Journal of Pediatric Cardiology and Cardiac Surgery 3(2): 103-107 (2019)

Case Report

Case of a 38-year-old Patient with Coronary Arterial Calcification

Caused by Kawasaki Disease Evaluated with Pathological

Examination and Composition Analysis
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Few studies have examined the coronary arterial calcification (CAC) caused by Kawasaki disease (KD), although
it has been shown to increase the risk of acute coronary syndrome. In this study, we present the case of a
38-year-old patient with KD-induced CAC who was operated by acute myocardial infarction. Pathological exam-
ination revealed that coronary arterial lesions included atherosclerosis-like lesions and that KD-induced CAC
was composed of >98% calcium phosphate with carbonate, like CAC of atherosclerosis. Radiological analysis
using dual-energy computed tomography showed that the composition of KD-induced CAC resembled that of
atherosclerosis. However, carotid ultrasonography and pulse wave velocity results were normal. These results
suggest that KD-induced arterial calcification formed on tissues damaged in the past subsequently to arterio-
sclerosis. These findings suggest that patients with the past of KD, especially with KD-induced CAC, are easy
to develop atherosclerosis and they should take care of the risk factors of atherosclerosis, such as hypertension,

hyperlipidemia, smoking, obesity, and diabetes.
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Introduction

Few studies have examined the coronary arterial cal-
cification (CAC) which develops after the acute phase
of Kawasaki disease (KD) and narrows the coronary
arterial lumen, increasing the risk of acute coronary syn-
drome.? Pathological examination of KD-induced coro-
nary arterial lesions thus far has been limited to autopsy
cases, and no studies have reported on the composition
analysis of CAC.

We can use various methods to analyze compositions
of materials. Infrared absorption spectrometry is an
analysis technique for analyzing compositions of mate-
rials such as urinary stones using infrared radiation.?
When infrared radiation is applied to materials, it is

reflected or is transmitted. Measuring quantities of these
infrared radiation allows us to conduct the compositions
of materials, because quantities of reflected/transmitted
infrared radiation are specific to each chemical structure
of materials. Dual-energy CT is an imaging device which
uses two different energy level X-rays to evaluate the
grafts. This type of CT allows us to obtain the effective
atomic numbers (EANs) of materials, which are partic-
ular atomic numbers calculated from the ratio of ampli-
tude and frequency of X-rays penetrating materials.
EANS allow us to obtain the compositions of materials.

We herein present the case of a patient with KD-in-
duced CAC, in whom we conducted a composition
analysis of CAC with infrared absorption spectrometry
and dual-energy CT.
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Fig. 1 The coronary images before operation at previous hospital
(A) (B) The coronary angiography images. The right coronary artery was dilated on the whole and a giant aneurysm can be
observed in the left main trunk (red arrow). No stenoses were seen. (C) The cardiac CT image. A thrombus can be observed
in the left main trunk, as well as coronary calcifications (yellow arrow). The automatically-calculated Agatston score, which
is the sum of maximal CT value for the area of each coronary arterial calcification using axial plane images, is 1622.5 (left
main trunk, 1579.4; left circumflex coronary artery, 0; left anterior descending artery, 0; right coronary artery, 43.1).

Patient Clinical Course

A 38-year-old man, diagnosed with KD at age 7, was
admitted to our hospital with a giant coronary aneu-
rysm. Medical data on the initial KD diagnosis were not
available. However, the coronary angiography at 2 years
old showed that coronary aneurysms were observed at
segment 1, 2 and 5. He was treated at our hospital until
the age of 13, but there were no hospital visits since
then. At his current admission, he was transported to
previous hospital because of sudden chest pain. The
blood test showed that creatine phosphokinase was
6381IU/L and an asynergy at inferior wall was observed
with echocardiography while the cardiac function was
normal. T-wave abnormality or the other specific find-
ings of acute coronary syndrome were not seen with
electrocardiogram. He was suspected with myocardial
infarction. With the coronary angiography, the right
coronary artery was dilated on the whole and a giant
coronary aneurysm was observed at the left coronary
artery while there were no stenoses (Fig. 1A, B). His con-

J Pediatr Cardiol Card Surg Vol. 3, No. 2 (2019)

dition improved with heparin and nicorandil and he was
discharged under the treatment with oral clopidigrel and
warfarin. Two weeks later, he complained of chest pain
again, and was transported to the hospital. The blood
test showed not elevated creatine phosphokinase but
slightly elevated troponin T. The cardiac CT had located
a giant coronary aneurysm, three calcified lesions, and
the obstruction of a coronary artery by a thrombus. His
Agatston score, which assesses the severity of CAC using
the cardiac CT calculated with the CT levels more than
130 HU and their areas, and which is strongly associated
with the cardiovascular event onset, was 1622.5 (left
main trunk, 1579.4; left circumflex coronary artery, 0;
left anterior descending artery, 0; right coronary artery,
43.1) (Fig. 1C).»» He was diagnosed with myocardial
infarction again. After his symptom rapidly improved
with heparin and nicorandil, he was transferred to our
institution for the operation. At the time of admission,
his body weight was 113kg, with a body mass index
of 36.9kg/m2 His morbid obesity was complicated
with hypertension (systolic/diastolic blood pressure,
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Fig. 2 Volume-rendered images of the heart by cardiac CT after the operation
Left internal thoracic artery was anastomosed to obtuse marginal coronary artery and right internal thoracic artery was to

left anterior descending artery, segment 8.

