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Background and Objectives: Kawasaki disease (KD) is an acute inflammatory process affecting the arterial walls
that results in panvasculitis. Recent studies have shown that even after resolution of the disease, endothelial dys-
function persists and may progress to atherosclerosis. The pulse wave velocity (PWV) and the ankle-brachial index
(ABI) are simple and non-invasive methods for evaluating the degree of atherosclerosis, and are known as the
predictors of cardiovascular disease in adults. Carotid intima-media thickness (cIMT) is also known as a predictor
of cardiovascular disease. We conducted this study to determine the change in arterial stiffness by measuring the
PWV, ABI, and cIMT in children who have recovered from KD. Subjects and Methods: Twenty-five patients
with KD and coronary aneurysm were recruited. They all recovered from KD and were normal for more than 8 years.
Fifty-five healthy children were evaluated as the control group. Their height, weight, body mass index, and blood pre-
ssure (systolic, diastolic, and the mean) were measured. The PWV, ABI, ejection time (ET), and pre-ejection pe-
riod (PEP) were measured by ultrasonography. The cIMT was measured by ultrasonography. Results: The left
brachial ankle PWV was significantly higher in the KD group (1020.6*146.5 cm/sec) than the control group
(984.01£96.5 cm/sec). The ABI did not differ between the two groups. There was no difference in PEP/ET and
cIMT. Conclusion: The PWV in children who recovered from KD was higher than the control group. Long-term
follow up is necessary in children after recovery from KD even if there is no abnormality in echocardiography.

(Korean Circ J 2009;39:264-269)
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Introduction

Kawasaki disease (KD) is an acute inflammatory dis-
ease that affects the systemic blood vessels, and it was
first reported in Japan in 1967.” It can occur regardless
of the patient’s age, but usually occurs in children <5
years of age. The prevalence varies between geographic
areas, and it occurs at a higher incidence in Asian coun-
tries, such as Korea or Japan.””

The signs and symptoms which are noted during the
acute phase persist for 10 days and most of the symptoms
gradually improve.” In approximately 20% to 25% of
untreated pediatric cases, however, coronary aneurysms
may occur, which may lead to myocardial infarction or
sudden death.? Since the use of immunoglobulins to
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treat KD, the incidence of coronary aneurysms has grea-
tly decreased. Nevertheless, in 10% of patients coronary
aneurysms frequently occur.”

According to recent studies, endothelial dysfunction
persists even after KD and this may lead to early stage of
atherosclerosis. It has also been reported that endothe-
lial dysfunction occurs in children who have no abnormal
findings in the coronary arteries during the acute phase.?
Echocardiography or coronary angiography are effective
diagnostic modalities in cases in which the coronary ane-
urysms or stenoses form, but cannot be detected during
the early stage of atherosclerosis.

Pulse wave velocity (PWV) is a simplified, non-invasive
method that can measure the severity of atherosclerosis,
and it is known as a prognostic factor for cardiovascular
diseases in adult patients.”® Carotid intima-media thick-
ness (cIMT) is also known as an indicator for athero-
sclerosis in both pediatric and adult patients.” Increased
cIMT is observed in pediatric patients who have obe-
sity,'” hyperlipidemia,” and diabetes mellitus.'? It has
been reported that an increased cIMT is noted in chil-
dren who recover from KD with no coronary artery le-



sions compared to healthy children."”™ However, Ike-

moto et al."” reported contradictory results.

Long-term histopathologic dysfunction has been re-
ported, even in cases in which both echocardiographic
and angiographic findings were normal following reco-
very from the coronary aneurysm.”"”

In the current study, we measured the PWV and cIMT
in children who recovered from KD complicated by co-
ronary aneurysms and determined the degree of arterial
stiffness.

Subjects and Methods

Study population

The current study was conducted in 25 pediatric pati-
ents who were hospitalized in the Department of Pedia-
trics of Ewha Womans University Hospital with a diag-
nosis of KD accompanied by a coronary aneurysm. The
patients were treated with 2 g/kg of immunoglobulin
and high-dose aspirin (50 mg/kg/d). The administration
of low-dose aspirin (5 mg/kg/d) was discontinued after
the coronary artery lesion recovered to normal and >8
years has elapsed since the recovery. Fifty-five healthy
children served as normal controls.

