vasculitis of unknown etiology resulting in coronary 
artery aneurysms in 25% of untreated patients. In our GWAS on KD patients a single nucleo-
tide polymorphism (SNP) in FCGR2A  (131H>R; rs1801274) was identified to be associated 
with KD susceptibility. FCGR2A encodes the Fc-gamma receptor-IIa (FcγRIIa), one of five low-
affinity IgG receptors within the FCGR2/3 gene cluster. This gene cluster contains extensive 
gene copy number variation (CNV) and several functionally relevant SNPs, which were not 
covered by the detection platform used in our GWAS. In the present study the contribution 
of the locus was investigated by further fine-mapping of the complete FCGR2/3 gene cluster. 

Methods: 

We applied our FCGR2/3-specific Multiplex-Ligation Probe-dependent Amplification (MLPA) 
assay in a case-control study of 405 KD patients and 919 controls of Caucasian origin, and 
in a second cohort of 588 KD families of mixed ethnic origin. The association between the 
FCGR2/3  genotype status (i.e. CNV and various SNPs including FCGR2A 131H/R)  and KD 
susceptibility was analyzed. 

Results:  

No significant difference in CNV of FCGR3A, FCGR2C and FCGR3B between cases and controls. 
A significant overrepresentation of the classical FCGR2C ORF (15.7% versus 11.2%; p=0.001), 
the 2B.2 promotor of FCGR2C −386C/−120T (15.3% versus 10.8%, p=0.00086) and FCGR2A 
27W (15.3% versus 11.9%; p=0.015) was found in patients with KD in comparison with con-
trols. TDT analysis showed excess transmission of the 131H variant in FCGR2A from parents 
to patients with KD. 

Conclusion:

Our results indicated that besides the FCGR2A 131H>R polymorphism, the functional variant 
in exon 3 of FCGR2C (Stop>ORF) significantly contributes to KD susceptibility, especially 
in Caucasian subjects. These functional genetic polymorphisms might alter the balance 
between the activating and inhibitory FcγRs leading to the unbalanced auto-inflammation 
of KD. 
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic vasculitis that predominantly occurs in children 
<5 years1. Up to 25% of untreated KD patients develop coronary artery aneurysms, which 
may lead to ischemic heart disease, myocardial infarction and sudden death at young age2. 
The etiology of KD is still unknown, but the general idea is that KD reflects an abnormal 
inflammatory response to an unknown infectious trigger in genetically susceptible individu-
als. A genetic influence is supported by an increased concordance in twins and the striking 
difference in incidences between different ethnic groups that is maintained following 
migration to low incidence countries3, 4. 
Standard treatment consists of a single infusion of high-dose intravenous immunoglobulins 
(IVIG) in combination with oral aspirin5. IVIG preparations consist of human pooled plasma-
derived immunoglobulin G (IgG) from healthy blood donors. The mechanism of action 
of IVIG is still unknown, but treatment within 10 days after the disease onset reduces the 
incidence of coronary artery aneurysms to less than 10% and shortens the duration of 
fever6. However, up to 30% of patients will have persistent or recrudescent fever after the 
initial infusion of IVIG7. These IVIG non-responders are at higher risk for the development 
of coronary artery aneurysms (CAAs) compared to those who respond8. The mechanism of 
IVIG resistance still needs to be elucidated and it is also unknown how to identify and treat 
these high-risk patients. 
Since standard IVIG therapy is effective in the majority of patients, the IgG or Fc-gamma 
receptors (FcγRs) are of particular interest in KD research. Human FcγRs are glycoproteins 
that are expressed on various blood cells9. They bind the tail (Fc-domain) of IgG. There are 
various activating isoforms (FcγRI, FcγRIIa, FcγRIIIa and FcγRIIIb) and one single inhibitory 
isoform (FcγRIIb)10. The inhibitory and activating isoforms are being differentially expressed 
on the various leukocyte subsets. The genes encoding for the low-affinity FcγRs (FCGR2A, 
FCGR2B, FCGR2C, FCGR3A and FCGR3B) are located within one gene cluster on chromosome 
1q23. The balance between the activating and inhibitory FcγR signaling determines cell 
activation and therefore immune reactivity in the host, which is subject to genetic variation 
within the FCGR2/3 gene cluster. Loss of FcγRIIb expression, overrepresentation of activating 
FcγRs or altered FcγR function may result in unbalanced immunity and auto-inflammation. 
Variation in FcγR expression and function largely depends on gene Copy Number Variation 
(CNV) and single nucleotide polymorphisms (SNPs) within the FCGR2/3 gene cluster. CNV 
and SNPs both have been recognized as an important source of inter-individual genetic 
variation11. Within the FCGR2-3 gene cluster, CNV has been identified in FCGR2C, FCGR3A 
and FCGR3B12, 13 and has been related to various autoimmune diseases14. FCGR2C is believed 
to be the product of an unequal crossover event between the 3’ part of FCGR2A and the 
5’ part of FCGR2B. FCGR2C contains 8 exons that are highly homologous to exons 1-4 from 
FCGR2B and exons 5-8 from FCGR2A15. A SNP in exon 3 of FCGR2C determines the functional 
expression of the gene16. This SNP results in either an open reading frame (FCGR2C-ORF) 
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or the more common stop codon (FCGR2C-Stop). Individuals with a stop codon do not 
express FcγRIIc, in which case FCGR2C represents a non-expressed pseudogene16. An over-
representation of the FCGR2C ORF allele has been observed in idiopathic thrombocytopenic 
purpura patients14. Although the presence of a pseudogene or ORF is determined by a SNP, 
it behaves like a copy number polymorphism with respect to the activating FCGR2C gene, 
being absent or present.
In our Genome-Wide association study (GWAS) on KD we had identified a functional variant 
in FCGR2A (FCGR2A 131H>R; rs1801274) as the most strongly associated gene involved in KD 
susceptibility17. This SNP encodes for a Histidine to Arginine change at codon 131, resulting 
in a substantial difference in the ability of this important IgG receptor to bind the human 
IgG2 subclass18. 
At the FCGR2/3 gene cluster FCGR2A is located just outside the region subject to extensive 
CNV12. Apart from this gene, the remainder of the gene cluster had no SNP coverage in 
all three GWAS reported for KD thus far17, 19, 20. Thus, these platforms precluded definitive 
association testing with the other FCGR genes. 
In the present study we focused on further fine-mapping of the FCGR2/3 gene cluster using 
a multiplex ligation-dependent amplification (MLPA) assay. The FCGR-specific MLPA assay 
as developed by our research group represents the most accurate and reliable assay for 
genotyping of the FCGR2/3 gene cluster to date21. We hypothesized that CNV and SNPs 
at the FCGR2/3 locus, regulating gene transcription and expression of the activating and 
inhibitory FcγRs, are associated with KD susceptibility. 

MATERIALS AND METHODS

Study population

Two independent studies were carried out; a case-control study and a family-based study. 
In the case-control study unrelated KD cases were recruited from Australia, The Netherlands 
and the United States. The diagnosis of KD was based on the standard diagnostic clinical 
criteria from the American Heart Association2. The control group consisted of healthy in-
dividuals from Austria, Australia, The Netherlands, and the United Kingdom. All cases and 
controls were of Western descent. 
In the family-based replication study, parent-offspring trios were recruited from Australia, 
The Netherlands, United Kingdom and the United States. All subjects gave written informed 
consent to participate in the study and the medical ethical committees of the participating 
centers approved the study. 

Clinical data

Clinical information was collected by review of the clinical KD registries. CAAs were defined 
based on the definition of the Japanese Ministry of Health or Z-scores >2.5 according to 
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the Boston Z-score data22. According to the definition of the Japanese Ministry of Health a 
coronary artery was considered abnormal if the diameter of the internal lumen was >3 mm 
in children younger than 5 years or >4 mm in a child aged 5 years or older, or if the internal 
diameter of a segment was at least 1.5 times larger than that of an adjacent segment23. IVIG 
response was determined in the patients receiving treatment with IVIG within 11 days after 
the disease onset. Patients who received more than one dose of IVIG because of persistent 
or recrudescent fever more than 36 hours after the initial IVIG dose were defined as IVIG 
non-responders. 

Genotyping

Genomic DNA was isolated from whole blood with the QIAamp® DNA Blood mini kit (Qiagen, 
Hilden, Germany) or from saliva with the Oragene® DNA self-collection kit (DNA genotek, 
Ontario, Canada), according to the manufacturer’s instructions. An FCGR2/3-specific MLPA 
assay was used to determine CNV and SNPs within genes encoding the low-affinity IgG 
receptors. The MLPA assay was performed essentially as previously described14, 21. The as-
say included probes that are specific for the FCGR2A, FCGR2B, FCGR2C, FCGR3A and FCGR3B 
genes. Every single gene was covered with at least three probes to study CNV. The assay 
also included probes to detect the following SNPs: FCGR2 27Q>W (rs201218628), FCGR2A 
131H>R (rs1801274), FCGR2B 232I>T (rs1050501), FCGR2B/C −386C>G (rs3219018), FCGR2B/C 
−120A>T (rs34701572), FCGR3A 158V>F (rs396991) and the three major FCGR3B haplotypes 
(HNA1a/HNA1b/HNA1c). The assay also contained probes detecting the Stop codon and 
ORF in exon 3 of FCGR2C and the splice-site variant c.798+1G>A in intron 7 of FCGR2C leading 
to four different haplotypes: FCGR2C  -Stop(1) (Stop and c.798+1A), FCGR2C-Stop(2) (Stop and 
c.798+1G), classical FCGR2C-ORF (ORF and c.798+1G) and non-classical FCGR2C-ORF (ORF 
and c.798+1A)16. The FCGR2B/C −386C>G and FCGR2B/C −120A>T promoter probes are not 
able to discriminate between FCGR2B and FCGR2C because of the high homology between 
the promoter regions of both genes. It was not possible to design probes specific for only 
one of the genes. However, it has been previously reported that the 2B.4 (−386C/−120A) 
occurs exclusively in the promoter of FCGR2B, whereas the 2B.2 (−386C/−120T) haplotypes 
occurs exclusively in the promoter of FCGR2C except for individuals with a deletion of FC-
GR2C14, 24.
The MLPA assay was performed in a thermocycler with heated lid. After denaturation of 
5ul of DNA (20ng/ul), the hybridization mix with probes was added and incubated for 16 
hours overnight. The hybridized probes were subsequently ligated by a thermostable ligase 
and amplified in a PCR reaction. The amplification products were separated by capillary 
electrophoresis (ABI-3130XL, Applied Biosystems). The program Coffalyser.Net (MRC Hol-
land, Amsterdam, The Netherlands) was used to analyse the samples. 
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Statistics

In the case-control study, genotype and allele frequencies were compared between the 
KD cases and controls using chi-square tests. For the family-based study, transmission dis-
equilibrium test (TDT) was used to analyze the transmission of alleles from a heterozygous 
parent to affected offspring. A significant p-value and a Z-value greater than 0 indicated 
over-transmission of the allele to the affected offspring under the null hypothesis of no 
linkage and no association, whereas values less than 0 indicated under-transmission of the 
allele. A P value <0.01 was considered statistically significant. FBAT analyses were performed 
for the entire set of families and separately for Caucasian and Asian families as determined 
by their self-reported ethnicity. Although FBAT accounts for population admixture, the 
underlying assumption of the same genetic association may not hold because of allelic and 
genetic heterogeneity in different ethnic groups. In ethnicity-specific analysis, we included 
only families with all members reported to be in the same ethnic group. 

RESULTS

In total, 3050 individual DNA samples were included in the study (Table 1). The case-control 
study was performed in 405 KD cases and 919 controls of European descent. The inde-
pendent family-based replication set included 550 complete parent-offspring trios (1650 
individuals) and 38 single parent-offspring pairs (76 individuals). Among the 588 families 
recruited in the family-based study, 293 families (53.3%) were of European and 63 families 
(11.5%) of Asian descent. The clinical data of the patients with KD are shown in Table 2. 

Table 1. Study population

1. Case-control study KD cases Controls Total 

Austria 0 478 478

Australia 109 156 265

The Netherlands 234 199 433

United Kingdom 0 86 86

United States 62 0 62

Total case-control 405 919 1324

2. Family-based study KD cases Parents Total

Australia 104 208 312

The Netherlands 98 196 294

United States 386 734 1120

Total family-based 588 1138 1726

Total study samples 993 2057 3050
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Case-control study

There was no significant difference in CNV of FCGR3A, FCGR2C and FCGR3B between cases 
and controls (Table 3). We confirmed that CNV does not occur in FCGR2A and FCGR2B. Re-
sults of the genotyped SNPs are shown in Table 4. The FCGR2A 131H>R, FCGR2B 232I>T and 
FCGR3A 158V>F SNPs showed no significant differences in genotype or allele frequencies 

Table 2. Clinical data of the patients with Kawasaki disease

All patients with KD
n=993

Case-control study
n=405

Family-based study
n=588

Male gender 611 (61.5) 256 (63.2) 355 (60.4)

IVIG response
Not treated with IVIG
Treated <10 days

Responder 
Non-responder

Treated >10 days
Data missing

43 (4.3)
750 (75.5)
582 (58.6)
168 (16.9)
107 (10.8)
93 (9.4)

27 (6.6)
279 (68.9)
221 (54.6)
58 (14.3)
58 (14.3)
41 (10.1)

16 (2.7)
471 (80.1)
361 (61.4)
110 (18.7)
49 (8.3)
52 (8.8)

Coronary outcome
No CAA
CAA
Data missing

676 (62.4)
255 (25.7)
62 (6.2)

292 (72.1)
90 (22.2)
23 (5.7)

384 (65.3)
165 (28.0)
39 (6.6)

Data are presented as numbers with percentages. 
Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulins; KD=Kawasaki disease. 

Table 3. Case-control study: genotyping results of copy number variation 

KD cases Controls P value

FCGR3A

1 copy 4(1.0) 11(1.2) 0.627

2 copies 375 (92.6) 864(94.0)

3 copies 25  (6.2) 43(4.7)

4 copies 1 (0.2) 1(0.1)

FCGR2C

0 copies 1 (0.2) 1(0.1) 0.953

1 copy 29(7.2) 68(7.4)

2 copies 323(79.8) 722(78.6)

3 copies 47(11.6) 116(12.6)

4 copies 5(1.2) 11(1.2)

5 copies 0(0.0) 1(0.1)

FCGR3B

0 copies 1(0.2) 1(0.1) 0.553

1 copy 26(6.4) 60(6.5)

2 copies 349(86.2) 767(83.5)

3 copies 27(6.7) 83(9.0)

4 copies 2(0.5) 8(0.9)
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Table 4. Case-control study: genotyping results of SNPs in the FCGR2-3 gene cluster

KD cases Controls P value

FCGR2A

Genotype frequency

27QQ 108 (26.7) 194  (21.1) 0.048

27QW 8 (2.0) 12  (1.3)

27WW 289 (71.4) 713  (77.6)

Allele frequency

27Q 686 (84.7) 1620  (88.1) 0.015

27W 124 (15.3) 218  (11.9)

Genotype frequency

131HH 122 (30.1) 269 (29.3) 0.554

131HR 211 (52.1) 463 (50.4)

131RR 72 (17.8) 187 (20.3)

Allele frequency  

131H 455 (56.2) 1001 (54.5) 0.413

131R 355 (43.8) 837 (45.5)

FCGR2B

Genotype frequency

2B.1/2B.1 304 (75.1) 741 (80.6) 0.091

2B.1/2B.2 3 (0.7) 8 (0.9)

2B.1/2B.4 93 (23.0) 154 (16.8)

2B.2/2B.4 0 (0.0) 2 (0.2)

2B.4/2B.4 5 (1.2) 14 (1.5)

Haplotype frequency

Prom. 2B.1 (−386G −120T) 704 (86.9) 1644 (89.4) 0.103

Prom. 2B.2 (−386C −120T) 3 (0.4) 10 (0.5)

Prom. 2B.4 (−386C −120T) 103 (12.7) 184 (10.0)

Genotype frequency

232II 332 (82.0) 697 (75.8) 0.333

232IT 76 (18.8) 201 (21.9)

232TT 7 (1.7) 21 (2.3)

Allele frequency

232I 740 (91.4) 1595 (86.8) 0.085

232T 90 (11.1) 243 (13.2)

FCGR2C

Genotype frequency

- 1 (0.2) 1 (0.1) 0.106

2B.1/- 24 (5.9) 57 (6.2)

2B.2/- 5 (1.2) 11 (1.2)
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Table 4. (continued)

KD cases Controls P value

2B.1/2B.1 220 (54.3) 566 (61.6)

2B.1/2B.2 94 (23.2) 142 (15.5)

2B.2/2B.2 9 (2.2) 14 (1.5)

2B.1/2B.1/2B.1 36  (8.9) 97 (10.6)

2B.1/2B.1/2B.2 11  (2.7) 15 (1.6)

2B.1/2B.2/2B.2 0 (0.0) 3 (0.3)

2B.2/2B.2/2B.2 0 (0.0) 1 (0.1)

2B.1/2B.1/2B.1/2B.1 5 (1.2) 10 (1.1)

2B.1/2B.1/2B.1/2B.2 0 (0.0) 1 (0.1)

2B.1/2B.1/2B.1/2B.1/2B.1 0 (0.0) 1 (0.1)

Haplotype frequency

Prom. 2B.1 (−386G −120T) 708 (84.7) 1703 (89.2) 8.590*10-4

Prom. 2B.2 (−386C −120T) 128 (15.3) 206 (10.8)

Genotype frequency

- 1 (0.2) 1 (0.1) 0.066

Stop 24 (5.9) 57 (6.2)

ORF 5 (1.2) 11 (1.2)

Stop/Stop 217 (53.6) 570 (62.0)

Stop/ORF 97 (24.0) 141 (15.3)

ORF/ORF 9 (2.2) 11 (1.2)

Stop/Stop/Stop 36 (8.9) 81 (8.8)

Stop/Stop/ORF 11 (2.7) 32 (3.5)

Stop/ORF/ORF 0 (0.0) 2 (0.2)

ORF/ORF/ORF 0 (0.0) 1 (0.1)

Stop/Stop/Stop/Stop 5 (1.2) 10 (1.1)

Stop/Stop/Stop/ORF 0 (0.0) 1 (0.1)

Stop/Stop/Stop/Stop/Stop 0 (0.0) 1 (0.1)

Allele frequency

ORF 131 (15.7) 214 (11.2) 0.001

Stop 705 (84.3) 1695 (88.8)

FCGR3A

Genotype frequency 

158V 3 (0.7) 5 (0.5) 0.023

158F 1 (0.2) 6 (0.7)

158VV 45 (11.1) 115 (12.5)

158VF 195 (48.1) 380 (41.3)

158FF 135 (33.3) 369 (40.2)

158VVV 3 (0.7) 2 (0.2)
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when KD cases were compared with the controls. The same was observed for the FCGR3B 
HNA1a/HNA1b/HNA1c haplotypes. 
A significant difference was observed for the FCGR2A 27Q>W SNP with a minor allele fre-
quency of 15.3% in the KD cases versus 11.9% in controls (p=0.015). A higher allele frequency 
of the classical FCGR2C ORF was observed in the KD cases in comparison with the controls 
(15.7% versus 11.2%, p=0.001, respectively). A significant association of the classical FCGR2C 
ORF with KD susceptibility was also found when comparing the numbers of individuals 
with absence or presence of the classical FCGR2C ORF, and the number of copies of FCGR2C 
ORF between the cases and controls (Table 5). With regard to the promoter haplotypes 
of FCGR2C, we observed an overrepresentation of FCGR2C −386C/−120T, previously des-

Table 4. (continued)

KD cases Controls P value

158VVF 2 (0.5) 12 (1.3)

158VFF 7 (1.7) 18 (2.0)

158FFF 13 (3.2) 11 (1.2)

158VVFF 0 (0.0) 1 (0.1)

158FFFF 1 (0.2) 0 (0.0)

Allele frequency

158V 525 (63.0) 1205 (64.5) 0.458

158F 308 (37.0) 663 (35.5)

FCGR3B

Genotype frequency

- 1 (0.2) 1 (0.1) 0.780

HNA1a 8 (2.0) 24 (2.6)

HNA1b 18 (4.4) 35 (3.8)

HNA1a/HNA1a 38 (9.4) 88 (19.6)

HNA1a/HNA1b 174 (43.0) 349 (38.0)

HNA1b/HNA1b 137 (33.8) 331 (36.0)

HNA1a/HNA1a/HNA1a 1 (0.2) 1 (0.1)

HNA1a/HNA1a/HNA1b 6 (1.5) 25 (2.7)

HNA1a/HNA1b/HNA1b 19 (4.7) 53 (5.8)

HNA1b/HNA1b/HNA1b 1 (0.2) 4 (0.4)

HNA1a/HNA1a/HNA1a/HNA1b 0 (0.0) 1 (0.1)

HNA1a/HNA1a/HNA1b/HNA1b 1 (0.2) 1 (0.1)

HNA1a/HNA1b/HNA1b/HNA1b 0 (0.0) 4 (0.4)

Allele frequency

HNA1a 294 (36.2) 661 (35.3) 0.723

HNA1b 519 (63.8) 1212 (64.7)

HNA1c (SH) 16 (4.0) 45 (4.9)
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ignated the 2B.2 promoter, in the KD cases compared to the controls 15.3% versus 10.8%, 
p=8.590*10-4. No difference was found in promoter haplotypes of FCGR2B between cases 
and controls.

Family-based association study

The results of the family-based association study are shown in Table 6. We found excess 
131H (the A allele) transmission in FCGR2A 131H>R from heterozygous parents to affected 
offspring (allele frequency=0.575, number of informative families=407, z=2.694, p=0.0071). 
Excess 131H transmission occurred in Caucasian families (allele frequency 0.547, number 
of informative families=224, z=2.940, p=0.0033), but could apparently not be observed 
in Asian families (allele frequency=0.738, number of informative families=37, z=0.283, 
p=0.773) in our cohort. However, the number of informative Asian families was limited. In 
the Caucasian families, there was a trend towards excess transmission of the FCGR2C ORF 
(allele frequency 0.131, number of informative families=112, z=1.713, p=0.0867) and the 
FCGR2C Stop was less often transmitted (allele frequency=0.749, number of informative 
families=181, z=-1.914, p=0.0556). 

Table 5. Comparison of numbers of individuals with a classical ORF between patients and controls. 

KD cases Controls P value

No classical ORF 282 (69.6) 720(78.3) 0.006

1 classical ORF 113 (27.9) 185(20.1)

2 classical ORF 10 (2.5) 13(1.4)

3 classical ORF 0 (0.0) 1(0.1)

No classical ORF 282 (69.6) 720(78.3) 6.580*10-4 

≥1 classical ORF 123 (30.4) 199(21.7)

Abbreviations: KD=Kawasaki disease; ORF=open reading frame.

Table 6. TDT results

All families Caucasian families Asian families

Marker Allele Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P

CNV

FCGR3A 0 0.006 14  0.000 1.000 - - - - - - - -

1 0.973 66  0.728 0.467 0.970 36 -1.330 0.182 - - - -

2 0.021 52 -0.962 0.336 0.022 28  0.756 0.450 - - - -

FCGR2C 0 0.052 103  0.572 0.567 0.049 52  1.214 0.229 0.041 10  0.302 0.763

1 0.851 242  0.120 0.905 0.882 114 -0.702 0.483 0.866 23  0.557 0.578

2 0.092 163 -0.899 0.368 0.066 70 -0.112 0.908 0.093 19 -0.853 0.394
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Table 6. (continued)

All families Caucasian families Asian families

Marker Allele Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P

FCGR3B 0 0.047 95  0.600 0.549 0.043 48  0.849 0.396 - - - -

1 0.875 202 -0.333 0.739 0.907 95 -0.196 0.885 0.887 18 -0.426 0.670

2 0.075 127 -0.260 0.795 0.047 51 -0.555 0.579 0.075 14  0.000 1.000

SNP

FCGR2A 27Q>W Q 0.893 197 -0.406 0.685 0.851 133 -1.546 0.122 - - - -

W 0.107 197  0.406 0.685 0.149 133  1.546 0.122 - - - -

FCGR2A 131H>R H 0.575 407  2.694 0.007 0.547 224  2.940 0.003 0.738 37  0.283 0.773

R 0.425 407 -2.694 0.007 0.453 224 -2.940 0.003 0.262 37 -0.283 0.773

Promoter FCGR2B 2B.1 0.907 172 -0.804 0.421 0.860 126 -1.442 0.149 - - - -

2B.2 0.005 12 -1.155 0.248 - - - - - - - -

2B.4 0.088 160  1.134 0.257 0.134 119  1.393 0.164 - - - -

FCGR2B 232I>T I 0.867 210  0.640 0.522 0.891 104  0.647 0.518 0.749 32 -1.342 0.180

T 0.867 210 -0.640 0.522 0.109 104 -0.647 0.518 0.251 32  1.342 0.180

Promoter FCGR2C 2B.1 0.755 326 -0.351 0.725 0.748 180 -1.641 0.101 - - - -

2B.1/2B.1 0.088 155 -0.846 0.398 0.059 63 -0.122 0.903 - - - -

2B.2 0.094 166  0.665 0.506 0.130 114  1.425 0.154 - - - -

FCGR2C Stop>ORF** - 0.052 102  0.287 0.774 0.050 52  0.944 0.345 0.041 10  0.302 0.763

ORF 0.095 163  0.972 0.331 0.131 112  1.713 0.087 - - - -

ORF-Stop0.004 10  0.000 1.000 - - - - - - - -

Stop 0.760 329 -0.603 0.547 0.749 181 -1.914 0.056 0.851 28  1.029 0.304

Stop-
stop

0.084 155 -0.717 0.537 0.058 62  0.246 0.806 0.088 19 -0.853 0.394

FCGR3A 148V>F - 0.005 11 -0.302 0.763 - - - - - - - -

F 0.645 374  0.407 0.684 0.618 199 -2.035 0.042 0.644 43  1.457 0.145

FF 0.011 27  0.192 0.847 0.014 17 1.213 0.225 - - - -

V 0.328 375  0.000 1.000 0.352 195 1.619 0.106 0.336 46 -0.775 0.439

VF 0.006 17 -2.667 0.008 - - - - - - - -

FCGR3B HNA1abc - 0.049 95  0.600 0.549 0.045 48  0.849 0.396 - - - -

HNA1a 0.367 368  0.413 0.680 0.293 182 -1.638 0.102 0.550 45  0.640 0.522

HNA1ab 0.061 109 -0.371 0.710 0.041 44 -0.745 0.456 0.055 10  0.832 0.405

HNA1b 0.512 379 -0.808 0.419 0.614 199  1.240 0.215 0.346 47 -1.050 0.294

SH 0.018 40 -1.093 0.274 0.021 25  0.200 0.842 - - --

* Number of informative families

**FCGR2C ORF = classical FCGR2C ORF haplotype
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DISCUSSION

In the present study we focused on the genetic variation of the low-affinity FcγRs in KD. The 
principal findings of our study suggest that FCGR2C ORF is associated with KD susceptibility 
in Caucasian patients. In addition, the family-based study confirmed our prior GWAS finding 
that the functional polymorphism in FCGR2A encoding the 131H>R substitution is associ-
ated with susceptibility to KD. The FCGR2A 131H variant was transmitted more often to the 
affected child. 
By using our FCGR2/3-specific MLPA, we were able to genotype this locus more accurately 
than has been possible before, because both CNV and SNP analysis can be performed in one 
and the same test system21. We confirmed in a large cohort of 3050 samples that FCGR2A 
and FCGR2B do not show gene copy number variation. Although CNV of FCGR2/3 genes 
has previously been associated with increased susceptibility to a variety of autoimmune 
diseases including KD14, 25-27, we observed no significant association with susceptibility to KD. 
We found a significant overrepresentation of the classical FCGR2C ORF haplotype in Cau-
casian subjects with a history of KD in comparison with control individuals who were not 
know to have suffered from this disease. FcγRIIc is an activating receptor and we speculate 
that this receptor might play a role in KD by altering the balance between activating and 
inhibitory receptors10. Individuals with a classical ORF allele express this novel activating IgG 
receptor FcγRIIc, in contrast to the individuals with a so-called Stop codon that represents a 
true pseudogene16. An increased frequency of FCGR2C ORF has been previously described 
in a cohort of pediatric ITP patients14. Interestingly, in the relatively small subset of Asian 
subjects in our study on KD the classical ORF allele was virtually absent. This is in line with 
the recent study of Nagelkerke et al that reported an allele frequency of 0.00 of the classical 
ORF allele in 428 Han Chinese subjects [manuscript submitted]. 
Our findings support and underline the presence of ethnic variation of the various SNPs at 
the FCGR2/3 locus13, which is of special interest because of the fact that there is a striking 
difference in the annual incidence of KD between children of Asian (69–222 per 100,000 
children <5 years of age) and of European descent (4–15 per 100,000 children <5 years of 
age)4, 28. We believe that FCGR2C ORF might represent an independent risk factor at this locus 
for KD susceptibility in Caucasian subjects. The FBAT results also suggested more frequent 
transmission of this allele from parents to patients with KD, although the findings were not 
statistically significant which might be explained by the admixture of non-Caucasian trio’s 
and lack of sufficient statistical power for Caucasian families only. 
The 27W allele was overrepresented in the Caucasian patients in comparison with the 
controls (allele frequency 15.3 versus 11.9, p=0.015). The amino acid substitution at posi-
tion 27 of FCGR2A (27Q>W) has not been described as functional but is in strong linkage 
disequilibrium with the ORF allele in exon 3 of FCGR2C (D’ 0.80) and the 2B.2 promotor of 
FCGR2C (D’ 0.79) as was observed in a large cohort of more than 800 healthy Caucasian 
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individuals [Nagelkerke et al, manuscript submitted]. Thus FCGR2A (27Q>W) could well be 
part of a more extensive susceptibility haplotype for which it is a tagging SNP. 
We found the excess transmission of the FCGR2A 131H-variant among patients with KD. This 
finding validates our GWAS finding17 and the findings of a recent study by Shrestha et al that 
also observed an association of this variant with KD (OR 1.51 (95%CI 1.16-1.96; P=0.002)29. 
The functional polymorphism in FCGR2A stratifies individuals into either strong or weak 
responders to IgG subclasses. The receptor encoded by FCGR2A 131H (A allele) shows a clear 
binding affinity for the IgG2 subclass in contrast to most other FcγRs, enabling leukocytes 
to become activated by IgG2-containing immune complexes or IgG2-opsonized particles18.
There are some limitations to the current study. First, in the family-based study ethnicity-
specific analysis was based on self-reported ethnicity. This might have caused misclassifica-
tion and could have influenced the results. Second, the number of informative families for 
the SNPs within the subgroups limited the power of the observations. Third, IVIG response 
and coronary artery outcome were not evaluated because of as yet missing data and will be 
subject in future studies. 

