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Background-—Kawasaki disease (KD) is a pediatric vasculitis with coronary artery aneurysm (CAA) as a major complication.
Controversy exists about cardiovascular risk later in life. The aim of our study was to evaluate whether KD patients are at increased
risk, as assessed by carotid intima-media thickness (cIMT).

Methods and Results-—We measured cIMT over 15 years by B-mode ultrasonography in KD patients during follow-up and in
unaffected controls (mostly siblings). A multilevel, repeated-measures, linear mixed-effects model was used to evaluate the
association between KD and cIMT. A total of 319 patients with 528 measurements were compared with 150 controls. In KD
patients, the mean cIMT was increased compared with controls (0.375 mm [95% CI 0.372–0.378 mm] versus 0.363 mm [95% CI
0.358–0.368 mm]; P<0.001). Furthermore, mean cIMT of CAA-negative patients was 0.373 mm (P<0.01 compared with controls),
of patients with small–medium CAA was 0.374 mm (P<0.05 compared with controls), and of patients with giant CAA was
0.381 mm (P<0.01 compared with controls). Compared with controls, CAA-negative participants started with an increased cIMT
(+0.0193�0.0053 mm, P<0.001) but showed slower progression (�0.0014�0.0006 mm/year, P=0.012). Patients with giant CAA
showed a trend toward increased cIMT progression (0.0013�0.0007 mm/year, P=0.058).

Conclusions-—We observed a positive correlation between cIMT and KD severity of coronary arteritis at the acute stage.
Although initially increased, the cIMT in CAA-negative patients normalized at a later age. In contrast, patients with a history
of KD complicated by giant CAA showed a trend toward persistently increased cIMT. These patients may need
cardiovascular counseling and follow-up beyond the heart. ( J Am Heart Assoc. 2016;5:e003414 doi: 10.1161/
JAHA.116.003414)
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K awasaki disease (KD) is an acute systemic vasculitis
occurring predominantly in children aged <5 years.1 The

main complication of this disease is the development of
coronary artery aneurysm (CAA). CAA develops in 15% to 25%
of untreated patients.2

KD is the leading cause of acquired heart disease in
developed countries.3 Standard treatment consists of a single
administration of high-dose intravenous immunoglobulins
(IVIG) and oral aspirin for 6 to 8 weeks. This has been shown
to reduce the risk of CAA to <10% when treated within
10 days.4 Both the etiology and pathophysiology of KD as well
as the working mechanism of IVIG have remained unclear to
date.

It has been hypothesized that KD represents a systemic
vasculitis that, apart from the absence or presence of CAA,
results in increased cardiovascular disease risk at a later age.
Although controversial, this hypothesis was supported by
abnormal myocardial perfusion, as shown by nuclear scintig-
raphy, even when echocardiography of the arteries was
unremarkable.5 Dysfunctional vasculature, however, may not
be limited to the heart, and cardiovascular disease may be
more widespread than just to the coronary arteries, as shown
by increased flow-mediated dilatation of the brachial artery
after KD.6 In addition, a study by Kato et al followed 594
patients from the acute KD phase up to 20 years afterward.7

In 2.2% of the patients, they found more widespread disease
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with extracardiac vascular lesions, although this study was
performed at a time when IVIG infusions were not routine.

Carotid intima-media thickness (cIMT) is a well-validated
noninvasive surrogate marker for cardiovascular disease risk
in multiple populations.8–10

In several studies, cIMT was compared between partici-
pants with a history of KD and unaffected controls.11–13 Some
found increased cIMT in all KD patients or in CAA-positive
patients compared with controls, whereas others did not find
any difference; therefore, results were conflicting, and often
the studies showed methodological limitations.6 Furthermore,
the included studies had a cross-sectional design or were
cohort studies with short follow-up (<6 months) and were not
able to show the course of the cIMT change over time. In our
own cross-sectional study, we observed that children with KD
had significantly increased cIMT following early disease
compared with siblings.14 In a large number of patients, ≥2
cIMT measurements were obtained. Having collected these
cIMT data over a period of almost 15 years, we investigated
whether KD patients had increased cIMT in a data set with
long-term follow-up and whether these data supported our
previous conclusions from our initial cross-sectional study
data.