Methods

Anthropometric data

In our patients, height was measured using a height
measurement system and the weight was measured up
to the first decimal point after the zero point was adjusted.
The body mass index (BMI) (kg/m?) was defined as the
value calculated by the division of weight (kg) by the squ-
are value of height (m?), and it was expressed up to the
first decimal point.

Blood pressure measurement

Blood pressure was measured with the use of an osci-
llometric blood pressure monitor after stabilization was
attempted for >10 minutes with a blood pressure cuff
with a diameter of 2/3 of the arm thickness. After 5
minutes, the blood pressure was measured twice and the
measurements were then averaged. This was the mean
value of blood pressure of the subject patients.

Pulse wave velocity, ankle brachial index, ejection time,
and pre-gjection period

PWV and ABI were measured using a VP-1000 (Co-
lin Co. Ltd, Komaki, Japan). PWV, ankle brachial index
(ABI), the blood pressure of the extremities, EKG, and
heart sounds were synchronously measured and then
automatically recorded. An electrode was contacted on
both wrists and a microphone was attached to the left
margin of the sternum. Then, the extremities were wrap-
ped by a cuff which was connected to a pulse monitor.
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The volume wave and time difference emitted from the
pulse monitor were recorded. The pulse wave was de-
fined as the value obtained by dividing the distance
between the two points by the time spent in transferring
the pulse. In the current study, the pulse wave was mea-
sured in the brachial artery and ankle (baPWV). The
ABI was defined as the ratio between the systolic pres-
sure measured in the ankle and that measured in the bra-
chial artery.

Ejection time (ET) was defined as the time elapsed
until the semilunar valve was closed since it was first
opened. The pre-ejection period (PEP) was defined as
the time elapsed until the semilunar valve was opened
since the initial time point for the QRS complex. To
minimize the errors due to the difference in heart rate
depending on age, the PEP/ET was calculated.

Carotid intima-media thickness

cIMT was measured with a B ultrasonogram to which
a 12.5 MHz linear transducer was installed (iU22, Intel-
ligent Ultrasound System; Philips, Amsterdam, The Ne-
therlands). cIMT measurement was performed in all
patients by one experienced technician unaware of the
group to which the subject patients were assigned.

The subject patients were given the test in a lying po-
sition while they slightly rounded their head. Within 1
cm of the junction of the right common carotid artery,
the cIMT and vascular diameter of the vessel during the
systolic and diastolic periods were measured. cIMT was
defined as the distance between the two points which
were observed to be bright on echocardiography. The
compliance and distensibility of the carotid artery were
calculated based on the following formulae:

Lumen cross-sectional area (mm?*)=rdD*/4
Wall cross-sectional area (mm?)=
7(dD/2+ IMTY- 7 (dD/2)
Cross-sectional compliance (mm” - mmHg")=
[z (sD*-dD?) 1/44P
Cross-sectional distensibility (nmHg" - 107)=
(sD2-dD?) /(dD* = 4P)
IMT: intima-media thickness (mm)
sD: systolic diameter (mm)
dD: diastolic diameter (mm)
A P: pulse pressure (mmHg)

Echocardiography

In children who were diagnosed with KD, two-di-
mensional echocardiography was performed during the
acute phase prior to the administration of immunoglo-
bulins, after 2 months, during the recovery phase, and
every year thereafter. On the parasternal short axis view,
the proximal area of the left and right coronary arteries
was examined. In accordance with the diagnostic criteria
recommended by the Ministry of Health and Welfare in
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Japan, the coronary artery was defined as abnormal in
children aged <5 years of age in whom the diameter of
the coronary artery was >3 mm, those =5 years of age
in whom the diameter of the coronary artery was >4
mm, cases in which the lumen of the segment was >1.5
times the adjacent segment, and those in whom the
lumen of the coronary artery was clearly irregular.
Echocardiography was performed using a Hewlett Pac-
kard 5500 (Philips, Andover, MA, USA) and the trans-
ducer with a frequency of 3.5 and 5 MHz. The ventri-
cular function was assessed by measuring the myocar-
dial performance index (MPI) and the EF of the left
ventricle. The MPI was obtained by dividing the isovolu-
metric contraction time (ICT) and the isovolumetric
relaxation time (IRT) by the ET. The ejection fraction
was measured with the use of the modified Simpson
method, for which the endsystolic volume (ESV) was
subtracted from the enddiastolic volume (EDV), and the

result was divided by the EDV on a four-chamber view.