CONCLUSION

In a large case-control study in Caucasian patients with KD, we observed a highly significant 
association of a history of the pediatric vasculitis of KD with the functional variant in exon 
3 of FCGR2C (Stop>ORF). This SNP contributed to KD susceptibility, especially in Caucasian 
subjects, and seemed to be more prominent than the previously reported functional 131H 
variant in FCGR2A. Both these functional polymorphisms might alter the balance between 
the activating and inhibitory IgG receptors leading to an unbalanced immunity involved 
in KD. No association was found between KD susceptibility and CNV at the FCGR2/3 gene 
cluster.
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ABSTRACT

Background: 

Kawasaki disease (KD) is the most common cause of acquired coronary artery disease 
in childhood. In KD, the American Heart Association recommends echocardiography for 
routine coronary artery surveillance and nuclear perfusion scans and conventional coro-
nary angiography in a selection of patients. Cardiac MRI (CMRI) may be a noninvasive and 
radiation-free alternative. We applied CMRI during the follow-up of patients with KD and 
assessed the performance of CMRI compared with echocardiography. 

Methods and results: 

Patients with KD aged ³8 years were consecutively included. Sixty-three patients (median 
age, 14.6 years; 74.6% male sex) underwent a comprehensive CMRI protocol including ad-
enosine stress testing to evaluate coronary artery anatomy, ischemia, and myocardial infarc-
tion. All patients underwent CMRI without significant complications. On CMRI, 23 coronary 
artery aneurysms (CAAs) were identified in 15 patients. CMRI detected thrombus formation 
in 6 CAAs in 4 patients, wall motion disturbances and ischemia in 4 patients, and delayed hy-
perenhancement indicating myocardial infarction in 5 patients. Wall motion and perfusion 
abnormalities were noted in territories supplied by affected coronary arteries. CMRI results 
were compared with recent echocardiography findings. In 6 patients of the 15 patients with 
CAAs upon CMRI, CAAs were not detected by echocardiography. 

Conclusions: 

A comprehensive CMRI protocol including adenosine-stress testing is feasible to identify 
coronary artery pathology, ischemia, and myocardial infarction in former patients with KD 
and compares favorably with echocardiography. CMRI may be used as a noninvasive and 
radiation-free imaging method for coronary artery surveillance during the long-term follow-
up of patients with KD.  
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic vasculitis of unknown etiology that predomi-
nantly occurs in young children1. KD is associated with the development of coronary artery 
aneurysms (CAAs) in 15% to 25% of untreated cases and in <10% of cases treated with 
high-dose intravenous immunoglobulins (IVIG)2-3. In approximately half of the patients CAAs 
resolve within 1 to 2 years. In the other patients, the aneurysms persist long-term and may 
lead to thrombosis and stenotic lesions that can cause myocardial ischemia and infarction2. 
As a consequence, KD is the most important cause of acquired coronary artery disease in 
childhood. Serial coronary artery surveillance is necessary in patients with a history of KD4.
In 2004, the American Heart Association (AHA) published guidelines for follow-up of patients 
with KD based on a consensus of experts1. Patients are stratified into 5 risk levels according 
to their relative risk of myocardial ischemia and infarction. Serial echocardiography is recom-
mended for patients without CAAs or with transient coronary artery dilatations normalizing 
within the first 6 to 8 weeks after the acute presentation of the disease (risk levels I-II). For 
patients with persistent CAAs, serial nuclear stress tests and conventional coronary angiog-
raphy are recommended in addition to regular echocardiography (risk levels III-V). 
The imaging modalities recommended in the AHA 2004 guidelines have some significant 
limitations. Echocardiography is the first choice for routine coronary artery surveillance 
and is used to screen patients with KD for the presence of coronary artery pathology1,5. An 
important disadvantage of echocardiography is that only the proximal part of the coronary 
arteries can be visualized adequately, and CAAs, therefore, could be missed. In addition, 
echocardiography may be limited by operator dependency and becomes progressively 
more difficult if a child grows and body size increases6. Nuclear perfusion scans are recom-
mended to address ventricular function in relation to vascularization and ischemia with 
modest specificity, while resulting in high radiation exposure7-9. Conventional coronary 
angiography is the gold standard for coronary artery evaluation and is able to detect CAAs, 
coronary artery stenosis, and thrombotic occlusion but results in risks associated with its 
invasive nature and the exposure to contrast and radiation10. A well-known problem of con-
ventional angiography is vascular damage at the puncture site, resulting in thrombosis and 
occlusion of the femoral artery, which may limit the repeated use of this imaging modality 
in patients with KD. 
Cardiac magnetic resonance imaging (CMRI) has emerged as a noninvasive and radiation-
free imaging modality with the ability to evaluate the coronary arteries, cardiac function, 
and myocardial perfusion. CMRI offers a detailed image of the coronary anatomy and may 
delineate proximal and more peripheral CAAs11-14. CMRI also facilitates pharmacological 
stress testing to assess reversible ischemia and delayed contrast enhancement to visualize 
myocardial scar15-18.
The aim of this study was to apply within a single procedure a comprehensive CMRI protocol 
including adenosine stress testing to assess coronary artery pathology, reversible ischemia 
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and myocardial infarction during the follow-up of patients with KD, and secondly, to assess 
to what extent CMRI identifies coronary artery lesions missed by echocardiography. We 
hypothesized that CMRI is suitable for coronary artery surveillance in patients with KD and, 
hence, can serve as a noninvasive and radiation-free imaging alternative for the imaging 
modalities recommended in the current AHA guidelines. 

METHODS

Patients

This study was conducted between September 2007 andOctober 2010 at the Emma Chil-
dren’s Hospital (Amsterdam, The Netherlands). Patients were included if they were aged ³8 
years and had a history of KD. The age threshold was raised to avoid the use of anesthetics. 
Patients were prospectively included in consecutive order of outpatient consultation. Pa-
tients were ineligible for the study if they had a known contraindication for CMRI apart from 
young age. Medical records were reviewed to collect clinical characteristics of the patients 
with KD. Based on echocardiography data, patients were divided into the following 3 groups 
before CMRI performance: group 1, patients without CAAs; group 2, patients with transient 
CAAs (ie, patients with coronary artery lesions during the acute phase that normalized dur-
ing follow-up); and group 3, patients with persistent CAAs (III). The study was approved by 
the ethics committee of our hospital, and written informed consent was obtained from all 
subjects and/or their families.

Echocardiography

Transthoracic echocardiography was performed during routine follow-up of the patients 
with KD using a GE Vivid 7 ultrasound imaging system. The 2D examinations were per-
formed by an experienced examiner. The evaluations included display of the main trunk of 
the coronary arteries and, if possible, display of the more distal segments. Furthermore, left 
ventricular function, wall motion abnormalities, and the function of the cardiac valves were 
investigated. For this study, echocardiographic images were centrally reread and evaluated 
by an experienced pediatric cardiologist (I.K.). 
The time window between echocardiographic and CMRI examination was <6 months. We 
aimed to perform CMRI after echocardiographic evaluation. In some cases, the order was 
reversed for practical reasons. In all cases, the pediatric cardiologist and radiologist were 
blinded for each other’s results. 

CMRI 

The CMRI protocol was performed on a 1.5 Tesla whole-body MRI scanner equipped with 
cardiac software (Avanto; Siemens; Erlangen, Germany). The complete imaging protocol 
included magnetic resonance coronary angiography (MRA), first-pass perfusion, and late 
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gadolinium enhancement studies. The examination was completed within 60 minutes and 
without the use of any form of sedation.
The MRA imaging study was performed during free breathing and without the use of con-
trast. To compensate for respiratory motion artifacts, a navigator beam was placed on the 
patients’ right hemidiaphragm for end-expiratory gating. An ECG-gated 3D steady-state free 
precession (SSFP) sequence with T2 and fat-saturation prepulses was used to visualize the 
coronary arteries in a whole-heart approach. 
Breath-hold, ECG-gated, 2D SSFP sequences were applied to detect wall motion abnormali-
ties in 2-chamber, 3-chamber, 4-chamber, and short-axis views. Turbo fast low-angle shot 
(FLASH) sequences were used to evaluate myocardial first-pass perfusion in 3 to 5 short-axis 
slices during intravenous contrast medium infusion (gadolinium at a dose of 0.1 mmol/kg 
body weight). This sequence was performed after administration of 1 mg/kg adenosine in 6 
minutes to detect ischemia after adenosine stress. It was repeated without adenosine to de-
tect (reversible) ischemia at rest. After 5 to 15 minutes, inversion recovery Turbo-FLASH was 
performed in 2-chamber, 3-chamber, 4-chamber, and short-axis views to detect myocardial 
scar by delayed hyperenhancement. 

CMRI image analysis

CMRI studies were analyzed by the 2 radiologists involved in the study. The radiologists were 
blinded for the echocardiography results and the clinical patient characteristics. 
CMRI images were evaluated for the presence of aneurysms of the main epicardial coronary 
arteries. The right coronary artery (RCA), left main coronary artery (LMCA), left descending 
coronary artery (LAD), and left circumflex artery (LCX) were assessed. An abnormal coronary 
artery was defined according to criteria established by the Japanese Ministry of Health in 
1984 (ie, a lumen diameter >3 mm in children aged <5 years, >4 mm in those aged >5 years, 
or 1.5 times the size of an adjacent segment or an irregular lumen19. CAAs with a lumen 
diameter >8 mm were classified as giant1. The coronary arteries also were evaluated for the 
presence of thrombi and stenotic lesions. Thrombi were diagnosed as a low-signal mass 
against the wall of the aneurysmatic coronary artery, with a filling defect in the aneurysm 
in both the coronary sequences and the sequences with delayed enhancement. A stenotic 
lesion was defined as clinically significant if the reduction in vessel diameter was >50%. 
Myocardial wall motion was qualitatively analyzed and classified as normal or abnormal, 
which includes hypokinetic, dyskinetic, or akinetic wall motions. A 17-segment model was 
used for analysis20. Segmental myocardial first-pass perfusion after adenosine stress was 
evaluated qualitatively and assessed as normal or as revealing a perfusion defect. In patients 
with first-pass perfusion defects after adenosine-stress, myocardial perfusion at rest was also 
assessed. Delayed contrast-enhanced images were evaluated visually for areas of delayed 
hyperenhancement indicating scar due to myocardial infarction21. Delayed hyperenhance-
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ment was categorized as subendocardial (≤ 50% wall thickness) or transmural (>50% of wall 
thickness). 

Statistics

Data, including clinical characteristics and CMRI findings, were summarized using SPSS for 
Windows version 16.0 statistical software. Data are expressed as numbers with percentages, 
as mean ± SD, or as median with interquartile ranges (IQR) where appropriate. Bland-Altman 
analysis was applied to assess agreement between CMRI and echocardiography measure-
ments of maximal proximal coronary artery diameter in patients without CAAs and the 
maximal CAA diameter in affected KD patients. 

RESULTS

Patient characteristics

Sixty-three patients with KD (median age, 14.6 years; IQR, 12.5-18.6; 74.6% male) were con-
secutively enrolled during follow-up as outpatients. Patient characteristics are described in 
Table 1. Three patients had retrospectively received a diagnosis of KD after presentation with 
an acute myocardial infarction at a young age. Group I (normal coronary arteries) comprised 
41 patients; group II (transient aneurysms), 12 patients, and group III (persistent aneurysms), 
10 patients. The median interval between echocardiography and CMRI was 1.3 months (IQR, 
0.62-2.63 months). 

Table 1. Clinical characteristics of the study patients (n=63)

Value

Age at CMRI examination in years, median (IQR) 14.6 (12.5 - 18.6)

Sex: male 47 (74.6)

Age at KD onset in years, median (IQR) 3.6 (1.7 – 8.0)

Interval acute KD – CMRI in years, median (IQR) 10.2 (6.3 – 13.8)

Diagnosis: complete KD * 53 (85.5)

Treatment:
Treatment with IVIG
Treatment with aspirin
Treatment with steroids

54 (85.7)
58 (92.1)

4 (6.3)

Coronary artery status **
Normal coronary arteries
Transient CAA
Persistent CAA

41 (65.1)
12 (19.0)
10 (15.9)

Data are presented as n (%), unless otherwise indicated. 
* According to the clinical criteria for diagnosis of KD1 
** Coronary artery status before CMRI performance
Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulins; IQR=interquartile 
range
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CMRI

All CMRI examinations were performed without significant medical complications. In 2 
patients, first-pass perfusion studies were not completed because of adenosine-related side 
effects (nausea, headache, and palpitations). 
Upon CMRI, normal coronary arteries were observed in 46 (73.0%) patients. The mean vessel 
diameter in these non-affected patients was 3.3±0.5 mm for the left and 2.8±0.4 mm for the 
right proximal coronary arteries. In 15 (23.8%) patients, 23 CAAs were identified, and the 
aneurysms were classified as giant in 5 patients. CMRI results of the 15 patients with CAAs 
are presented in Table 2. CMRI detected CAA-associated thrombus formation in 6 CAAs in 4 
patients. In 2 patients, the coronary arteries could not be evaluated because of insufficient 
CMRI quality due to breathing artifacts.
Normal first-pass perfusion studies after adenosine stress were observed in 53 (84.1%) 
patients. In 4 patients (6.3%), first-pass perfusion defects were detected in 13 myocardial 
segments after adenosine stress. In 11 of the 13 segments (84.6%), wall motion abnormali-
ties were noted. All patients with first-pass perfusion defects had severe coronary artery 
pathology, and the defects were detected in territories of affected coronary arteries (Table 
2). In 1 of these 4 patients, the ischemia was reversible at rest. First-pass perfusion stud-
ies after adenosine stress could not be evaluated in 5 patients (7.9%). In the 2 patients 
with adenosine-related side effects, first-pass perfusion studies were not completed, and 
in 3 patients, technical problems occurred because of inadequate bolus-timing. CMRI 
documented CAAs in 1 of the patients with unsuccessful first-pass perfusion studies after 
adenosine stress. This patient had normal first-pass perfusion studies at rest (Table 2, #13). 
Segmental late gadolinium enhancement was normal in 58 patients. Delayed hyperen-
hancement was noted in 16 segments of 5 patients and was transmural in 9 segments 
and subendocardial in 7 segments (Table 2). In 4 of these 5 patients with delayed hyper-
enhancement, wall motion abnormalities were detected in the same myocardial areas. 
In the remaining patient, the hyperenhancement was subendocardial and did not result 
in wall motion abnormalities. In 2 patients, the myocardial infarction went unnoticed in 

Figure 1.

Examples of CMRI images of KD patients showing a normal right coronary artery (A), a giant aneurysm of 
the right coronary artery with thrombosis (B), and a basal inferoseptal-inferior myocardial infarction (C).
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the medical history examination. Both patients were referred for a coronary artery bypass 
graft (CABG) procedure after confirmation of the severe lesions by conventional coronary 
angiography. In none of the patients without coronary artery pathology were wall motion 
abnormalities or perfusion defects detected. Examples of CMRI studies of a normal coronary 
artery, a giant CAA with thrombosis, and delayed hyperenhancement are shown in Figure 1. 

Comparison of CMRI and echocardiography for CAA identification

CMRI results were compared with the echocardiography findings (Figure 2A). In all patients 
without CAAs upon CMRI, recent echocardiography also showed normal coronary arteries. 
Bland-Altman analysis for CMRI and echocardiography showed no systematic differences in 
the maximal diameter of the proximal coronary arteries in these unaffected patients (Figure 
3A). 
In 6 of the 15 patients with CAAs upon CMRI, the lesions were missed by recent echocar-
diography because of the peripheral localization of the CAAs or poor echocardiographic 
windows. CMRI and echocardiography images of these 6 patients are presented in Figure 
2B. In 2 patients, the coronary artery lesions had remained unrecognized upon all previous 
echocardiographic evaluations (group I). The 4 remaining patients with CAAs missed by 
recent echocardiography had shown transient dilatations in the past on echocardiography 
(group II). 
In the other 9 patients with CAAs on CMRI, coronary artery pathology was also identified 
upon echocardiography (group III). Of the 16 CAAs documented in these 9 patients on 
CMRI, 4 were invisible with echocardiography. Bland-Altman analysis of maximal diameter of 
the 12 visible aneurysms revealed good agreement between CMRI and echocardiography 
measurements, although the wider aneurysms tended to show larger differences, which 
can be related to wall-associated thrombus in these CAAs (Figure 3B).

Figure 3.
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A. B.

Bland-Altman analysis of the agreement between CMRI and echocardiography measurements for the 
maximal proximal coronary artery diameter in unaffected patients (A) and the maximal coronary artery 
aneurysm diameter (B). The difference in diameter between CMRI and echocardiography is plotted versus 
the mean diameter ([CMRI + echocardiography]/2). The mean difference (solid line) and ± 2SD (dashed lines) 
are shown. 



114

Pa
rt

 IV
   

  I
m

ag
in

g 
du

rin
g 

lo
ng

-t
er

m
 fo

llo
w

-u
p

Figure 2 
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A: a flow diagram containing the comparison of echocardiography and CMRI findings for the identification 
of coronary artery aneurysms (CAA) in the three groups of KD patients. 

B: images are shown of the 6 patients with discrepancies between echocardiography and CMRI: patient 
I: LCA bifurcation aneurysm (5.1 mm); patient II: LMCA aneurysm (5.8 mm); patient III: LAD aneurysm (4.9 
mm); patient IV: RCA aneurysm (5.1 mm); patient V: proximal LCA aneurysm (5.8 mm); patient VI: LAD 
aneurysm (4.8 mm). 
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Implementation of the current guidelines

Considering the current AHA guidelines, we determined how many of the imaging studies 
in addition to routine echocardiography should at least have been performed compared 
with reality (Table 3). The number of nuclear perfusion scans and conventional coronary 
angiographies was considerably lower than recommended according to the guidelines. 

DISCUSSION

The results of this study demonstrate that CMRI is feasible in former patients with KD to 
assess the presence of CAAs, wall motion disturbances, ischemia, and myocardial infarction. 
The comprehensive CMRI protocol including adenosine stress testing can be performed 
without anesthetics in patients aged ³8 years. We identified CAAs on CMRI that were not 
detected by recent echocardiography in almost 10% of the patients, including 2 patients 
without prior coronary artery lesions upon serial echocardiography. CMRI identified perfu-
sion defects and delayed hyperenhancement in 5 patients with persistent CAAs. In patients 
without coronary artery pathology, no wall motion or perfusion abnormalities were noted. 

Current AHA guidelines 

Echocardiography, conventional coronary angiography and nuclear perfusion scans are 
the imaging modalities recommended in the current guidelines for follow-up of patients 
with KD1. These AHA 2004 guidelines are based on a consensus of experts until long-term 
studies facilitate a more evidence-based practice. According to the guidelines, we rely on 

Table 3. Number of SPECT and conventional coronary angiography (CAG) as recommended by the current 
AHA guidelines and performed in our cohort of 63 KD patients prior to CMRI examination

AHA risk level Number of 
patients

No. of examinations 
recommended 

(at least) by current guidelines *

Current practice

SPECT CAG SPECT CAG

I-II No or transient coronary artery 
dilatations

53 - - 0 0

III Solitary CAA of 3 - 6 mm in one or 
more coronary arteries 

2 4 0 0 0

IV CAA ≥ 6 mm, or multiple CAAs in one 
coronary artery

4 7 (15)** 5 2 4

V Coronary artery obstruction ‡ 4 7 (14)** 5 4 4

* The numbers of examinations are calculated from the date that the guidelines were published in 2004. 
** Considering biannual SPECT to be sufficiently informative; annual SPECT (as recommended in the 
current guidelines in level IV-V patients) would increase the number as indicated between brackets.
‡ Three out of these 4 patients presented with an acute myocardial infarction. Numbers of examinations are 
calculated from the date of presentation. 
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serial echocardiography in patients without CAAs or with transient dilatations (levels I-II). 
However, the experts have recognized the limitations of echocardiography and mention 
that CMRI may therefore be of value in selected patients with KD. Results of the present 
CMRI study confirm that a considerable number of CAAs remain unrecognized by echo-
cardiography only because of peripheral localization or poor echocardiographic windows.
For patients with persistent coronary artery lesions (levels III-V), the AHA guidelines recom-
mend serial stress tests and conventional coronary angiography to evaluate the coronary 
anatomy and to assess the existence and functional consequences of CAAs. Nuclear stress 
tests are proposed annually or once every 2 years, depending on the diameter and number 
of CAAs. Conventional coronary angiography is reserved for patients with large (≥ 6 mm) or 
multiple CAAs, in cases of symptoms indicating myocardial ischemia, and for patients with 
an abnormal stress-test. If these guidelines are implemented, level III to V patients need 
repeated diagnostic examinations, leading to a great number of invasive procedures and 
a high radiation burden. It is important to reduce the exposure to ionizing radiation to a 
minimum because of the carcinogenic effects. Especially in children, the radiation burden 
has to be reduced because children are more sensitive to the carcinogenic effects than 
adults and have a longer life expectancy, resulting in a larger time window for expressing 
damage due to the radiation22.
In this cohort of patients with KD, referred from all over the country, implementation of 
the AHA 2004 guidelines was evaluated. Considering the results, implementation had not 
become routine in level III to V patients. Invasiveness, radiation burden, and the complica-
tion rate of nuclear perfusion scans and conventional coronary angiography are assumed to 
be the main reasons for lack of adherence. 

Cardiac MRI

CMRI is a noninvasive and radiation-free imaging method that overcomes many of the 
aforementioned disadvantages. Previous studies have shown complete agreement be-
tween CMRI and conventional coronary angiography for identification of CAA, coronary 
occlusions, and coronary stenosis in patients with KD12, 23. A high accuracy of CMRI for 
measurement of the diameter and length of coronary aneurysms also has been reported 
previously11, 23-25. Suzuki et al also applied CMRI and echocardiography in a relatively large 
cohort of patients25. Sixty-nine aneurysms were observed in 106 patients on echocardiog-
raphy, and an additional 28 aneurysms were observed by CMRI. The present study confirms 
that CAAs remain unrecognized by echocardiography in a considerable number of patients. 
The study of Suzuki et al was limited to MRA studies only. In the present study, we combined 
coronary artery visualization with wall motion analysis, adenosine stress testing, and late-
enhancement imaging. To the best of our knowledge, our study is the first to evaluate a 
comprehensive CMRI protocol including adenosine stress testing in a relatively large cohort 
of only patients with KD.
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Studies comparing first-pass perfusion CMRI and single-photon emission computed to-
mography (SPECT) imaging have indicated that CMRI is more sensitive for the identification 
of flow-limiting stenosis15.CMRI late-enhancement imaging is the reference tool for the 
assessment of areas of myocardial infarction. The high spatial resolution of CMRI facilitates 
identification of small subendocardial areas of infarction16. In the present study, 2 patients 
with a small infarction were identified, unnoticed by the medical history examination. Both 
patients underwent a CABG procedure. 

Other imaging modalities

Echocardiography is readily and widely available, takes little operator time, and is relatively 
less expensive compared with CMRI; therefore, it will remain the mainstay for routine follow-
up of patients with KD. As is also suggested in a recent review by Mavrogeni et al, we believe 
that CMRI will not substitute echocardiography in the future but may be performed as sec-
ond step after echocardiography during the follow-up of patients with KD26. Bland-Altman 
analysis showed good agreement between echocardiography and CMRI for maximal 
coronary artery diameter and maximal CAA diameter. There tended to be a larger difference 
in measurements in cases of wider CAAs. This may be explained by thrombus formation and 
irregularities in these aneurysms, limiting echocardiographic evaluation1.
CT angiography is another noninvasive imaging method that could be of value in patients 
with KD because of its excellent sensitivity for the detection of coronary aneurysms, ste-
nosis, and calcifications27, 28. The radiation burden of CT angiography is again an important 
drawback, although the radiation dose has already been reduced greatly with recent 
improvements26. Further developments may result in CT angiography being another 
reasonable alternative for detailed coronary artery evaluation, although perfusion and late-
enhancement studies are not possible with CT angiography. 

Recommendations

Based on the results of the present study, CMRI may be a reliable imaging method for coro-
nary artery surveillance during the follow-up of patients with KD. CMRI may identify CAAs 
missed by echocardiography and may be a valuable alternative for patients with persistent 
CAAs, combining anatomic and functional evaluation into 1 examination without the use 
of radiation or any invasive procedure. In patients with a history of KD, we therefore recom-
mend CMRI performance during follow-up as a second step after echocardiography. The 
exact place and applicability of CMRI in the guidelines for follow-up of patients with KD 
has to be assessed in future studies. The CMRI protocol could be restricted to MRA studies 
for patients without known coronary artery pathology because we did not identify first-
pass perfusion defect or delayed hyperenhancement in patients without coronary artery 
lesions. When coronary artery lesions are unexpectedly identified upon MRA, perfusion and 
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late gadolinium enhancement also may be performed. This has to be validated in future 
research as well. 