Methods

Participants
The study was conducted between October 2001 and
December 2014 at the Emma Children’s Hospital, a tertiary
referral center. Participants with a history of KD, based on
criteria of the American Heart Association, were recruited
consecutively during follow-up as outpatients.3 Patients in
the acute or subacute (specified as within 6 months after
the disease) phase of KD were excluded to minimize the
potential confounding influence of acute or subacute inflam-
mation.

Unaffected siblings of children with KD and other unaf-
fected persons (family of staff members and staff of our
hospital) without a history of KD were eligible as controls if
they did not take any cardiovascular medication. All partic-
ipants and/or their parents gave informed consent, as
approved by the institution’s research ethics board.

Study Protocol
Blood pressure, body height, and weight were measured in
participants. Using data from 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 sex of each participant
(http://groeiweb.pgdata.nl/calculator.asp [in Dutch]).

The medical records of the KD patients were retrospec-
tively reviewed to collect clinical details: age at onset of
disease, treatment with IVIG, and presence of CAA. The
coronary arteries had been evaluated by 2-dimensional
echocardiography. CAAs were specified by worst-ever z
scores: z scores adjusted for basal surface area.15,16 We
defined the CAAs by their worst-ever scores because arteries
may be damaged even when the lumen of a previously
affected coronary artery has returned to its normal size,
indicating more severe initial systemic vasculitis compared
with children who never had enlargement. CAA was defined as
a coronary z score ≥2.5, and a giant aneurysm was defined as
a z score ≥10 or a diameter of ≥8 mm.

Following KD, after an overnight fast, a venous blood
sample was taken to measure total cholesterol, high- and low-
density lipoprotein cholesterol, and triglycerides.

We measured cIMT in the participants with a history of KD
when they visited the outpatient clinic from the age of 5 years
onward. Siblings who were aged ≥7 years were invited for a
cIMT measurement once.

Measurements of cIMT
All participants were scanned by 2 experienced and certified
sonographers. Over the course of 14 years, 3 ultrasound
machines were used: an Acuson 128XP (October 2001 to
June 2006), an Acuson Aspen (June 2006 to January 2008),
and an Acuson Sequoia 512 (January 2008 to January 2015).
L7 linear array vascular transducers were used on the Acuson
128 XP and Aspen, and an 8L5 transducer was used on the
Acuson Sequoia (Siemens AG).

All scans were performed according to a validated and
standardized scanning and image analysis protocol. Briefly,
in all participants, the right and left common carotid, carotid
bulb, and internal carotid arterial wall segments were
visualized. For each segment, a 5-second cine-loop of 25
full frames per second was temporarily saved in the memory
of the ultrasound equipment. Because cIMT is known to
change slightly (�6–8%) during the cardiac cycle, cIMT
measurement at a fixed point in the arterial cycle is
preferred.17

All ultrasound instruments were equipped with a dedicated
carotid scan protocol in which a high-persistence scan setting
was used. Because of rapid arterial wall movement, this high-
persistence setting provides a slight movement artifact on the
averaged image when the artery is in systole, at which, at the
relative resting phase of the diastole, the averaged image of
the arterial wall is crisp. From the cine-loop, the sonographer
was trained and certified to select and save the highest
quality and crispest image frame of the segment as a 292-cm
high-resolution DICOM still. The scan protocol is described in
full elsewhere.18
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The image analyses were done offline. The mean combined
cIMT per participant was calculated as follows: ([mean of the
left and right common carotid arteries]+[mean of the left and
right carotid bulb]+[mean of the left and right internal carotid
arteries])/3. For participants in whom 1 of the segments
failed, the cIMT of the same segment of the opposite carotid
artery was taken as the mean of both carotid arteries. When
both sides failed, the segment was considered missing.