Tissue Doppler imaging (TDI) was performed based
on the following methods. Sample volume (3-5 mm) and
Nyquest limit (15-20 cm/sec) were set at a low value. The
wall filter was also set at the lowest value possible. The
peak wall velocity was expressed as the positive value
when the transducer was approached and a negative value
when it became remote from the transducer.

On apical four-chamber view, at the base of the inter-
ventricular septum, the peak early and late diastolic myo-
cardial velocities (E, myocardial velocity; and A, myocar-
dial velocity), and the peak systolic myocardial velocity
(S, myocardial velocity) were measured.

Statistical analysis

Data which were examined and all the measurements
were expressed as the mean T standard deviation (SD),
for which statistical analysis was performed using a Stu-
dent t-test. A p<0.05 was considered statistically signi-
ficant. All the statistical analyses were performed using

SPSS, version 11.0.
Results

Clinical characteristics

The mean age of the KD group (12.6 £ 2.0 years) was
significantly lower than the control group (14.5£0.7
years; p<0.05). However, there were no significant differ-
ences in height, weight, and BMI between the two grou-
ps (Table 1). In addition, there were no significant diffe-
rences in blood pressure, which was measured in the
right upper arm, left upper arm, right ankle, and left
ankle between the two groups (Table 2).

An assessment of cardiac function by echocardio-

graphy
The heart rate was 74.1+8.3 times/min in the KD

group and 77.8£8.9 times/min in the control group.
There was no significant difference between the two
groups. The ejection time was 278.0£13.0 msec in the
KD group and 276.4 % 18.1 msec in the control group,
with no significant difference between the two groups.
The PEP was 84.3+14.2 msec in the KD group and
86.6112.2 msec in the control group (p>0.05) (Table 3).

The EF measured by echocardiography was 68.9 =
6.0% in the KD group and 69.5%6.1% in the control
group and showed no significant difference between the
two groups. The MPI was 0.39£0.07 in the KD group
and 0.39+0.06 in the control group (p>0.05) (Table 3).

The peak early diastolic myocardial velocity which was
measured using TDI was 11.8 = 1.8 cm/sec in the KD
group and 11.9£2.2 cm/sec in the control group (p>
0.05); the peak late diastolic myocardial velocities were

Table 1. Anthropometric data of the study group

Anthropometric data KD group (n=25) Control group (n=55)

Age (years) 12.6 =2.0* 145+0.7
Height (cm) 156.0£13.2 156.7£3.1
Weight (kg) 50.3+16.6 50.3+6.2
BMI (kg/m?) 19.9+4.5 205+2.4

#*p<0.05: significantly different from the control group. KD: Kawa-
saki disease, BMI: body mass index

Table 2. Comparison of blood pressure in the Kawasaki disease
group and the control group

Blood pressure (mmHg) KD group Control group
RB Systolic BP 113.0+14.1 112.4+11.1
Diastolic BP 61.0+8.0 63.2£74
LB Systolic BP 1121+ 14.2 110.9+10.1
Diastolic BP 61.8£8.0 62.4=£7.0
RA Systolic BP 116.7£15.3 120.3£12.9
Diastolic BP 62.31t£8.8 62.0=£73
LA Systolic BP 116.0+15.7 119.0£12.5
Diastolic BP 62.2t8.8 61.5t7.3

p>0.05. KD: Kawasaki disease, RB: right brachial, LB: left bra-
chial, RA: right ankle, LA: left ankle

Table 3. Comparison of cardiac function by echocardiography
in the Kawasaki disease and control groups

