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Prevalence of coronary artery abnormality in incomplete Kawasaki

TOMOYOSHI SONOBE,! NOBUYUKI KIYOSAWA,? KEIII TSUCHIYA,' SEITIRO ASO,!
YOSHIO IMADA,! YOKO IMAL! MAYUMI YASHIRO,? YOSHIKAZU NAKAMURA?

'Department of Pediatrics, Japanese Red Cross Medical Center, Tokyo, >Department of Pediatrics,
Kyoto 2nd Red Cross Hospital, Kyoto, *Department of Public Health, Jichi Medical School,
Minamikawachi and *Saitama Prefectural University, Koshigaya, Japan

Background: The aim of the present study was to determine the prevalence of coronary artery abnormality
(CAA) and other clinical features in patients with incomplete Kawasaki disease (iKD) using the data from the

Methods: iKD was defined as the presence of four or fewer of the principal symptoms of the Japanese diagnos-
tic guidelines, regardless of whether the patient had CAA. A total of 15 857 cases were analyzed.

Results: Among 15 857 cases, 83.9% of patients had five to six principal symptoms (complete KD: cKD), and
16.1% had iKD. The prevalence of CAA in cKD was 14.2%, and 18.4% in iKD. The prevalence of CAA in
patients with four principal symptoms was 18.1%, which was higher than in cKD cases (14.2%). Although the
reliability of the data has some limitations, the prevalence of CAA among patients with one to three symptoms
was 19.3%. Among all CAA patients, 14% had four symptoms, and 6% had only one to three symptoms.
Conclusion: Incomplete KD should not be equated with mild KD. Patients with four principal symptoms were
comparable to cKD with respect to CAA occurrence. In patients with one to three symptoms also, especially
in those under 1 year and older than 4 years of age, other significant symptoms and laboratory findings of the

guidelines are very important in making a correct and early diagnosis of iKD so as to prevent CAA.

disease

AND HIROSHI YANAGAWA*
Abstract

17th Japanese nationwide survey of KD.
Key words

The etiology of Kawasaki disease (KD) is still unknown even
though 38 years have passed since the first report by
Kawasaki.? The diagnosis of KD is made clinically using the
diagnostic guidelines for KD.>% The latest fifth revised
Japanese KD guidelines* are shown in Table1. In practice,
many patients have incomplete (atypical) Kawasaki disease
(iKD) because they do not fulfill the diagnostic criteria. Some
of the patients with iKD develop coronary artery abnormality
(CAA)." ¢ There is growing concern regarding iKD and there
has been a lack of data and analysis of any large series of iKD
patients. We analyzed the prevalence of CAA in iKD patients
using the data from the nationwide survey of KD in Japan
conducted in 2003.1" In this report we have defined iKD as the
presence of four or fewer of the principal symptoms (principal
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clinical findings) of KD according to the Japanese guidelines,
regardless of the presence or absence of CAA. In the Japanese
guidelines fever is not an essential criterion, and the size of
enlarged cervical lymph node is not included as a criterion. We
determined the prevalence of CAA in iKD patients, the rela-
tionship between the number of principal symptoms and the
prevalence of CAA, as well as other clinical features of iKD.

Methods

We analyzed the data from the 17th Japanese nationwide survey
of KD conducted in 2003. The 2003 survey collected cases from
2001 to 2002."" Nationwide surveys, which have collected data
on approximately 90% of all cases in Japan, have been con-
ducted every 2 years since 1970. The precise method used in the
nationwide KD surveys has been previously described.!8"

The major information included in the questionnaire were
age, gender, date of onset, clinical classification of KD as
made by the reporting doctors, the presence of CAA in the
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Tablel Fifth revised Japanese KD guidelines*

Diagnostic Guidelines for Kawasaki Disease

(MCLS: Infantile Acute Febrile Mucocutaneous Lymph Node Syndrome)

(The 5th Revised Edition, February 2002)

This is a disease of unknown etiology affecting most frequently infants and young children under 5 years of age. The symptoms can be
classified into two categories: principal symptoms and other significant symptoms or findings. .

A. Principal symptoms

1. Fever persisting =5 days (inclusive of patients in whom the fever has subsided before the fifth day in response to therapy)

2. Bilateral conjunctival congestion

3. Changes of lips and oral cavity: Reddening of lips, strawberry tongue, diffuse injection of oral-and pharyngeal mucosa

4. Polymorphous exanthema

5. Changes of peripheral extremities: (initial stage) reddening of palms and soles, indurative edema (convalescent stage) membranous

desquamation from fingertips
6. Acute non-purulent cervical lymphadenopathy

At least five items of 1-6 should be satisfied for diagnosis of Kawasaki disease. However, patients with four items of the principal symptoms
can be diagnosed with Kawasaki disease when coronary aneurysm or dilatation is recogmzed by 2-D echocardiography or coronary

angiography.
B. Other significant symptoms or findings

The following symptoms and findings should be considered in the clinical evaluation of suspected patients.

1. Cardiovascular: Auscultation (heart murmur, gallop rhythm, distant heart sounds), ECG changes (prolonged PR/QT intervals, abnormal
Q wave, low-voltage QRS complexes, ST-T changes, arrhythmias), chest X-ray findings (cardiomegaly), 2-D echo findings (pericardial effu-
sion, coronary aneurysms), aneurysm of peripheral arteries other than coronary (axillary etc.), angina pectoris or myocardial infarction

2. Gastrointestinal tract: Diarrhea, vomiting, abdominal pain, hydrops of gallbladder, paralytic ileus, mild jaundice, slight increase of

serum transaminase

3. Blood: Leukocytosis with shift to the left, thrombocytosis, increased ESR, positive CRP, hypoatbuminemia, increased a2-globulin,

slight decrease in erythrocyte and hemoglobin levels
4. Urine: Proteinuria, increase of leukocytes in urine sediment

5. Skin: Redness and crust at the site of bacille Calmette—Guérin inoculation, smal] pustules, transverse furrows of the finger nails

6. Respiratory: Cough, rhinorrhea, abdominal shadow on chest X-ray

7. Joint: Pain, swelling

8. Neurological: CSF pleocytosis, convulsion, unconsciousness, facial palsy, paralysis of the extremities

REMARKS

1. For item 5 under principal symptoms, the convalescent stage is considered important.
2. Non-purulent cervical lymphadenopathy is less frequently encountered (approx. 65%) than other principal symptoms during the acute

phase.

3. Male : Female ratio, 1.3-1.5:1; patients under 5 years of age, 80-85%; fatality rate, 0.1%.

4. Recurrence rate: 2-3%; proportion of siblings cases: 1-2%

5. Approximately 10% of the total cases do not fulfill five of the six principal symptoms, in which other diseases can be excluded and
Kawasaki disease is suspected. In some of these patients, coronary artery aneurysm (including so-called coronary artery ectasia) have been

confirmed.

CRP, C-reactive protein; CSF, cerebrospinal fluid; ECG, electrocardiogram; ESR, erythrocyte sedimentation rate.

acute phase (the most severe lesion in the acute phase) and
the sequela phase (after the 29th day of illness), the presence
of each of the six principal symptoms, and the mode of
treatment.

The diagnostic classification of KD as used in epidemio-
logic surveys in Japan consists of definitive KD-A (dKD-A),
definitive KD-B (dKD-B), and suspected KD (sKD). Defini-
tive KID-A is the presence of five or six principal symptoms.
Definitive KD-B is the presence of four symptoms and CAA.
Suspected KD is that which does not fulfill the guideline cri-
teria, but is nevertheless suspected of being KD. Suspected
KD includes the presence of four symptoms without CAA and
the presence of one to three symptoms without regard to CAA.
Based on the presence definition, cKD is identical to dKD-A,
and iKD includes both dKD-B and sKD (Table2).

" © 2007 Japan Pediatric Society

The classification of CAA was based on that made by the
reporting doctors. The common classification of CAA in patients
under 5-6 years of age is: normal (N, no dilating lesion); small
aneurysm or ectasia (An-S, maximum' diameter of coronary
aneurysm <4 mm); medium aneurysm (An-M, diameter 4-7.9
mm); and large (giant) aneurysm (An-L, diameter =8 mm).