One image analyst performed all cIMT measurements
manually and was blinded to the patients’ case and CAA
status. Twenty images of the Acuson Sequoia were analyzed
twice to assess intrarater reliability. The intraclass correlation
coefficient was 0.92 (95% CI 0.75–0.97) for the mean cIMT.

The Acuson Sequioa, compared with the less advanced and
technically similar XP and Aspen, has improved hardware,
software, and transducer properties regarding signal-to-noise
ratio, image display/pixel density, and image file size and
format. To allow for comparison of cIMT data of different
machines, normalization of measurements is required; there-
fore, we created a correction factor for the scans provided by
the different instruments. In 10 volunteers on the same day,
the most reliable artery segment—the common carotid artery
far walls—was scanned on the Acuson Aspen and Sequoia.
This comparison revealed systematic differences in cIMT
between instruments. Subsequently, we evaluated cIMT data
for comparable age groups of all KD study participants by
ultrasound instruments. This statistical evaluation of cIMT
participant data revealed the same and systematic differences
in cIMT between instruments as those of the volunteer scans.
Based on both calculations (D mean cIMT and measurement
differences within the cohort), a correction factor was applied
with the most advanced ultrasound instrument, the Acuson
Sequoia, as the reference.

Statistics
We evaluated differences in age and sex between patients and
controls at the time of the first cIMT measurement by using
Mann–Whitney U and chi-square tests, respectively. Differ-
ences in the remaining demographics (length, weight, mean
arterial pressure, and BMI standard deviation score) between
patients with KD and controls were assessed by linear
regression analysis, taking family bonds into account by
creating a random term. Nonnormal variables were log-
transformed before analysis. Differences in demographics
between KD subgroups were evaluated by ANOVA for
parameters with normal distribution, by Kruskal–Wallis test
for parameters with a nonnormal distribution, and by chi-
square test for binary parameters.

A multilevel, repeated-measures, linear mixed-effects
model was used to evaluate the association between KD
and cIMT. In the first model, all KD patients were compared

with controls; in the second model, 4 groups were compared:
controls, CAA-negative patients, patients with small–medium
aneurysms, and patients with giant aneurysms. The analyses
were adjusted for potentially confounding variables (age, sex,
mean arterial pressure, and BMI standard deviation score),
which were entered as fixed effects. In addition, family
relations were taken into account and were adjusted for by
creating a random term. Because measurements started at
age 5 in patients, we calculated the intercept at this age.

To evaluate whether IVIG treatment, total cholesterol, low-
density lipoprotein cholesterol, and triglycerides were of
significant influence on cIMT, we also performed—in patients
only—a linear mixed-effect analysis including these variables.

Multiple imputation was performed for missing blood
pressure (30%) and missing segment (4.7%) values. For each
missing value, 5 imputations were performed based on age,
weight, height, BMI standard deviation score, and the
remaining segments that did not fail. These were subse-
quently combined into 1 effect estimate.

A P<0.05 was considered statistically significant. Statisti-
cal analyses were performed using SPSS version 22.0
software (IBM Corp). A figure was created using R statistics
version 3.0.1 (R Foundation for Statistical Computing).

Results
A total of 319 participants with a history of KD were included,
with a median age of 8.1 years during their first cIMT
measurement (range 5.0–43.3 years). In these patients, 528
cIMT measurement were performed. Of these cases, 171 KD
patients had a single measurement and 148 had ≥2 cIMT data
sets. A total of 150 controls (130 siblings and 20 unrelated
participants) were included with a median age of 12.5 years
(range 7.0–31.1 years). The demographic characteristics of
patients and controls during the first cIMT measurement are
shown in Table 1. The number of cIMT measurements per
subgroup are listed in Table 2.

Of the 319 participants with a history of KD, 241 (75.5%)
had a worst-ever coronary artery z score <2.5. The other
participants had CAA, of whom 51 (16.0%) had CAA with a z
score of 2.5 to 10 and 27 (8.5%) had giant aneurysms, with a z
score of ≥10 and/or a diameter of ≥8 mm.