Limitations

There are limitations to the present study. First, a comparison of CMRI with conventional 
coronary angiography as the gold standard is lacking because of ethical judgment. How-
ever, previous studies have already reported excellent agreement between coronary angi-
ography and CMRI for coronary artery evaluation11-14, 22-24. Secondly, although we included 
patients in consecutive order of outpatient consultation, the study population contains 
a high percentage of patients with CAAs compared with the literature of cardiovascular 
sequelae in KD (<10% CAA). This is explained by referral bias (ie, the more severe cases are 
being referred to a tertiary hospital). Moreover, patients with coronary artery pathology visit 
the outpatient department more frequently following acute KD phase, which also explains 
male predominance – another risk factor of coronary artery aneurysms in KD1. Finally, we 
only included patients aged ³8 years during follow-up of the disease to avoid the use of 
anesthetics. For use of CMRI during the acute phase or in the follow-up of younger patients, 
general anesthesia will be necessary to obtain diagnostic image quality. 

CONCLUSION

A comprehensive CMRI protocol for coronary artery surveillance is feasible during the 
follow-up of KD patients from the age of 8 years onwards, and compares favorably with 
simultaneous echocardiography. CMRI is able to detect the presence of CAAs, wall motion 
abnormalities, reversible ischemia and myocardial infarction without the use of radiation or 
invasive procedures. We recommend future studies to incorporate CMRI in the guidelines 
for follow-up of patients with KD. 
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ABSTRACT

Background: 

Although histopathological studies suggest persistent myocardial abnormalities after 
Kawasaki disease (KD), the long-term effects on cardiac function remain to be revealed. 
We investigated biventricular volumes, function and the presence of myocardial fibrosis by 
cardiac magnetic resonance imaging (CMRI) during long-term follow-up of KD.

Methods and Results: 

Sixty patients with a history of KD (mean age, 16.9 years; 67% men; median interval after KD 
onset, 11.6 years) and 20 healthy controls (mean age, 17.9 years; 55% men) 12 to 24 years of 
age underwent CMRI. Biventricular end-diastolic volume (EDV), end-systolic volume (ESV), 
stroke volume (SV), and ejection fraction (EF) were determined. Volumetric measurements 
were indexed for body surface area (BSA). Late contrast enhancement was used to detect 
areas of myocardial fibrosis. Biventricular volumes and function did not differ significantly 
between patients and controls. There were also no significant differences between patients 
with and without a history of left ventricular (LV) dysfunction resulting from KD-associated 
myocarditis or between patients with and without coronary artery aneurysms (CAAs). Only 
those with prior ischemic heart disease had a significantly lower LVEF compared with unaf-
fected KD cases (LVEF, 51% versus 57%; P=0.012). Late contrast enhancement was observed 
in only 2 patients with severe CAAs and was typical for myocardial infarction.  

Conclusions: 

In this CMRI study evaluating the cardiac function of patients with KD at long-term follow-
up, we did not observe a difference in cardiac function between KD patients and control 
subjects, except for a subgroup of patients with ischemic heart disease as a result of severe 
coronary artery pathology. 
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic vasculitis that predominantly occurs in children 
<5 years of age. First reported in 1967 in Japan, KD has now been described worldwide in 
all racial and ethnic groups1. Coronary artery aneurysms (CAAs) develop in 15 to 25% of 
untreated cases. The incidence of CAAs has been decreased to <10% of patients as a result 
of treatment with high-dose intravenous immunoglobulins (IVIG)2, 3. In approximately half 
of the cases, CAAs persist and may lead to ischemic heart disease, myocardial infarction or 
sudden death. 
Left ventricular (LV) dysfunction secondary to myocarditis is a well-recognized cardiovascu-
lar complication during the acute phase4-7. In the past, myocardial inflammation has been 
documented in up to 50 to 70% of patients early in the KD course with the use of different 
diagnostic methods8-10. This finding has been supported by autopsy and biopsy studies 
showing that almost all patients had some signs of myocarditis, pericarditis or valvulitis11, 12. 
Persistent myocardial abnormalities up >10 years after disease onset have been observed 
in specimens of the right ventricular (RV) myocardium12. Consistent with the pathological 
findings, echocardiographic long-term abnormalities of LV size and function were reported4. 
Subsequent echocardiographic studies have reported normalization of myocardial function 
during reconvalescence, most likely because of IVIG treatment5, 7. 
Although LV dysfunction is a well-known feature of the acute phase, investigations of the 
long-term effects on cardiac function are limited and have produced conflicting results. 
Cardiovascular magnetic resonance imaging (CMRI) has been shown to be an accurate and 
reproducible method for noninvasive assessment of both LV and RV function13-15. CMRI is 
the reference standard for the assessment of biventricular function16. Furthermore, CMRI 
late contrast enhancement is the best method to detect nonviable or inflamed myocardium 
caused by myocardial infarction, myocarditis, or other non-ischemic heart disease17, 18. At 
present, CMRI is routinely used to diagnose and follow up myocarditis and to distinguish 
myocarditis from myocardial infarction. 
The aim of our study was to evaluate biventricular volumes and function at long-term 
follow-up of patients with KD using CMRI and to compare the results with healthy subjects. 
In addition, we investigated the presence of myocardial fibrosis by late contrast enhance-
ment in patients with KD, and in a subset of patients, a follow-up CMRI was performed after 
a minimal interval of 6 months. 

METHODS

Subjects

This study was conducted between January 2008 and October 2011 at the multidisciplinary 
KD outpatient department of the Emma Children’s Hospital, a tertiary referral center. Sixty 
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patients (age, 12-24 years) with a history of KD, according to the diagnostic criteria of the 
American Heart Association3, were included in consecutive order of outpatient consultation. 
CMRIs were repeated in 15 randomly selected patients after a minimal interval of 6 months 
to evaluate possible changes over time. During the study period, 20 healthy volunteers (age, 
12-24 years) were also examined. These healthy subjects had no history of cardiovascular 
disease and received no medications. Exclusion criteria for the study were contraindications 
for MRI scanning. The study was approved by our institution’s ethics committee, and written 
informed consent was obtained. 

Clinical information

Clinical information was collected retrospectively from medical records and included the 
following: time of disease onset, treatment, admission to the pediatric intensive care unit, 
presence of LV dysfunction on echocardiography (defined as shortening fraction <28%), and 
CAA status. CAAs were defined according to criteria established by the Japanese Ministry of 
Health in 198419.

Cardiac Magnetic Resonance Imaging

Examinations were performed by an experienced operator using a 1.5-Tesla whole-body 
MRI scanner equipped with cardiac software (Avanto, Siemens, Erlangen, Germany). Imag-
ing was performed with the subject in the supine position, using a cardiac phased-array coil 
and a vectorcardiographic method for ECG gating. After a series of thoracic scout images 
that were used for planning, short-axis views consisting of 12 to 14 contiguous slices were 
acquired covering both ventricles from the base of the heart to the apex using a steady-state 
free precession (SSFP) sequence. Scan parameters were as follows: repetition time=3.2 to 3.8 
milliseconds; echo time=1.6 to 1.9 milliseconds; flip angle=50° to 70°; slice thickness=6 mm 
without slice gap; matrix=160 x 256; field-of-view=350 to 400 mm. Temporal resolution was 
approximately 25 milliseconds. All studies were obtained during breath hold in end expira-
tion. The image was repeated in case of unsuccessful breath hold. The imaging protocol 
was extended to evaluate late contrast enhancement in the patients. Inversion recovery 
Turbo-FLASH was performed in 2-chamber, 3-chamber, 4-chamber, and short-axis views 5 
to 15 minutes after infusion of intravenous contrast (gadolinium at a dose of 0.2 mmol/kg).
CMRIs were repeated in 15 randomly selected patients after a minimal interval of 6 months. 
The first CMRI was included for comparison of patients and control subjects. The follow-up 
CMRI was used for comparison with the first CMRI. 

CMRI analysis

LV and RV volumes and function were analyzed using the software package MASS (Medis, 
Leiden, The Netherlands). Biventricular endocardial contours were outlined at end-systole 
and end-diastole in all sections20. Papillary muscles were not excluded from the ventricular 
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volumes. Biventricular end-diastolic volumes (EDVs) and end-systolic volumes (ESVs) were 
obtained. Stroke volumes (SVs) were calculated by subtracting ESV from EDV, and ejection 
fraction (EF) was calculated by dividing SV by EDV and multiplying by 100%. All CMRIs were 
analyzed by one experienced observer (S.R.), who was blinded to the clinical information. 
To assess intraobserver variability, 10 randomly selected studies were re-analyzed after a 
minimal period of 3 months. For interobserver variability, a second observer (M.G.) analyzed 
the same 10 studies independently while blinded to the previous results. 
Late contrast-enhanced images were evaluated visually for myocardial areas of enhance-
ment using a 17-segment model21, 22. Areas of late enhancement were categorized as 
subendocardial, transmural, subepicardial, or midwall. Both observers evaluated the late 
contrast-enhanced images independently. They were unaware of each other’s results. 

Statistics

All statistical analyses were performed using the SPSS software package version 19.0. Data 
are expressed as mean ± standard deviations (SD) unless otherwise indicated. Demographic 
characteristics between patients and control subjects were evaluated by the use of chi-² 
tests for categorical variables and independent sample t-tests for continuous variables with 
a normal distribution. Biventricular dimensions were divided by body surface area (BSA) to 
obtain adjusted values. BSA was calculated according to the Mosteller formula: √Height 
(cm)xweight (kg)/3600. The effect of age and gender was taken into account through multi-
variable linear regression analysis when comparing biventricular dimensions of patients and 
control subjects, and subgroups of patients. For subgroup analyses, patients were divided 
on the basis of CAA status, presence of ischemic heart disease, and history of LV dysfunction 
during the acute phase. Paired t-tests were used to compare the results of both CMRIs of 
patients who underwent CMRI re-examination. Intraobserver and interobserver variability 
were assessed using the intraclass correlation coefficient (ICC) and Bland-Altman method23. 
The coefficient of variation, that is, the SD of the difference of the 2 measurements divided 
by the grand mean of the whole sample, expressed as a percentage, was calculated to study 
variability of the measurements. Values of P<0.05 were considered statistically significant. 

RESULTS

Demographic and clinical characteristics

Sixty patients (mean age, 16.9±3.6 years; 67% men) and 20 healthy controls (mean age, 
17.9±3.5 years; 55% men) were included. None of the study subjects had to be excluded 
because of MRI contraindications. Clinical characteristics of the patients are given in Table 
1. Patients were diagnosed with KD at a median age of 3.9 years (range, 0.1–16.4 years), and 
the median interval to CMRI examination was 11.6 years (range, 0.6–20.7 years). In total, 53 
patients (88%) had been treated with IVIG, and 6 of these patients had received IVIG retreat-
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ment. In the 7 patients not treated with IVIG, the diagnosis was missed (n=1) or recognized 
too late (n=6). In 2 patients, steroids had also been administered. Eight patients (13%) had 
been documented with a diminished ventricular shortening fraction by echocardiography 
during the acute phase; 3 of these 8 patients had been admitted to the pediatric intensive 
care unit because of circulatory failure. During reconvalescence, all 8 patients had clinically 
recovered completely and LV dysfunction had normalized as determined by echocardiog-
raphy. In total, 19 patients were diagnosed with CAAs, and 9 of these patients are known to 
have persistent CAAs. Five patients had previously been diagnosed with myocardial isch-
emia or treated with coronary artery bypass grafting (CABG) due to severe coronary lesions. 

Table 1. Clinical characteristics of the 60 patients with Kawasaki disease

Patients

Sex: male 40 (67)

Age at study in years, mean ± SD 16.9 ± 3.6

Age at onset of KD in years, median (range) 3.9 (0.1–16.4)

Interval KD onset to study in years, median (range) 11.6 (0.6-20.7)

Duration of hospital admission in days, median (range) 9 (1-108)

Admission to pediatric intensive care unit 3 (5)

LV dysfunction during acute phase 8 (13.3)

Disease presentation

Complete 
Incomplete 

50 (83.3)
10 (16.7)

Treatment during the acute phase 

IVIG 53 (88.3)

Number of infusions
No IVIG 
1 IVIG infusions
>1 IVIG infusion

7 (11.7)
47 (78.3)
6 (10.0)

Start of treatment
≤10 days after disease onset
>10 days after disease onset

39/53 (73.6)
14/53 (26.4)

Aspirin 59 (98.3)

Steroids 2 (3.3)

Coronary artery status

No CAA 41 (68.3)

Transient CAA 10 (16.7)

Persistent CAA 9 (15.0)

Data are shown as n (%), unless otherwise indicated. 

Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulins; LV=left ventricle; 
SD=standard deviation.



Chapter 8     Cardiac function after Kaw
asaki disease

129

CMRI results

Demographic characteristics and biventricular CMRI results of patients and control subjects 
are presented in Table 2. There were no significant differences between the 2 groups. In sub-
group analysis, no significant differences were found between patients with and without 
persistent CAAs or between patients with and without a history of LV dysfunction (Table 3). 
When we compared patients with CAAs during the acute phase (n=19) with those without 
CAAs during the acute phase (n=41), no differences were also found (data not shown). In 
the 5 patients with a history of ischemic heart disease or CABG procedure because of severe 
coronary lesions, LVESV was significantly larger (53±6 versus 41±7 mL/m2; P=0.023) and 
LVEF significantly smaller (52% versus 57%; P=0.012) compared with the remaining patients. 
LVEDV did not differ significantly (110±10 versus 96±13 mL/m2; P=0.403). The LVEF values in 
the patients with ischemic heart disease (range, 50-53%) were still in ranges similar to those 
observed in the control subjects (range, 50–64%). In addition, patients treated with IVIG 
(n=53) did not differ significantly from nontreated patients (n=7). 
Both observers agreed on the absence, presence and extent of the late enhancement. Late 
enhancement was observed in only 2 of the 60 patients with KD. One patient had a mid/api-

Table 2. Demographic characteristics and ventricular parameters of patients and controls

KD patients
(n = 60)

Controls   
 (n = 20)

P-value Adjusted mean 
difference (95%CI)*

Age in years 16.9 ± 3.6 17.9 ± 3.5 0.269

Sex: male, n (%) 40 (67) 11 (55) 0.266

BSA in m² 1.76 ± 0.23 1.78 ± 0.26 0.738

Left ventricle

EDV (ml/m²) 97 ± 13 98 ± 9 0.611 -1 (-7 – 4)

ESV (ml/m²) 42 ± 8 43 ± 6 0.982  0 (-3 – 3)

SV (ml/m²) 55 ± 8 55 ± 5 0.432 -1 (-5 – 2)

EF (%) 57 ± 4 57 ± 3 0.520 -1 (-3 – 1)

Right ventricle

EDV (ml/m²) 103 ± 16 106 ± 12 0.223 -4 (-11 – 3)

ESV (ml/m²) 47 ± 9 50 ± 9 0.257 -2 (-7 – 2)

SV (ml/m²) 55 ± 9 56 ± 6 0.341 -2 (-6 – 2)

EF (%) 54 ± 4 54 ± 5 0.725  0 (-2 – 2)

* Mean difference in ventricular parameters between patients and controls, adjusted for age and gender 
using multivariable linear regression analysis.

Abbreviations: BSA=body surface area; EDV=end diastolic volume; EF=ejection fraction; ESV=end systolic 
volume; KD=Kawasaki disease; SV=stroke volume
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cal inferior area of subendocardial enhancement; the other patient had a basal/mid inferior 
area of transmural contrast enhancement (Figure). In both patients, the enhancement was 
detected in territories of affected coronary arteries and involved the subendocardium, typi-
cal for myocardial infarction24, 25. This observation is supported by the clinical history of the 
patients, who both had giant CAAs and had undergone a CABG procedure. Typical lesions of 
myocarditis with a subepicardial or midwall distribution that are mostly located in the lateral 
wall or the intraventricular septum were not observed18, 25. 

Follow-up CMRI

One of 15 patients refused the CMRI re-examination. In 14 patients, a second CMRI was per-
formed after a mean interval of 22±9 months (range, 8-38 months). The follow-up studies 
revealed no significant differences in biventricular volumes compared with the first CMRIs 
(LVEDV/BSA, 104 versus 101 mL/m²; LVESV/BSA, 47 versus 46 mL/m²; RVEDV/BSA, 106 versus 
102 mL/m²; RVESV/BSA, 51 versus 49 mL/m², respectively). There were also no differences in 
biventricular EFs between both CMRIs (LVEF, 55% versus 54%; RVEF, 52% versus 53%). 

Table 3. Comparison of subgroups of patients with Kawasaki disease 

Variable CAA* 
(n=9)

No CAA* 
(n=51)

P-
value

Adjusted 
mean 

difference
(95% CI)**

LV 
dysfunction†

(n=8)

No LV 
dysfunction†      

(n=52)

P-
value

Adjusted 
mean 

difference
(95% CI)**

Age in years 18.3 ± 3.3 16.6 ± 3.7 0.213 17.6 ± 4.6 16.8 ± 3.5

Sex: male 8 (89%) 32 (63%) 0.249 7 (88%) 35 (63%)

BSA in m² 1.8 ± 0.2 1.8 ± 0.2 0.378 1.78 ± 0.21 1.75 ± 0.23

Left ventricle

EDV (ml/m²) 103 ± 14 96 ± 13 0.833  1 (-7 – 9) 103 ± 16 96 ± 13 0.573  2 (-6 – 11)

ESV (ml/m²) 47 ± 9 41 ± 7 0.216  3 (-2 – 7) 45 ± 11 42 ± 7 0.936  0 (-5 – 5)

SV (ml/m²) 56 ± 6 55 ± 8 0.435 -2 (-7 – 3) 59 ± 8 54 ± 8 0.413  2 (-3 – 7)

EF % 54 ± 4 57 ± 4 0.100 -2 (-5 – 0) 57 ± 5 56 ± 4 0.475  1 (-2 – 4)

Right ventricle

EDV (ml/m²) 101 ± 11 103 ± 17 0.143 -8 (-18 – 3) 108 ± 23 103 ± 15 0.806  1 (-10 – 12)

ESV (ml/m²) 46 ± 6 48 ± 10 0.076 -5 (-11 – 0) 49 ± 14 47 ± 9 0.705 -1 (-7 – 5)

SV (ml/m²) 55 ± 6 55 ± 9 0.452 -2 (-8 – 4) 59 ± 10 55 ± 8 0.398  3 (-3 – 8)

EF % 55 ± 2 54 ± 4 0.259  2 (-1 – 5) 55 ± 5 54 ± 4 0.156  2 (-1 – 5)

* Patients were divided in subgroups based on the presence or absence of persistent CAAs
** Mean difference in ventricular parameters, adjusted for age and gender using multivariable linear 
regression analysis
† Patients were divided in subgroups based on the presence of LV dysfunction during the acute phase
Abbreviations: BSA=body surface area; CAA=coronary artery aneurysm; EDV=end diastolic volume; 
EF=ejection fraction; ESV=end systolic volume; LV=left ventricle; SV=stroke volume
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Intra- and interobserver variability

Intraobserver variability for the biventricular volumes was good (coefficient of variation, 3.4%-
8.4%), with slightly higher variations in the measurements of the RV. ICCs for all parameters 
were >0.92, except for LVEF and RVEF (0.886 and 0.607, respectively). Patterns for interobserver 
variability mirrored those for intraobserver variability. Data are shown in Table 4. 

DISCUSSION

This is the first CMRI study evaluating biventricular volumes and function in patients with 
a history of KD compared with healthy controls. We observed no significant difference in 
biventricular volumes and function at long-term follow-up between patients and control 
subjects, except for a subgroup of patients with severe coronary artery pathology. This is 
in line with our earlier observations in a comparable patient population that, in general, no 
segmental wall motion abnormalities are present at long-term follow-up26.
This encouraging result contrasts with some of the previous histopathological studies that 
have indicated persistent changes after KD. It is generally assumed that myocarditis may 
occur in KD, and prior histopathological studies indeed reported myocardial abnormalities 
during the acute phase but also during follow-up12, 27. Yonesaka et al reported myocardial 
changes, including interstitial fibrosis, degeneration of myocytes, and disarray, in cardiac 
biopsies of 38 patients >2 years after disease onset27. In a larger study of 201 patients by 
Yutani et al, abnormalities of the myocardium were observed in every biopsy specimen and 
at all time points after KD (interval, 2 months to 11 years). The severity of the changes was 
unrelated to the presence of CAA, and changes were even more pronounced ≥4 years after 

Table 4. Intraobserver and interobserver variability

LV EDV LV ESV LVSV LV EF RV EDV RV ESV RVSV RV EF

Intraobserver 
variability

Mean difference ± SD -1.0 ± 6.8 -1.9 ± 2.4 0.9 ± 7.3 0.8 ± 2.3 -3.9 ± 8.0 -2.1 ± 6.4 -1.8 ± 6.8 -0.1 ± 3.3

Limits of agreement -14.3 to 12.4-6.6 to 3.4-13.4 to 15.2-3.9 to 5.4-19.7 to 11.9-14.6 to 10.5 -15.1 to 11.4 -6.5 ± 6.4

Coefficient of variation 4.1% 3.4% 7.8% 4.1% 4.8% 8.4% 7.4% 6.0%

ICC 0.985 0.995 0.929 0.886 0.980 0.924 0.925 0.607

Interobserver 
variability

Mean difference ± SD 2.8 ± 4.5 0.6 ± 3.8 3.3 ± 3.0 0.9 ± 1.7 8.7 ± 8.0 4.8 ± 7.5 3.8 ± 6.8 -1.5 ± 4.2

Limits of agreement -6.1 to 11.6 -6.9 to 8.1 -2.5 to 9.0 -2.4 to 4.2 -7.1 to 24.5 -9.9 to 19.5 -9.7 to 17.1 -9.8 to 6.8

Coefficient of variation 2.9% 5.8% 3.3% 2.9% 5.1% 10.7% 7.8% 7.5%

ICC 0.993 0.986 0.987 0.956 0.979 0.932 0.947 0.659

Abbreviations: EDV=end diastolic volume; EF=ejection fraction; ESV=end systolic volume; ICC=intraclass 
correlation coefficient; LV=left ventricle; RV=right ventricle; SV=stroke volume.
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the disease onset12. If chronic cardiomyopathy may indeed occur, this process would be 
expected to ultimately result in (subtle) ventricular dysfunction. However, such dysfunction 
was not noticed in our follow-up cohort. In addition, we did not observe late enhancement 
caused by myocardial fibrosis in any of the patients except for 2 individuals with a history 
of myocardial infarction. A possible explanation is the interval between the disease onset 
and CMRI examination, rendering time for successful remodeling and healing. Another 
and more likely explanation is that - in contrast to large areas of myocardium affected by 
ischemic processes - the prior myocarditis-related damage cannot be detected upon CMRI 
because of its diffuse and limited nature. This is supported by a recent study of Mavrogeni 
et al28. CMRIs were performed in 13 patients during the reconvalescence of KD (20-40 days 
after the onset of disease). Both early enhancement and T2-weighted analysis were highly 
suggestive of an active inflammatory process in 6 of 13 patients (46%). Late enhancement 
was identified in 3 of these 6 patients. The authors suggest that the lack of late enhance-
ment in 3 patients may be explained by the nature of the myocarditis, being characterized 
by inflammatory infiltration from the coronary arteries to the interstitial myocardium, and 
therefore myocardial necrosis is not observed frequently.
Reports on cardiac function during the long-term follow-up of KD are limited. Prior echo-
cardiography studies reported relatively short follow-up intervals and produced conflicting 
results. Most investigators reported resolution of dysfunction during reconvalescence, but 
1 study reported long-term abnormalities of LV size and function4, 5, 7. Our CMRI study sup-
ports a favorable outcome at long-term follow-up (mean interval, 12.0 years [range 0.6–20.7 
years]), even in patients with persistent CAAs and myocardial ischemic injury in the past. 
One of the possible explanations for such an encouraging outcome may be that the major-
ity of patients have received IVIG. Newburger et al showed that LV functional abnormalities 
improved more rapidly in patients treated with IVIG and aspirin compared with patients 
who were treated with aspirin alone7. In addition, Moran et al observed that LV contractil-
ity normalized within 24 hours after IVIG infusion in more than half of the patients with 
depressed contractility at baseline5. Although the working mechanism of IVIG has not yet 
been defined, it is reasonable that IVIG therapy decreases the long-term myocardial ab-
normalities, just as it decreases the incidence of CAAs3. We did not observe any statistically 
significant difference in biventricular volumes or between patients who had been treated 
with IVIG or those who were not treated, but the number of patients in the nontreated 
group was limited (n=7). 
CMRI is now the reference standard for the assessment of ventricular dimensions and func-
tion16. Prior CMRI studies in KD are limited and have mainly focused on the coronary artery 
sequelae26, 29-32. To date, 1 study by Mavrogeni et al reported functional CMRI data of 20 
patients with persistent CAAs31. In all patients except 2 with prior myocardial infarction, the 
LVEF was found to be within normal values. The results of our study on a larger cohort of 60 
patients and 20 control subjects are consistent with these prior findings. In the recent CMRI 
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study by Mavrogeni et al in 13 patients described previously, LVEF was lower in patients with 
inflammation compared to those without inflammation during reconvalescence (49.8% 
versus 62.3%; P<0.001)28. However, a comparison with normal values was not reported, and 
although patients were reported to be reevaluated after 3 months, functional follow-up 
data were not described28.
Several investigators have reported mean normal values for CMRI indexes in healthy sub-
jects, but these studies overall reported lower biventricular EDV and ESV and higher EF than 
we found in the present study (Table 5)33-41. The differences may be explained by the age 
range of the study population, the use of different CMRI techniques, and the use of different 
image analysis protocols33, 36, 37, 39, 42-44. For instance, the inclusion of papillary muscles in the 
ventricular volumes leads to a significantly higher LVEDV and LVESV and significantly lower 
calculated LVEF43, 44. There is currently no consensus on which method of tracing should 
be used. We have included these structures because of shorter time analysis and better 
interobserver and interexamination variability43, 44. Furthermore, we examined a group of 
healthy controls for comparison using the same CMRI and image analysis protocols. Intrao-
bserver and interobserver variability for the CMRI variables in our study were good and 
comparable to other CMRI studies35, 39.
The proportion of patients with CAAs in our study (32%) was high compared with the lit-
erature (<10%)2, 3. This could be explained by referral bias with the more severe cases being 
referred to our tertiary centre and by more frequent follow-up of CAA-positive patients. Our 
study found encouraging results for the more seriously affected patients with persistent 
CAAs or ischemic heart disease in the past. Although these results are reassuring, we advise 
some form of periodic monitoring of cardiac function in affected patients because of the 
risk of possible deterioration over time until more patient data are available over longer 
periods of follow-up. CMRI may be suitable for serial evaluation, combining coronary artery 
surveillance and functional evaluation in one examination without the use of radiation or 
an invasive procedure26. 
There are some limitations of the study. First, we do not have CMRI data of the acute phase; 
therefore, the course over time cannot be assessed. Second, the follow-up time after KD was 
~10 years. Although cardiac function seems unimpaired, assessment at longer periods must 
await further follow-up. Third, although relatively large compared with earlier studies of this 
rare disease, the numbers of subjects were small and type II errors can therefore not be 
ruled out. However, ventricular data of patients and control subjects agreed closely, making 
it unlikely that differences would have been found in much larger sample sizes. Post-hoc 
power calculations showed that our study had 80% power to pick up a mean difference 
of ≥3% in LVEF between patients and controls at a 0.05 significance level. From a clinical 
perspective, we believe that if there were between-groups differences going undetected 
because our study was underpowered, these differences are small and may clinically not 
be very relevant45. Fourth, patients may have been misclassified in the subgroup analysis 
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because of the retrospective design of the clinical data collection. They may additionally 
have been misclassified in the CAA subgroup analysis because the definition of a CAA was 
based on the Japanese Ministry of Health criteria instead of z scores46. We used these criteria 
because these are still routinely used in our clinical practice and because not all data on 
length and weight could be retrieved retrospectively to calculate BSA. Fifth, CMRI did find 
late segmental enhancement in 2 patients, but may not have been able to detect more 
subtle, diffuse fibrosis. The study did also not assess diastolic function or ventricular strain. 
These may be targets for further study. Finally, multiple comparisons have been made, 
increasing the possibility of finding differences by chance. However, because overall no 
significant differences have been found, this limitation is in our view of limited importance. 