The 17th nationwide survey questionnaire was sent to 2413
hospitals that have more than 100 beds and a pediatric depart-
ment; 68% of the hospitals responded. A total of 16 925 cases
from 2001 through 2002 were reported.!” From them we
selected 15 857 patients whose questionnaires did not contain
overlapping or incomplete answers.

For the purposes of analysis, we rearranged the diagnostic
groups based on the reported number of principal symptoms
and the presence of CAA.
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No. principal symptoms CAA (acute phase) Official Japanese epidemiologic classification Present classification
5-6 I+ Definitive KD-A (dKD-A) Complete KD (cKD)

4 + Definitive KD-B (dKD-B) Incomplete KD (iKD)
4 - Suspected KD (sKD) Incomplete KD (iKD)
1-3 —/+ Suspected KD (sKD) Incomplete KD (iKD)

CAA, coronary artery abnormality; KD, Kawasaki disease.

The variables studied were: (i) the prevalence of diagnostic
groups, the male to female ratio, and the percentage who
received i.v. immunoglobulin (IVIG) treatment in each group;
(ii) the prevalence of each of the six principal symptoms in
iKD and cKD; (iii) the age distribution and the prevalence of
CAA and the percentage of iKD in each age group; (iv) the
prevalence of CAA in the acute phase and the sequela phase:
(v) the relationship between the number of principal symp-
toms and the prevalence of CAA; and (vi) the number of prin-
cipal symptoms for each CAA patient.

Results

Of the 15 857 patients, 9092 were male and 6765 were female.
The male to female ratio was 1.31:1.

The number of patients and the percentages of the different
diagnostic groups were: (i) dKD-A (cKD), n =13 301 (83.9%);
(ii) dKD-B, n =339 (2.1%); and (iii) sKD, n =2217 (14.0%).
Therefore, the percentage of cKD was 83.9%, and that of iKD
was 16.1%.

The male : female ratio in each diagnostic group was:
(1) dKD-A (cKD), 1.35:1; (ii) dKD-B, 1.80:1; (iii) sKD, 1.25:1;
and (iv) iKD, 1.31:1.

The percentage of patients receiving IVIG treatment
(regardless of the mode of treatment) in each group was: (i)
dKD-A (cKD), 92.4%; (ii) dKD-B, 78.2%; (iii) sKD, 59.0%;
and (iv) iKD, 61.6%.

The prevalence of each individual principal symptom in
both the cKD and iKD groups is shown in Table 3. The preva-
lence of cervical lymphadenopathy and extremity changes

Table 3 Prevalence of principal symptoms in ¢KD and iKD

Principal symptoms cKD (%) iKD (%)
1. Fever persisting 5 days or more 98.8 80.3
2. Conjunctival congestion 96.9 75.6
3. Changes in lips and oral cavity 95.7 62.8
4. Rash . 94.0 64.9
5. Changes in extremities 90.8 443
6. Cervical lymphadenopathy 753 38.6

c¢KD, complete Kawasaki disease; iKD, incomplete Kawasaki
disease.

became lower in the iKD group. The percentage of cases of
fever duration <5 days was 1.2% in cKD and 19.7% in iKD.

The age groups with a high proportion of iKD were under
1 year of age and =5 years of age. The age groups with a high
prevalence of CAA were below 6 months of age and =5 years
of age, as shown in Table4.

The CAA prevalence of iKD was higher than that of cKD
in both acute and sequelae phases. Details are shown in
Table 5.

The number of principal symptoms correlated inversely to
the prevalence of CAA as shown in Table 6.

The number of principal symptoms among all CAA patients
was: (i) 5-6 symptoms, 80%; (ii) 4 symptoms, 14%; and (iii)
1-3 symptoms, 6%.

Discussion

The diagnosis of KD is made clinically using the KD diagnos-
tic guidelines. However, the definition of iKD has not yet been
established. In Japan, a case is classified as sKD when the pa-
tient does not fulfill the diagnostic criteria, but the diagnosis of
KD is highly likely after excluding known mimicking diseases.
The number of sKD cases has been included in the total number
of KD cases reported in the nationwide surveys. Generally
speaking, sKD appears to be identical to iKD. However the
definitions of cKD, sKD and iKD differ depending upon which
guidelines have been used. The Japanese guidelines have been
revised five times,’ and they include two major revisions. Since
the first guideline, fever (=5 days) has not been an essential
criterion. In the first guideline publistied in 1970, cervical lym-
phadenopathy was not included in the five principal symptoms.
In the second revised guidelines published in 1974, the pres-
ence of cervical lymphadenopathy, with no reference to size,
was added to the list of principal symptoms. With the high
availability of echocardiography in Japan, the fourth revised
guidelines, published in 1984, defined the presence of four
principal symptoms and CAA, confirmed by either angio-
graphy or echocardiography, as definitive KD-B (dKD-B). From
an international viewpoint there are significant differences be-
tween the Japanese and the US guidelines. The US guidelines
include fever persisting at least 5 days as an essential criterion,
and they define the size of cervical lymph node as =1.5 cm.*

© 2007 Japan Pediatric Society
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Table4 Proportion of iKD and prevalence of CAA in the acute phase by age group

Age group Proportion of iKD (%) CAA in cKD +iKD (%) CAA in ¢cKD (%) CAA in iKD (%)

1. =5 months (9.6%) 24.1 19.1 17.4 243

2. 611 months (16.0%) 20.4 14.8 13.6 19.3

3.1 and 2 years (41.5%) 14.2 132 12.8 15.6

4. 3 and 4 years (21.3%) 125 15.0 14.9 15.7

5. =5 years (11.6%) 17.2 18.5 ) 17.2 231
CAA, coronary artery abnormality; cKD, complete Kawasaki disease; iKD, incomplete Kawasaki disease.

Table 5 Prevalence of CAA in the acute phase and in the sequela phase by diagnostic group

Diagnostic group n An-S (%) An-M (%) An-L (%) Total (%)

Acute phase
cKD (dKD-A) 13 301 122 1.8 0.2 142
iKD (dKD-B + sKD) 2556 15.7 25 0.2 184
(dKD-B) (339) (88.2) (10.3) 0.6) 99.1%)
(sKD) 2217) 4.6) (1.3) 0.1) (6.0)
Total 15 857 12.8 1.9 0.2 14.9

Sequelae phase
cKD (dKD-A) 13 301 29 1.2 03 44
iKD (dKD-B + sKD) 2556 38 1.9 0.2 59
(dKD-B)f (339) (19.2) 0.7) (0.6) (27.5)
(sKD) 2217) 1.4 (1.0) 0.1) 2.3)
Total 15 857 3.0 1.3 03 4.6

*Three patients had no CAA in the acute phase but An-S in the sequelae phase. An-L, large aneﬁrysm; An-M, medium aneurysm; An-S, small
aneurysm; CAA, coronary artery abnormality; cKD, complete Kawasaki disease; dKD-A, definitive Kawasaki disease-A; dKD-B, definitive
Kawasaki disease-B; iKD, incomplete Kawasaki disease; sKD, suspected Kawasaki disease.

Itis very important to note that the diagnosis of dKD-B can-
not be made clinically without echocardiography. Moreover,
many case reports of incomplete (atypical) cases have used dif-
ferent guidelines.”® Given this, we defined iKD as the presence
of fewer than five principal symptoms, without regard to the
presence or absence of CAA; this is the same definition as that
used in the third revised Japanese guidelines. According to this
definition, iKD encompasses dKD-B and sKD. cKD is classi-
fied as the presence of more than four symptoms (Table 2).