There was no significant difference in sex between patients
and controls, but there were significantly more male partic-
ipants in the small–medium CAA group (P=0.02) and in the
giant CAA group (P<0.001) compared with the CAA-negative
patients.

The clinical characteristics of KD patients and the KD
subgroups are shown in Table 3. There was no significant
difference in percentage of IVIG treatment between the
groups. Patients with small–medium CAA were significantly
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younger during their disease compared with patients without
CAA. There was no significant difference in age at KD between
patients with giant aneurysms and CAA-negative patients.

Carotid Intima-Media Thickness
Patients with a history of KD had a significantly higher
estimated marginal mean compared with controls (0.375 mm
[95% CI 0.372–0.378 mm] versus 0.363 mm [95% CI 0.358–
0.368 mm]; P=0<0.001). The model for the longitudinal cIMT
data analysis over time shows that patients with a history of
KD started with a higher cIMT (intercept +0.0145 mm [95%
CI: 0.0042–0.0248 mm; P=0.006] at age 5 compared with

controls). There was no difference in increase per age-year
(�0.0004 mm [95% CI �0.0014 to 0.0007 mm; P=0.490]
increase per year compared with controls).

In comparing the different groups based on CAA status in
our KD cohort, we found that the estimated marginal mean of
CAA-negative patients was 0.373 mm (95% CI 0.369–
0.376 mm; P<0.01 compared with controls), of patients with
small–medium CAA was 0.374 mm (95% CI 0.367–
0.382 mm; P<0.05 compared with controls), and of patients
with giant aneurysms of 0.381 mm (95% CI 0.370–
0.392 mm; P<0.01 compared with controls).

The complete model shown in Table 4 indicates that,
compared with controls, CAA-negative patients started with a

Table 1. Demographics of Controls and Kawasaki Disease Subgroups at the Time of Their First cIMT Measurement

Controls
(n=150)

Kawasaki Disease
Patients (n=319) P Value

CAA Negative
(n=241)

Small–Medium
Coronary Artery
Aneurysm (n=51)

Giant Coronary
Artery Aneurysm
(n=27) P Value

Age, y* 12.5 (9.6–15.6) 8.1 (6.4–12.0) <0.001† 7.9 (6.3–12.0) 7.7 (6.3–11.4) 11.9 (8.5–16.4) 0.001

Sex (% male) 53.3 60.5 0.160† 54.8 72.5 88.9 <0.001

Length, cm 157�18 139�22 <0.001 138�22 136�21 154�20 0.002

Weight, kg* 46.5 (31.5–62.0) 29.0 (23.0–45.0) <0.001 28.2 (22.6–43.6) 27.9 (21.4–44.5) 42.9 (29.4–67.8) 0.004

BMI standard deviation score 0.19�1.08 0.46�1.16 0.081† 0.43�1.12 0.59�1.27 0.42�1.29 0.083

Mean arterial pressure, mm Hg 77.2�8.1 76.2�9.2 0.261† 76.1�8.8 76.5�9.5 76.5�11.3 0.957

Ethnicity (%)

White 136 (91) 246 (77) 190 (79) 37 (73) 19 (70)

Black 0 (0) 9 (3) 7 (3) 2 (4) 0 (0)

Mediterranean 0 (0) 18 (6) 13 (5) 3 (6) 2 (7)

Mixed 9 (6) 27 (8) 17 (7) 6 (12) 4 (15)

Other‡ 5 (3) 13 (4) 9 (4) 2 (4) 2 (7)

Unknown 0 (0) 6 (2) 5 (2) 1 (2) 0 (0)

BMI indicates body mass index; CAA, coronary artery aneurysm; cIMT, carotid intima-media thickness.
*Median (interquartile range).
†These variables were adjusted for in the model.
‡Mainly consisting of individuals of indo-Surinamese and Asian descent.