CONCLUSIONS

Although prior histopathological studies suggest persistent myocardial abnormalities after 
KD, we did not observe a significant difference in cardiac function at long-term follow-up 
between patients with KD and control subjects, except for a subgroup of patients with isch-
emic heart disease. Late enhancement was detected only in patients with severe coronary 
artery pathology and prior myocardial infarction. 
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ABSTRACT

Background:

Kawasaki disease (KD) is an acute pediatric vasculitis. An important complication of KD is the 
development of coronary artery aneurysms (CAA). Concerns have been raised regarding the 
possibility of a predisposition of KD to premature cardiovascular disease later in life. There-
fore, the objective of this study was to determine the carotid intima-media thickness (cIMT) 
as a surrogate marker of cardiovascular risk of patients with a history of KD, in comparison 
with healthy controls.

Methods and results:

CIMT was measured using B-mode ultrasound in 174 patients with a history of KD and 82 
healthy controls in the same age range (7-20 years). Ten patients were excluded because of 
an incomplete cIMT measurement. Mean cIMT (±SD) was significantly greater in patients 
with KD than in healthy controls (0.378±0.030 mm versus 0.360±0.027 mm, respectively; P 
adjusted<0.001). When the difference in cIMT between patients with KD and controls was 
plotted against age, the increased cIMT was only apparent at young age in the patients 
without CAA. In the patients with CAA the increased cIMT was steadily observed at all ages, 
demonstrating a more severe disease course.

Conclusion:

We observed a significantly greater cIMT in patients with a history of KD compared to healthy 
controls, especially in patients with CAA. In patients without CAA, the cIMT normalized with 
age while an increased IMT was observed at all ages in patients with CAA. Our data might 
indicate that the cIMT differences between KD patients and healthy controls are the results 
of the acute inflammation of the vessel wall rather than a process of atherosclerosis. 
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic vasculitis of unknown etiology that predomi-
nantly occurs in children less than 5 years of age1. Coronary artery aneurysms (CAA) develop 
in 15 to 25% of untreated patients and may lead to myocardial ischemia, infarction and 
sudden death2. Although treatment with high-dose intravenous immunoglobulins (IVIG) 
has reduced this risk to less than 10%, KD is the leading cause of acquired heart disease in 
developed countries3. 
The disease is self-limiting and only rarely recurs, but there has been ongoing concern that 
patients both with and without coronary artery involvement may have a predisposition to 
endothelial damage and premature atherosclerosis in adulthood4-7. Since the first case of KD 
was reported in 1967, patients who have recovered will now be middle-aged or younger, 
and therefore the follow-up of these patients has not been long enough to establish the 
natural history of the disease. To determine if KD is a risk factor for the future development 
of cardiovascular disease, several studies reported on the carotid intima-media thickness 
(cIMT) of patients with a history of KD. CIMT, as assessed by B-mode ultrasound, is currently 
the best validated non-invasive surrogate marker for atherosclerosis available8, 9. Multiple 
studies have shown that cIMT is positively associated with cardiovascular disease10. An 
increased cIMT has been reported in former KD patients both with and without CAA in the 
past11, 12, although these findings have not been confirmed by other studies13, 14.
The objective of the present study was to compare cIMT of patients with a history of KD with 
healthy controls. We hypothesize that, due to their history of a systemic vasculitis, patients 
with KD have an increased risk of cardiovascular disease as measured by cIMT. 

METHODS

Participants

The study was conducted between August 2006 and September 2013 at the Emma Chil-
dren’s hospital, a tertiary referral center. Children aged 7 to 20 years with a history of KD were 
recruited consecutively during follow-up as outpatients. The diagnosis of KD was based on 
criteria from the American Heart Association15. Patients diagnosed as having KD within 6 
months of the study were excluded to minimize the potential confounding influence of the 
(sub)acute inflammation. If multiple IMT-measurements were performed, the measurement 
at the oldest age was included in the study. 
Unaffected siblings of children with KD and other healthy subjects (family from the staff of 
our hospital) without a history of KD were eligible for the control cohort if they were in the 
same age range, and did not take any cardiovascular medication. All subjects and/or their 
parents gave informed consent as approved by the institution’s Research Ethics Board. 
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Study protocol

A medical history was obtained from all participants, and body height, weight and blood 
pressure were measured. A noninvasive measurement of the carotid IMT was performed 
as described below. The mean arterial pressure (MAP) was calculated using the following 
formula: (systolic blood pressure + (2*diastolic blood pressure))/3. Using data of the fifth 
Dutch growth study performed in 2009 in 20,867 children in The Netherlands, standard 
deviation scores for body mass index (BMI) were calculated based on the age and gender of 
each participant (http://groeiweb.pgdata.nl/calculator.asp).
The medical records of the patients with KD were reviewed retrospectively to collect the 
following clinical details: age at disease onset, time interval between disease onset and time 
of study, treatment with IVIG, aspirin and/or steroids, and the presence of CAA. The coronary 
arteries had been evaluated by two-dimensional echocardiography and a CAA was defined 
as a coronary z score >2.516, 17. In the patients with KD, a venous blood sample was taken 
after an overnight fast for measurement of total cholesterol, high-density lipoprotein cho-
lesterol, low-density lipoprotein cholesterol, triglycerides, apolipoprotein A1, apolipoprotein 
B, lipoprotein(a), and apolipoprotein E genotype. LDL cholesterol was calculated using the 
Friedewald formula. 

Carotid IMT 

An 85-MHz linear array transducer, interfaced to a Acuson Sequoia 512 instrument ultra-
sound machine (Siemens AG, Malvern, PA; Erlangen, Germany), was used to make longi-
tudinal images of the carotid arteries. All studies were done according to a standardized 
scanning protocol for the left and right carotid arteries. B-mode scans of the common, bulb 
and internal far-wall carotid segments were made. The distal common carotid artery wall 
was measured over a length of one cm directly proximal to the carotid bifurcation. Two 
experienced and certified ultrasonographers made all images that were stored as DICOM 
stills for offline analysis. One image analyst performed the IMT measurements while blinded 
for the patient’s case status and risk factor levels. The mean combined cIMT was calculated 
as follows: (mean of the left and right common carotid arties + the mean of the left and 
right carotid bulb + the mean of the left and right internal carotid far wall segments)/3. 
For subjects in whom the scan of one of the segments had failed, the measurement of the 
same segment of the opposite carotid artery was taken as the mean of both carotid arteries. 
If both left- and right-side values were unavailable, the IMT was considered missing for that 
segment, and in that case the mean combined cIMT was also considered missing. 

Statistical analysis

We evaluated differences in demographic between patients with KD and controls by linear 
or logistic regression analysis. Differences in cIMT between patients with KD and controls 
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were evaluated using linear regression analyses. We adjusted for potential confounders by 
means of stepwise backward elimination.
An equation for difference in cIMT (ΔIMT) was derived by subtracting the equation for patients 
with KD (if GROUP=1), that is, IMTKD=β1AGE+β2+β3AGE, from the equation for the healthy 
controls (if GROUP=0), that is, IMTCO=β1AGE. This calculation resulted in ΔIMT=β2+β3AGE. 
Betas and standard errors were derived from the output of a linear regression analysis for the 
whole group. Linear and logistic regression analyses were performed using the generalized 
estimating equation method in the SAS procedure GENMOD to account for correlations 
within families. The exchangeable correlation structure was used for these models. A p-
value of < 0·05 was considered statistically significant. Statistical analyses were performed 
using SAS release version 9.2 (SAS Institute, Cary, NC) and SPSS version 20·0 software (SPSS 
Inc, Chicago, IL).

RESULTS

In total, 174 patients with KD and 82 healthy controls were enrolled. The control group 
consisted of 74 unaffected siblings and 8 family members from the hospital staff. Ten pa-
tients were excluded because of missing cIMT segments. Demographic characteristics of 
the remaining 164 patients with KD and the 82 controls were comparable with respect to 
mean age (12.1±3.3 versus 12.3±3.4 years; P=0.654), sex distribution (62% versus 54% males; 
P=0.199), mean BMI SD score (0.44±1.1 versus 0.26±1.1; P=0.235) and MAP (80.3±7.5 versus 
81.4±8.8 mmHg; P=0.329) (Table 1). 
Clinical and laboratory data of patients with a history of KD are shown in Table 1. Median age 
at onset of KD was 3.2 years (interquartile range: 1.2-5.3). Based on their worst-ever coronary 
artery z-score, 124 (76%) had no coronary enlargements (z-score <2.5 during the (sub)acute 
phase) and 40 patients had coronary aneurysms (29 with z-score 2.5-10; and 11 with z-score 
>10). Of all patients, 148 (90%) had been treated with IVIG.

Carotid IMT

The mean combined cIMT (±SD) was significantly greater in patients with KD in comparison 
with healthy controls (0.378±0.030 mm versus 0.360±0.027 mm; P<0.0001, respectively). 
This remained significant after adjustment for age, sex, and family relations (P<0.0001). In 
table 2 the means adjusted for age and gender per subgroup (according to worst-ever CAA 
status) are shown. 
KD in our patient cohort occurred at young age. Thus, age at cIMT measurement was ana-
lyzed as a variable. In Figure 2A, the difference in cIMT between all patients with KD and 
healthy controls (ΔIMT) was plotted against age. This was also performed for the subgroups 
of patients without CAA (Figure 2B) and with CAA (Figure 2C), based on their worst-ever 
z-score. In CAA-negative patients, the ΔIMT decreased with age at cIMT measurement and 
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at older ages there was no significant difference between CAA-negative patients and con-
trols anymore detectable. In contrast, in patients with CAA this difference in cIMT remained 
present at all ages. 

Table 1. Demographic data of patients with Kawasaki disease and healthy controls, and clinical and 
laboratory data of the patients

Patients
n=164

Controls
n=82

P value

Age (years) 12.1 ± 3.3 12.3 ± 3.4 0.654

Male sex, n (%) 102 (62) 44 (54) 0.199

Length (cm) 154 ± 0.18 155 ± 0.17 0.645

Weight (kg) 46 ± 16 47 ± 19 0.752

BMI SD score 0.44 ± 1.1 0.26 ± 1.1 0.235

MAP (mmHg) 80.3 ± 7.5 81.4 ± 8.8 0.329

Age at disease onset (years)* 3.1 (1.2-5.3)

Interval disease onset to study (years)* 8.0 (6.0-11.0) 

Treatment with IVIG, n (%) 148 (90)

Lipid profile
Total cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Triglycerides (mmol/L)*
Apolipoprotein A1 (g/L)
Apolipoprotein B (g/L)
Lipoprotein(a) (mg/L)*

Apolipoprotein E4 genotype, n (%)

4.07 ± 0.63
2.24 ± 0.55
1.47 ± 0.37
0.71 (0.51-0.93)
1·28 ± 0.21
0.63 ± 0.13
108 (45-341)
40 (24.4)

Data are expressed as mean ± standard deviation unless otherwise noted. 

*Median (interquartile range). 

Abbreviations: MAP=mean arterial pressure; n=number; BMI=body mass index; SD=standard deviation; 
IVIG=intravenous immunoglobulin; LDL=low-density lipoprotein; HDL=high-density lipoprotei

Table 2: Carotid IMT data of controls and subgroups of patients based on their coronary artery status* 

Total (%) Mean cIMT** P value 

Controls 82 (100) 0.360 ± 0.003 Reference

No enlargement (z-score <2.5) 124 (75.6) 0.376 ± 0.002 <0.001

CAA (z-score 2.5-10) 29 (17.7) 0.372 ± 0.006 0.009

Giant CAA (z-score >10) 11 (6.7) 0.412 ± 0.010 <0.001

* Based on worst-ever z-score during acute phase of either left coronary artery, right coronary artery or left 
anterior descending artery16. 

**IMT-mean adjusted for age and gender. 
Abbreviations: CAA=coronary artery aneurysm; IMT=intima-media thickness.
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DISCUSSION

This study shows that children with a history of KD have an increased cIMT compared to 
healthy controls. Plotting the difference in cIMT between patients and controls against 
age indicated that the observed difference in cIMT decreased with increasing age and 
disappeared in young adulthood in patients without CAA. In contrast, in children with CAA 
during acute KD – being either transient or persistent – the difference in cIMT was observed 
at all ages and remained significantly different from healthy controls at all ages. 
Studies evaluating the cIMT in patients with a history of KD are limited, and the studies 
that have been performed mainly included small numbers of patients and have produced 
conflicting results. Some studies reported no difference between KD patients and controls13, 

14, 18, 19, whereas others found an increased cIMT in CAA-positive patients20-22. For example, 
a study by Noto et al reported an increased cIMT in 18 CAA-positive patients compared to 
15 controls (0.54±0.08 versus 0.42±0.04; P=0.005)21. Cheung et al confirmed this finding in 
32 CAA-positive patients in comparison with 32 controls, but also studied 19 CAA-negative 
patients and found no difference in this subgroup of patients compared with controls23. The 

Figure 1.

These figures show the difference in mean combined carotid intima-media thickness (cIMT) and 95%CI 
between patients with history of Kawasaki disease and healthy subjects plotted against age, taking family 
relations into account. A shows the difference with 95% CI between the whole group of patients and 
healthy subjects; B shows the difference between the CAA-negative patients and healthy subjects; and C 
shows the difference between CAA-positive patients and healthy subjects.
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latter is consistent with the findings of Laurito and colleagues who studied 14 KD patients 
without persisting CAA. In contrast, another study by Cheung et al did report an increased 
IMT in 24 CAA-negative patients compared with 22 age-matched controls (0.39±0.04 versus 
0.36±0.04; P=0.008)11. Selamet Tierney et al recently reported on 203 former KD patients 
and 50 healthy controls (mean age around 17 years). In this largest cohort study to date, 
these authors reported no significant difference between groups of patients without CAA, 
patients with CAA, patients with giant CAA, and healthy controls14. 
In contrast to this recent study, our results show that the differences in cIMT between pa-
tients and controls are not only significantly different from healthy controls but also change 
over time in CAA-negative but not in CAA-positive patients. Our findings might explain the 
conflicting data of the prior studies by the different patient groups included and variable 
ages at analysis. 
KD is a vasculitis that predominantly occurs in very young children24. The median age at KD 
onset in our study cohort was 3.2 years. Therefore, the mean time interval from disease on-
set to participation in this study increases with age. Our study indicates that the significant 
difference in cIMT between patients and controls decreased with age and at older ages 
even disappeared completely in the CAA-negative patients. 
Carotid IMT is assumed to be a validated method to estimate subclinical atherosclerosis, 
but no study has yet correlated cIMT to clinical outcomes in patients with KD. The finding in 
CAA-negative patients suggests that the initially increased cIMT observed in these patients 
is merely a result of the acute arteritis rather than a process of atherosclerosis. In the patients 
with CAA the difference in cIMT persist, but it is not clear what pathophysiological process 
results in the increased cIMT and what it will mean for the prognosis of any individual patient. 
The American Heart Association recommends life-long follow-up for both children with and 
without CAA to assess cardiovascular risk. Controversy exists on whether there is a need for 
this in children who never or only transiently had CAA. The uncertainty about peripheral 
vascular health feeds a big part of this discussion. Our study results indicate that a life-long 
follow-up of children without CAA might not be necessary. Nevertheless, more studies have 
to be performed to define the real risk of cardiovascular disease and to decide about the 
follow-up of these children. 
A major strength of the present study was the large study group and the use of a stan-
dardized imaging protocol. Ultrasound measurements of all participants were obtained by 
two experienced sonographers and one image analyst read all images blinded for case or 
CAA status. Some methodological aspects of our study merit discussion. First, we have only 
included one IMT measurement of each patient. Long-term follow-up studies are warranted 
to assess the course of cIMT over time in the same KD patients. Second, patients were 
stratified based on their worst-ever z-score. Because the study was performed in a tertiary 
referral center, pediatric cardiologist in other centers than ours generated many of the early 
echocardiograms. This might have caused misclassification of patients in the stratification 
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for CAA subgroups. Third, although patients were included in a consecutive order at the 
outpatient clinic, the study population contains a high percentage of patients with CAA, as 
explained by referral bias with the more severe cases at our tertiary center. This may have 
overemphasized the mean IMT of the total KD group. The recruitment of healthy subjects 
may also have been subject to some form of selection bias. The willingness to participate in 
this study as control subject might have been influenced by lifestyle or other factors, which 
may have over- or underestimated the mean cIMT of the control subjects. 

CONCLUSION

The cIMT is increased in patients with a history of KD, and was positively associated with 
disease severity. In patients without CAA an increased cIMT was most pronounced at a 
young age, which normalized with age. In patients with CAA the arterial wall morphology 
did not restore to control values with increasing age, therefore long-term follow-up studies 
are needed to establish the natural history of the disease. Although cIMT is considered to be 
a surrogate marker for premature atherosclerosis, we postulate that the increased cIMT in 
our KD patient groups is the result of the acute inflammation of the vessel wall rather than 
a process of premature atherosclerosis. 



150

Pa
rt

 IV
   

  I
m

ag
in

g 
du

rin
g 

lo
ng

-t
er

m
 fo

llo
w

-u
p

REFERENCES

1. Kawasaki T, Kosaki F, Okawa S, Shigematsu I, Yanagawa H. A new infantile acute febrile mucocutane-

ous lymph node syndrome (MLNS) prevailing in Japan. Pediatrics. 1974;54:271-6.

2. Kato H, Sugimura T, Akagi T, Sato N, Hashino K, Maeno Y, Kazue T, Eto G and Yamakawa R. Long-term 

consequences of Kawasaki disease. A 10- to 21-year follow-up study of 594 patients. Circulation. 

1996;94:1379-85.

3. Newburger JW, Takahashi M, Burns JC et al. The treatment of Kawasaki syndrome with intravenous 

gamma globulin. N Engl J Med. 1986;315:341-7.

4. Cheung YF, Yung TC, Tam SC, Ho MH, Chau AK. Novel and traditional cardiovascular risk factors in chil-

dren after Kawasaki disease: implications for premature atherosclerosis. J Am Coll Cardiol. 2004;43:120-4.

5. Dhillon R, Clarkson P, Donald AE et al. Endothelial dysfunction late after Kawasaki disease. Circulation. 

1996;94:2103-6.

6. Newburger JW, Burns JC, Beiser AS, Loscalzo J. Altered lipid profile after Kawasaki syndrome. Circula-

tion. 1991;84:625-31.

7. Silva AA, Maeno Y, Hashmi A, Smallhorn JF, Silverman ED, McCrindle BW. Cardiovascular risk factors 

after Kawasaki disease: a case-control study. J Pediatr. 2001;138:400-5.

8. De Groot E, Hovingh GK, Wiegman A et al. Measurement of arterial wall thickness as a surrogate 

marker for atherosclerosis. Circulation. 2004;109:III33-8.

9. Touboul PJ, Hennerici MG, Meairs S et al. Mannheim carotid intima-media thickness and plaque con-

sensus (2004-2006-2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching 

the risk symposia, at the 13th, 15th and 20th European Stroke Conferences, Mannheim, Germany, 

2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011. Cerebrovascular diseases. 2012;34:290-6.

10. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical cardiovascular events with 

carotid intima-media thickness: a systematic review and meta-analysis. Circulation. 2007;115:459-67.

11. Cheung YF, Wong SJ and Ho MH. Relationship between carotid intima-media thickness and arterial 

stiffness in children after Kawasaki disease. Arch Dis Child. 2007;92:43-7.

12. Noto N, Okada T, Yamasuge M et al. Noninvasive assessment of the early progression of atherosclero-

sis in adolescents with Kawasaki disease and coronary artery lesions. Pediatrics. 2001;107:1095-9.

13. Ikemoto Y, Ogino H, Teraguchi M, Kobayashi Y. Evaluation of preclinical atherosclerosis by flow-

mediated dilatation of the brachial artery and carotid artery analysis in patients with a history of 

Kawasaki disease. Pediatr cardiol. 2005;26:782-6.

14. Selamet Tierney ES, Gal D et al. Vascular health in Kawasaki disease. J Am Coll Cardiol. 2013;62:1114-21.

15. Newburger JW, Takahashi 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 Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart 

Association. Circulation. 2004;110:2747-71.

16. McCrindle BW, Li JS, Minich LL et al. Coronary artery involvement in children with Kawasaki disease: 

risk factors from analysis of serial normalized measurements. Circulation. 2007;116:174-9.

17. Manlhiot C, Millar K, Golding F, McCrindle BW. Improved classification of coronary artery abnormali-

ties based only on coronary artery z-scores after Kawasaki disease. Pediatr Cardiol. 2010;31:242-9.



Chapter 9     Carotid IM
T after Kaw

asaki disease

151

18. Ishikawa T and Iwashima S. Endothelial dysfunction in children within 5 years after onset of Kawasaki 

disease. J Pediatr. 2013;163:1117-21.

19. Laurito M, Stazi A, Delogu AB et al. Endothelial and Platelet Function in Children with previous Kawa-

saki disease. Angiology. 2013.

20. Noto N, Okada T, Karasawa K et al. Age-related acceleration of endothelial dysfunction and sub-

clinical atherosclerosis in subjects with coronary artery lesions after Kawasaki disease. Pediatr Cardiol. 

2009;30:262-8.

21. Noto N, Okada T, Abe Y et al. Characteristics of earlier atherosclerotic involvement in adolescent 

patients with Kawasaki disease and coronary artery lesions: significance of gray scale median on 

B-mode ultrasound. Atherosclerosis. 2012;222:106-9.

22. Lee SJ, Ahn HM, You JH and Hong YM. Carotid intima-media thickness and pulse wave velocity after 

recovery from kawasaki disease. Korean Circ J. 2009;39:264-9.

23. Cheung YF, O K, Woo CW et al. Oxidative stress in children late after Kawasaki disease: relationship 

with carotid atherosclerosis and stiffness. BMC pediatr. 2008;8:20.

24. Tacke CE, Breunis WB, Pereira RR, Breur JM, Kuipers IM and Kuijpers TW. Five Years of Kawasaki Disease 

in the Netherlands: A National Surveillance Study. Ped Infect Dis J. 2014.





PART V
PSYCHOSOCIAL

CONSEQUENCES





Chapter 10
QUALITY OF LIFE AND BEHAVIORAL 

FUNCTIONING IN DUTCH CHILDREN WITH 
A HISTORY OF KAWASAKI DISEASE

C.E. Tacke
L. Haverman
B.M. Berk
M.A.J. van Rossum
I.M. Kuipers
M.A. Grootenhuis
T.W. Kuijpers

Journal of Pediatrics 2012;161:314-9.



156

Pa
rt

 V
   

  P
sy

ch
os

oc
ia

l c
on

se
qu

en
ce

s

ABSTRACT

Objective:

The authors evaluated health-related quality of life (HRQOL) and behavioral functioning in 
patients with a history of Kawasaki disease (KD).

Methods:

A cross-sectional study was conducted at a tertiary referral center for KD follow-up in 280 
patients (mean age 8.6 years; 60.0% male). Patients were eligible when they were aged 0-18 
years and had a history of KD. HRQOL was assessed using the TNO-AZL Preschool Children 
Quality of life (TAPQOL) for children 0-5 years old and the Pediatric Inventory of Quality of 
Life Core Scales 4.0 (PedsQL) for those 6-18 years old. Behavioral functioning was evaluated 
using the Strength and Difficulties Questionnaire (SDQ) (8-16 years proxy report and 11-16 
years self-report). KD results were compared with Dutch norm data, and patients with and 
without coronary artery aneurysms were compared. 

Results:

HRQOL was significantly worse for male patients aged 0-5 years on 4 of the 12 TAPQOL 
scales and for female patients on the motor functioning scale. At an older age, the HRQOL 
of patients was comparable with the norm population. Coronary artery status did not 
influence HRQOL. Parents reported more behavioral problems on the hyperactivity and 
emotional subscale in patients compared with the norm population.  

Conclusions:

Although at older age the HRQOL of KD patients is comparable with the Dutch norm, HRQOL 
seems to be particularly impaired at younger age. Parents reported more hyperactivity and 
emotional problems in KD patients. 
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic vasculitis of unknown etiology that predomi-
nantly affects children <5 years old. The most serious complication of the disease is the 
development of coronary artery aneurysms (CAA), occurring in <10% of the patients ad-
equately treated with high-dose intravenous immunoglobulins1. In developed countries, KD 
is the leading cause of acquired heart disease in childhood. 
The diagnosis of KD is made by the presence of several clinical criteria including persistent 
fever, bilateral non-exudative conjunctival injection, erythema of the lips and oral mucosa, 
swelling and redness of the extremities, polymorphous rash, and cervical lymphadenopathy. 
Extreme irritability is not one of the diagnostic criteria but is a common symptom during the 
acute KD phase2. Other symptoms indicating central nerve system (CNS) involvement have 
also been reported and include severe lethargy, aseptic meningitis, semicoma, facial nerve 
palsy, sensorineural hearing loss, hemiplegia, and cerebral infarction3-7.
Studies in KD have mainly been focused on the etiology and the cardiac complications of 
the disease. Studies evaluating the long-term impact of the acute KD episode on health 
related quality of life (HRQOL) and psychosocial functioning in children are scarce and 
report contradictory results8-13. Moreover, the few studies performed report on relatively 
small numbers of patients. The purposes of the present study were to evaluate HRQOL and 
psychosocial functioning in a large group of Dutch children and adolescents with a history 
of KD and to compare HRQOL of patients with and without coronary artery sequelae. 

METHODS

Study population

This cross-sectional study was conducted between October 2010 and February 2011 at our 
multidisciplinary KD follow-up clinic. Patients were included if they were aged 0-18 years 
and had a history with KD according to the diagnostic criteria1. Eligible patients and their 
parents received an invitational letter to participate in the study. When letters were unde-
liverable, attempts were made to verify the addresses and letters were sent again. If families 
consented with participation, they received a password for the study website (www.hetklikt.
nu/twee/kawasaki). The computer system automatically selected the appropriate question-
naires (depending on the child’s age) and, subsequently, the patient (8–18 years) and/or 
parent (0–18 years) could start completing the questionnaires. In a second wave of recruit-
ment, families were approached via telephone if they had not responded to the invitational 
letter. Patients were excluded if they had an insufficient knowledge of the Dutch language 
or if they had a history of a severe chronic illness or CNS dysfunction unrelated to KD. Eligible 
patients with KD who did not complete the questionnaires were defined as nonparticipants. 
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The study was performed according to the regulations of the medical ethical committee of 
our institute. 