We found the prevalence of iKD to be 16.1% in the present
study. There appears to have been a recent increase in the per-
centage of iKD. In 1987 Sonobe and Kawasaki reported that
only 6.7% of 675 cases were iKD using the same definition.’
An increase in the percentage of iKD has also been noted in the
two previous Japanese nationwide surveys.?>? The 15th survey
reported 12 966 KD cases from 1997 through 1998; based on
the classification given by the reporting doctors, the percentage
of iKD was 15.7%. The 16th survey reported 15 314 KD cases
from 1999 through 2000, and the percentage of iKD was 17.9%.
The true reason for this increase remains an enigma.

The male : female ratio in cKD and iKD was essentially the
same. The male : female ratio was high in the dKD-B group
because every dKD-B case must, by definition, included CAA,
and CAA is more common in male subjects.’32

© 2007 Japan Pediatric Society

In the present study the total proportion of those receiving
IVIG treatment was 87.5%. It is worth noting that IVIG treat-
ment in Japan and in the USA is different. In Japan, IVIG is not
indicated in all cases of KD, but only in severe cases; the IVIG
dose ranges from 1-2 g/kg, with treatment duration ranging from
1 to 5 consecutive days. Therefore the prevalence of CCA in
Japan might have been different if US therapy had been utilized.

The percentage of patients receiving IVIG treatment was
lower in iKD (61.6%) than in cKD (92.4%). We suppose that
one important reason for this findings is the difficulty of mak-
ing correct and/or early diagnosis of iKD, especially of dKD-B.
The percentage of patients receiving IVIG treatment was the
lowest in SKD (59.0%) probably due to diagnostic problems as
mentioned before and the lower prevalence of CAA in sKD
(6.0%) compared to that of cKD (14.2%). Fukushige et al.
also reported that the prevalence of CAA in sKD was 4% of
25 cases.'” The most likely reason for this is that patients with
four principal symptoms and CAA were not included in the
sKD group, and the patients with four principal symptoms and
no CAA comprised approximately 70% of the sKD case group.

In regard to the six principal symptoms, in the present study
the prevalence of lymphadenopathy and changes in the extrem-
ities decreased markedly in iKD as compared with cKD. As in
previous reports, the least-seen principal symptoms in iKD
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Table6 Prevalence of CAA in the acute phase by the number of principal symptoms

No. principal symptoms (%) An-S (%) An-M (%) An-L (%) CAA total (%)
1(0.1) ) 125 12.5 0.0 25.0
2(0.8) 17.6 56 0.0 23.2
3(3.5) 14.1 34 0.5 18.0
4(11.7) : 16.1 19 0.1 18.1
5(40.7) 11.2 1.5 0.2 12.9
6(43.1) - 131 2.0 03 155
Total (100) 12.8 19 0.2 14.9

An-L, large aneurysm; An-M, medium aneurysm; An-S, small aneurysm; CAA, coronary artery abnormality.

were lymphadenopathy followed by changes in the extremities
or rash.”'*12 Of note, 1.2% of cKD patients and 19.7% of iKD
patients did not satisfy the fever criterion.

The age groups with a high proportion of iKD were those
of under 1 year and =5 years. The age groups with a high
prevalence of CAA were those of below 6 months of age and
=35 years. These findings support the existence of age as a risk
factor for CAA."***% Thus, in these at-risk age groups, when
KD is suspected, one must be aware of iKD and try to make an
accurate diagnosis.

The prevalence of CAA was higher in iKD (18.4%) than in
cKD (14.2%). A high prevalence of CAA in iKD was also
noted in the two previous (15th and 16th) nationwide sur-
veys.” % In the 15th survey (12 966 patients) the prevalence of
acute phase CAA in iKD patients was 20.7%, and 19.0% in
cKD patients. In the 16th survey (15 314 patients), the preva-
lence of acute-phase CAA in iKD patients was 18.6%, and
16.9% in cKD patients. Thus, the high -prevalence of acute-
phase CAA in iKD has been demonstrated in surveys involv-
ing a large number of cases.

The relationship between the number of principal symp-
toms and the prevalence of CAA is a very important in learn-
ing more about iKD. The purpose of the present study was to
analyze this relationship. The 17th survey was the first survey
to collect data on the presence of the six principal symptoms in
all cases. The prevalence of CAA in patients with four princi-
pal symptoms (18.4%) was higher than in patients with five to
six symptoms (14.2%). Moreover there was a trend for the
prevalence of CAA to increase as the number of symptoms
decreased. The observed trend was contrary to the initial clin-
ical expectations, especially in patients with fewer than four
symptoms. There are several probable explanations for this
finding. If a pediatrician suspected that a patient had iKD, the
likelihood of reporting the case to the nationwide survey prob-
ably increased when the patient had CAA. In contrast, when a
patient did not develop CAA, the likelihood of making the
diagnosis of iKD and reporting the case to the survey probably
decreased. We therefore suspect that there were many unre-
ported cases of iKD involving patients with one to three symp-
toms and without CAA. We surmise that had these cases been
reported, the prevalence of CAA among patients with one to

three principal symptoms would be lower. Therefore, deter-
mining the true prevalence of CAA in iKD based on a nation-
wide survey is very difficult. Nevertheless, this survey did
illustrate that there are many iKD patients with one to three
symptoms and CAA including large aneurysms.

With respect to patients with four principal symptoms,
although we consider the reliability of the reported number of
cases to be high, there may be a small number of unreported
cases of patients without CAA. If this is true, the true preva-
lence of CAA would be lower, close to that of cKD. It is very
important that patients with four principal symptoms should
be regarded as comparable to patients with five to six symp-
toms (cKD) in regard to CAA prevalence. Echocardiography
and other studies that help diagnose KD are indispensable’in
patients with four principal symptoms regardless of whether
the fever criterion is met.

We feel that the reliability of the diagnosis of iKD in this.
survey is high for three reasons. First, other significant symp-
toms or findings (other significant clinical and laboratory find-
ings) of the guidelines are very important in making the
diagnosis of KD, especially iKD. In Japan, all children receive
a bacille Calmette-Guérin (BCG) vaccine, and it is widely
recognized that unusual skin changes such as redness and crust
appear at the BCG site when children have KD. Skin changes
are very helpful in making an early diagnosis of KD, including
iKD. The second reason is that most Japanese pediatricians,
both practitioners and hospital staff, are very experienced in
making the diagnosis of KD, including iKD, due to the high
incidence of KD in Japan. The third is the high availability of
echocardiography in Japan. All patients in this survey had
echocardiograph evaluation.

An analysis of the number of principal KD symptoms
among all CAA patients found that 6% had only one to three
principal symptoms while 14% had four symptoms. In total,
20% of the CAA occurred in iKD patients.

Thus, iKD is very important from the point of view of
CAA. The incidence of iKD has increased along with the inci-
dence of cKD. Strict adherence to current guidelines, which
are directed primarily to ¢cKD, may increase the risk of a
missed or delayed diagnosis of iKD, and thereby lead to the
development of CAA.!

© 2007 Japan Pediatric Society
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The first KD guidelines were developed to establish the eti--

ology, epidemiology, and clinical aspects of a new and unfamil-
iar disease. Therefore initial guidelines were very strict in order
to exclude KD-mimicking diseases. Since then a large amount
of knowledge and data on KD, including that in the present
report, have accumulated. New unified world KD guidelines,
appropriate for both epidemiologic and clinical use, are needed
to avoid confusion and to provide updated guidance.

The present study has some limitations. As in any mass sur-
vey, there may be some incorrect reports. With respect to the
reliability of the diagnosis of iKD, with the exception of
echocardiography, other significant symptoms or findings
were not surveyed. However, as discussed before, we believe
that the reliability of the diagnosis of iKD was high. )

Regarding the prevalence of CAA in each diagnostic group,
the result is obtained not from a randomized control trial but
from the epidemiologic survey. There are many factors as to
the prevalence of CAA: the illness day of diagnosis, the illness
day of starting IVIG treatment, the mode of IVIG treatment,
an existence of prejudice that incomplete cases are milder
compared to complete cases, and the estimated number of

unreported cases to the survey. Thus simple compairison of the

prevalence between diagnostic groups may not be appropriate.
However we believe that the comparison of the prevalence of
CAA between cKD and iKD in the present study has signifi-
cant practical meaning.