Table 2. Number of cIMT Measurements Per Subgroup

Controls (n=150)
Kawasaki Disease
Patients (n=319)

CAA Negative
(n=241)

Small–Medium Coronary
Artery Aneurysm (n=51)

Giant Coronary Artery
Aneurysm (n=27)

1 cIMT measurement 150 171 143 20 8

2 cIMT measurements — 98 64 19 15

3 cIMT measurements — 40 28 8 4

4 cIMT measurements — 9 5 4 0

5 cIMT measurements — 1 1 0 0

Total 150 528 380 98 50

CAA indicates coronary artery aneurysm; cIMT, carotid intima-media thickness.
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significantly higher cIMT at the age of 5 years (+0.0193 mm
[95% CI 0.0089–0.0297 mm]; P<0.001), but this difference
decreased per year (�0.0014 mm per year [95% CI �0.0025
to �0.0003 mm]; P=0.012). There was no significant differ-
ence between controls and patients with small–medium CAA
either in cIMT at the age of 5 years or in cIMT progression per
year. Compared with controls, patients with giant CAA had a
higher but nonsignificant cIMT level at age 5 years and a
trend toward increased cIMT progression per year
(0.0013 mm per year, [95% CI �0.0000 to 0.0027 mm];
P=0.058).

In comparing CAA-negative patients with patients with
small–medium and giant CAA, both groups had comparable
intercepts at age 5 years but had significantly increased
progression (0.0015 mm per year [95% CI 0.0001–
0.0030 mm]; P=0.038; and 0.0027 mm per year [95% CI
0.0015–0.0039 mm]; P<0.001, respectively).

Figures 1 and 2 show the regression lines (95% CI) for
cIMT against age, corrected for sex, BMI z score, mean arterial
pressure, and family relations for controls and patients and for
controls and the different patient groups based on CAA worst-
ever z score.

IVIG, total cholesterol, low-density lipoprotein cholesterol,
and triglycerides were not significantly associated with cIMT
in the multivariable model.

Additional and Post Hoc Analyses
Because not all of our patients obtained multiple measure-
ments, we also analyzed the data including only the
measurements of patients with follow-up data. This analysis
showed results similar to the analyses including all patients.
Patients with small–medium and giant CAA had comparable
intercepts at age 5 compared with CAA-negative patients

Table 4. Association Between cIMT and Kawasaki Disease Subgroups and Controls

Estimated Intercept at Age 5
Years �SE (mm) P Value Estimated b �SE (mm) P Value

CAA status; controls as reference

No enlargement 0.0193�0.0053 <0.001 �0.0014�0.0006* 0.012

Small or medium CAA 0.0105�0.0072 0.144 0.0001�0.0008* 0.869

Giant CAA 0.0087�0.0090 0.335 0.0013�0.0007* 0.058

CAA status; patients with no enlargement as reference

Small or medium CAA �0.0088�0.0060 0.140 0.0015�0.0007* 0.038

Giant CAA �0.0106�0.0082 0.192 0.0027�0.0006* <0.001

Age, per 1-year increase† 0.0030�0.0005 <0.001

Sex (reference: women) �0.0116�0.0027 <0.001

BMI, per 1-SD score increase 0.0017�0.0011 0.123

Mean arterial pressure, per 1-mm Hg increase 0.0001�0.0002 0.716

BMI indicates body mass index; CAA, coronary artery aneurysm; cIMT, carotid intima-media thickness.
*Increase per year.
†The estimated b in millimeters per year was based on the model in which controls were reference, and the P value of age and the estimated b of the other covariates including the P values
were identical in both models.