KD group Control group
HR (bpm) 74.1£8.3 77.8+8.9
ET (msec) 278.0£13.0 276.4t18.1
PEP (msec) 843+14.2 86.6+12.2
PEP/ET 0.30+0.05 0.30£0.04
LV EF (%) 68.9+6.0 69.5+6.1
LV MPI 0.39£0.07 0.39+0.06
E’ velocity (cm/sec) 11.8+1.8 11.9+2.2
A’ velocity (cm/sec) 59+1.6 6.4+t1.1
S’ velocity (cm/sec) 71+1.0 72+1.2

p>0.05. KD: Kawasaki disease, HR: heart rate, ET: ejection time,
PEP: pre-ejection period, LV EF: left ventricle ejection fraction, LV
MPI: left ventricle myocardial performance index, E’ velocity: peak
early diastolic myocardial velocity, A’ velocity: peak late diastolic myo-
cardial velocity, S’ velocity: peak systolic myocardial velocity



5.1+ 1.7 cm/sec and 6.4 £ 1.1 cm/sec, respectively. There
were no significant differences in these parameters bet-
ween the two groups. The peak systolic myocardial velo-
city was 7.1 £ 1.1 cm/sec in the KD group and 7.2+ 1.2
cm/sec in the control group; there were no significant
differences in these parameters between the two groups

(Table 3).

Pulse wave velocity, and ankle-brachial index

The right brachial-ankle pulse wave velocity (Rba-
PWV) was 979.7 =% 154.5 cm/sec in the KD group and
976.3193.5 cm/sec in the control group; there were
no significant differences in the RbaPWV between the
two groups. However, the LbaPWV was significantly high-
er in the KD group than the control group (1020.6*
146.5 cm/sec vs. 984.0196.5 cm/sec; p<0.05) (Table 4).
There were no significant differences in the LbaPWV
between the two groups.

Carotid intima-media thickness

The cIMT was 0.41 =0.19 mm in the KD group and
0.50£0.01 mm in the control group. The systolic dia-
meter was 6.44+0.36 mm in the KD group and 6.89+
0.57 mm in the control group. The diastolic diameter was
5.78£0.54 mm in the KD group and 6.00*=0.54 mm
in the control group. There were no significant differen-
ces in these parameters. The compliance was 0.46+0.35
mm’/mmHg in the KD group and 0.23+0.10 mm?*/
mmHg in the control group (p>0.05). The distensibility
was 0.019910.0172 mmHg" - 10* in the KD group and
0.0087+0.0045 mmHg" + 10* in the control group (p>
0.05) (Table 5).

Table 4. Comparison of pulse wave velocities and ankle brachi-
al index in the Kawasaki disease and control groups

KD group Control group
hbPWV (cm/sec) 363.9+t48.5 387.8+£92.3
RbaPWV (cm/sec) 979.7+154.8 976.3£93.5
LbaPWV (cm/sec) 1020.6 £ 146.5* 984.0£96.5
Right ABI 102.5+7.9 105.5+6.7
Left ABI 102.7£8.2 104.8+6.7

#p<0.05: significantly different from the control group. KD: Kawasaki
disease, hbPWV: heart-brachial pulse wave velocity, RbaPWV: right
brachial-ankle pulse wave velocity, LbaPWV: left brachial-ankle pulse
wave velocity, ABIL: ankle brachial index

Table 5. Comparison of carotid intimal medial thickness in the
Kawasaki disease and control groups

Parameters KD group Control group
Intimal thickness (mm) 0.41 £0.19 0.50£0.01
Systolic diameter (mm) 6.441+0.36 6.89 +0.57
Diastolic diameter (mm) 5.78 +0.54 6.001+0.54
Cross-sectional compliance 04640235 0.234+0.10

(mm?’/mmHg)
Cross-sectional distensibility
(mmHg'/10%)
p>0.05: significantly different from control group. KD: Kawasaki disease

0.0199£0.0172 0.0087 +0.0045
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Discussion

According to the current study, the PWV was increa-
sed, even in cases in which the echocardiographic find-
ings were normal following the recovery of KD during
the acute phase. KD is an acute febrile disease that causes
an idiopathic systemic vasculitis, and it usually develops
in children <5 years of age. The prognosis varies depend-
ing on the severity of complications of coronary artery
diseases. Coronary aneurysm that occurs during the
acute phase is a severe complication, and may lead to
myocardial infarction or sudden death.” The damage to
the coronary artery complicated by KD was first intro-
duced by Kato et al.'” It has been reported that coronary
aneurysms occur in approximately 25% of untreated
patients.” It has also been reported that 50% of all the
cases of coronary aneurysms recover within several years.
In some patients, however, it may lead to coronary artery
stenosis or occlusion, and this may be followed by myo-
cardial infarction or sudden death.”