In conclusion, iKD, defined as the presence of fewer than
five principal symptoms in the Japanese guidelines, had a high
prevalence of CAA when compared with cKD. In particular,
the prevalence of CAA in patients with four principal symp-
toms was equal to or higher than that of cKD. iKD patients
with four principal symptoms definitively require echocardi-
ography and blood examinations in the guidelines to make a
diagnosis of KD more accurately.
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Pediatric Imaging ¢ Clinical Observations

Utility of Coronary MR Angiography
in Children with Kawasaki Disease

e S

OBJECTIVE. Although coronary arterial lesions due to Kawasaki disease (KD) should be
evaluated as early as possible after the acute phase, conventional X-ray coronary angiography
poses high risks for young children with the disease. The use of noninvasive MR coronary an-
giography is desirable, although it is difficult to produce clear images in young children. We
developed a method to improve the quality of MR coronary angiography in young children. MR
coronary angiography with vector electrocardiogram gating, real-time navigator-echo, 3D,
steady-state free precession was performed in 35 children with KD. Many parameters (i.e., field
of view, acquisition delay, turbo-field echo-factor, navigator window, and resolution) were op-

timized for each patient.

CONCLUSION. Optimization resulted in the acquisition of high-resolution and high-
signal images of the coronary arteries. It remarkably improved not only the quality of the im-
ages, but also the detection rate of coronary artery segments. MR coronary angiography is a
useful method for evaluating coronary aneurysms from the early stages of KD, even in infants

and small children.

grFE===iT oronary aneurysms due to Ka-
i wasaki disease (KD) decrease in
size soon after the acute phase,
which is defined as the first 30 days
of illness. Evaluation of aneurysmal size is
necessary for risk stratification and therapeutic
management as soon as possible after the acute
phase. Furthermore, aneurysms often progress
to obstructive lesions in the late stage of KD
[1]. Therefore, patients with aneurysms after
KD need follow-up with coronary angiogra-
phy (CAG) throughout their lives.

Most patients with KD are infants and chil-
dren younger than 4 yearé [2], and CAG often
entails risk for such young children. The risks
include worsening of the anemia of KD due to
bleeding from a punctured femoral artery;
thrombotic occlusion of the femoral artery
due to puncture of a postinflammatory vessel
in the hypercoagulable state, which continues
more than 1 year after KD [3]; and myocar-
dial infarction, which sometimes occurs dur-
ing or after CAG. The considerable radiation
exposure of frequent CAG also is a serious
problem for young children. These risks indi-
cate the need for a noninvasive simple method
of evaluating coronary aneurysms.

Although the usefulness of MR CAG in
adults is well known [4, 5], the effectiveness

%:x." C A
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of this technique in infants is not well estab-
lished. Moreover, to our knowledge, there
have been no reports of MR CAG performed
on infants. The procedure is difficult because
infants have a narrow coronary artery (1-2
mm in diameter) and a fast heart rate (80-130
beats/min) and cannot hold their breath dur-
ing the examination. However, the develop-
ment of a new respiratory gating technique
(navigator echo) [6] whereby MR CAG can
be performed with the patient breathing freely
has led to the possibility of visualizing the
coronary arteries of infants. We studied the
utility of MR CAG in visualizing coronary ar-
terial lesions in patients younger than 6 years
with KD. We used cardiac gating and real-
time navigator echo technique with radial k-
space sampiing and a 3D steady-state free
precession (SSFP) MRI sequence [7-9].

Materials and Methods
Patients

This retrospective study included 35 patients
younger than 6 years who underwent MR CAG be-
tween September 2003 and December 2004. These
children were undergoing follow-up because a tran-
sient dilated lesion had been found during the acute
phase of KD or coronary arterial lesions had been
found as sequelae of KD. The patients were 10 girls
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and 25 boys with an age range of 8 months to 6 years
7 months (median age. 3 years 7 months). The heart
rate range was 70-127 beats per minute (BPM)
(mean = SD. 103 = 14 BPM), and the body weight
range was 5.6-22.6 kg (mean weight, 12.9 + 4 kg).

All patients were given sodium trichloroethylene
phosphate syrup (0.8-1.0 mL/kg) so that they could
sleep during the imaging examination. If the syrup
was not effective, we administered thiopental sodium
(2-5 mg/kg) by IV infusion. The interval between
MR CAG and cardiac sonography for the 35 patients
was 0-90 days (median, 6 days). Five patients had
undergone CAG follow-up, and the interval between
CAG and MR CAG was 5-240 days (median, 60
days). Written informed consent was obtained from
the parents of all participants before each MR CAG
examination. The study was approved by the commit-
tee on clinical investigations at our hospital.

Imaging

All studies were performed with a 1.5-T whole-
body fast-gradient (maximum gradient, 30 mT/m;
maximum slew rate, 150 mT/m/ms) MRI system
(Gyroscan Intera Master Gradient, Philips Medical
Systems) equipped with cardiac software. Because
of the small body size of infants, a two-element
flex-medium coil (Flex-M, Philips Medical Sys-
tems) was used instead of a five-element synergy
cardiac coil for signal reception. The Flex-M coil is
a set of two oval receiver coils with an external di-
ameter of 170 x 200 mm. One coil was set on the
chest and the other on the back [10].

Three-dimensional SSFP with vectorcardio-
graphic real-time navigator echo technique was used
to visualize the coronary arteries without contrast
material. Two methods were used for slice position-
ing. Three-point-plan scanning [11] was used for 20
patients, and whole-heart imaging [12] was used for
15 patients. The images were reconstructed into
maximum-intensity-piojection, curved multiplanar
reformation, soap-bubble maximum-intensity-pro-
jection (Philips Medical Systems), and volume-ren-
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dered (M900 Quadra system, Ziosoft) images. For
three-point-plan scanning and whole-heart imaging.
the diastolic rest period was defined through identi-
fication of the heart movement of each patient with
2D SSFP retrospective cine MRI with vectorcar-
diography. Classification of the coronary arteries
into American Heart Association segments [13] in-
creased the visualization rate. The targeted segments
evaluated were the right coronary artery (segments
1-4), left main trunk (segment 5), left anterior de-
scending branch (segments 6-10), and the left cir-
cumflex branch (segments 11~15).

Three-point-plan scanning and whole-heart im-
aging—Navigator gating with prospective slice
correction was used to compensate for respiratory
motion. A flow-insensitive T2-weighted prepara-
tory pulse {14] for contrast enhancement without
the use of contrast material was followed by a lo-
calized anterior saturation preparatory pulse, navi-
gator echo, a spectrally selective fat-saturation
pulse (spectral presaturation by inversion recov-
ery),and a 3D segmented k-space gradient-echo se-
quence (TR range/TE range, 4.3-5.0/2.2-2.5; flip
angle range, 90-100° radial k-space sampling
technique). These sequences were followed by
three-point-plan scanning and whole-heart imaging
with eight phase-encoding steps per cardiac cycle,
so-called bright-blood imaging. Data were ac-
quired along the major axis of the artery. Flow-
compensating gradients were not used. Slices 1.8
mm thick (interpolated to 0.6 mm) were acquired
with a 180- to 200-mm field of view and were re-
constructed with a 512 x 360 matrix (in-plane
voxel size, 0.35 x 0.35 mm). The paralle] imaging
technique of sensitivity encoding [15) was used,
usually with accelerator factors 1.3 in the phase di-
rection and 1.0 in the slice direction.

Cine MRI—An ECG-triggered turbo field-echo
SSFP cine MRI sequence (one signal acquired per
R-R interval; heart rate phase, 80; cardiac synchro-
nization, retrospective gating) was applied in the
transverse plane at the level of the proximal to me-
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dial right coronary artery for visual determination
of the optimal diastolic rest period. The sequence
parameters were as follows: 4.2/1.88; flip angle.
60°: field of view, 220 mm. A 192 x 154 matrix
with cartesian k-space sampling yielded an in-
plane resolution of approximately 1.15 x 0.87 mm
(reconstructed 256 x 256 matrix, 0.8 x 0.8 mm).