Table 3. Clinical Characteristics of the Kawasaki Disease Patients

Kawasaki Disease
Patients (n=319)

CAA Negative
(n=241)

Small–Medium
CAA (n=51)

Giant CAA
(n=27) P Value

Age at disease onset, y* 3.3 (1.2–5.3) 3.5 (1.7–5.4) 1.2 (0.4–4.7) 2.7 (0.4–5.7) 0.003

Time since Kawasaki disease at first ultrasound, years* 5.0 (2.2–8.0) 4.6 (1.8–7.7) 5.5 (3.1–7.1) 8.6 (5.5–13.2) <0.001

Intravenous immunoglobulin–treated patients, % 89.7 90.5 90.2 81.5 0.345

Median follow-up time, years*† 4.1 (3.0–5.6) 4.2 (3.0–5.9) 4.3 (3.0–6.2) 3.6 (2.2–4.6) 0.193

CAA indicates coronary artery aneurysm.
*Median (interquartile range).
†Median follow-up time between first and last carotid intima-media thickness measurement of patients with >1 measurement (total n=148; CAA-negative, n=98; small–medium CAA, n=31;
giant CAA, n=19).
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(P=0.131 and P=0.071, respectively), but progression was
significantly increased in patients with giant CAA (0.0035 mm
[95% CI 0.0019–0.0051 mm]; P<0.001); progression was not

significantly increased in patients with small–medium CAA
(0.0019 mm [�0.0002 to 0.0039 mm]; P=0.081).

After obtaining the results of the increased progression in
patients with giant aneurysms but not in patients with small–
medium aneurysms (z scores 2.5–10), we performed a post
hoc analysis to evaluate whether the participants with giant
aneurysms composed a different group as such or repre-
sented the more extreme phenotype of a spectrum of the
disease.

Children with medium-sized aneurysms (z scores 5–10,
n=15, 29 cIMT measurements) had an estimated marginal
mean of 0.381 mm (95% CI 0.368–0.394). In evaluating the
model, these patients showed a trend toward an increased
intercept (0.0192 mm, [�0.0008 to 0.0392 mm]; P=0.060)
with comparable progression in cIMT parallel to the control
curves (P=0.833), indicating that normalization toward the
healthy siblings in participants without CAA was absent in
those with medium CAA.

Discussion
Our longitudinal cohort study in KD demonstrated that the
severity of the coronary arteritis at the acute stage of the
disease is associated with cIMT of the extracardiac vascula-
ture. The estimated marginal means of the cIMT of the carotid
artery increased with increasing severity of the original
vasculitis, as reflected by the extent and diameter of CAA. The
cIMT of CAA-negative patients was observed to be initially
increased but normalized over time. Patients with the most
severe CAA at the initial stage of the disease showed a trend
toward significantly increased cIMT progression over time
compared with controls. In comparing patients with small–
medium and giant CAA with patients without CAA, both
groups had significantly increased progression.

Together, these data suggest a spectrum of disease, not
only of the coronary arteries but also of the peripheral
vasculature.

Multiple studies have evaluated cIMT after KD in a cross-
sectional manner. Some studies found significantly increased
cIMT in KD patients compared with controls,19 whereas
others did not.12 In comparing CAA-positive patients with
controls, some studies found significantly increased cIMT,11,20

and again others did not report any difference13,21; however,
most of these studies were small, used variable study designs,
or lacked a sufficient number of CAA-positive patients, and
none of the studies had a follow-up of >6 months.6

Our study is the first longitudinal cIMT study in KD and
demonstrates an apparently gradual increase in cIMT in KD
patients with larger CAA. The cIMT means gradually increased
from controls to patients with giant aneurysms. The cIMT of
CAA-negative patients showed an increased cIMT following

Figure 2. The mean carotid IMT regression line (95% CIs) of the
different patient groups based on CAA worst-ever z score and
controls against age. The mean regression line is represented by
the continuous line, and the 95% CIs are indicated by dashed lines
after adjusting for sex, body mass index z score, mean arterial
pressure, and family relations. CAA indicates coronary artery
aneurysm; IMT, intima-media thickness.