Patient information

Demographic and clinical characteristics of all eligible patients were collected retrospec-
tively through a review of medical records. The presence of CNS symptoms during the 
acute KD phase was evaluated. A CAA was defined according to criteria established by the 
Japanese Ministry of Health in 1984 (i.e., luminal diameter >3 mm in children <5 years old, 
>4 mm in those >5 years old, or a diameter 1.5 times the size of an adjacent segment or an 
irregular lumen)14. Patients were divided into groups based on their coronary artery status 
(patients without CAA vs patients with a history of CAA) and based on the presence of 
CNS symptoms during the acute phase (patients presenting with CNS symptoms vs those 
presenting without CNS symptoms). 

Questionnaires

Socio-demographics
Socio-demographic characteristics of participating children and parents were collected 
with the use of a general questionnaire completed by one of the parents. The following 
information was collected about the child: use of medication, educational level, and sports 
activities. From the parent, we obtained on age, sex, country of birth, parental education, 
and marital status. Parental educational was divided into 3 levels: primary school and pri-
mary vocational school (low), secondary school and secondary vocational school (middle), 
and higher vocational school and university (high). 

HRQOL
Two questionnaires were used to evaluate HRQOL: the TNO-AZL Preschool Children Quality 
of Life questionnaire (TAPQOL) and the Pediatric Quality of Life inventory 4.0 (PedsdQl 4.0).

TAPQOL
The TAPQOL is a generic, multidimensional HRQOL instrument for children aged 1 to 5 years. 
The 43-item questionnaire is based on proxy report. The TAPQOL assesses the child’s func-
tioning on 12 multi-item scales: stomach (gastro-intestinal functioning), skin, lungs, sleep-
ing, appetite, motor functioning, positive mood, anxiety, liveliness, problematic behavior, 
social functioning, and communication. The 12 scales cover the domains of physical, social, 
cognitive, and emotional functioning. Higher scores indicate a better HRQOL. Completion 
time is about 5–10 minutes and the psychometric properties are satisfactory. TAPQOL norm 
data from the Dutch general population are available15. 
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PedsQl 4.0
The PedsQl 4.0 is a generic HRQOL questionnaire for children aged 6-18 years. The PedsQl has 
2 versions: a child self-report and a parent proxy-report version. In this study both versions 
were used - the proxy-report for children aged 6-7 years and the self-report for the children 
aged 8-18 years16. The 23 items of the PedsQl cover 4 subscales: physical functioning (8 
items), emotional functioning (5 items), social functioning (5 items), and school function-
ing (5 items). Higher PedsQL scores indicate a better HRQOL. Completion time is about 5 
to 10 minutes. The PedsQl 4.0 has a satisfactory internal consistency on all subscales, and 
representative norm data from the Dutch general population are available17. The PedsQl has 
2 different versions: the past-month or past-week version. The past-week version was used 
for this study.

Behavioral functioning

SDQ
Behavioral functioning was measured with the Dutch version of the Strengths and Difficulties 
Questionnaire (SDQ)18. The SDQ is a behavioral screening questionnaire19. The SDQ provides 
balanced coverage of children’s and adolescent’s behavior, emotions, and relationships. 
The SDQ contains 25 items: 20 problem items across 4 subscales (emotional symptoms, 
conduct problems, hyperactivity, and peer relationship problems) and a 5-item prosocial 
behavior subscale. For each subscale, the score ranges from 0 to 10. Higher scores on the 
prosocial subscale indicate more strengths, whereas higher scores on the other 4 subscales 
indicate more difficulties. Summing the scores from all the subscales except the prosocial 
scale generates a total difficulties score ranging from 0 to 40. The psychometric properties 
of the SDQ have been examined in a sample of Dutch children and adolescents and have 
acceptable internal consistency and test-test stability20. Dutch norm data are available for 
children aged 8-16 years18. For the present study, the self-report (11-16 years) and the proxy 
report (4-16 years) versions were used. 

Statistical analysis

The Statistical Package for Social Sciences (SPSS, Chicago, Illinois) version 16.0 was used 
for statistical analyses. First, differences between participants and nonparticipants were 
analyzed using independent t-tests and Chi² tests. Second, TAPQOL and PedsQL scores were 
analyzed. Before the final analyses were conducted, scales were constructed and missing 
data were imputed on the basis of the guidelines of the questionnaires used. TAPQOL and 
PedsQL scores of patients with KD and the norm population and of patients with KD with 
and without CAAs were compared using ANOVA by group, gender and age. Finally, one-way 
sample t tests were used to compare SDQ scores of patients with KD with mean Dutch norm 
data. Due to the multiple testing, we chose a 1% statistical significance level. To report the 
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strength of the differences, effect sizes were calculated by dividing the differences in mean 
scores between the patients with KD and the norm group by the SD of the norm group. 
Effect sizes up to 0.2 were considered to be small; between 0.2 and 0.8, moderate; and effect 
sizes >0.8, large21.

RESULTS

Socio-demographic and medical information

Of the 434 patients in our institutional database, 368 met the inclusion criteria for the study. 
Eight families were excluded because of an insufficient knowledge of the Dutch language 
(n=6) or other severe chronic illness of the child (n=2; 1 each with chronic granolumatous 
disease and West syndrome). Ten letters of invitation were undeliverable. In total, 280 of the 
350 approached families completed the study (response rate 80%). Clinical characteristics 
of participants and nonparticipants did not differ significantly, but in the participants there 
was a trend toward a younger age (mean age, 8.6±4.4 years vs 9.8±4.4 years, P=0.043) and 
shorter interval from disease onset to the study (mean interval in years 5.8±4.2 vs 7.1±4.3, 
P=0.017) (Table 1).

Clinical and socio-demographic characteristics of the participating patients are shown in 
Table 2. The mean age was 8.6 ± 4.4 years, and the majority of patients were male (60%), 
reflecting the higher incidence of KD in male patients. Irritability (n=47), lethargy (n=8), and 
aseptic meningitis (n=9) were frequently reported during the acute KD phase, although a 
facial nerve palsy, hallucinations, and sensorineural hearing loss were only reported once in 
our cohort of patients.

Table 1. Comparison of participants and non-participants for clinical KD characteristics

Participants 
  (n=280)

Non-participants
   (n=70)

P

Male gender 168 (60.0%) 47 (67.1%) 0.272

Age (yrs), mean ± SD 8.6 ± 4.4 9.8 ± 4.4 0.043

Age at KD onset (yrs), median (range) 2.4 (0.1–14.0) 1.8 (0.2–12.1) 0.144

Interval from KD onset to the study (yrs), mean ± SD 5.8 ± 4.2 7.1 ± 4.3 0.017

Patients admitted to the PICU 8 (2.9%) 4 (5.7%) 0.230

Duration of hospital admission (days), median (range) 7 (1 – 57) 8 (2 – 106) 0.396

Patients with coronary artery aneurysms 47 (16.8%) 14 (20.0%) 0.526

Abbreviations: PICU=pediatric intensive care unit; SD=standard deviation; yrs=years. 
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HRQOL

Children aged 0-5 years (TAPQOL)

TAPQOL results are shown in table 3. Significantly lower scores were reported by parents in 
male patients compared with the Dutch norm group on 4 scales: skin, motor functioning, 
communication, and liveliness. In female patients, only the motor functioning scale was 

Table 2. Characteristics of participating patients and their parents

 Participants 
(n = 280)

Patients

Male gender 168 (60.0%)

Age in years, mean ± SD 8.6 ± 4.4

Age group
0 – 7 years (proxy-report)
8 – 18 years (proxy + self-report)

140 (50.0%)
140 (50.0%)

Age at KD onset in years, median (range) 2.4 (0.1–14.0)

Interval from KD onset to the study in years, mean ± SD 5.8 ± 4.2

Admission to the pediatric intensive care unit 8 (2.9%)

Duration of hospital admission in days, median (range) 7 (1 – 57)

Coronary artery status: 
Patients with coronary artery aneurysms
Patients with giant aneurysms

47 (16.8%)
7 (2.5%)

Treatment
IVIG treatment during the acute phase
Patients currently treated with anticoagulants
History of coronary artery bypass graft procedure

261 (93.2%)
20 (7.1%)
4 (1.4%)

Educational level 
Preschool
Incomplete elementary school
Incomplete secondary school
Incomplete higher education
Special school

43 (15.4%)
169 (60.4%)
44 (15.7%)
9 (3.2%)
13 (4.6%)

Playing sports 158 (56.4%)

Parents *

Gender of participating parent: female 231 (83.1%)

Age in years, mean ± SD 39.8 ± 7.2

Country of birth: The Netherlands 245 (87.5%)

Educational level 
Low
Middle
High 

28 (10.0%)
150 (53.6%)
100 (35.7%)

Marital status
Married / common-law marriage
Separated / widowed / others

240 (85.7%)
38 (13.6%)

* The socio-demographic questionnaire was missing of 2 parents
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significantly lower compared with the Dutch norm population. There was no difference in 
TAPQOL scores of patients with and without CAAs (data not shown). 

Children aged 6-18 years (PedsQl)

Table 4 shows PedsQL results of patients with KD compared with the Dutch norm popula-
tion. In the groups aged 8-12 and 13-18 years old, no significant differences were found 
between patients and controls (self-report). HRQOL of patients with and without CAAs was 
comparable on all subscales, including physical health (data not shown). 

Behavioral functioning (SDQ)

Table 5 shows the SDQ results. Parents of male patients with KD (8-16 years old) reported 
significantly higher mean SDQ scores, indicating more difficulties, than the norm along 
the hyperactivity subscale. Parents reported more emotional problems for female patients. 
Higher mean scores along the subscale prosocial were found for male patients indicating 
more prosocial behavior. 
Male patients with KD aged 11-16 years self-reported significantly less difficulties in terms of 
conduct problems and significant higher scores on the prosocial subscale than the Dutch 
norm. Female patients with KD reported significantly less peer problems.
SDQ results of patients presenting with and without CNS symptoms were compared within 
our KD cohort (aged 4–16 years). Mean SDQ scores did not differ significantly between pa-

Table 3. Mean HRQOL scores (TAPQOL) of male and female KD patients aged 0 – 5 years compared with 
the Dutch norm population

Boys Girls

KD patients Dutch norm KD patients Dutch norm

Subscale n Mean (SD) n Mean (SD) P1 d n Mean (SD) n Mean (SD) P1 d

Sleeping 49 84.3 (19.1) 192 84.0 (16.3) 0.485 0.0 38 79.1 (22.4) 147 80.1 (18.3) 0.321 0.1

Appetite 49 84.4 (17.0) 191 85.3 (12.4) 0.338 0.1 38 86.2 (16.9) 148 83.8 (14.1) 0.096 0.2

Lungs 49 93.4 (16.5) 192 93.0 (16.8) 0.679 0.0 38 94.3 (11.6) 147 94.3 (15.2) 0.793 0.0

Stomach 49 82.7 (21.4) 191 92.5 (12.9) 0.163 0.8 38 84.2 (16.5) 147 91.0 (14.9) 0.083 0.5

Skin 49 85.7 (20.1) 191 92.5 (9.7) 0.007* 0.7 38 84.9 (17.2) 148 90.9 (12.1) 0.064 0.5

Motor functioning 47 92.4 (15.1) 166 98.6 (4.3) 0.000** 1.4 35 96.1 (10.4) 123 98.4 (4.6) 0.003* 0.5

Social functioning 47 89.4 (21.0) 168 90.2 (17.0) 0.402 0.0 35 92.9 (16.8) 124 92.9 (12.6) 0.884 0.0

Problem behavior 49 65.9 (22.1) 192 67.5 (16.0) 0.332 0.1 38 69.4 (22.9) 148 67.4 (14.5) 0.411 0.1

Communication 47 86.8 (17.0) 164 90.5 (10.7) 0.005* 0.3 35 95.2 (9.2) 121 93.2 (8.4) 0.556 0.2

Anxiety 49 69.7 (28.0) 192 80.6 (17.9) 0.180 0.6 38 76.8 (24.7) 148 75.5 (17.8) 0.314 0.1

Positive mood 49 94.2 (14.7) 192 98.4 (7.3) 0.025 0.6 38 97.4 (9.9) 148 99.1 (5.4) 0.610 0.3

Liveliness 49 89.8 (20.1) 191 98.0 (8.2) 0.001* 1.0 38 94.3 (14.6) 148 98.0 (7.8) 0.134 0.5

TAPQOL scores range from 0 - 100, higher scores represent a better HRQOL. d = effect size
* Difference at P<0.01 according to ANOVA by group and age 
** Difference at P< 0.001 according to ANOVA by group and age
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tients with or without a neurological presentation (total difficulties score 8.7±5.5 vs 8.1±5.8; 
emotional symptoms: 2.4±2.0 vs 2.4±2.4; conduct problems: 1.5±1.4 vs 1.0±1.3; hyperactiv-
ity: 3.7±2.7 vs 3.7±2.8; peer relationship problems 1.3±1.6 vs 1.1±1.5; and prosocial behavior: 
8.1±2.1 vs 8.6±1.5). 

Table 4. Mean HRQOL scores (PedsQl) of male and female patients with Kawasaki disease compared with 
the Dutch norm population

Boys Girls

KD patients
Norm 

population
KD patients

Norm 
population

Subscale n Mean(SD) n Mean(SD) P * d n Mean (SD) n Mean(SD) P * d

Group 6-7
(proxy report)

Total score 34 81.2 (15.6) 28 87.2 (7.6) 0.076 0.8 19 85.9 (10.1) 33 85.1 (8.9) 0.726 0.1

Psychosocial health 34 78.2 (17.6) 28 84.7 (9.8) 0.090 0.7 19 82.5 (13.4) 33 84.5 (8.9) 0.608 0.2

Physical health 34 87.0 (15.2) 28 91.7 (5.9) 0.130 0.8 19 92.1 (8.9) 33 86.4 (11.1) 0.059 0.5

Emotional functioning 34 74.6 (18.2) 28 79.5 (13.5) 0.247 0.4 19 75.3 (18.8) 33 77.6 (12.3) 0.717 0.2

Social functioning 34 81.9 (19.2) 28 90.5 (11.0) 0.041 0.8 19 87.1 (12.1) 33 87.8 (11.4) 0.945 0.1

School functioning 34 78.1 (21.0) 28 84.1 (11.2) 0.184 0.5 19 85.3 (15.5) 33 88.2 (10.2) 0.408 0.3

Group 8-12 
(self-report)

Total score 56 81.9 (12.9) 92 83.3 (8.4) 0.889 0.2 33 82.4 (11.9) 100 81.4 (9.2) 0.957 0.1

Psychosocial health 56 79.2 (13.5) 92 82.2 (9.4) 0.361 0.3 33 78.6 (13.4) 100 79.5 (11.0) 0.375 0.1

Physical health 56 87.1 (13.7) 92 85.5 (9.3) 0.185 0.2 33 89.7 (13.7) 100 85.1 (8.4) 0.078 0.5

Emotional functioning 56 76.2 (18.4) 92 79.5 (12.7) 0.413 0.3 33 73.2 (16.3) 100 74.4 (14.3) 0.267 0.1

Social functioning 56 85.6 (14.1) 92 87.2 (10.6) 0.985 0.1 33 83.9 (15.6) 100 85.9 (13.6) 0.710 0.1

School functioning 56 75.7 (16.7) 92 79.8 (11.5) 0.189 0.4 33 78.6 (13.9) 100 78.1 (12.3) 0.457 0.0

Group 13-18 
(self-report)

Total score 29 86.2 (11.4) 62 83.1 (9.5) 0.137 0.3 22 79.8 (14.9) 86 83.2 (8.7) 0.264 0.4

Psychosocial health 29 83.5 (13.1) 62 80.7 (11.1) 0.171 0.2 22 77.4 (14.9) 86 81.6 (9.6) 0.150 0.4

Physical health 29 91.5 (13.8) 62 87.5 (9.3) 0.214 0.4 22 84.5 (19.0) 86 86.2 (9.1) 0.782 0.2

Emotional functioning 29 86.6 (15.1) 62 79.5 (14.6) 0.136 0.5 22 73.6 (20.5) 86 76.1 (15.2) 0.541 0.2

Social functioning 29 88.3 (13.5) 62 88.2 (13.0) 0.773 0.0 22 84.3 (16.5) 86 91.5 (9.9) 0.017 0.7

School functioning 29 78.5 (15.4) 62 74.4 (13.0) 0.117 0.3 22 74.1 (16.4) 86 77.0 (12.5) 0.486 0.2

PedsQL scores range from 0 to 100, higher scores represent a better HRQOL. d = effect size
* KD patients versus Dutch norm population
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DISCUSSION

Our study demonstrates that young male patients with KD (aged 0-5 years) have a sig-
nificantly impaired HRQOL compared with the norm on 4 of the 12 TAPQOL scales (skin, 
motor functioning, communication, and liveliness subscale). In female patients, a significant 
impairment of HRQOL was reported only on the motor functioning scale. Like in the male 
patients, lower scores were also reported on the skin and liveliness subscale in the female 
patients, but this was not a significant difference. The sex differences in this age group may 
be explained by the fact that a lower number of female patients participated in the study, 
which has limited the statistical power to identify significant differences. 
In contrast to the impaired HRQOL in young patients, at older age (6-18 years) no differences 
were found between PedsQL scores of patients with KD and the norm population. Overall, 
HRQOL seems to be favorable and comparable with the healthy Dutch population in this 
age group. These findings are in line with previous studies evaluating HRQOL in patients 
admitted with an acute serious illness22, 23. One of these studies by Knoester et al evaluated 
HRQOL in a cohort of previously healthy children who were admitted unexpectedly to 
the pediatric intensive care unit22. The authors found similar findings and also reported an 

Table 5. Behavioral and emotional disorders assessed by the Strengths and Difficulties Questionnaire (SDQ) 
of male and female KD patients compared with Dutch norm data.

Boys Girls

KD patients Dutch Norm KD patients Dutch Norm

n Mean (SD)  Mean (SD) P 1 d n Mean (SD)  Mean (SD) P 1 d

Parent SDQ 
(8-16 years)

Emotional 78 2.2 (2.1) 1.8 (1.9) 0.081 0.2 50 2.7 (2.7) 1.7 (1.8) 0.009* 0.6

Conduct 78 1.1 (1.3) 1.3 (1.6) 0.092 0.1 50 1.0 (1.3) 0.8 (1.2) 0.392 0.2

Hyperactivity 78 4.1 (2.5) 3.3 (2.9) 0.005* 0.3 50 3.0 (2.8) 2.1 (2.3) 0.023 0.4

Peer problems 78 1.2 (1.6) 1.4 (1.7) 0.204 0.1 50 1.0 (1.5) 0.9 (1.4) 0.776 0.1

Prosocial 78 8.7 (1.4) 8.2 (1.6) 0.002* 0.3 50 8.3 (2.0) 8.8 (1.4) 0.069 0.4

Total difficulties 78 8.6 (5.1) 7.8 (5.5) 0.192 0.1 50 7.7 (6.0) 5.6 (4.8) 0.018 0.4

Self-report SDQ 
(11–16 years)

Emotional 39 1.5 (1.5) 1.6 (1.6) 0.772 0.1 24 2.3 (2.2) 2.8 (2.1) 0.235 0.2

Conduct 39 1.1 (1.3) 1.7 (1.4) 0.000** 0.4 24 1.2 (1.0) 1.7 (1.4) 0.016 0.4

Hyperactivity 39 3.4 (2.0) 2.2 (1.6) 0.131 0.8 24 3.3 (2.5) 3.8 (2.3) 0.369 0.2

Peer problems 39 1.2 (1.8) 1.9 (1.7) 0.017 0.4 24 1.0 (1.2) 1.8 (1.7) 0.002* 0.5

Prosocial 39 8.2 (2.0) 6.9 (2.4) 0.000** 0.5 24 8.3 (1.8) 7.5 (2.1) 0.032 0.4

Total difficulties 39 7.2 (5.1) 9.7 (4.7) 0.004* 0.5 24 7.7 (4.5) 10.1 (5.0) 0.016 0.5

Higher scores on the SDQ subscales indicate more difficulties, except for the prosocial scale. d = effect size
1 KD patients versus Dutch norm data
* Difference at p < 0.01 according to one-way sample t-test 
** Difference at p < 0.001 according to one-way sample t-test
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improvement of HRQOL over time. We therefore believe that our HRQOL findings reflect a 
rather general reaction to hospitalization because of an acute serious illness, especially in 
the patients without persisting coronary artery sequelae. 
The difference in HRQOL between young and older patients may be explained by the dif-
ferent types of questionnaires used in this study (TAPQOL vs PedsQL), but there are 2 more 
likely explanations. First, because KD is a vasculitis that predominantly occurs in very young 
children, the mean time interval from disease onset to study participation increases with 
age. The younger patients have been diagnosed with KD more recently and may reasonably 
experience more problems. Second, the difference may be explained by the discrepancy 
between proxy and self-report. The imperfect agreement between self and proxy-report, 
termed cross-informant variance, has previously been described in HRQOL and psychoso-
cial functioning measurements of sick and healthy children24-26. A pediatric illness like KD 
not only affects the child but also the entire family, and especially the parents. Parents of 
KD patients undergo a great deal of stress and anxiety during the hospitalization period 
of their child associated with obtaining and dealing with the diagnosis of KD. Moreover, 
parents of children with coronary artery complications express persistent anxiety even years 
after the acute phase of the illness. Prior to KD, most children were perfectly healthy and it 
is an unexpected and probably traumatic event for parents to suddenly have a seriously 
ill child10, 27. Anxiety and concerns of the parents about the illness and the possible long-
term complications may be reflected in their assessment of the HRQOL of their child28. The 
experiences of the parents may be in contrast to the experiences of the patients themselves, 
who will in many cases not even remember the period of hospitalization at very young 
age. In combination with the increased interval from disease onset, the impact of KD on 
parents may thus explain the reported differences in HRQOL of young (proxy report) and 
older patients (self-report) with a history of KD. 

Psychosocial functioning

The difference between self-report and proxy report was also demonstrated by the SDQ 
results. For children aged 11-16 years the SDQ was completed both by proxy and self-report. 
Parents reported more hyperactivity and emotional problems compared to the Dutch 
norm, whereas patients themselves reported no differences with the norm data on these 2 
subscales. On all other problem subscales, parents reported no differences with the norm, 
whereas patients self-rated significantly less behavioral problems. To get more insight in 
behavioral problems in patients with KD, behavioral problems may be evaluated using the 
teacher-version of the SDQ or other neuropsychological assessments in future research. 
Hyperactivity problems were reported more frequently by parents of male patients with KD 
compared with the Dutch norm. Previously, King et al also reported more attention difficul-
ties in patients with KD compared with their healthy siblings using the Achenbach Child 
Behavior Checklist11. Hypothetically, the reported behavioral problems may be the result 
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from vasculitis of the cerebral arteries. In KD, the systemic vasculitis predominantly affects 
the coronary arteries but has also been shown to affect the cerebral arteries29-31. Localized 
hypoperfusion has previously been observed in cerebral imaging studies in KD. In 1998, 
Ichiyama and co-authors reported transient cerebral hypoperfusion on single-photon emis-
sion computed tomography in 6 of 21 patients with KD without neurological symptoms30. 
More recently, Hikita et al also observed localized hypoperfusion in 13 of 18 patients with 
KD without a neurological presentation and in all 4 patients with neurological symptoms. 
The hypoperfusion was not restricted to the acute phase only but was also observed 
during follow-up single-photon emission computed tomography – both in patients with 
and without neurological symptoms29. Localized hypoperfusion may reasonably result in 
(subtle) CNS damage. It is therefore possible that the reported behavioral problems have 
a pathologic substrate and are not only the result of the psychological consequences of 
having suffered from a serious disease of unknown etiology and future outcome. However, 
future studies are needed to investigate this. 
Like Carlton et al9, we have shown that parents rated more emotional behavioral problems 
in prior (female) patients with KD. We recommend pediatricians to keep this in mind and to 
be aware of the potential need for referral to a clinical psychologist in patients with a history 
of KD because of behavioral problems. 

Coronary artery status

Although cardiovascular sequelae may have a negative influence on HRQOL in KD, it is reas-
suring that we found no difference in HRQOL of children with and without coronary artery 
aneurysms. Muta et al previously investigated HRQOL in an adult Japanese population of 
patients with a history of KD in childhood12. In agreement with the results of our study, 
no differences were found in HRQOL of patients with and without (giant) coronary artery 
aneurysms. The study of Muta et al did not asses behavioral functioning and was performed 
in a different study population, consisting of patients aged >16 years. 

Limitations and future research

Our study has some limitations. First, because of the cross-sectional design of this study, 
the course of HRQOL and psychosocial functioning over time cannot be assessed. Second, 
there was a difference in age and sex between the patients and the norm groups, but we 
have corrected for potential effects in the subsequent statistical analyses. Third, there was a 
trend toward differences in age and interval from disease onset between participants and 
nonparticipants. Participants were younger and, consequently, had a shorter interval from 
disease onset to the study. There is a potential for selection bias, in that the families who 
participated may have been more motivated or may have been more concerned because 
of shorter interval from the acute disease onset. However, the high response rate (80%) 
may have limited this potential bias. Fourth, patients were stratified for coronary artery 
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status based on the Japanese Ministry of Health criteria instead of z-scores because the 
dichotomous Japanese definition is still routinely used in our clinical practice. Patients can 
therefore be misclassified32-33. Finally, 2 different HRQOL instruments were used (TAPQOL 
and PedsQL). The PedsQl questionnaire for children aged 2-4 years was not translated and 
validated in Dutch at the start of this study. We therefore choose to use the TAPQOL, which 
has previously been shown to be a reliable and valid instrument for HRQOL evaluation in 
preschool children15. 
Based on our findings, some suggestions for further research can be done. The behavioral 
problems reported in our cohort of patients with KD must be evaluated more extensively, 
preferably by neuropsychological assessments or semi-structured interviews by a child 
psychologist. The possible relation with a cerebral vasculopathy must also be delineated in 
future (imaging) studies. In addition, future research is needed to evaluate the impact on 
parents of having a child with KD. It is important to get insight in functioning of parents to 
provide comprehensive and high quality care for families with children with KD.

CONCLUSIONS

In conclusion, we found that HRQOL and psychosocial functioning of patients with a history 
of KD overall is favorable, regardless of the coronary artery status. However, especially in 
young patients HRQOL may be impaired and hyperactivity and emotional problems are 
more often being reported by parents in KD patients compared to Dutch norm data. We sup-
pose that these findings reflect the psychosocial consequences of hospitalization because 
of an acute serious illness at young age, but a pathological substrate cannot completely be 
excluded. We recommend pediatricians to keep this in mind and to consider referral of KD 
families to a clinical psychologist where necessary. 
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ABSTRACT

Aim: 

Kawasaki disease (KD) is an acute pediatric vasculitis. The psychosocial consequences of this 
sudden illness for parents are unknown. This study aimed to evaluate health related quality 
of life (HRQOL) and parental perceptions of child vulnerability (PPCV) in parents of children 
with KD, and to identify variables associated with PPCV. 

Methods: 

This cross-sectional study included 288 parents (83% mothers) of KD patients (mean age 8.7 
years). HRQOL was assessed using the TNO-AZL Questionnaire for Adult’s HRQOL (TAAQOL) 
and PPCV using the Child Vulnerability Scale (CVS). Scores of KD parents were compared 
with reference groups of Dutch parents. Logistic regression analyses were performed to 
examine associated variables. 

Results: 

The HRQOL of KD parents was comparable to the HRQOL of parents of healthy children. 
However, KD parents showed significantly higher PPCV, regarding both the median CVS total 
score and the percentage in the clinical range. No differences were found in CVS outcomes 
between KD parents and parents of a chronically ill child. None of the studied parental, child 
and disease characteristics were significantly associated with PPCV.