Slice positioning technique: three-poini-plan
scanning, whole-heart imaging, and cine MRI—
For three-point-plan scanning, the axial image was
used to determine the imaging plane for one targeted
artery. Three points were plotted on the targeted ar-
tery, and the computer was used to calculate the po-
sition of the scanning plane. Twenty to 30 slices were
used, and the scanning time was approximately 3-5
minutes for four sections: three sections for visual-
ization of the right coronary artery. left main trunk.
left anterior descending branch and left circumflex
branch and one section for visualization of the root
of the left main trunk, left anterior descending
branch, and left circumflex branch simultaneously.
Thus, the overall scanning time was approximately
15-30 minutes. For whole-heart imaging, 130-150
axial slices covered the entire heart. Because this
technique covers the entire heart at once, one section
is imaged in approximately 20-30 minutes.

With reference to the coronal image of the sur-
vey scan, the axial plane for cine MRI was set to the
center of the heart. After the heart phase of the pa-
tient was defined, the scan was started. Because the
patient was asleep, the scan was obtained under
normal respiration. The short-axis image of the
right coronary artery was obtained, and by evalua-
tion of the diastolic rest period of phase 80, the trig-
ger-delay program was set to acquire the data for
three-point-plan scanning or whole-heart imaging.

Results

The imaging examination was successful
for 34 of the 35 patients, a success rate of 97%.
The 35th patient was wearing an undershirt
with a metallic zipper that had not been no-
ticed. Among 525 segments, 313 (60%) were
evaluated. The visualization rate of the coro-
nary arteries was 97% for segment 1, 97% for
segment 2, 89% for segment 3, and 57% for
segment 4 in the right coronary artery; 97% for
segment 5 in the left main trunk: 97% for seg-
ment 6, 86% for segment 7, 43% for segment
8, 8.6% for segment 9, and 5.7% for segment
10 in the left anterior descending branch; and
91% for segment 11, 5.7% for segment 12,
54% for segment 13, 34% for segment 14, and
31% for segment 15 in the left circumflex
branch (Fig. 1). Comparison of the visualiza-
tion rate of the peripheral coronary arteries
(segments 4, 7, 8, and 12-15) with three-point-
plan scanning and whole-heart imaging indi-
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Fig. 2—1-year-5-month-old boy with Kawasaki disease. Ao = aorta.

A and B, MR coronary angiograms obtained with cardiac coil made for adults while disease is in acute stage
shows left anterior descending branch (arrow, A}, teft circumflex branch (arrowhead), and aneurysm at bifurcation
of left coronary artery (triangle). Although aneurysm is evident, image is not clear.

C and D, MR coronary angiograms obtained with Flex-M coil {Philips Medical Systems) while disease is in
convalescent stage shows left anterior descending branch {arrow, C), and left circumflex branch {arrowhead).
Regression of aneurysm was verified. Image is clear and shrinkage of aneurysm is evident.

cated that the rate of visualization with whole-
heart imaging (54.4%) was greater than that
with three-point-plan scanning (35.8%) (p
< 0.01). The rate of visualization of the dilated
coronary arterial lesions of 18 segments in 12
coronary arterial lesions had a sensitivity of
94.7%, specificity of 98.8%, positive predic-
tive value of 94.7%, negative predictive value
of 98.8%, and accuracy of 98.1%.

Patient | was a boy | year 5 months old who
weighed 8.8 kg and had a heart rate of 105
BPM. MR CAG with a synergy cardiac coil
performed on the 21st day of illness (Figs. 2A
and 2B) depicted an aneurysm at the root of the
left circumflex branch of the left coronary ar-
tery. The peripheral coronary arteries of the left
anterior descending branch and the left cir-
cumflex branch also were identified. However,
the spatial resolution of the image was low, so
the image was not clear. To verify regression of
the aneurysm after an interval of 3 months, MR
CAG was repeated with a Flex-M coil (Philips
Medical Systems), and regression was clearly
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visualized (Figs. 2C and 2D). Moreover, im-
age quality improved because of a high signal-
to-noise ratio, and the left circumflex branch
was clearly visualized.

Patient 2 was a boy 3 years 11 months old
who weighed 15.3 kg and had a heart rate of
113 BPM. CAG was pertformed because of gi-
ant coronary aneurysms on the left coronary
artery (segments 5-7), right coronary artery
(segments 1-4), and left circumflex branch
(segment 11) (Figs. 3A and 3B). MR CAG
was performed 3 days later, on the 90th day of
illness (Figs. 3C-3H). The giant coronary an-
eurysms were clearly visualized with MR
CAG, the findings of which showed excellent
agreement with the CAG findings.

Patient 3 was a boy 5 years 7 months old
who weighed 16.6 kg and had a heart rate of
70 BPM. MR CAG was performed 47
months after the onset of KD. A dilated le-
sion on the left coronary artery (segment 6)
was visualized clearly with all methods of
MRI (Fig. 4).
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Discussion

KD has an unknown origin, and it usually
occurs in infants and children younger than 4
years [11]. In Japanese patients. coronary an-
eurysms develop in the acute phase in 16% of
patients and remain in 5% as a sequela after
the convalescent phase. These aneurysms de-
crease in size soon after the acute stage and
often regress completely within 2 years. but
some develop to occlusion or localized steno-
sis of the artery even 10 or 20 years after the
onset of the disease [1]. To predict the
progress of the disease and determine appro-
priate treatment and follow-up protocols. it is
essential to understand the size and shape of
the aneurysms in the early phase. Therefore.
invasive CAG should be performed as soon as
possible after the acute stage [2]. However.
CAG poses high risk to young children with
KD. Furthermore. patients need follow-up
with frequent CAG throughout their lives. A
noninvasive method of visualizing aneurysms
immediately after the acute phase. and throm-
bus and the coronary arteries during follow-
up, has long been needed.

We have been performing noninvasive coro-
nary artery imaging with MRI since 2000 and
have conducted follow-up of the coronary ar-
teries of patients with KD [9, 16]. At first we
used 3D fast low-angle shot [17] and 3D mag-
netization-prepared rapid acquisition gradient-
echo imaging [ 18-20] with contrast agents and
with breath-hold (30 seconds) to image the
coronary artery. Later we were able to image
the coronary arteries without contrast agents
by using the true fast imaging with SSFP se-
quence [21]. This examination. however, is not
suitable for infants and young children, who
cannot hold their breath for imaging. However.
with the invention of the navigator echo tech-
nique. coronary artery imaging can be per-
formed during free breathing [6. 9].

Although there are many reports of MR
CAG of adults [4-7, 22]. to our knowledge
there have been no reports. except for those by
our group {7, 8. 15. 16], of MR CAG of infaats.
We have performed MR CAG on more than
200 patients with coronary artery lesions due
to KD. Itis very difficult. however. to visualize
the coronary arteries of young children com-
pared with those of adults. We have optimized
the receiver coils and the exact data acquisition
technique to improve the visualization rate of
MR CAG of infants and children.

Children younger than 6 vears have small
bodies and narrow coronary arteries. It be-
came clear that the cardiac coil we were using
was not suitable for these children. Image tus-
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H

Fig. 3—3-year-11-month-old boy with Kawasaki disease and giant coronary aneurysms of segments 1-7 and 11.

A, Coronary angiogram of right coronary artery shows aneurysm {triangles).

B, Coronary angiogram of left coronary artery shows aneurysms of left anterior descending branch (arrow)and left circumflex branch farrowhead).

€, Maximum-intensity-projection whole-heart coronary angiogram obtained 3 days after A and B shows aneurysm {triangles) on right coronary artery. Ao = aorta.

D, Maximum-intensity-projection whole-heart coronary angiogram obtained in same examination as C shows left anterior descending branch (arrow). Ao = aorta.

E, Maximum-intensity-projection whole-heart coronary angiogram obtained in same examination as C and D shows left circumflex branch (arrowhead). Ao = aorta.