Figure 1. The mean carotid IMT regression line (95% CI) of
patients and controls against age. The mean regression line is
represented by the continuous line, and the 95% CIs are indicated
by dashed lines, after adjusting for sex, body mass index z score,
mean arterial pressure, and family relations. IMT indicates intima-
media thickness.
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complete convalescence of the acute disease, which normal-
ized over time. Patients with small CAA showed increased (but
nonsignificant) initial cIMT but comparable cIMT progression
parallel to the curves of controls. Patients with medium-
sized CAA showed a trend toward increased initial cIMT
with cIMT progression comparable to that of controls.
Patients with giant CAA showed a trend toward increased
cIMT progression over time. In evaluating this model,
patients with giant CAA and, to a much lesser degree,
patients with medium-sized CAA showed a trend toward
continuously increasing cIMT compared with controls.
Patients with giant CAA are most severely affected by the
original vasculitis of the coronary vasculature. Our study
suggests that these patients should be followed up for
broader cardiovascular assessment beyond the heart.
Although these findings need to be confirmed in additional
prospective cohort studies, our study also suggests that
patients without any enlargement at any point of the
disease may not need lifelong follow-up.

Several factors such as age, sex, BMI, blood pressure,
lipids, and lifestyle influence cIMT.22 For the latter, a suitable
control group is vital; therefore, we included siblings as
controls, having the same environmental and genetic factors.
Sex differed between controls and patients and among the
different KD subgroups. There were significantly more male
participants in the small–medium and giant CAA group
compared with the CAA-negative patients. This was expected
because male sex is a known risk factor for aneurysms. It
should be emphasized that in the model used, sex, BMI, age,
and blood pressure were adjusted for, and lipids were not
significantly associated with cIMT in our patient group.

cIMT is strongly correlated with cardiovascular events.9 A
systematic review by Lorenz et al calculated a relative risk of
1.15 (95% CI 1.12–1.17) per 0.10-mm cIMT difference for
myocardial infarction and a relative risk of 1.18 (95% CI 1.16–
1.21) per 0.10 mm cIMT difference for stroke from studies
mainly investigating older populations. Eikendal et al found a
hazard ratio of 1.4 per standard deviation increase in cIMT for
myocardial infarction or stroke in adults aged <45 years.10

Increased cIMT is seen in children and adolescents
with known cardiovascular risk factors such as familial
hypercholesterolemia or obesity.23–25

Increased cIMT progression was found to be significantly
related to the incidence of stroke by Polak et al.26 In contrast,
a meta-analysis of individual patient data from longitudinal
studies in 2012 showed no significant association between
cIMT progression and cardiovascular events in mainly middle-
aged to older adults.27 This could be explained by the different
methods of measuring cIMT at the different institutes.
Another systematic review of randomized controlled trials
measuring cIMT change over time found a statistically
significant association between mean change in cIMT over

time and the likelihood of developing nonfatal myocardial
infarction (P=0.018) and the combined end point of myocar-
dial infarction and death (P=0.021).28

In younger participants, the Bogalusa Heart Study found a
significant association between some cIMT segment progres-
sion and multiple cardiovascular risk factors such as waist
circumference, waist/height ratio, mean arterial pressure,
cholesterol, and smoking.29 The Young Finns study showed
that young adult cIMT progression was associated with risk
factors in childhood such as BMI, physical activity, and fruit
consumption.30 Although the exact risk prediction of (in-
creased) cIMT in children and young adults is still unknown,
cIMT is clearly correlated with cardiovascular risk factors in a
younger population.

Although cIMT is often considered a surrogate marker for
clinical or subclinical atherosclerosis, it is unlikely that this is
also the case in KD patients. First, the cIMT course in CAA-
negative patients does not seem to be concordant with
atherosclerosis because one would expect the cIMT values to
worsen over time instead of normalize. This suggests that the
increased cIMT in KD patients originates from a different type
of vasculopathy and is supported by earlier postmortem
(histology) reports that show no accumulation of lipid in the
intima or other features consistent with atherosclerosis in
coronary arteries.31,32 The etiology and consequences of this
KD vasculopathy have yet to be determined. Most cIMT
studies in adults relate increased cIMT to the extent of
atherosclerosis; therefore, the cardiovascular risks derived
from these studies cannot be directly adopted for the KD
population.