Conclusion: 

Parents perceived their KD child more vulnerable to illness than healthy children, while in 
reality the majority had fully recovered from KD.
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INTRODUCTION

Kawasaki disease (KD) is an acute, systemic vasculitis of unknown etiology that predomi-
nantly occurs in children under the age of five. The disease is complicated by the develop-
ment of coronary artery aneurysms (CAA) in up to 25% of untreated patients. Treatment 
with high-dose intravenous immunoglobulins reduces the rate of CAA to <5%1. KD is, 
however, the leading cause of acquired heart disease in childhood in developed countries2. 
The diagnosis of KD is based primarily on the presence of persistent fever and four out of five 
classical clinical features (bilateral nonexudative conjunctival injection, polymorphous rash, 
erythema of the lips and oral mucosa, cervical lymphadenopathy and swelling and redness 
of the extremities)1,3. 
Prior studies have focused primarily on the etiology and the cardiac complications of the 
disease. Studies evaluating the long-term impact of KD on health related quality of life 
(HRQOL) and psychosocial functioning in children are limited4-9. Additionally, the long-term 
impact on parents of patients with KD is still being delineated. A pediatric illness like KD 
not only affects the child but the entire family, and especially the parents10-12. It has been 
described that parents of patients with KD experience a considerable amount of stress 
and anxiety resulting from the disease’s sudden onset, possible delay in diagnosis and the 
potentially severe complications of the disease13. 
After the acute phase of KD, the majority of the patients recover fully and do not face long-
term daily consequences of their disease. However, even if the patient did not develop 
cardiovascular sequelae, parents might continue to perceive their child as vulnerable to 
illness. A parent’s belief that a child is vulnerable or susceptible for harm or illness can po-
tentially have an adverse effect on the child’s development14. High perceived vulnerability 
can lead to overprotective behavior in parents and psychological problems in children, such 
as psychosomatic complaints and school underachievement15. Increased understanding of 
possible HRQOL problems, parental perceptions of child vulnerability (PPCV) and associated 
variables will allow practitioners to provide the support and interventions these parents 
might need.
The aims of this study were (1) to evaluate the HRQOL and PPCV of parents of a child with a 
history of KD, and (2) to identify which parental, child and disease characteristics are associ-
ated with PPCV. 

METHODS

Study population

This cross-sectional study was conducted between October 2010 and February 2011 at 
the multidisciplinary KD follow-up clinic of the Emma Children’s Hospital, a tertiary referral 
center. Parents were eligible to participate in the study if they had a child aged 0 to 18 years 
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with a history of KD according to the diagnostic criteria1. Parents were excluded if they had 
an insufficient knowledge of the Dutch language or if their child had a history of a severe 
chronic illness unrelated to KD. 
Parental data were collected as part of a larger study about the long-term impact of the 
disease on families. Findings on HRQOL and behavioral functioning of the child have been 
reported before9. The study design was also described in this prior report. In short, families 
were approached to participate in the study in an invitational letter or by telephone. After the 
families consented with participation, they received a password enabling them to complete 
online questionnaires on the study website (www.hetklikt.nu/twee/kawasaki). Apart from 
providing information about their child, parents (father or mother) were asked to complete 
questionnaires about their own functioning. This study was approved by the Medical Ethics 
Committee of our institute and was performed according to their regulations. 

Socio-demographics and clinical characteristics

Socio-demographics of the participating parents were collected using an online question-
naire. Data were obtained on parental age, gender, country of birth, marital status, number 
of children and education level (low: no education, primary school or primary vocational 
education; middle: secondary school or secondary vocational education; high: higher voca-
tional education or university). The following information was obtained about the child with 
KD: age, gender, age at KD onset, interval from KD onset to the study, duration of hospital 
admission, admission to the pediatric intensive care unit and CAA outcome (during acute 
phase and persistent CAA at follow-up). CAA were defined according to criteria established 
by the Japanese Ministry of Health in 198416. The clinical data were collected retrospectively 
by review of the medical records. 

Health Related Quality of Life (HRQOL)

Parental HRQOL was assessed using the TNO-AZL Questionnaire for Adult’s Health Related 
Quality of Life (TAAQOL)17. This questionnaire measures health status problems weighted 
by the impact of problems on well-being on 12 multi-item scales: gross motor functioning, 
fine motor functioning, cognitive functioning, sleep, pain, social functioning, daily activities, 
sexuality, vitality, positive emotions, depressive emotions, and aggressiveness. Most items 
consist of two parts: the first part assesses the prevalence of a health problem or limitation 
in the past month, and the second part evaluates the emotional response to the health 
problem or limitation. A single score is attributed to each combination of an item assessing 
the prevalence of a problem or limitation and the corresponding emotional response. The 
scales for vitality, positive emotions, depressive emotions, and aggressiveness only assess 
the occurrence of the feelings in the past month. Higher scores indicate a better HRQOL 
(range 0-100). The psychometric properties, validity and reliability of the TAAQOL were satis-
factory17. The Cronbach’s α values in the present study were good, ranging from 0.71 to 0.92. 
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Reference data are available of 424 parents of healthy children from two Dutch elementary 
schools and one high school, located near our hospital10.  

Parental perceptions of child vulnerability (PPCV)

Parental perceptions of child vulnerability was assessed using the Child Vulnerability Scale 
(CVS)14. The CVS was translated into Dutch with permission from the author, and translated 
back and forth to check for validity of the translation18. The CVS consists of eight items (e.g. “I 
often have to keep my child indoors because of health reasons”, “In general my child seems 
less healthy than other children”) with a four-point response scale ranging from ‘definitely 
false’ to ‘definitely true’ scored from zero to three, resulting in a total score of zero to 24. A 
total score equal to or greater than 10 has been suggested by Forsyth et al as a cut-off for 
high vulnerability (defined as scores in the clinical range)14. The internal consistency of the 
Dutch scale (CVS total score) was good, with a Cronbach’s α value of 0.70. The Cronbach’s α 
in the present study sample was 0.84. Reference data are available of 519 parents of children 
from nine Dutch schools, aged 5-18 years. In the reference group, children with chronic 
health conditions were identified if the parents had reported that their child suffered from 
a chronic health condition. This group (n=69) included: asthma (36.2%), congenital defect 
(13.0%), skin disease (5.8%) and migraine (5.8%). 

Statistical Analyses

IBM SPSS Statistics for Windows Version 20 was used to manage and analyze the data. First, 
the TAAQOL scale scores (HRQOL) were computed according to the manual. HRQOL dif-
ferences between parents of a child with a history of KD and the reference group were 
analyzed using analysis of variance, corrected for the differences between the groups on 
socio-demographics (parental age). To adjust for multiple testing, we used a Bonferroni 
correction and adjusted the p-value to 0.004 (0.05/12).
Second, according to the manual, the CVS total score was computed (range 0-24). The 
answers on the individual CVS items were analyzed as dichotomous variables (“definitely 
true” and “mostly true” = one, “definitely false” and “mostly false” = zero). Since the age of the 
children in the reference group ranged from 5-18 years, parents in our study sample were 
not included in the CVS analyses if their child with a history of KD was aged <5 years at time 
of the study. CVS scores were analyzed in three age groups (5-7, 8-12 and 13-18) separately, 
according to the age groups in the reference group. CVS score of parents of a child with 
KD were compared to a reference group of parents of a healthy child and to a reference 
group of parents of a child with a chronic health condition. Mann Whitney tests were used 
for the median CVS total score, and Chi2 tests for the analysis of the scores on the individual 
dichotomized items and for the number of parents with a CVS score in the clinical range 
(CVS total score ≥10). It was not necessary to correct the analyses for socio-demographic 
characteristics because the socio-demographic variables appeared not to be correlated 
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with the CVS scores. To adjust for multiple testing, we used a Bonferroni correction and 
adjusted the p-value to 0.006 (0.05/8).
Finally, logistic regression analyses were performed to examine which parental, child and 
disease characteristics were associated with PPCV, expressed as scores equal or above the 
cut-off score of 10. The logistic regression analyses were performed on parental gender, 
parental age, parental education (high versus middle/low), parental country of birth (foreign 
versus The Netherlands), marital status (married/living together versus not married/living 
together), child’s gender, interval disease onset-study, duration of hospital admission, CAA 
at follow-up and admission to the pediatric intensive care unit. The age of the child at study 
participation could not be included in the logistic regression model due to high correlation 
(0.83, p<0.000) with ‘interval disease to study participation’. 

RESULTS

Of the 434 patients in our institutional database, 368 met the inclusion criteria for the study. 
Six parents were excluded from the study because of an insufficient knowledge of the Dutch 
language and two because of another severe chronic illness of their child, being chronic 
granulomatous disease and West syndrome. Ten letters of invitation were undeliverable. In 
total, 288 of the 350 eligible parents completed at least one of the questionnaires for this 
study (response rate 82%). 

Socio-demographics and clinical characteristics

A total of 288 parents (83.3% mothers, mean age 40.20±6.28 years) completed the socio-
demographic questionnaire. Characteristics of the participating parents and their children 
are shown in Table 1. The majority of the children with KD were male (61.1%) and the mean 
age of the children with KD was 8.73±4.35 years at time of the study.

Health Related Quality of Life (HRQOL)

The HRQOL of parents of children with a history of KD did not differ significantly from the 
HRQOL of parents of healthy children on eleven out of the twelve TAAQOL scales. Parents 
of children with KD scored significantly higher on the subscale ‘social functioning’ (p=0.003) 
(Table 2).

Parental perceptions of child vulnerability (PPCV)

PPCV are shown in Table 3. Parents of a child with KD had significantly higher scores com-
pared to parents of healthy children, regarding both the median CVS total score and the 
percentage of subjects in the clinical range (scores ≥10). This was observed in the three age 
groups, with the exception of the age group 13-18. In that age-group, parents of a child with 
KD did not differ from parents of healthy children regarding the percentage with clinical CVS 
scores.
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Parents of a child with KD also reported higher scores on most individual CVS items. In the 
age group 5-7 years, parents of a child with KD differed significantly from parents of healthy 
children on five out of eight items, in the age group 8-12 on seven out of eight items, and in 
the age group 13-18 on one out of eight items. Parents of a child with KD did not differ from 
parents with a chronically ill child on any CVS outcome. 

Table 1. Characteristics of parents and children (N=288)

Parental characteristics

N M SD Range

Age (years) 275 * 40.20 6.28 25.7-61.3

  N %    

Country of birth (Netherlands) 254 88.2

Gender (female) 240 83.3

Married/living together 249 86.5

Education

Low 32 11.1

Middle 154 53.5

High 102 35.4

Number of children 

1 44 15.3

2-3 221 76.7

> 3 23 8.0

Child characteristics

N M SD Range

Age at time of the study (years) 288 8.73 4.35 1.0–19.0

  N %    

Gender (male) 176 61.1

Disease characteristics

N M SD Range

Age at KD onset (years) 288 2.94 2.51 0.1-14.1

Interval from KD onset to the study (years) 288 5.79 4.15 0.1-17.7

Duration of hospital admission (days), median 250 7   1–48

  N %    

Patients admitted to the PICU 7 2.4

Coronary artery pathology

CAA during the acute phase 49 17.0

Persistent CAA during follow-up 16 5.6

Giant CAA 8 2.4

* Date of birth was missing for 13 parents
Abbreviations: CAA=coronary artery aneurysms; KD=Kawasaki disease; PICU=pediatric intensive care unit.
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Table 3. PPCV (according to the CVS) of parents of children with a history of Kawasaki disease (N=224), 
compared with both parents of healthy children (N=450) and parents of chronically ill children (N=69), 
divided into three age categories. 

5-7 years KD parents
(N=75)

Healthy child
(N=85)

Chronically ill 
(N=14)

  Median (25-75%) Median (25-75%) P Median (25-75%) P

Total score (range 0-24) * 4 (2-7) 2 (1-3) 0.000 3 (1-9) 0.442

  % (N) % (N) p % (N) P

Clinical total score (≥10) 20.0 (15) 1.2 (1) 0.000 14.3 (2) 1.00

Items **, (mostly) true:

1. Less healthy 14.7 (11) 1.2 (1) 0.001 7.1 (1) 0.682

2. Calling the doctor 18.7 (14) 3.5 (3) 0.004 14.3 (2) 1.00

3. Susceptible 30.7 (23) 11.8 (10) 0.003 28.6 (4) 1.00

4. Check at night 24.0 (18) 15.3 (13) 0.164 21.4 (3) 1.00

5. Look healthy 17.3 (13) 0 (0) 0.000 7.1 (1) 0.455

6. Keep indoors 1.3 (1) 0 (0) 0.469 0 (0) 1.00

7. Circles under eyes 13.3 (10) 3.5 (3) 0.039 0 (0) 0.352

8. More colds 26.7 (20) 9.4 (8) 0.004 28.6 (4) 1.00

8-12 years KD parents
(N=95)

Healthy child
(N=211)

Chronically ill
(N=29)

  Median (25-75%) Median (25-75%) P Median (25-75%) P

Total score (range 0-24) * 3 (1-7) 1 (0-3) 0.000 4 (1.5-6) 0.750

  % (N) % (N) P % (N) P

Clinical total score (≥10) 16.8 (16) 1.4 (3) 0.000 3.4 (1) 0.118

Items **, (mostly) true:

1. Less healthy 12.6 (12) 2.8 (6) 0.001 13.8 (4) 1.00

2. Calling the doctor 8.4 (8) 0.5 (1) 0.000 13.8 (4) 0.473

3. Susceptible 20.0 (19) 4.3 (9) 0.000 3.4 (1) 0.042

4. Check at night 29.5 (28) 8.5 (18) 0.000 27.6 (8) 0.845

5. Look healthy 15.8 (15) 4.7 (10) 0.001 13.8 (4) 1.00

6. Keep indoors 4.2 (4) 0 (0) 0.009 10.3 (3) 0.353

7. Circles under eyes 15.8 (15) 3.3 (7) 0.000 17.2 (5) 0.852

8. More colds 17.9 (17) 1.9 (4) 0.000 10.3 (3) 0.402

13-18 years KD parents
(N=54)

Healthy child 
(N=154)

Chronically ill
 (N=26)

  Median (25-75%) Median (25-75%) P Median (25-75%) P

Total score (range 0-24) * 2 (0-5) 1 (0-2) 0.002 3 (0-6.25) 0.478

  % (N) % (N) p % (N) p

Clinical total score (≥10) 7.4 (4) 0.6 (1) 0.017 7.7 (2) 1.00
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Table 3. (Continued)
Items **, (mostly) true:

1. Less healthy 11.1 (6) 1.3 (2) 0.004 3.8 (1) 0.418

2. Calling the doctor 5.6 (3) 0 (0) 0.017 0 (0) 0.547

3. Susceptible 14.8 (8) 4.5 (7) 0.012 15.4 (4) 1.00

4. Check at night 9.3 (5) 3.9 (6) 0.130 7.7 (2) 1.00

5. Look healthy 11.1 (6) 3.2 (5) 0.026 15.4 (4) 0.720

6. Keep indoors 0 (0) 0.6 (1) 1.00 11.5 (3) 0.032

7. Circles under eyes 7.4 (4) 1.9 (3) 0.076 11.5 (3) 0.676

8. More colds 11.1 (6) 3.2 (5) 0.026 11.5 (3) 1.00

P-values according to Chi square test, Fisher’s exact test or Mann Whitney U test, where appropriate. 
To adjust for multiple testing in the comparison on item level, we used a Bonferroni correction and adjusted 
the p-value to .006
Abbreviations: CVS=Child Vulnerability Scale; KD=Kawasaki disease; PPCV=parental perceptions of child 
vulnerability.
* Higher scores represent more perceived vulnerability of the child
** Full-text items: 
1. In general, my child seems less healthy than other children. 
2. I often think about calling the doctor about my child.
3. When there is something going around my child usually catches it.
4. I often check on my child at night to make sure that s/he is okay.
5. Sometimes I get concerned that my child doesn’t look as healthy as s/he should.
6. I often have to keep my child indoors because of health reasons.
7. I get concerned about circles under my child’s eyes.
8. My child gets more colds than other children I know.

Table 4. Logistic regression model of Parental Perceptions of Child Vulnerability (CVS total score ≥ 10) 
predicted by parental, child and disease variables (n=239).

  OR 95% CI p
Parental characteristics
Gender (male) 1.48 [0.53-4.12] 0.450

Age 0.94 [0.87-1.02] 0.118

Education (high) 0.98 [0.43-2.27] 0.965

Country of birth (foreign countries) 1.42 [0.49-4.08] 0.517

Married/living together 0.81 [0.25-2.60] 0.724

Child characteristics
Gender (male) 1.79 [0.77-4.15] 0.177

Disease characteristics
Interval disease to study participation 1.00 [0.88-1.13] 0.988

Duration of hospital admission 0.98 [0.92-1.04] 0.457

Persistent CAA at follow-up 2.85 [0.76-10.63] 0.119

Admitted to PICU 3.83 [0.53-27.99] 0.185

Abbreviations: CAA=coronary artery aneurysms; CI=confidence interval; CVS=Child Vulnerability Scale; 
PICU=pediatric intensive care unit.
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Identifying variables associated with parental perceptions of child vulnerability

The results of the logistic regression analysis are shown in Table 4. None of the parental, child 
or disease characteristics were significantly associated with PPCV. 

DISCUSSION

Studies evaluating the long-term psychosocial consequences of KD on families are scarce. 
We reported previously on the HRQOL and behavioral functioning of children with a history 
of KD9, and in the present study we provide more insight in the psychosocial functioning of 
their parents. The results show that the HRQOL of parents of a child with KD was comparable 
to the HRQOL of parents of healthy children, but evaluation of PPCV indicated that these 
parents perceived their child with a history of KD more vulnerable to illness than healthy 
children.
No significant differences were found between the HRQOL of parents of a child with KD and 
the HRQOL of the reference group. It is questionable whether the TAAQOL, a questionnaire 
focused at generic HRQOL, is sensitive enough to assess emotional well-being in parents of 
a child with KD. Anxiety, for example, is not being measured, while the focus-group study 
of Chahal et al has indicated that parents of a child with KD undergo a great deal of stress 
and anxiety associated with the diagnosis, disease severity, and the possible cardiovascular 
and long-term effects of this rare disease13. In future studies, anxiety, stress reactions, and 
parental burden should be further investigated. 
Parents of a child with a history of KD perceived their child as significantly more vulnerable 
than did parents of healthy children, but comparable to the extent to which parents of chroni-
cally ill children perceived their child as vulnerable. The previous study by Chahal et al also 
noted that parents of a child with KD felt they were overprotective and reported profound 
changes in themselves after the KD episode of their child13. These are interesting findings. With 
a mean of almost 6 years after the acute phase of KD, the majority of the children with KD in 
the current study have recovered fully and do not face daily consequences of their disease, in 
contrast to children with a chronic illness. Based on our clinical experience, it is not likely that 
the children with a history of KD are ‘truly medically vulnerable’ in general terms. It is known 
that parents who perceive their child as more vulnerable are more likely to overprotect their 
child15, and that higher PPCV is associated with worse developmental outcome19. Overprotec-
tion may interfere with the development of personal skills in children needed to cope with 
the challenges of growing up. Therefore, pediatricians should take away parental worries 
about their child’s health and should encourage parents to stimulate the independence of 
their child. In addition, it would be interesting to study the parenting styles of parents of a 
child with KTo get more insight in the perceived vulnerability, we aimed to identify variables 
that were associated with PPCV. Results showed that none of the studied parental, child or 
disease variables was associated with the perceived vulnerability. This is in line with other stud-
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ies, in which illness-related characteristics of the child were shown not to influence parental 
functioning20, 21. In a study on parents of neonatal intensive care unit graduates, no correlations 
were found between PPCV and parental demographic variables (maternal education, age and 
socioeconomic status) and severity of the neonatal problems22. The same results were found 
in a population of mothers of healthy infants; none of the socio-demographic variables (child 
gender, parental age and education) were associated with PPCV scores23. However, in a study 
of Perrin et al, higher maternal education was found to predict any increase in the perceived 
vulnerability, and married mothers reported less sense of vulnerability24. In our study, educa-
tion and marital status were not correlated with PPCV.
As parents indicate that the period around the KD diagnosis of their child is characterized 
by an overwhelming range of emotions (‘emotional roller coaster’), this intensive period 
might be regarded as a potentially traumatic event13. KD can be life-threatening and a small 
percentage of the patients need to be admitted to the pediatric intensive care unit (PICU). 
Previous studies showed that an unexpected admission to the PICU is a stressful event for 
parents25. In the current study, symptoms of pediatric medical traumatic stress26 were not 
measured, nor were feelings of anxiety. From clinical experience, we know that the acute 
KD phase can be considered as traumatic for parents. Therefore, studying medical traumatic 
stress symptoms in parents of a child with a history of KD would be a suggestion for future 
research, both shortly after the acute phase and during the long-term follow-up.
Certain limitations of the current study should be taken into account. First, mainly moth-
ers participated in this study. It would be interesting to examine psychosocial functioning 
in both the father and mother of the patient. The second limitation is the cross-sectional 
study design. For this reason, no information was available about the course of HRQOL and 
perceived vulnerability over time. Furthermore, regarding the parental reference group of 
the TAAQOL (HRQOL), it should be mentioned that gender and age of the children were 
unknown. Therefore, it was not possible to control the analyses for these variables, while 
it might have had an effect on the outcomes. Finally, the questionnaires used in this study 
might not be sensitive enough to capture emotional problems that the parents could expe-
rience. For example, anxiety and medical traumatic stress are not measured. 
In conclusion, our study contributes to the limited existing literature on psychosocial functioning 
of parents of a child with KD. Parents perceived their child with a history of KD more vulnerable to 
illness than healthy children, while in reality the vast majority of the children have fully recovered 
from their disease. Our study had a relatively large study sample and included two important 
outcomes of parental functioning, i.e. HRQOL and PPCV. However, there is a need for further 
research on these domains, as well as on psychosocial functioning and medical traumatic stress 
symptoms in parents of a child with KD to gain knowledge on the starting points for developing 
interventions. To improve the care for children with KD, more research should be focused on the 
parents. The potential burden of the parents should be identified, as well as their stress levels and 
reactions to the uncontrollable aspects of this rare pediatric illness. 
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KEY NOTES

•	  Little is known about the psychosocial consequences of Kawasaki Disease (KD) for 
parents. 

•	  Parents of children with a history of KD did not differ from parents of healthy children 
regarding health related quality of life, but they did perceive their child as more vulner-
able to illness, even though most had fully recovered from KD.

•	  Healthcare providers should be aware that parental perceptions of child vulnerability 
may induce overprotective parenting.
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Since the first report of patients with Kawasaki disease (KD) by dr. Tomisaku Kawasaki in 
19671, many studies have been performed to unravel numerous different aspects of the 
disease. However, there is still a lot to discover about this mysterious pediatric disease. This 
thesis comprises several studies on different aspects of KD with a focus on the epidemiol-
ogy, etiology, treatment and long-term (psychological) consequences of this rare disease. 

PART I - EPIDEMIOLOGY

There were no systemic reports of Dutch patients when we initiated this study. To deter-
mine the incidence of KD in The Netherlands and to study the demographic characteristics, 
treatment regimen and cardiac outcome of Dutch patients with KD, we initiated a national 
survey using the Dutch Pediatric Surveillance System (DPSU). This prospective epidemio-
logical study is described in chapter 2. Based on the results, we calculated a mean annual 
incidence of KD in The Netherlands of 5.8 per 100,000 children under the age of 5 years. 
Although this incidence falls within the range from 3.6 to 15.2 observed in other European 
countries, we believe that it should be taken as a minimum estimate of the true incidence of 
KD in The Netherlands because cases may have been missed or may not have been reported 
by the pediatricians. An interesting observation of the study is that the incidence of KD per 
province seemed to be related to the varying population density throughout the country. 
This finding supports the general hypothesis that KD is triggered by an infectious agent in 
genetically susceptible individuals. Epidemiological features of the Dutch patients like age 
at the onset of disease, treatment regimen and rate of coronary artery aneurysms (CAAs) 
were comparable to other countries. Male gender, IVIG non-responsiveness and delay of 
treatment were identified as risk factors for the development of CAAs. 

PART II - TREATMENT

In part II we focused on treatment of patients with KD. Chapter 3 reviewed treatment for 
acute patients with KD and treatment options for IVIG non-responsive patients. The initial 
treatment has been well established and consists of a single infusion of high-dose IVIG (2 
g/kg). Aspirin is also administered, although the optimal dose regimen is still unproven and 
there is limited evidence for its true efficacy in preventing coronary artery lesions in acute 
KD. 
The optimal therapy for the IVIG non-responsive patients remains controversial. Different 
therapies have been described in these patients, including high-dose intravenous pulse 
methylprednisolone, TNF-α blockade, and IL-1 blockade, but controlled clinical trial data are 
currently lacking regarding the safety and efficacy of these treatments. To date we recom-
mend a second dose of IVIG (2 g/kg) in patients who do not respond to the initial IVIG 
infusion because this has been shown to be safe and effective in controlling disease activity 
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in the majority (up to 80%) of these patients. In our view, other treatment options should be 
reserved for the small number of patients non-responsive to repeated IVIG infusions. 

Based on the positive outcome of the severe KD case described in chapter 4, we believe 
that anti-IL-1 treatment may provide a promising treatment option for patients who are 
non-responsive to IVIG. Evidence to date about anti-IL-1-treatment in patients with KD is still 
at the level of this single case report, but a European multicenter trial will be launched this 
year (phase II-III). Large, randomized multicenter clinical trials are warranted to identify the 
best treatment regimen for IVIG non-responders, but numbers of patients to be included 
will be a serious issue. Such studies may not be feasible.
Major developments in the genetic field, resulting in the identification of genes influencing 
disease susceptibility and treatment efficacy in patients with KD, may also lead to the im-
provement of therapy and treatment outcome in patients with KD. At this moment it is not 
possible to predict at start of the standard treatment which patient will not be responding 
to IVIG treatment. Several scoring systems have been developed, mostly in Japan, but they 
have not yet been proven to be sensitive in different ethnic groups. To be able to optimize 
the treatment options for these patients it would be ideal to have reliable prediction models 
– independent of ethnicity. 

PART III – IGG-RELATED IMMUNITY

Part III of this thesis discussed two studies about IgG-related immunity in relation to KD. In 
chapter 5 we compared the serological response to measles, mumps, and rubella (MMR) 
vaccination in patients treated with IVIG for KD with healthy age- and gender-matched 
controls. Results showed that patients vaccinated before the IVIG administration had compa-
rable MMR IgG concentrations and seroprotection rates as controls. However, patients who 
were vaccinated after the IVIG administration had significantly lower IgG concentrations and 
seroprotection rates. MMR IgG concentrations appeared to be correlated with the interval 
from IVIG administration to vaccination. Evaluations based on the time interval between 
IVIG administration and vaccination indicated that we should adhere to an interval of at 
least 9 months after IVIG administration for an optimal serological response to vaccination. 
Current national guidelines in The Netherlands recommend a shorter interval of 6 months 
and should therefore be revised. Our study results suggest that medical personnel carrying 
out the immunization program are generally unaware of the recommendation to defer live 
vaccinations after administration of IVIG. We aim at an increased awareness of the guidelines 
to optimize serological response to vaccinationin patients treated with IVIG.. 

In chapter 6 we focused on the genetic variation of the genes coding for the IgG recep-
tors (FcγRs). We hypothesized that both CNV and SNPs in and around the FCGR2/3 locus, 
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regulating gene transcription and expression of the activating and inhibitory FcγRs, are 
associated with KD susceptibility. To study this homologous and complex gene cluster we 
used a Multiplex Ligation-dependent Probe Amplification (MLPA) assay. Genetic variation in 
the FCGR2/3 gene cluster has been studied before in patients with KD, but not in such detail 
as became possible with this MLPA assay. Two independent studies were carried out in a 
total of 3050 samples; a case-control study in patients and controls of European descent, as 
well as a family-based replication study in about 600 families of variable and or mixed ethnic 
origin. In comparison with healthy controls, patients with KD more often carried a classical 
open-reading frame (ORF) in exon 3 of FCGR2C, coding for the activating FcγRIIc. In addition, 
we confirmed our recent GWAS finding that a variant in FCGR2A (131H>R) is also associated 
with susceptibility to KD. 