F, Soap-bubble maximum-intensity-projection image shows all three branches in one plane. Triangle indicates right coronary artery; arrow, left anterior descending branch;

arrowhead, left circumflex branch. Ao = aorta.
G and H, Reconstructed volume-rendered images (G, whole heart; H, heart removed and remaining coronary arteries) show aneurysms at segment 1 in right coronary artery

(triangles), left anterior descending artery (arrowd, and left circumflex artery (arrowhead).

bulence occurred because the coil did not and improved visualization of the coronary previously were used to image the thorax and
maintain high spatial resolution. In contrast,  artery with high spatial resolution and a high  abdomen of young children. Because these
the Flex-M coil is suitable for small children  signal-to-noise ratio. Head coils or knee coils  are single coils, we could not perform parallel

AJR:188, June 2007 W537
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Fig. &—5-year-7-month-old boy with Kawasaki disease. Dilated lesion (arrow) was visualized on left anterior
descending branch (segment 6) on all reconstructed images. :

A and B, Coronal obligue {A) and axial oblique (B} maximum-intensity-projection images. Ao = aorta.

C, Soap-bubble maximum-intensity-projection image. Ao = aorta.

D, Volume-rendered image.

imaging. It is well known that parallel imag-
ing can be effective in many ways, such as
coil sensitivity correction, reduction of scan-
ning time, and high-resolution imaging [17].
We therefore used the Flex-M coil for parallel
imaging to maintain spatial and time resolu-
tion and succeeded in improving visualization
of the coronary arteries in children.

In infants, the heart and coronary arteries
are small, the heart rate is high, and the heart
is moving at all times. To image the coronary
arteries accurately under these conditions, it
is important to set the vectorcardiographic
gating parameters exactly so that blurring in-
duced by heartbeats is minimized and excel-
lent images are obtained. To identify motion
of the heart, we performed retrospective cine
MRI (50-80 phases). We then tried to ac-
quire data during the diastolic rest period
with cine MRI. We were able to obtain cor-
onary artery images as high-resolution 3D
data by collecting the data only at the expi-
ration position without breath-hold. The
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navigator echo technique conventionatlly al-
lows extension of scanning time, which is
why breath-hold scans are widely used.
However, with the invention of parallel im-
aging, it has become possible to reduce scan-
ning time, and the navigator echo technique
has become the more widely used coronary
artery imaging technique. Because breath-
hold is not necessary with this technique. it
was possible to perform MR CAG on the
children in our study. Moreover, with correct
setting of the parameters, the coronary arter-
ies were visualized in children with heart
rates greater than 100 BPM. The examina-
tion success rate was 97%.

Because 3D volume data on the entire heart
are obtained as CT images in whole-heart im-
aging, the data from any section or direction
can be reconstructed and visualized. More-
over, the rate of visualization of the peripheral
coronary arteries in children is better with
whole-heart imaging than with three-point-
plan scanning.
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If several techniques are used, it is possible
to obtain high-resolution coronary artery im-
ages as 3D whole-heart images with SSFP. The
techniques can be performed noninvasively
without contrast enhancement and without a
breath-hold. The images obtained can be re-
constructed and every section of the coronary
arteries visualized, which is impossible with
CAG. MR CAG is a useful method of evaluat-
ing coronary arterial lesions in children with
KD, even those younger than 6 years.
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o B & a
MCP-1, CCRZBIZTZRIDINGHOZRBIZRIZTTEE
EE RBRIB, BB KE?, BF HEY, HE BERY Key words :
B ERY, thE  EY, wEFREEY, £ Y Kawasaki disease. gene

polymorphism, MCP-1, CCR2

B ERAAY, NI B0

BREHKFENEHY, BERFRTFERL Y 5 MR,
BEAFEFRMEH, ZFBRRLEHKFAFEEFHEHEERRAEEY

- How MCP-1 A-2518G and CCR2 G190A Polymorphism Interfere
with Kawasaki Disease

Ryuji Fukazawa,” Tomoyoshi Sonobe,? Kunihiro Hamamoto,” Kenji Hamaoka,” Miki Watanabe,”
Ei Ikegami," Miharu Hajikano,"” Mitsuhiro Kamisago," Yasuhiro Katsube,” and Shunichi Ogawa"
YDepartment of Pediatrics, Nippon Medical School, Tokyo, ?Department of Pediatrics, Japanese Red Cross Medical Center, Tokyo,
3Department of Pediatrics, Fukuoka University School of Medicine, Fukuoka,
“Department of Pediatric Cardiology and Nephrology, Kyoto Prefectural University of Medicine, Kyoto, Japan

Background: We have already demonstrated the high expression of monocyte chemoattractant protein-1 (MCP-1) in the acute
phase of Kawasaki disease (KD). We examined how MCP-1 and its receptor, C-C chemokine receptor 2 (CCR2), gene polymor-
phism affect the clinical course of KD.
Methods: KD patients (n = 184, 2.8 + 0.2 years old) were enrolled in this study. The gene polymorphism of MCP-1 A-2518G
and CCR2 G190A were determined, and we compared the febrile period, effectiveness of immunoglobulin (IVIG) therapy,
maximum peripheral blood white blood cell count, maximum C-reactive protein level, and the occurrence of coronary artery
disturbances among KD patients.
Results: The G/G allele in MCP-1 A-2518G polymorphism has a longer febrile period (7.9 £ 3.4 vs. 9.5 * 5.6 days, p = 0.033)
and tends to be resistant to IVIG therapy (p = 0.086). We did not find any significant differences in CCR2 G190A polymorphlsm
Conclusion: MCP-1 polymorphism is closely related to the febrile period of acute KD.

E B
BHY : Monocyte chemoattractant protein-1(MCP-1), B X U'% D%Z4KC-C chemokine receptor 2(CCR2) B{ZF % EI%S,
NG REERERZ WPIEH L T30 2 RET L7,
Bk BREAEE 1846112 BT 5 MCP-1 A -2518G, CCR2GI90ABEFLERIE BT L7-. B RBEHICBITIHE
#HAM, RFEs 0T VEEQVIG) BEME, RAHMIRE, RACRPE, TEREEOEEL LBRET L.
&R I MCP-1 A-2518GRIZTSEITIE, GIGEFIDRHMBEAARTIZERL (79 £33 vs.95 £5.6H, p=0.033),
IVIGD BN R S DI S WA S - 72 (p=0.086). CCR2ZGIVABRIZFHEITCIIAEELERIBED O h o/,
#&5E | MCP-1 A-2518GEIZTFE R IGREMHORSIAMICBEEL T 5

P NDOBTOY /LOEELRBEBDTHOT %

& borin, AEMORIZFHEERFIOZRLBET

o

yoA7TaYv s PHEITL, 20024EICk POES
J AL NI SNTLUR, BETFOWNFEITEFOHEEE
DFEPNEHEBLTVE, b P EF YT —DEIE
FEEEFNOZIDLTHII2BEEICAES, FLTE

%% (polymorphism) & BEUF, HH5WBEEIIBWTEIZ
TFLEN, PhrheT s, EEE, EFH~NORICHEZ
E, ThETHE4 ADIBFEIEZELONTEZER/D
Wy 20559 FeoTwaaEENH L. BIZT

FRATEILA 108 %14 BURIGERE :
Fr19% 1 BRBRE

T206-8512 HEARLEETMKIL 1-7-1
BAERKRZELSEKILRRRE

RE BE

36 L

] BRMNERERBFRME B220% F25

—189—



121

Table 1 Polymerase chain reaction (PCR)

Polymorphism (Gene Bank Code) Primers PCR product length  Restriction enzyme

MCP-1 A-2518G Forward: 5GCC GAG ATG TTC CCA GCA CAGY’ 932 bp Pyull
(AF519531) Backward: 5CCC TGC TTT GCT TGT GCC TCT T3’

CCR2 G190A Forward: 5TTG TGG GCA ACA TGA TGG3’ 196 bp BsaBl
(U95626) Backward: 5ATG TGA TAC AGC CCT GTG AAT AATZ’

ZERLEELOBEEFBHIANE, B AL
TEOT, HEOHOBEY 2 ERORRLEHE

5]

v

DR L, BREEREL-BEERIERYRETES
WHEEMANH L. BATHLHETFSZEOHEHELED

B, XHMEL)—F1 7Yy b LT[ 4 -
F— x4 FEB7oT s bE&FITS N RHEE
BEFRAETR T, 47EB W RIZIZOTAFED S/
LDNAMENT % BEL LT, 2B REERBEFEE D
SIMEMRELTREL TS EZATH5S (http://
www.biobankjp.org/) .