According to recent studies, endothelial dysfunction
may persist, even after several years have passed since
KD was treated, and this might lead to an early stage of
atherosclerosis.” This poses the necessity for long-term
follow-up in patients with KD. It has been reported that
systemic endothelial dysfunction is observed in adult pa-
tients with a past history of KD, and it could be one of
the risk factors for the early stage onset of atherosclero-
sis."” A histopathologic study has indicated that a coro-
nary aneurysm might be one of the risk factors for athe-
rosclerosis in patients with a history of KD." The histo-
pathologic findings which exist in patients with acute
KD have also been observed in pediatric patients who
had normal findings in the absence of an aneurysm on
echocardiography, which includes extensive vasculitis,
such as edema, necrosis, and leukocytic infiltration of
the endothelium of the coronary arteries.®

There is no definite evidence demonstrating an asso-
ciation between endothelial dysfunction following KD
and atherosclerosis. Several studies have shown, however,
that an endothelial injury is a key factor in the develop-
ment of atherosclerosis.”>*? According to Ross et al.”?
atherosclerosis is an inflammatory disease and endo-
thelial dysfunction is the first step in the progression to
inflammatory disease. In cases of KD, endothelial dys-
function can be a factor for inducing atherosclerosis due
to the inflammatory responses during the acute phase.
Systemic endothelial dysfunction is present for several
years after recovery from acute KD, even in patients
who had no invasion of the coronary artery in the early
stage. Since KD can be the major factor for end-stage
vascular complications, long-term follow-up is manda-
tory in all patients who had a past history of KD.

The distensibility of the carotid artery represents a
relative change of arterial volume in response to that of
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pressure, and the compliance represents the absolute

change in arterial volume in response to that of pressure.

Senzaki et al.”” reported that there is an a characteristic
increase in impedence, a decrease in total peripheral ar-
terial compliance, and an increase arterial wave reflex-
ion, regardless of the presence of coronary artery lesions
in patients with KD. It has also been reported that there
is stiffness of the aorta, carotid artery, and brachio-radial
artery in the late stage in children who have a history of
KD.2* These findings suggest that the degree of stiff-
ness of central and peripheral arteries is greater follow-
ing the onset of KD. In the current study, however, des-
pite a lack of statistical significance, the distensibility
and compliance were approximately two times higher on
average in patients with KD compared to healthy cont-
rols. Presumably, this might be not only because there
was a difference in the age between the two groups, but
also because a small number of patients were enrolled in
the current study. Henceforth, further long-term follow-

up studies are warranted with a larger group of patients.

Suzuki et al.”” reported that cIMT was increased on

intravascular ultrasound in the areas where coronary
aneurysm was persistently present or lost. Cheung et al.”
also reported similar results. Noto et al.” also noted
that an increased cIMT was associated with systemic ar-
terial stiffness following recovery form KD with no ma-
jor changes in the lipid profile. The vascular wall of the
carotid artery, which was dilated to a lesser extent, re-
presents the secondary change of the arterial wall follow-
ing the onset of extensive vasculitis. These findings may
be precursors to atherosclerosis in patients with KD who
have coronary lesions.

However, Ikemoto et al." reported contradictory re-
sults. cIMT was not significantly different between the

two groups. In the current study, the results were the same.