PART IV - CARDIOVASCULAR LONG-TERM FOLLOW-UP

In part IV of this thesis we focused on the long-term cardiovascular consequences of KD. 
Chapter 7 and 8 described two studies that applied cardiac magnetic resonance imaging 
(CMRI) during the long-term follow-up of patients with KD. We showed in chapter 7 that 
the current recommendations of the American Heart Association for follow-up of patients 
with persisting CAA are not routinely implemented in daily practice in The Netherlands. 
We considered invasiveness, the potentially hazardous radiation exposure, and the com-
plication rate of nuclear perfusions scans and conventional invasive coronary angiography 
(CAG) the main reasons for lack of adherence to the guidelines. Another drawback of the 
current guidelines is that echocardiography is routinely used to screen patients for lesions 
of the coronary arteries. CAA may be missed by echocardiography because of a more pe-
ripheral localization or poor echocardiographic windows, leading to an underestimation of 
disease severity. CMRI is a noninvasive and radiation-free imaging method that overcomes 
these disadvantages. In 63 patients with history of KD, we applied a comprehensive CMRI 
protocol including magnetic resonance angiography (MRA), myocardial wall motion 
analysis, first-pass perfusion during adenosine stress and in rest, as well as late gadolinium 
enhancement studies. We showed that this comprehensive protocol is feasible without the 
use of any form of anesthesia in young patient. We confirmed that in a considerable number 
of patients (~10%) CAAs were identified on CMRI that had not been detected by recent 
echocardiography. First-pass myocardial perfusion defects and delayed hyperenhancement 
were identified in 5 of 15 patients with CAAs and were not detected in any of the patients 
without coronary artery pathology. 

CMRI has become the standard for evaluation of biventricular dimensions and function2. In 
chapter 8 we reported on functional evaluation during the long-term follow-up of 60 pa-
tients with KD in comparison with 30 healthy controls. Although left ventricular dysfunction 
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is a well-known feature of the acute KD phase, we showed that biventricular function is not 
impaired during the follow-up of patients with KD. Late enhancement imaging detected 
no signs of prior myocarditis. Myocardial fibrosis was only detected in patients with severe 
coronary artery pathology and prior myocardial infarction. 
Although we found encouraging results of biventricular evaluation in patients with history 
of KD, we do recommend periodic monitoring of cardiac function because of the possibility 
of deterioration over time and the relatively short follow-up interval in our study (mean 
interval from KD onset, 12.0 years [range 0.6-20.7 years]). 

Based on our experience with CMRI in patients with KD, we have recently introduced a 
2-step CMRI protocol in the AMC. Step 1 of this protocol (MRA and functional evaluation) 
can be considered from 8 years of age, but is routinely offered at the age of 12 to every 
child with history of KD. If CAA are unexpectedly identified on CMRI the second step of the 
CMRI protocol is also performed, involving the administration of intravenous contrast and 
adenosine to detect (reversible) myocardial perfusion deficits and myocardial infarction. If 
CAAs have been observed in the past on echocardiography, both steps are performed at 
the same time. 

The major disadvantage of CMRI is that it cannot be implemented without anesthesia at 
young age. An alternative in these patients is CT angiography (CTA). A study by Carbone 
showed that CTA allowed accurate detection of all CAAs, stenosis and occlusions previously 
diagnosed with conventional coronary angiography in 12 patients with history of KD (mean 
age 17.6±2.9 years)3. Another study by Xing et al showed in 48 children with KD that CTA 
detected two dilatations in the left anterior descending branch and three CAAs with steno-
sis and/or calcification that had not been detected by 2-dimensional echocardiography4. 
The radiation dose, an inherent problem of CT, should be noted because of the potential 
long-term risks5. Due to recent developments low-radiation dose CT with prospective ECG 
gating has become available and is increasingly being used. With low-dose CTA the radia-
tion burden is reduced from an average of 12-14 down to 0.8-2.0 mSv6. 
We believe that the current guidelines of the American Heart Association for follow-up 
of patients with KD are outdated and need to be revised to incorporate newer imaging 
methods like CMRI and CTA (S.M.Dietz, C.E. Tacke, in preparation). This should lead to a bet-
ter detection of coronary artery pathology, while reducing the radiation burden, costs and 
potential complications in patients with KD. Future studies are needed to define the exact 
risks and benefits of the different imaging methods. 

In chapter 9 of this thesis we applied B-mode ultrasound to measure carotid intima-media 
thickness (cIMT) for premature atherosclerosis in a large cohort of 176 patients with KD and 
82 controls. The cIMT measures are assumed to be a valid surrogate marker of premature 
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atherosclerosis7, 8. Since the first case of KD was only reported 50 years ago, the follow-up 
of KD patients has not been long enough to define the natural history of the disease. A 
surrogate marker is therefore needed. 
Prior cIMT studies in patients with KD are limited and have produced conflicting results. We 
showed that cIMT is increased in patients with history of KD, in comparison with healthy 
controls. Plotting the mean difference in cIMT between patients and controls against age 
at the cIMT measurement, demonstrated that the difference in cIMT decreased with age. 
In adulthood, the mean cIMT of patients without CAA (CAA-negative) is comparable to the 
mean cIMT of healthy controls. We suggest that the increased cIMT in these KD patients is 
merely a result of the acute vessel wall inflammation rather than a process of atherosclerosis. 
However, in CAA-positive patients the difference in cIMT between patients and controls 
persisted. It is unknown if these stably increased cIMT findings represent an atherosclerotic 
process and what it exactly means for the prognosis of these patients. Future studies are 
underway to correlate longitudinal cIMT data to cardiovascular outcome in patients with 
KD (S.M. Dietz & C.E, Tacke; unpublished). Based on such and other results, more evidence-
based decisions can hopefully be made about the long-term follow-up, both of patients 
with and without CAA. 

PART V – PSYCHOSOCIAL CONSEQUENCES

The two chapters of part V focused on the health related quality of life (HRQOL) and psy-
chosocial functioning of families of a child with KD. These reports contribute to the scare 
literature about the long-term impact of the acute KD phase on patients and their parents. 
In chapter 10 we reported on the HRQOL and behavioral functioning of 280 former KD 
patients (mean age 8.6 years). HRQOL was significantly worse for patients aged 0-5 years, 
but was comparable with their peers at older age. We believe that this could partly be 
explained by the increased interval from disease onset to study participation in the older 
patients. However, we also think that the impact of KD on parents might also contribute to 
the reported difference in HRQOL of young (proxy report) and older patients (self-report). 
This was supported by the results of the questionnaire about behavioral problems. Parents 
reported hyperactivity and emotional problems compared with the norm population, while 
the patients themselves reported nu such differences. We hypothesized that the difference 
between children and their parents could possibly reflect the parent’s own anxiety and 
concerns. However, a pathological substrate cannot completely be excluded. 

In Chapter 11 of this thesis we showed results about HRQOL and perception of child vul-
nerability (PPCV) among parents of children with history of KD. We observed no difference 
in HRQOL of parents of KD patients compared to the HRQOL of parents of healthy children. 
However, an interesting finding of the study was that the KD parents perceived their child 
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as more vulnerable than healthy children, while the vast majority of the patients with KD 
had fully recovered and did not face daily cardiovascular consequences of their disease. We 
believe this is an important finding because it has been shown that parents who perceive 
their child as more vulnerable are more likely to overprotect their child, and that higher 
PPCV scores are associated with worse developmental outcome of the child. 
A suggestion for future research is to study medical traumatic stress symptoms in parents 
of a child with history of KD, both shortly after the disease onset and during long-term 
follow-up. We know from our clinical experience that KD can be considered as a traumatic 
event for parents, but symptoms or pediatric medical traumatic stress were not measured 
in this study. Future studies should identify the potential burden for parents, as well as their 
stress levels and reactions to the uncontrollable aspects of the disease. More insight in the 
psychosocial consequences of this rare pediatric disease is needed to provide comprehen-
sive care for families of children with history of KD. 

In summary, the studies described in this thesis contribute to the total of approximately 
5000 publications on the subject of KD since 1967. Although this thesis provides new in-
sights in many different aspects of the disease, future research is warranted to unravel the 
remaining questions. 
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Sinds de eerste beschrijving van patiënten met de ziekte van Kawasaki in 1967 door de 
Japanse arts dr. Tomisaku Kawasaki zijn er veel studies gedaan naar verschillende aspecten 
van dit ziektebeeld. De ziekte van Kawasaki is echter nog altijd een mysterieuze ziekte om-
dat er nog veel dingen over onbekend zijn. Dit proefschrift beschrijft studies over verschil-
lende aspecten van de ziekte van Kawasaki. De studies zijn gericht op de epidemiologie, de 
etiologie, de behandeling en de lange termijn uitkomsten van deze zeldzame pediatrische 
vasculitis. 

DEEL I – EPIDEMIOLOGIE

In hoofdstuk 2 beschrijven wij een prospectieve epidemiologische studie. Toen we in 2008 
met deze studie startten, waren er geen beschrijvingen van cohorten van Nederlandse 
patiënten en de incidentie van de ziekte van Kawasaki in Nederland was onbekend. Via 
het nationaal signaleringscentrum kindergeneeskunde (NSCK) initieerden we een studie, 
waarin we de incidentie, demografische kenmerken, behandeling en cardiale uitkomst van 
patiënten met de ziekte van Kawasaki in Nederland onderzochten. Maandelijks werden alle 
kinderartsen in Nederland gevraagd nieuwe patiënten met de ziekte van Kawasaki aan te 
melden. Vervolgens werd aan de kinderartsen, die patiënten aangemeld hadden, gevraagd 
of ze een vragenlijst in wilden vullen over de demografische kenmerken en het klinische 
beloop.
Op basis van de resultaten van deze studie hebben we een gemiddelde incidentie van de 
ziekte van Kawasaki in Nederland berekend van 5,8 per 100.000 kinderen onder de leeftijd 
van 5 jaar. Ondanks dat deze incidentie in de range valt van incidenties, die gerapporteerd 
zijn in andere Europese landen (3,6 tot 15,2 per 100.000 kinderen <5 jaar), zijn we ervan 
overtuigd dat de incidentie een onderschatting is van de werkelijke incidentie in Nederland. 
Als reden noemen we dat de diagnose in patiënten gemist kan zijn (mede door het gezond-
heidssysteem in Nederland met huisartsen) en dat er patiënten wel gediagnosticeerd, maar 
niet aangemeld kunnen zijn bij de NSCK registratie door de kinderartsen. 
Een van de interessante bevindingen van de studie was dat de incidentie van de ziekte 
van Kawasaki per provincie gerelateerd leek te zijn aan de bevolkingsdichtheid van de ver-
schillende provincies in Nederland. In de provincies met de hoogste bevolkingsdichtheid 
werden ook de hoogste incidenties van het ziektebeeld gerapporteerd. Deze bevinding 
ondersteunt de algemeen geaccepteerde hypothese dat de ziekte van Kawasaki wordt 
uitgelokt door een infectieuze trigger in individuen met een bepaalde genetische gevoelig-
heid. 
Andere demografische en klinische kenmerken van de Nederlandse patiënten, zoals de 
leeftijd op de 1e ziektedag, de behandeling en het percentage patiënten met coronaire ar-
teriële aneurysmata (CAA), waren gelijk aan de kenmerken van patiënten uit andere landen. 
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Mannelijk geslacht, IVIG resistentie, en uitstel van behandeling met IVIG (>10 dagen) werden 
geïdentificeerd als risicofactoren voor het ontwikkelen van CAA.

DEEL II – BEHANDELING

Deel II van dit proefschrift bevat twee hoofdstukken, die gericht zijn op de behandeling 
van patiënten met de ziekte van Kawasaki. Hoofdstuk 3 is een review waarin de huidige 
literatuur over de behandeling van de ziekte van Kawasaki op een rij wordt gezet. Standaard 
behandeling in de acute fase bestaat uit een eenmalige toediening van intraveneuze im-
muunglobulinen (IVIG) in een hoge dosering van 2 g/kg. Het precieze werkingsmechanisme 
is onbekend, maar behandeling met IVIG verkort de duur van de koorts en het percentage 
CAA daalt met adequate behandeling binnen 10 dagen van 25% naar ongeveer 5%. Naast 
IVIG wordt standaard aspirine toegediend, al wordt uit het review duidelijk dat de bewijzen 
voor de werkzaamheid in het voorkomen van CAA in de literatuur beperkt zijn. Ook is de op-
timale dosering en duur van behandeling met aspirine onbekend, waardoor er wereldwijd 
verschillende behandelingsregimen aangehouden worden.
In het review gaan we ook in op de beschikbare literatuur over de behandeling van Ka-
wasaki patiënten, die niet goed reageren op de eerste dosis IVIG. Deze zogenaamde IVIG-
resistente patiënten houden koorts of hebben recidiverende koorts >36-48 uur na start van 
de behandeling met IVIG. Er zijn in deze patiënten verschillende behandelingsstrategieën 
beschreven, waaronder behandeling met een tweede dosis IVIG, steroïden, anti-TNFα en 
IL-1 receptor blokkade. De optimale behandeling voor IVIG-resistente patiënten blijft con-
troversieel omdat klinische trials op dit moment ontbreken. Op basis van de beschikbare 
literatuur raden wij een tweede dosis IVIG (2 g/kg) aan in patiënten, die niet of onvoldoende 
reageren op de eerste IVIG dosis omdat deze behandeling veilig en effectief is gebleken in 
het controleren van de ziekteactiviteit in het grootste deel van de patiënten (tot 80%). 
Wij zijn van mening dat er meer gerandomiseerde en gecontroleerde klinische trials gedaan 
moeten worden naar de behandeling van IVIG-resistente patiënten. Tot de resultaten van 
deze studies beschikbaar zijn, moeten de alternatieve behandelingen alleen toegepast 
moeten worden in het beperkte aantal patiënten dat niet reageert op een tweede dosis 
IVIG. We erkennen dat de aantallen patiënten, die nodig zijn voor het opzetten en uitvoeren 
van RCTs, moeilijk haalbaar zijn, zeker omdat het in dit geval om een zeldzaam ziektebeeld 
gaat. Samenwerking op internationaal niveau is dan ook een vereiste om de beste behande-
ling voor IVIG-resistente patiënten in de toekomst vast te kunnen stellen. 
Mogelijk kunnen ontwikkelingen binnen het genetische onderzoeksveld in de komende 
jaren bijdragen door het identificeren van genen die geassocieerd zijn met het ontstaan 
van het ziektebeeld en de reactie op behandeling. Op dit moment is het niet mogelijk om 
op het moment van diagnose te voorspellen welke patiënten goed op behandeling met 
IVIG zullen reageren en welke niet. In de literatuur zijn verschillende scoringssystemen 
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gepubliceerd, maar deze zijn niet sensitief genoeg gebleken voor het identificeren van IVIG-
resistente patiënten in verschillende etnische groepen. Door het includeren van genetische 
kenmerken in deze scoringssystemen kunnen deze mogelijk verbeterd worden. Er zou dan 
vervolgens gericht onderzoek gedaan kunnen worden naar behandelingen voor patiënten 
met een hoog risico op IVIG-resistentie, met als uiteindelijke doel daarmee de behandeling 
en dus de coronaire uitkomst te verbeteren.

In hoofdstuk 4 beschrijven we een IVIG-resistente Kawasaki patiënt die behandeld is met 
Anakinra, een IL-1 receptor antagonist. Deze patiënt hield koorts en ontwikkelde ernstige 
“giant” aneurysmata van beide coronairarteriën ondanks herhaalde IVIG infusies en een me-
thylprednisolon stootkuur. Uiteindelijk had behandeling met een IL-1 receptor antagonist 
in deze patiënt een zeer positieve uitkomst, zowel op de korte als op de lange termijn. 
Mogelijk vormt behandeling met een IL-1 receptor antagonist dus een goede alternatieve 
behandeling voor IVIG-resistente patiënten. Op dit moment is onze patiënt de enige in de 
huidige literatuur waarin deze behandeling beschreven is. Een Europese multicenter trial 
naar behandeling met een IL-1 receptor antagonist in IVIG-resistente Kawasaki patiënten 
start komend jaar. 

DEEL III – IGG-GERELATEERDE IMMUNITEIT

In deel III worden twee studies beschreven over IgG-gerelateerde immuniteit in relatie tot 
de ziekte van Kawasaki. In hoofdstuk 5 vergelijken we in een case-controle studie de se-
rologische respons op bof, mazelen en rubella (BMR) vaccinatie in patiënten die behandeld 
zijn met IVIG in vergelijking met gezonde controles. Het is bekend dat de passief verkregen 
antistoffen uit IVIG de actieve response op vaccinatie met levend verzwakte vaccins kunnen 
remmen. De richtlijnen over hoe lang de vaccinatie uitgesteld moet worden in kinderen be-
handeld met een hoge dosis IVIG voor de ziekte van Kawasaki, waren echter niet eenduidig 
omdat er nog onvoldoende studies naar gedaan waren. In onze huidige case-controle stu-
die, waarbij patiënten en controles gematcht waren op basis van leeftijd en geslacht, werd 
gekeken naar BMR IgG concentraties en het percentage personen met BMR IgG antistoffen 
die volgens internationale afkapwaarden als beschermend worden beschouwd. 
De resultaten van onze studie lieten zien dat er geen verschil was in BMR IgG concentraties 
en het percentage beschermde personen tussen patiënten die gevaccineerd waren voor de 
toediening van IVIG, en de controles. Patiënten die gevaccineerd waren na de toediening 
van IVIG hadden echter significant lagere BMR IgG concentraties dan de controles. Ook bleek 
in deze groep patiënten het percentage personen met beschermde antistoffen significant 
lager te zijn dan in de controles. De hoogte van de BMR IgG concentraties bleek gerelateerd 
te zijn aan het interval tussen IVIG toediening en vaccinatie. Vervolganalyses, gebaseerd op 
het tijdsinterval tussen toediening van IVIG en BMR vaccinatie, lieten vervolgens zien dat 
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we een interval van >9 maanden na behandeling met IVIG moeten aanhouden voor een 
optimale serologische respons na vaccinatie. In de huidige Nederlandse richtlijnen wordt 
een interval van 6 maanden aangeraden en deze richtlijnen moeten daarom aangepast 
worden. Onze studie maakte bovendien duidelijk dat er in Nederland onbekendheid blijkt 
te bestaan over de richtlijn om levend verzwakte vaccins uit te stellen na behandeling met 
IVIG. In een groot deel van de Kawasaki patienten die met IVIG behandeld waren, werd de 
BMR vaccinatie überhaupt niet uitgesteld en werd dus het huidige advies van een interval 
van 6 maanden ook niet gevolgd. We streven daarom naar meer bekendheid van de richt-
lijnen onder kinderartsen en medewerkers van het consultatiebureau om de serologische 
respons na BMR vaccinatie te optimaliseren in met IVIG-behandelde patiënten. 

IVIG wordt bereid uit het plasma van bloeddonoren en bevat voornamelijk IgG antistoffen. 
Omdat behandeling met IVIG in de meeste patiënten met de ziekte van Kawasaki effectief 
is, richtten we ons in hoofdstuk 6 op de genen die coderen voor de IgG receptoren. De 
IgG receptoren worden ook wel Fc-gamma receptoren (FcγRs) genoemd en komen tot 
expressie op verschillende bloedcellen. De genen die coderen voor de FcγRs met een lage-
affiniteit (FCGR2A, FCGR2B, FCGR2C, FCGR3A en FCGR3B) liggen in één gencluster bij elkaar op 
chromosoom 1q23. De balans tussen de activerende (FcγRIIa, FcγRIIc, FcγRIIIa en FcγRIIIb) 
en de remmende FcγRs (FcγrIIb) bepaalt activatie van de cel. Verlies van FcγRIIb expressie, 
overrepresentatie van de activerende FcγRs of een veranderde functie van de FcγRs kan 
leiden tot een verstoring in de balans tussen de FcγRs en daardoor tot auto-inflammatie. 
Variatie in FcγR expressie en functie wordt voornamelijk bepaald door Copy Number variatie 
(CNV) en Single Nucleotide Polymorfismen (SNPs) in het FCGR2-3 gencluster. De hypothese 
van de studie in hoofdstuk 6 was dan ook dat CNV en SNPs in het FCGR2/3 gencluster geas-
socieerd zijn met de ziekte van Kawasaki. We gebruikten een Multiplex Ligatie-afhankelijke 
Probe Amplicatie (MLPA) assay om het homologe en complexe cluster van FCGR2-3 genen 
te bestuderen. Er zijn in de literatuur eerdere studies verschenen over de associatie van deze 
genen met de ziekte van Kawasaki, maar met de huidige MLPA assay was het mogelijk in 
veel meer detail naar de genetische variatie binnen dit complexe cluster te kijken. Er werden 
twee onafhankelijke studies uitgevoerd in een totaal van 3050 samples; een case-controle 
studie in patiënten en controles van Europese afkomst en een familie studie in ruim 600 
families van verschillende etnische achtergrond. Resultaten van deze studie lieten zien dat 
Kawasaki patiënten significant vaker een klassieke open-reading frame (ORF) in exon 3 van 
FCGR2C dragen, in vergelijking met de controle populatie. De familie studie bevestigde 
bovendien de belangrijkste bevinding van onze eerdere genome-wide association study 
(GWAS), dat een SNP in FCGR2A (131 H>R) ook geassocieerd is met het optreden van de 

ziekte van Kawasaki. 
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DEEL IV - CARDIOVASCULAIRE LANGE TERMIJN FOLLOW-UP

In dit deel van dit proefschrift richten we ons op de cardiovasculaire lange termijn follow-up 
van patiënten met de ziekte van Kawasaki. CAA ontstaan als belangrijkste complicatie van de 
ziekte in 15-25% van de onbehandelde en ongeveer 5-10% van de behandelde patienten. 
Bij kinderen met aneurysmata kan ischemie en infarcering van het myocard optreden door 
trombotische occlusie of stenosering van de aangedane coronairvaten. Een myocardinfarct 
is de belangrijkste doodsoorzaak van de ziekte van Kawasaki. De huidige richtlijnen voor 
de follow-up van Kawasaki patienten zijn in 2004 gepubliceerd door de American Heart 
Association (AHA). Echocardiografie wordt in deze richtlijnen aangeraden als standaard 
diagnostiek in alle patiënten en nucleaire perfusiescans en conventionele angiografie (CAG) 
worden aangeraden als additionele (invasieve) diagnostiek in patiënten met persisterende 
aneurysmata. 
In hoofdstuk 7 laten we zien dat deze AHA-2004 richtlijnen voor de follow-up van patiën-
ten met persisterende CAA in de klinische praktijk in Nederland niet routinematig gevolgd 
worden. Het invasieve karakter, de hoge stralingsbelasting en de mogelijke complicaties 
van de nucleaire perfusiescans en CAG worden genoemd als belangrijkste redenen dat 
de richtlijnen niet gevolgd worden. Een ander belangrijk nadeel van de huidige richtlijnen 
is dat echocardiografie gebruikt wordt om patiënten te screenen op afwijkingen van de 
coronairvaten. Echocardiografie kan echter CAA missen door een meer perifere lokalisatie 
van de afwijkingen of door suboptimale kwaliteit van de beeldvorming. Hierdoor kan de 
ziekte-ernst onderschat worden en worden patiënten niet optimaal behandeld. 
MR angiografie (MRA) is een niet-invasieve en stralingsvrije beeldvormingsmethode waar-
mee de gehele vaatstructuur van de coronairarteriën afgebeeld kan worden. Daarnaast 
kan met cardiale MRI (CMRI) gekeken worden naar beweging en first-pass perfusie van het 
myocard in rust en tijdens adenosine-stress. Ook is het mogelijk late contrast aankleuring te 
beoordelen, duidend op fibrosering van het myocard. 
In hoofdstuk 7 hebben we, in aanvulling op echocardiografie, CMRI toegepast tijdens de 
lange termijn follow-up van 63 patiënten met de ziekte van Kawasaki. Er werd een uitgebreid 
CMRI protocol gebruikt, waarbij een MRA werd gemaakt en opnames voor beoordeling van 
wandbewegingen en perfusie van het myocard (in rust en tijdens adenosine-stress) werden 
gemaakt. Patiënten kregen hiervoor intraveneus gadolinium (contrastmiddel) en adenosine 
toegediend. Uit onze studie bleek dat dit uitgebreide CMRI protocol zonder enige vorm van 
anesthesie veilig en goed toepasbaar was in de relatief jonge patiëntenpopulatie (gemid-
delde leeftijd 14 jaar). We bevestigden dat in een aanzienlijk deel van de patiënten (~10%) 
met CMRIs aneurysmata werden geïdentificeerd, die met echocardiografie gemist waren. 
CAAs werden in 15 patiënten vastgesteld. In 5 van deze patiënten werden met CMRI bo-
vendien wandbewegingsstoornissen, ischemie en infarcering van het myocard vastgesteld 
als gevolg van de ernstige pathologie van de coronairvaten. Dergelijke afwijkingen werden 
niet vastgesteld in patiënten zonder CAAs.
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Myocarditis met linker ventrikeldysfunctie is een bekende complicatie tijdens de acute fase 
van de ziekte van Kawasaki. In de literatuur zijn een aantal histopathologische studies gepu-
bliceerd die aanwijzingen laten zien voor persisterende afwijkingen van het myocard na de 
acute fase (zowel in patiënten met als zonder CAAs). Hierbij zijn onder andere interstitiële 
fibrose en een afwijkende vorm en organisatie (“disarray”) van myocyten beschreven. In de 
literatuur zijn studies naar de cardiale lange termijn uitkomst in Kawasaki patiënten beperkt 
en de resultaten ervan zijn niet eenduidig. 
CMRI is de gouden standaard voor het evalueren van biventriculaire dimensies en functie. 
In hoofdstuk 8 beschrijven we een studie waarin CMRI is toegepast voor de evaluatie van 
de biventriculaire dimensies en functie tijdens de lange termijn follow-up van 60 patiënten 
met de ziekte van Kawasaki. Er is hierbij een vergelijking gemaakt met 30 gezonde controle 
deelnemers. De studie liet zien dat de biventriculaire dimensies en functie niet aangedaan 
zijn gedurende de follow-up van Kawasaki patiënten, met uitzondering van een subgroep 
van patiënten met ernstige aneurysmata. Opnames met late contrast aankleuring lieten 
geen aanwijzingen zien voor diffuse fibrosering van het myocard als gevolg van een door-
gemaakte myocarditis. Subendocardiale late aankleuring van het myocard werd alleen 
gedetecteerd in 2 patiënten met ernstige pathologie van de coronairvaten en was qua 
lokalisatie suggestief voor een doorgemaakt myocardinfarct. 
Ondanks dat de huidige bevindingen geruststellend zijn voor de cardiale lange termijn uit-
komst, raden we aan de hartfunctie van patiënten met de ziekte van Kawasaki periodiek te 
blijven monitoren totdat er meer onderzoeksgegeven beschikbaar zijn. De argument voor 
dit advies zijn de mogelijke verslechtering over de jaren heen en het relatief korte interval 
van follow-up in onze studie (gemiddeld 12 jaar follow-up met een spreiding van 0.6 tot 
20.7 jaar)

Gebaseerd op onze onderzoekservaringen met CMRI in Kawasaki patienten hebben we 
in het AMC in 2012 een nieuw 2-staps CMRI protocol ingevoerd. Dit CMRI protocol kan 
vanaf de leeftijd van 8 jaar uitgevoerd worden, maar wordt in het AMC standaard aange-
boden op de leeftijd van 12 jaar. Bij alle kinderen wordt standaard naast echocardiografie 
ook minstens eenmalig een CMRI verricht om de anatomie van de coronairvaten (MRA) 
en de hartfunctie te beoordelen (stap 1). Op deze manier kunnen (gemiste) aneury-
smata alsnog gedetecteerd worden. In stap 2 van het CMRI protocol wordt gekeken 
naar first-pass perfusie van het myocard tijdens adenosine-stress en in rust en naar 
late contrast aankleuring van het myocard. Om stap 2 uit te voeren zijn twee infusen 
nodig waarover intraveneus contrast en adenosine gegeven kan worden. Stap 2 wordt 
alleen standaard uitgevoerd bij patiënten bij wie in het verleden CAA zijn vastgesteld 
omdat die een relatief grote kans hebben op ischemie en infarcering van het myocard. 
Stap 2 wordt ook uitgevoerd bij patiënten bij wie met stap 1 “gemiste” CAA zijn vastgesteld.  
Een belangrijk nadeel van CMRI is dat het niet toegepast kan worden zonder anesthesie 
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in jonge patiënten. Het grootste deel van de patiënten met de ziekte van Kawasaki is juist 
jong op het moment dat ze ziek worden (80% is jonger dan 5 jaar). Een mogelijk alterna-
tief vorm CT angiografie (CTA). Eerdere studies hebben laten zien dat met CTA met zeer 
grote nauwkeurigheid aneurysmata, stenosen, occlusies en calcificaties kan detecteren. Een 
nadeel van CTA is opnieuw de stralingsbelasting voor de patiënt. Recente ontwikkelingen 
hebben wel geleid tot het beschikbaar worden van lage-dosis CT, waarmee de gemiddelde 
stralingsbelasting verlaagd kan worden van 12-14 mSv naar 0,8-2,0 mSv. 
Wij zijn van mening dat de huidige AHA-2004 richtlijnen voor follow-up van patiënten 
met de ziekte van Kawasaki verouderd zijn en aangepast moeten worden. In de nieuwe 
richtlijnen moeten nieuwe beeldvormingstechnieken zoals MRI en CT opgenomen worden. 
Er moet hierbij gestreefd worden naar een zo goed mogelijke detectie van aneurysmata en 
andere cardiale complicaties met daarbij tegelijkertijd een zo laag mogelijke stralingsbelas-
ting en zo min mogelijk complicaties voor de patiënt. Omdat de literatuur op dit moment 
beperkt is, zijn er meer studies nodig om uiteindelijk “evidence-based” aanbevelingen te 
kunnen doen.