NEFBIZE T 5 BEFLRHOBELEDHLND LI I
o TETWAS, bNbhOETHIIBKIIBITA
BRFERERITLTBY, ThF Tl bangiotensineZs
12 E% F deletion/ insertionZ B DD allele® A § 5 EF R
angiotensin II receptor I{ATIR) A1166C& TN C allele ™ &
T HEFITIE, NIEREEHIREED %5 T b RERE
PRTVRAIDPEL LI v MELTELY. —F,
bivh NG HESEHmE CEankEtETFTH 5
monocyte chemoattractant protein-1 (MCP-1) BBV EH L,
Y I B AZERAAS TLEMCP-IOmMRNADZE L {TTHEL T
WHZEFRWA LTV, MCP-112IEMCP-1 A-
2518GOBIZFEHMHRE S, G/Gallele TiLIMHMCP-
LEEASERLTED?, BAIIBWTIZGHG allele & TE)
TRELE L DEEIHER SN TV A8, S 5IIMCP-10% -
AR TdH 5 C-C chemokine receptor 2(CCR2) 12 % CCR2
GI90A & WA 7 3/ EVERZMNE) BIEFEEFRDH
n, BERIJTESN)HF404 L VIZERBLTOHS
(CCR2V64l). CCR2GIVABZET LR L BRI EL
DRI TIZA alleledUFEED YA 7 T L VT
5B ET HHE G alleleH A allele | 2 L FEENER B K1
PREVWETHHRES, BRLVLETHIHRE 20D
D, WERBROZVEIATHE. MCP-1DOY 7+
TEDORLTHAZERTH L0, B ELHEN
BARAEALN TV I LEDLNS,

DL IIMCP-1°MCP-1 L BAR T 2:BZ T, TE
REECIIEHEMEIC B 2 RERMICEEL R
WHAHIEIMRESNE., bhvbIIIBRFIZBITA

MCP-1 A-2518GEEFHEB LUV EZDRERTH S
CCR2GIARETF LRI BT L, REHMAM, ®Es o
T YEBEANORIE, BERREDHEL L OJBIRF
DIRREE HBARET L 72,

Mg - B

REE X DEEICL S THROE S NGRBEE
Fl184%1(2.8 + 0.2i%) Zat R & L7, ABFFEILHAER
AEGREEES, BLUELAAFEBEORERZRES
DT EEGIHFTH 5. FHHMAMER L ) DNA Blood
Mini Kit(QIAGEN, CA, USA) % fiv>TDNAZTHIH L,
polymerase chain reaction (PCR) {42 & 0 B{ZF % BIER L
% IR, 1IE S N7-DNA% FIREBERICIC S ¢ EETF
ZEIOFETENL:. EEEFEEIHTLTIA
<—, PCRIZTHIES NADNAKENE S, HIEBE
%Table 1 \27R 7. Applied Biosystems(Foster City, CA, -
USA)9700 PCR system % fi>"C, 10ng DNA, 5pMOD %
75 4<—, 0.25mM dNTP, 1.5mM MgCI2, B LT
1.5U Tagq polymerase (Takara Bio Inc., Ohtsu, Japan) (T
PCR% 175 7:. PCROKIEGIE, MCP-1A-2518GDE(ET
ZEITIE, 94°C30%%, 72°C60RVDPCRY 1 7 V% 5[0l
94°C30%b, 70°C60FDPCRHY 4 2 L% 5[E, 94°C30%,
68°C60# MPCRY 1 7 V25EAF-7:. 72, CCR2
GI90ABZF ZEITI394°C3015, 52°C30%), 72°C 153D
PCRY 4 7 V% 35SEAT o 72, BHNZENERDT T A
v — |2 BPCREWIZ, HIBBEEZPvull, BsaBI(New
England Biolabs, MA, USA)%ZHWTENRENITC,
60°CIZ T 2BRIRIL &7, Z DR, MCP-1A-2518G
LEITII18 5 NIPCREY) (9320p) H°G allelek B 53
412709bp & 223bplZ 5 &N, CCR2G190AE(L T A
T3R5 N7 PCREY) (196bp) 7PA allele (R DFER, /N
ML vaA4L e T IJEBENERTE)VEETAHY
&12178bp & 18bpil RS, FNEFNLS%B L F4%
DT HA—=AT VIZTERKETHI L TRIZFEH
DEExIT - 72 (Fig. 1)
FNFLOBEZEFERIIBVT, BHEEH, ®ES
o 7)) »EE(IVIG) D BB R (IVIGK Tk 2 BEWRO

THI19E3 818

37
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MCP-1 A-2518G polymorphism
MM G/G G/G A/A

CCR2 G190A polymorphism
A/G MM G/A A/A G/G G/G

932bp

196bp

709bp 178bp

Fig. 1 MCP-1 A-2518G and CCR2 G190A polymorphism detection.
PCR product lengths of MCP-1 A-2518G and CCR2 G190A polymorphism were 932 bp and 196 bp, respectively. When the
sequence of MCP-1 has the G allele, the PCR product is digested by restriction enzyme Pvull into 709 bp and 223 bp. When
there is an A allele in CCR2, restriction enzyme BsaBl digests the PCR product into 178 bp and 18 bp.

MM: molecular marker, G: guanine, A: adenine

meF(MmERERS DI LR, NGREEFOERE
ke, JACRPE, —@HHERE &GO EHREED
AETHBRE L.

1. #st
FNFNOBREFEHOIVIGHRS L UEHREE

DHEEOHFETIIHEEZII etk IV THRL, AF
EHESRASEIIF v Ak, sHEBRXEEXERL
7o F 1o, EFEATI0LLT D354 ILFisher’s exact test %
iz, p<005s2bo THEEEZEZ:. FRHME, &
KEMEkE, BACRPEIZHVTIiE, One way ANOVA
AV, AEEREDHE 1 iEpost hoc testi THER
L7z, BUEIXFY £ SER b o TRBE LA, HetoHE
Wi, BEETV 7 b StatView 5.0(SAS Institute Inc., NC,
USA) Z w7z,

B R

SEOFECLNDBEFEHELAIETEZLONE,
MCP-1 A-2518G& B T3 184FI 16681, CCR2G190A%
BITI3184B 1788 TH - /2. FHEHIN/- LB TEH
BUTOEBYTHA.

MCP-1A-2518G% Bl | A/JA 16.3% (2761), A/G 54.8%
(91%1), G/G 28.9% (48%1)

CCR2G190AZE : A/JA5.1% (9 1), A/G38.2% (68
B1), G/G56.7% (101%1)

ERBEFEHEOMIZ, Bk, FHOFEERLR
rol.