Moreover, Lorenz et al found a relative risk of myocardial
infarction of 1.15 per 0.10-mm cIMT increase, whereas our
study shows a difference of 0.012 mm between patients and
controls.9 Although much smaller than in adult atherosclero-
sis, in patients with giant CAA, this difference might increase
each year, potentially leading to relevant peripheral vascula-
ture changes over time.

The increase in cIMT at the extreme end of the spectrum is
not completely unexpected. Suda et al described 76 patients
with giant aneurysms (>8 mm) in a retrospective cohort with
a median follow-up of 19 years and found that 7 patients died
during follow-up.33 They calculated 10-, 20-, and 30-year
survival rates of 95%, 88%, and 88%, respectively, and 5-, 15-,
and 25-year cumulative coronary intervention rates of 28%,
43%, and 59%, respectively, indicating that the coronary
arteries are still remodeling years after acute disease.

Study Limitations
Our study has some limitations. First, although the cIMT
protocol did not change throughout the years, different
ultrasound machines were used. We solved this issue by
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calculating a correction factor between the different
machines. Second, blood pressure data at the time of cIMT
was missing in �30% of children. By imputing the missing
data based on many of the known variables, we were able to
correct for mean arterial pressure in our model. Because
blood pressure did not seem to influence the cIMT (almost all
of the children were normotensive), the missing data were
unlikely to have influenced the results. Third, patients were
stratified based on their worst-ever z score. Because the study
was conducted in a tertiary referral center, most of the
echocardiograms in the acute phase were not performed at
our own center but rather by pediatric cardiologists at other
centers. This may have led to misclassification of some
patients in the CAA subgroups. Moreover, our study was
conducted at a tertiary referral center, with inevitable referral
bias. In our case, the relatively large number of patients with
CAA, and especially with giant CAA, helped identify that these
patients had the most abnormal response at the peripheral
noncardiac vasculature.

Finally, our controls and a proportion of our patients did
not undergo >1 cIMT measurement; however, by creating a
multilevel, repeated-measures, linear mixed-effects model, we
could use all cIMT measurements to create a large study
group.

Even though this is the largest study of cIMT in patients
after KD, there is a possible lack of power in the
subgroups. The arterial walls of the young encompass
�0.4 mm, whereas cIMT as measured by B-mode ultra-
sound has an axial resolution of �0.04 to 0.05 mm;
therefore, to detect submillimeter differences, large group
sizes are required. We observed a trend toward significance
in both intercept and progression in different subgroups;
however, because significance is dependent on the sample
size, and because in both groups the mean was indeed
significantly increased, it is likely that a significant finding
will be present in larger groups. Consequently, our data
need confirmation in a (very) large number of participants
with longitudinal follow-up, in particular in the smaller
subgroups of CAA-positive patients.

Conclusion
The cIMT of KD patients is increased compared with healthy
controls. Although the cIMT of CAA-negative children is
initially increased, the values normalize at a later age,
suggesting vascular repair of a generalized vasculopathy
distinctive from atherosclerosis. Patients with a history of KD
complicated by giant and, to a lesser degree, medium-sized
CAA have a trend toward continued increased cIMT, suggest-
ing more severe impact on the arterial wall. Until more data
become available, these patients need cardiovascular coun-
seling and follow-up beyond the heart.
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PhD, Reinier de Graaf Hospital, Delft, The Netherlands. Roos
Nuboer MD, Meander Medical Center, Amersfoort, The
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University Medical Center, Willem Alexander Children’s
Hospital, Leiden, The Netherlands. Gavin W. ten Tusscher
MD PhD, Westfriesgasthuis, Hoorn, The Netherlands. Sander
Starreveld MD PhD, Groene Hart Hospital, Gouda, The
Netherlands. Jennifer J. Verhoeven MD PhD, Maasstad
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