Omdat de ziekte van Kawasaki 50 jaar geleden pas voor het eerst beschreven is, bestaat er 
nog veel onduidelijkheid over de lange termijn uitkomsten van het ziektebeeld. De intima-
media dikte van de carotiden (cIMT) is een gevalideerde surrogaatmarker voor premature 
atherosclerose. In de literatuur zijn een beperkt aantal studies gepubliceerd over cIMT me-
tingen in Kawasaki patiënten, maar al deze studies zijn uitgevoerd in kleine populaties en ze 
lieten tegenstrijdige resultaten zien. In hoofdstuk 9 van dit proefschrift beschrijven we een 
studie waarin B-mode ultrasound wordt toegepast in een relatief groot cohort van 176 Ka-
wasaki patiënten om de cIMT te meten. In vergelijking met 82 gezonde controle deelnemers, 
was de cIMT van de Kawasaki patiënten toegenomen. Bij het uitzetten van het verschil in 
cIMT tussen patiënten en controles tegen de leeftijd, werd duidelijk dat het geobserveerde 
verschil in cIMT afneemt met toenemen van de leeftijd. In de groep patiënten zonder CAAs, 
werd er op jongvolwassen leeftijd geen verschil in cIMT geobserveerd met de gezonde con-
troles. Onze verklaring is dat de cIMT in de patiënten op jonge leeftijd verdikt was als gevolg 
van de acute vasculitis en niet door een proces van atherosclerose. Opvallend was wel dat 
in de patiënten met CAA het verschil met de controles bleef bestaan met toenemen van 
de leeftijd. Het is onbekend wat de verdikte cIMT in deze patiënten veroorzaakt en wat het 
precies betekent voor de prognose. In aanvulling op de cross-sectionele studie beschreven 
in dit hoofdstuk, loopt er op dit moment in het AMC een longitudinale studie waarin naar 
het beloop van de cIMT over de tijd wordt gekeken. Resultaten van deze en andere studies 
moeten het in de toekomst mogelijk maken “evidence-based” beslissingen te maken over 
de lange termijn follow-up van Kawasaki patiënten met en zonder CAA. 
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DEEL V – PSYCHOSOCIALE GEVOLGEN

De twee hoofdstukken van deel V van dit proefschrift richten zich op de gezondheid ge-
relateerde kwaliteit van leven (KvL) en psychosociaal functioneren van kinderen met de 
ziekte van Kawasaki en hun ouders. Deze twee studies dragen bij aan de zeer beperkte 
literatuur over de psychosociale lange termijn impact van het ziektebeeld op patiënten en 
hun ouders. 

In hoofdstuk 10 beschrijven we de KvL en het psychosociaal functioneren van 280 kin-
deren met de ziekte van Kawasaki (gemiddelde leeftijd bij inclusie 8.6 jaar). Voor de 0-5 
jarigen werden significant lagere KvL scores vastgesteld in vergelijking met de Nederlandse 
norm. Op oudere leeftijd (6-18 jaar), werden geen verschillen gevonden tussen de KvL van 
Kawasaki patiënten en de Nederlandse norm. Dit verschil tussen de jongere en oudere 
patiënten kan mogelijk verklaard worden doordat in de oudere patiënten het interval vanaf 
de 1e ziektedag toegenomen is en dat het doormaken van het acute ziektebeeld dus langer 
geleden is. Daarnaast kan de impact die het ziektebeeld heeft op de ouders invloed hebben 
gehad op de beoordeling van de KvL van de jonge patiënten (0-5 jaar vragenlijst ingevuld 
door ouders). Dit speelt geen rol bij de oudere patiënten, die de vragenlijsten zelf ingevuld 
hebben. Deze gedachten werden ondersteund door de resultaten van de vragenlijst over 
het psychosociaal functioneren van de patiënten. Hierbij rapporteerden de ouders meer 
hyperreactiviteit en emotionele problemen in de patiënten in vergelijking met de Neder-
landse norm, terwijl de patiënten zelf deze problemen niet rapporteerden. Ondanks dat een 
pathologisch substraat voor de gerapporteerde problemen op basis van deze studie niet uit 
te sluiten valt, is onze hypothese dat deze uitkomsten de angsten en zorgen van de ouders 
reflecteren. 

De studie beschreven in hoofdstuk 11 van dit proefschrift gaat in op de KvL van ouders 
van kinderen met de ziekte van Kawasaki. Er werd hierbij geen verschil gevonden tussen 
de KvL van ouders van Kawasaki patiënten en de KvL van ouders van gezonde kinderen. 
In de studie werd bovendien ingegaan op de door ouders ervaren kwetsbaarheid van het 
kind met de ziekte van Kawasaki. Een interessante bevinding hierbij was dat de ouders van 
Kawasaki patiënten hun kind als meer kwetsbaar ervoeren dan de ouders van gezonde kin-
deren hun kinderen ervoeren, terwijl het grootste deel van de Kawasaki patiënten volledig 
hersteld was van het acute ziektebeeld en geen dagelijkse gevolgen ondervond van het 
ziektebeeld. Omdat het bekend is dat ouders die hun kind als meer kwetsbaar beschouwen, 
vaker overbeschermend zijn, wat de ontwikkeling van het kind kan remmen, vinden wij het 
belangrijk om hier in de zorg voor Kawasaki patiënten aandacht voor te hebben. 
Uit de klinische praktijk weten we ook dat het voor ouders een zeer traumatische ervaring 
kan zijn dat hun kind de ziekte van Kawasaki krijgt. Symptomen van ouderlijke stress of 
angst werden echter niet gemeten in de huidige studie. Een suggestie voor toekomstig 
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onderzoek is dan ook om medische traumatische stress symptomen te onderzoeken in 
ouders van een kind met de ziekte van Kawasaki, zowel kort na het ontstaan van de ziekte 
als gedurende de lange termijn follow-up. Meer inzicht in de psychosociale consequenties 
van dit zeldzame ziektebeeld op zowel patiënten als hun ouders is nodig om goede zorg te 
kunnen bieden aan families van patiënten met de ziekte van Kawasaki. 

In het kort samengevat, dragen de studies die beschreven worden in dit proefschrift bij aan 
de ruim 5000 publicaties die sinds 1967 verschenen zijn over de ziekte van Kawasaki. On-
danks dat dit proefschrift nieuwe inzichten biedt in verschillende aspecten van dit zeldzame 
ziektebeeld, zijn er meer studies nodig om antwoorden te vinden op de vele vragen die nog 
resteren over dit nog altijd mysterieuze ziektebeeld. 
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Hoera, mijn boekje is af! In de afgelopen jaren zijn er heel veel mensen geweest die geholpen 
hebben bij het tot stand komen van dit proefschrift. Graag maak ik van deze gelegenheid 
gebruik om een groot aantal mensen te bedanken.

Allereerst wil ik alle patiënten en deelnemers bedanken die bijgedragen hebben aan dit 
proefschrift. Dank voor jullie bereidheid en inspanningen om steeds weer deel te nemen 
aan wetenschappelijk onderzoek! De hoge percentages van deelname aan de studies 
bevestigden ons gevoel dat er ook vanuit jullie als “Kawasaki families” veel behoefte bestaat 
aan meer inzicht in dit zeldzame ziektebeeld. 

Promotiecommissie:

Prof. dr. T.W. Kuijpers, beste Taco, bedankt voor de goede begeleiding en je nauwe betrok-
kenheid als belangrijkste begeleider van mijn promotietraject. Het is geweldig hoeveel 
vrijheid en vertrouwen je me gegeven hebt om er mijn eigen weg in te vinden. Bedankt ook 
voor de mogelijkheid om in Singapore een deel van het project te doen. Het was heel inspi-
rerend om 4 jaar lang zo nauw met je samen te mogen werken! Ik heb veel van je geleerd 
en waardeer je tomeloze inzet en passie voor de wetenschap en de kindergeneeskunde 
enorm. Ik hoop de komende jaren nog heel vaak met je samen te mogen werken! 

Dr. I.M. Kuipers, beste Irene, wat heb ik veel geluk gehad met jou als copromotor! Veel dank 
voor je interesse, begeleiding en betrokkenheid in de afgelopen jaren. Ondanks je drukke 
klinische werkzaamheden nam je altijd weer de tijd om te vragen hoe het ging en me op 
veel verschillende vlakken advies te geven. Het is heel fijn om steeds weer te merken dat jij 
achter me staat en ik weet zeker dat ik nog heel veel van je ga leren!

Dr. M. Groenink, beste Maarten, bedankt voor je goede begeleiding en je kritische blik bij de 
MRI studies. Ik heb veel geleerd van de vele besprekingen waarin we alle MRI’s beoordeel-
den en per patiënt een beleid uitstippelden. Het leukste was natuurlijk het uitje naar Parijs, 
waar we hopelijk alsnog een mooie publicatie aan over gaan houden! 

Members of the committee, prof. dr. Blom, prof. dr. Grootenhuis, prof. dr. Levin, dr. Wiegman, 
prof. dr. de Winter en prof. dr. Zaaijer, thank you very much for reviewing my thesis and for 
participating in my PhD defence committee. 
Dr. Roest, veel dank dat u als gast opponent deel wilt nemen. 
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Genome Institute of Singapore:

Prof. Martin Lloyd Hibberd, thank you very much for your hospitality to invite me to your lab 
in Singapore. Despite your busy work schedule you always found the time to help me with 
my project and to give advises about living and travelling in Asia. It was an unforgettable 
experience and I really hope to come back one day. 

Dear Long, thank you so much for answering all my questions about PCRs, SNPs, and other 
things that were completely new for me when I started in the lab. It was a great pleasure to 
work with you at GIS and I really enjoyed our conversations during the daily lunches.

Sonia Davila and Chiea Chuen Khor, it was a great honor to collaborate with you on the 
FCGR project. Paola, Eileen, Pauline, Elita and all the others from the infectious diseases 
group, thank you for the great time in and outside the lab. Please let me know when you 
visit Amsterdam! 

International Kawasaki Disease Genetics Consortium:

I admire the dedication of every single person in this special consortium and I learned a lot 
from all the interesting discussions during the meetings in London, Amsterdam, Kyoto, Paris 
and San Diego. Jane Burns, Chisato Shimizu, David Burgner, Michael Levin, Rolando Cimaz, 
and Martin Lloyd Hibberd, thank you very much for collecting the samples used in our MLPA 
project. 

Emma kinderziekenhuis/AMC: 

Veel dank aan de vele collega’s die bijgedragen hebben aan het ontstaan van dit proefschrift 
en die nuttige feedback hebben gegeven op mijn projecten, en dan met name de vakgroe-
pen kindercardiologie en kinderhematologie, immunologie en infectieziekten. 

Katenka en Hester, zo fijn dat ik met vragen steeds weer bij jullie terecht kon! Veel dank voor 
de goede ondersteuning die jullie geboden hebben. 

Pearl, wat was het een feest om met jou samen te mogen werken! Zonder jou was dit 
proefschrift er nooit op deze manier gekomen. Als iemand hart heeft voor de zaak en zich 
met 100% inzet dan ben jij het wel. Heel veel dank voor alles en veel succes met je nieuwe 
uitdaging! 

Willemijn, mijn voorbeeld en voorgangster in het Kawasaki onderzoek. In 2009 mocht ik als 
“Willemijn 2” het stokje van je overnemen en wat was ik onder de indruk van jouw promotie! 
Dank voor al je hulp in de opstartfase en dat ik in de jaren daarna ook steeds weer met 
vragen over allerlei verschillende dingen bij je terecht kon. 
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Sanquin:

Heel leerzaam en leuk om naast het klinisch onderzoek ook mijn eerste stappen in het lab 
te zetten. Dank aan iedereen die daarbij geholpen heeft!

Judy, pipet in de hand en meezingend met de radio, wat hebben we samen veel uren in 
het lab doorgebracht! En wat was het fijn om jou vanuit Singapore op afstand als “MLPA 
helpdesk” beschikbaar te hebben. Dank voor het geduld om alles steeds weer uit te leggen, 
en natuurlijk voor al het werk dat je gedaan hebt!

Sietse, jij bent een fijne collega die echt alles van de MLPA weet. Het duurde even voor ik 
er zelf ook goed in zat, dus heel fijn dat ik met al mijn vragen steeds weer bij je terecht kon. 
Ik ben heel blij dat we besloten hebben onze data samen te voegen en ben benieuwd wat 
daar uit gaat komen! 

Overige co-auteurs:

Ik wil alle co-auteurs bedanken voor hun bijdrage aan dit proefschrift. 
Fiona van der Klis, Gaby Smits en Hans Zaaijer, dank voor de succesvolle samenwerking bij 
het BMR vaccinatie stuk! 

Rob Pereira en alle andere van het Nederlands Signalerings Centrum Kindergeneeskunde, 
bedankt voor de geboden ondersteuning bij de Kawasaki registratie. Veel dank ook aan alle 
kinderartsen voor het melden van nieuwe patiënten en het terugsturen van de vragenlijs-
ten. Hans Breur, speciale dank aan jou voor alle hulp bij de dataverzameling voor de regio 
Utrecht. 

Anje Spijkerboer en Soha Romeih, dank voor jullie input en hulp bij de MRI studies.
Soha, ik heb veel bewondering voor je doorzettingsvermogen! 

Bert Wiegman, Eric de Groot, Johan Gort en Barbara Hutten, het was een ongelofelijke 
exercitie dat hele IMT project, maar wat ben ik blij dat we doorgezet hebben en kritisch 
gebleven zijn. Dank voor jullie aandeel in de opzet van de studie en de data verzameling. 
Speciale dank aan jou Barbara voor al je hulp en de leerzame besprekingen! 

Martha Grootenhuis, Heleen Maurice-Stam, Hedy van Oers en Lotte Haverman, wat hebben 
we samen in korte tijd een mooi project neergezet met twee publicaties als resultaat! Dank 
voor de goede samenwerking en ik hoop onze “PTSS-plannen” in de toekomst samen verder 
uit te kunnen werken.
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Michael Tanck, heel veel dank voor de geboden ondersteuning! Ik had niet geweten wat ik 

zonder jouw hulp met al die MLPA data had moeten doen. 

KNAW Ter Meulen fonds:

Ik wil het KNAW Ter Meulen fonds hartelijk danken voor de financiële ondersteuning waar-

door het mogelijk werd een deelproject in het buitenland te doen.

Stinafo en Stika:

Trees Mau Asam, Jan Fresco en alle anderen van Stinafo, zonder jullie was dit proefschrift 
er simpelweg niet gekomen. Heel bijzonder om te zien dat jullie je zo hard maken voor de 
stichting en echt in ons onderzoek geloven!

Roelien, mama van Justin en oprichtster van de lotgenotenstichting Stika. Met veel 
enthousiasme heb je je jarenlang ingezet voor de “Kawasaki families”! Veel dank voor al je 
inspanningen waardoor steeds meer families de weg naar het AMC wisten te vinden en de 

familiedagen een groot succes waren.

Collega onderzoekers: 

Mede-commissiegenoten van het Amsterdam Kindersymposium: Gitta, Marc, Hester, Saskia, 
Alice en Denise, het was zo leuk om met jullie samen te werken aan de organisatie van de 
symposia in 2011 en 2012! Sas (prof. Hopman!), wel ongezellig dat je nu in Utrecht zit, maar 
we houden zeker contact! 

Femkje Jonker, samen twee symposia georganiseerd, waarvan één symposium in samen-
werking met uitgeverij de Tijdstroom tot een boekje geleid heeft. Ontzettend leuk om dat 
samen met jou als afwisseling ernaast te doen, dank daarvoor! 

Buren uit de kelder: Marieke, JP, Lotte, Hedy, Perrine, Sasha en alle anderen, dank voor jullie 
interesse, gezelligheid, hulp en adviezen! 
“Kamertje-koemelk”: Lies, Arno, Anne-Fleur, Nicole en Sylvia, wat was het altijd gezellig om 
tussen het werken door even bij jullie langs te gaan twee deuren verderop in de kelder! Veel 
succes nog met jullie promotietrajecten!

“Kamer K01-142”, wat hebben hard gewerkt met z’n allen in de kelder, maar wat hebben we 
vooral ook veel lol gehad, zowel binnen als buiten het AMC! Bart, ik ben jaloers, want jij hebt 
bijna het hele avontuur nog voor je en dat in de leukste kamer van het AMC. Succes! 
Elske en Alice, roomies vanaf het eerste moment. Heerlijk om samen met jullie in hetzelfde 
schuitje te zitten en te sparren over wetenschappelijke en heel veel andere dingen. Ik had 
me geen betere collega’s kunnen wensen! Wanneer gaan we weer naar de keet? 
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Sophie, Eva en Janneke, het werd alleen maar nóg leuker in de kelder toen jullie ook je intrek 
namen. Veel dank ook voor de oneindige grappen en de vele space-koekjes. Helaas kan ik 
jullie nog steeds niet vertellen wat de oorzaak van de ziekte van Kawasaki is… Soof, zo leuk 
dat we samen ook nog “ons” case report geschreven hebben! 
Sanne, wat is het leuk om te zien met wat voor energie jij het Kawasaki project nu in goede 
banen leidt. Ik kijk uit naar onze samenwerking de komende maanden en weet zeker dat jij 

hard op weg bent naar een fantastisch proefschrift! 

Flevoziekenhuis:

Beste kinderartsen, collega arts-assistenten en verpleegkundigen, dank voor de fijne onder-
steuning bij mijn start in de kliniek en de ruimte om daarnaast mijn promotietraject af te 
ronden. Jullie vormen met zijn allen een hele leuke en goede vakgroep en ik ben heel blij 

om daar deel van uit te mogen maken! 

Vrienden en familie:

Lieve allemaal, het is eindelijk af…! Dank voor alle interesse, afleiding en steun tijdens het 
traject dat tot dit boekje geleid heeft. 
“NL-groupies”, vooral door jullie heb ik een meer dan fantastische tijd in Singapore gehad! 
Lieve Evelien, Renilt, Marloes en Evelien “2”, ik kijk er nu al naar uit dat we over een tijd weer 
met z’n allen in Nederland wonen!
“Piele in Brielers”, helaas zie ik jullie na onze verhuizing standaard te weinig. Dat er dus nog 
maar veel weekenden en skivakanties mogen volgen. 
Romy, Annedit, Jorien, Selma en Marly, onze dames 1 tijd lijkt alweer een eeuwigheid gele-
den, maar we weten elkaar gelukkig nog steeds te vinden! 
Jannie, Sni, Do, Karlos, Ellen, Rianne en Hankie, bij mijn overstap naar Kampong had ik nooit 
durven hopen weer in zo’n leuk team terecht te komen. Hopelijk komt dat dreamteam er 
ooit nog een keer?
Soof, Joris en Luc, 19 juli 2002 zullen we alle vier nooit vergeten, maar heeft wel de basis 
voor een hele bijzondere vriendschap gelegd! 
 
NL-61-bis, lieve Juul, Miep, Siep, Moes en Dido, in huis in Utrecht werd de basis gelegd en 
nog altijd zijn we een hele hechte groep! Dank voor jullie steun en vooral voor alle gezellige 
momenten de afgelopen jaren. Dat er nog maar heel veel mogen volgen!
Lieve clubgenootjes, helaas zien we elkaar weinig, maar de keren dat we elkaar zien is het 
altijd gezellig! Soof en Non, tijdens de eerste stappen van dit onderzoek woonden we nog 
samen in Utrecht. Veel dank voor jullie interesse en goede adviezen, maar vooral voor jullie 
vriendschap! Bobbie, dank voor alle apjes, belletjes en theetjes bij ons in de buurt. Marlotte, 
de laatste hand aan dit proefschrift werd gelegd tijdens onze vakantie. Dat jaarlijkse invlie-
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gen is een traditie toch? Lou, speciale dank aan jou, want jij hebt me echt geholpen om alles 
afgerond te krijgen en goed in Almere te starten (met een warme koffie als start van de dag)! 

Familie Strijbosch, lieve Ton, Marja, Tim, Floor, Robbert en Imke, dank voor jullie betrok-
kenheid, steun en alle gezelligheid. Thijn, Sofie en Kick, wat is het toch leuk dat jullie er 
tegenwoordig ook bij zijn! 

Neven, nichten, ooms en tantes, bijzonder wat voor band wij al van jongs af aan met elkaar 
hebben! Gijs, door jou opgevangen en wegwijs gemaakt in Singapore, ik ga onze fantasti-
sche tijd daar nooit vergeten. Lieve oma, als oudste van de oudste wil ik u speciaal noemen, 
want wat ben ik trots op u en wat ben ik blij dat u er vandaag bij bent! Wat is het toch 
ontzettend jammer dat opa het eindresultaat niet meer kan zien… 

Lieve papa en lieve mama, door jullie heb ik dit allemaal kunnen bereiken en daarom draag 
ik dit proefschrift zonder twijfel aan jullie op. Jullie hebben me altijd gestimuleerd om mijn 
hart te volgen en er alles uit te halen. Oneindig veel dank voor jullie vertrouwen en onvoor-
waardelijke steun. Het is zo fijn om steeds weer te merken dat jullie achter me staan en zo 
meeleven met alle kleine en grote stappen in mijn leven! 
Zusjes en broer, lieve Marlijn, Jan-Maarten en Zoé, wij hoeven elkaar niet dagelijks te zien 
om te weten hoeveel we aan elkaar hebben. Ik bof zo met jullie! 
Lyke en Tim, veel dank voor alle interesse de afgelopen jaren, maar vooral in de gezelligheid 
die jullie als “aanhang” met jullie meebrengen. 

Paranimfen, wat een fijn idee dat jullie op de grote dag naast me zullen staan! 
Lieve Minos, het was zo bijzonder om op 12 september 2012 bij jouw promotie aan jouw 
zijde te staan! Wat hebben wij samen in al die jaren vriendschap al veel meegemaakt, met 
als een van de hoogtepunten natuurlijk onze bijzondere reis naar “Kawasaki-land” Japan. 
Geen twijfel dus over mogelijk, natuurlijk ben jij ook mijn paranimf!

Lieve Marly, naast zusje ben jij vooral mijn allerbeste maatje! Ik ben heel blij dat we zo op 
een lijn zitten en ik voor alles bij je terecht kan. Ik zal het gevoel nooit vergeten dat we 
afgelopen jaar na al die trainingsuren samen over de finish zijn gegaan bij de marathon. 
Extra bijzonder dat jij ook bij deze “eindstreep” weer naast me staat!

Lieve Stijn, duizend maal dank voor je onvoorwaardelijke steun en dan met name tijdens de 
laatste drukke maanden! Zo fijn dat jij 100% achter mijn Singapore avontuur stond en me 
alle ruimte gaf om alleen naar het buitenland te gaan. Een ding weet ik daardoor helemaal 
zeker: ik wil nooit meer zonder jou! 
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Carline Elisabeth Aleida Tacke werd op 1 augustus 1984 geboren te Arnhem. Ze groeide op 
in Tilburg als oudste van vier kinderen. In de zomer van 2002 haalde ze haar gymnasium 
diploma aan het Theresialyceum te Tilburg. Hierna verhuisde ze naar Utrecht waar ze startte 
met de opleiding geneeskunde aan de Universiteit van Utrecht. In 2006 liep ze haar co-
schap gynaecologie en verloskunde in het Amana Hospital in Dar es Salaam, Tanzania. Naast 
haar studie werkte ze in 2007 en 2008 mee aan een multicenter trial van het Julius Centrum 
naar de effectiviteit en veiligheid van een combinatie vaccin tegen influenza en pneumo-
kokken. In het laatste jaar van haar studie liep ze een oudste co-schap kindergeneeskunde 
en een keuze co-schap perinatologie in het Wilhelmina Kinderziekenhuis. Daarnaast deed 
ze een wetenschappelijke stage op de afdeling kinderinfectiologie en kinder IC over de 
detectie van respiratoire virussen met PCR. Deze stage werd verlengd met 3 maanden 
extra-curriculair. Tijdens het laatste deel van haar studie werkte ze ook mee aan drie andere 
projecten van verschillende onderzoeksgroepen binnen het Wilhelmina Kinderziekenhuis 
en Nederlands Vaccin Instituut (NVI). 
Na het afronden van haar studie geneeskunde in 2009, maakte Carline de overstap naar het 
Emma Kinderziekenhuis. Ze startte als arts-onderzoeker op de afdeling kinderhematologie, 
immunologie en infectieziekten onder leiding van prof. dr. T.W. Kuijpers. Ruim vier jaar 
werkte ze aan haar promotieonderzoek naar de etiologie, behandeling en lange termijn 
follow-up van de ziekte van Kawasaki, resulterend in dit proefschrift. In 2013 woonde ze 6 
maanden in Singapore waar ze op het Genome Institute Singapore (GIS) onder leiding van 
prof. Martin Lloyd Hibberd aan een deelproject werkte. Dit werd mede mogelijk gemaakt 
door een persoonlijke beurs van het KNAW Ter Meulen Fonds. 
Sinds januari 2014 werkt Carline met veel plezier als ANIOS kindergeneeskunde in het 
Flevoziekenhuis in Almere. Ze woont samen met Stijn in Amsterdam. 
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