146/45mmHg at admission), which we treated with
20mg/day of azilsartan medoxomil; and hyperlipidemia
(total serum cholesterol, 155mg/dL; total serum tri-
glycerides, 349 mg/dL) which we treated with 5mg/day
of rosuvastatin. The patient underwent a thrombectomy
and coronary artery bypass grafting (left internal tho-
racic artery to obtuse marginal coronary artery and right
internal thoracic artery to left anterior descending artery,
segment 8) (Fig. 2). The giant aneurysm was removed
because it triggered blood clots and they flowed into the
periphery of the coronary artery, which caused myocar-
dial infarction during surgery. Pathological examina-
tion revealed atherosclerosis-like lesions, including the
accumulation of foam cells, hyalinization, cholesterol
clefts, and granular calcification (Fig. 3). After surgery,
carotid ultrasonography and pulse wave velocity results
were normal, which indicated that the patient did not
have atherosclerotic lesions or calcifications in the other
arteries. Composition analysis with infrared absorption
spectrometry revealed that the CAC was composed of
>98% calcium phosphate with carbonate, similar to
carbonate apatite (Fig. 4). The dual-energy CT showed
that the median EANs of the calcifications was 13.41
(11.14-16.38), which resembled the EAN of CAC caused
by atherosclerosis, 13.8 (Fig. 5).9 These results indicated
that the composition of KD-induced CAC was similar
to that of atherosclerosis. The patient has not exhibited
any complications after the surgery, as confirmed by a
post-operative follow-up of 6 months.

Fig. 3 Hematoxylin and eosin staining of the giant
aneurysm at segment 5 removed (X 200)
Thickening of intima and atherosclerosis-like lesions,
such as accumulation of foam cells, hyalinization,
needle-like cholesterol crystals, and granular calcifi-
cation are observed.

Discussion

We reported that the composition of KD-induced
CAC resembled that of atherosclerosis, based on EANs
obtained from the dual-energy CT. This result indicates
that the composition and the underlying mechanism
of disease progression are similar between KD and
atherosclerosis.” The EAN of CAC in the present case
was similar to that in our previous study.” Furthermore,
atherosclerosis-like lesions were observed during the

© 2019 Japanese Society of Pediatric Cardiology and Cardiac Surgery



106

108.8

%1

T
|
|
|
1
|
|
|
|
|
I
|
|
|
|
1
|
|
1
1
1
|
|
1
1
|
1
|
1
|
|
|
1
1
|
1
L

T
|
|
|
|
1
!
|
|
|
|
|
|
|
|
|
1
I
|
1
|
1
|
|
|
1
1
1
1
1
|
1
|
|
1
1
i

1.0
4000

|
|
|
1
|
|
|
1
|
1
|
|
|
|
1
|
|
|
|
|
|
|
1
|
|
|
|
|
!
|
|
s
T

e

T
|
|
1
1
1
|
|
1
|
|
|
|
|
|
1
1
|
|
|
|
|
1
'
|
|
|
|
|
1
1
|
|
|
|
|
L
T
0

0

T U
1600 1200 8 400

Wavenumber (cm-1)

Fig. 4 The infrared spectrum of the coronary calcifications

It shows hydroxyl groups with absorption bands of around 3300cm~', hydroxyapatite with bands of around 600-1040cm~"1,
carbonate with absorption bands of around 1450cm~". Overall, this graph shows that the calcifications are composed of a
large amount of calcium phosphate with carbonate, similar to carbonate apatite.
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Fig. 5 Histogram of a region of interest (ROI) within

the calcification as an example

The horizontal axis indicates the effective atomic
number, and the vertical axis indicates the percent-
age of pixels with a specific effective atomic number.
A field of view of 6.0cm around the calcification is
reconstructed, and three ROIls that are 0.7mm in
diameter within a calcification were randomly cho-
sen to calculate the median effective atomic num-
bers for each ROI.

pathological examination, and the calcification compo-
sition resembled that of atherosclerotic lesions. These
results support the possibility that the composition of
KD-induced CAC resembles that of atherosclerosis, and
that the mechanisms of progression are similar, with
calcification developing in smooth muscle cells that dif-
ferentiate into osteoblasts, like in bone metabolism.”®
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However, in this case, the carotid artery analysis with
ultrasonography and pulse wave velocity was normal.
This suggests that the arterial calcification caused by KD
was formed on parts already damaged in the past, prior
to arteriosclerosis. The inflammation in the acute phase
of KD had significantly destroyed the structure of the
coronary arteries, where atherosclerosis might subse-
quently occur early, and CACs were formed in the late
period.” These findings suggest that patients with the
past of KD, especially with KD-induced CAC, are easy
to develop atherosclerosis and they should take care of
the risk factors of atherosclerosis, such as hypertension,
hyperlipidemia, smoking, obesity, and diabetes.

Although, these changes of arteries can be the final
results of inflammation, histological features between
KD and atherosclerosis cannot be difference finally.
However, our case indicates that patients with a history
of KD, especially those with KD-induced CAC, are more
likely to develop atherosclerosis earlier, and suggests that
attention should be paid to risk factors for hardening.
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