Nato et al.” reported that the coronary artery was less
dilated and more thickened in patients with KD than
healthy controls. This was not associated with the changes
in lipid profile. Since there was a significant correlation
between the coronary artery and atherosclerosis of the
carotid artery, an extracranial examination of carotid
artery can be used to predict the occurrence of invasion
of the coronary artery by atherosclerosis. Cheung et al.”
analyzed such cardiovascular risk factors as the concen-
tration of serum lipids and PWYV in patients who achi-
eved a recovery from KD, and these authors noted that
high density lipoprotein-cholesterol and apolipopro-
tein A-1 (apoA-I) were lower, and apolipoprotein B (apo
B) and PWV were higher in patients who had coronary
aneurysms compared to healthy controls. These authors
also noted that apoB and PWV were higher, even in
patients who had no coronary aneurysms compared to
healthy controls. These reports indicate that the cardio-
vascular risk factors are increased, with no respect to the
presence of coronary aneurysms, even after treatment

in children with a past history of KD. Also, in the current
study, LbaPWV was significantly higher in patients
with KD compared to healthy controls. But there was
no significant difference in RbaPWV between the two
groups. Presumably, this might be because a very small
number of patients were assigned to the KD group.
Further long-term follow-up studies are therefore war-
ranted in a larger group of patients.

The cIMT is a useful indicator that predicts the future
occurrence of cardiovascular diseases or early stage athe-
rosclerosis. Of the prognostic indicators for atheroscle-
rosis, baPWV is relatively advantageous over other tests
in a primary care setting. The cIMT requires special te-
chnical expertise and the results are dependent on the
examiner.

The pathophysiology of KD cannot be assured, al-
though it is involved in the consecutive recovery process
due to the structural changes during the acute phase.””
Even in patients who have no coronary lesions, such find-
ings as a pre-atherosclerotic lipid profile,”® endothelial
function,”” systemic arterial stiffness’” and increased cIMT
are observed.

The American Society of Cardiology recommends a
regular assessment at a 3-5 year interval in patients who
had cardiovascular risk factors.”” According to a study
using positron emission tomography, the cardiac vascular
reservoir and endothelial function were significantly im-
paired, even following recovery.””

According to Cheung et al.” there was no significant
difference in blood pressure between patients and heal-
thy controls. By contrast, Silva et al.>" reported that sys-
tolic pressure and diastolic pressure were both higher 11
years after patients had KD. In the current study, there
were no significant differences in systolic and diastolic
pressures between the two groups.

In spite of the normalized coronary artery by coronary
angiography after recovery of KD, the intima was thick-
ened on intravascular ultrasound, the vasoconstriction
was more significantly sensitive to acetylcholine, and the
vasodilation was not responsive to isosorbide dinitrate.*”
This is the evidence demonstrating that the vascular
wall was abnormally changed and the vascular dysfunc-
tion was present in the areas were coronary aneurysm
was recovered in patients with a history of KD. These
patients must be consulted for the possible prevention
of risk factors for causing atherosclerosis and they must
also receive a long-term follow-up study until they reach
adulthood.

It remains unclear whether coronary artery lesions
can recover or may lead to stenosis. Anti-coagulative tr-
eatments have contributed to diminishing the end-stage
effects of KD. Regulatory factors that restrict the progres-
sion of KD are still unknown. At present, the long-
term effects of immunoglobulin administration remain
unclear. In cases in which KD has not progressed to



stenosis, such hemodynamic factors as shear stress may
be involved. Histopathologic studies have shown that the
infiltration of inflammatory cells can be present approxi-
mately 6 months after the acute phase of KD elapses.*”
Even the aneurysm which was recovered may have risk
factors for coronary arteries during a long-term period.
Atherosclerotic lesions may develop during the adult
period. These patients are in need of a meticulous fol-
low-up and they must also be advised to avoid other risk
factors of causing atherosclerosis, such as smoking, obe-
sity, hypertension, and hyperlipidemia. To prevent the
progression to atherosclerotic coronary artery diseases,
the use of anti-platelet agents, including low-dose aspi-
rin would be favorable.””

The limitations of the current study are that the con-
trol group had a slightly higher age than the KD group.
Therefore, there may be slight differences in the cIMT,
the vascular diameter during the systolic and diastolic
periods, and the compliance and distensibility of the
carotid artery between the two groups. This study was
conducted during a short-term period, therefore further
long-term studies are warranted in a larger group of pa-
tients. PWV was significantly higher in children with
KD who recovered normally following the treatment
compared to healthy controls. This emphasizes the impor-

tance of PWV for a follow-up study in patients with KD.
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