1. JRAKAMBRE(Fig. 2A1, 2)
MCP-1 A-2518G% ! (Fig. 2A1) © A/A(n=27)14,800

+ 842, A/G(n=91)15,400 £ 530, G/G(n=48)16,700
1,047, CCR2G190A% B! (Fig. 2A2) : A/A(n=9)14,200
+ 1,007, A/G(n=68)15400 + 647, G/G(n=101)16,100
+593TH Y, BBRIZFEHLOMIIBVTRARMEK
BOEBERRD oI, :

2. ®R&CRPf&(Fig. 2Bt, 2)

MCP-1 A-2518G% Bl (Fig. 2B1) | A/A(n=27)10.5
1.3 mg/dl, A/G(n=289)10.6 + 0.6 mg/dl, G/G(n=47)
11.3 + 1.2 mg/dl, CCR2G190A% % (Fig. 2B2) : A/A(n
=8)13.6 £ 2.4 mg/dl, A/G(n=67)11.2 + 0.9 mg/dl, G/G
(n=100)10.5 + 0.6 mg/dITH V), FRIZFEIL DH
LB THAKCRPENDEEEZEIRDON 2o/,

3. R#HAR(Fig. 2C1, 2, 2D)

MCP-1 A-2518G% B (Fig. 2C1) . A/A(n=125)79 *
058, A/G(n=81)79 + 04H, G/G(n=44)9.5+ 0.8
H, CCR2GI90A% % (Fig. 2C2) : A/A(n=7)99 £25
H, A/G(n=64)9.0+ 0.6H, G/G(n=91)79 + 048 T
o7, MCP-1A-2518GEE!, CCR2GI90AZEI & $ i
HEEFRO SN2 o72H5(Fig. 2C1, 2), MCP-1A-
2518GE&EI % & 51ZA/AT 7213 A/G allele & G/G allele & 12
ST L THB EGG allele DEFIAE P HEEIE
BELTWwW/(79+03Hvs.9.5+08H, p=0.033) (Fig.
2D). -

4. IVIGOEESHR (Table 2)

MCP-1 A-2518GEH . [H#EDH b 175A/A(n=22)
91.7%, A/G(n=69)94.5%, G/G(n=30)833%THH,
(esshE7 LIdA/A(n=2)83%, A/G(n=4)55%,

38 1

- BANRERHBFEMR H23% 25
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WBC /mm3 CRP mg/dl Febrile period (days)
18,000 - 0.306 184 14+
p=0. X 134
17,000 | ;
{ 16 p=0.738 124 p=0.105
16,000 } 1) 111
15,000 104
121 g
14,000 | $ 5 .
13,000 10 o ¢ ¢
12,000 . 8 6 ’
AA AG GIG AA AG G/G AA AG G/G
WBC /mm?3 CRP mg/dl Febrile period (days)
18,000 ; 0sis 187 14,
17,000 p== 16 p=0.423 > p=0.226
16,000 - + 14 114
15,000 { 0 10
14,000 | ] } 91 ¢
10 ¢ 81 ¢
13,000/ 1 71
12,000 8 6
AA AG G/G AA AG GIG AA AG G/G

12

Febrile period (days)

11 p=0.033

10 4

Fig. 2 White blood cell count, CRP level, and febrile period on MCP-1 A-2518G and

CCR2 G190A potymorphism.

Details of the white blood cell count of MCP-1 A-2518G polymorphism were as
follows: A1: A/A(n =27)14800 * 842, A/G(n=91)15400 * 530 and G/G(n =
4B8)16700 + 1047. Those of CCR2 G190A polymorphism were as follows: A2:
A/A(n=9)14200 £ 1007, A/G(n = 68) 15400 + 647 and G/G(n = 101)16100
+ 593. There were no significant differences (p = 0.306 and p = 0.518,
respectively).

The CRP levels of MCP-1 A-2518G polymorphism were as follows: B1: A/A(n
=27)10.5 + 1.3 mg/dl, A/G{(n =89)10.6 = 0.6 mg/dl, and G/G(n =47)11.3 +
1.2 mg/dl. Those of CCR2 G190A polymorphism were as follows: B2: A/A(n =
8)13.6 + 2.4 mg/dl, A/IG{(n =67)11.2 £ 0.9 mg/dl, and G/G (n = 100) 10.5 +
0.6 mg/dl. No significant differences were detected (p = 0.738 and p = 0.423,

The febrile period also showed no significant differences among MCP-1 A-
2518G and CCR2 G190A polymorphism (p = 0.105 and p = 0.226, respectively).
The details of each polymorphism were as follows: MCP-1 A-2518G polymor-
phism (C1): A/A(n=25)7.9 + 0.5 days, AG(n =81)7.9 + 0.4 days, and G/G
(n=44)9.5 + 0.8 days, and CCR2 G190A polymorphism (C2): A/A(n =7)9.9
+ 2.5 days, A/G(n =64)9.0 £ 0.6 days and G/G(n=91)7.9 * 0.4 days.

¢
AAHAG - GG
respectively).
A1l B1 | C1
A2 | B2 | C2
D

When the A/A aliele, together with the A/G allele, were compared to the G/G

" allele in MCP-1 A-2518G polymorphism, the febrile period was significantly

longer in the G/G allele (7.9 £ 0.3 vs. 9.5 + 0.8 days, p = 0.033) (D).

G/G(n=6)167%TdH-7:. HEZIIFZDLEHh o725
=0.158), G/Gallele/Z[fEBLNE L L D0 BV EIR D
H5H7:%, G/Gallelek ZFDfBDalleletZ 58 UL THEIL
THRIE I B, AJA+A/G allelefEFI TIVIGD [ R 2455
HNH193.8% (n=91), [BEEEHEL LI$%6.2% (n=6)
THo7DIZAF LT, G/G allelefEBI THBRI RS
0 1833% (n=30), [FREZHEL L]16.7%(n=6)&, G/
Gallelex ¥ A fEGI CHRAR RO LV ERAL D
=< %> 7:(p=0.086, Fisher's exact test).

CCR2 G190AZ B TIXA/A alleledEF] T DIVIG FRE)
B LIDEFNeh o772, A/A allelefER & A/G
allelefER % 5 TG/GallelefEFI & L8 L7-. A/JAT /-
13 A/G allelefER] TIZIVIGI 2 50HR S 1) 15591.9% (n =
57), [BBHELLIDB1%(n=5)Th-7-DI23f L
T, G/G allelefEFI TII[BEARNED Y [H91.4% (n =
74), [BBHRELL178.6% =7 FEZEIZDHOR
%> 7:(p>0.99, Fisher’s exact test).

FRI1ISEIRATH [
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5 BBHREZNEE

MCP-1 A-2518GE I TIITEBIREE % O /- fEFIZA/
A222%(n=6), A/G19.8% (n=18), G/G22.9%(n=
11) C, THIREEHN %5 o 72 EFIEA/A 77.8% (n =
21), A/G802%(n=73), G/G77.1%(n=37)TH>7:.
3 /-CCR2GI90AZRITI, BEIREE % 2O 7-fEBIZ
A/A222%(n=2), A/G25.0% (n=17), G/G19.8% (n=
20)THY, THREELZDLh o -EFIIAATIS
%(n=7), A/G75.0%(n=51), G/G80.2%(n=81)T
Hot:. EHLLOBETFEHEIBHREELOFE
BRSO LN o7z

Z =

MCP-1 A-2518GE{EFZ I C DG alleleid, MCP-1D
INBCMAPRELHETAZ EFRESN TS,
X512, 323661 %% & L 7-Framingham Heart Study {2
BV THGalleled & ) HVMCP-1MMFiEE, HITL
HREORE L OHBEIHESNENL ) TH B9,
Jibiki 5¥DEEIZ L L, BARAOMFEZEHRIZE
\} % Interleukin- 1 3FIBIZ X3 AMCP-1 &£ RIEAH, G
AleleFEZDIEINLVEVE SN, NIBFREROR
BB THGalelelBEEI L Y EBVMCP-1ITBELE
FTHEMIHHLITHE. T2, NBREEHOE
RZERARNL T OMCP-1 mRNAEE & MCP-1fiHigE I k
ALTED, KEIVIGIZEIWHHENE ZEHBOH
NTWw5Y. L7zdt> T, MCP-1A-2518GRIZTFEE L
JHERE DS P ORI REEND Z Lhb, 40
PRbREZ DL LHEET) I Eo 72, SEOH
2 Tid, G/Gallele® H{ A EBIDORBIAE A HFRICE
£ L (p=0.033), IVIGOBREFHEDLZ L WA H -7
(p=0.086). IVIGIZ X h &2 IIEHRSHRBROMH
MCP-IBEMET 355 WZ k55, EEMNMCP-LUERE
DB WG/GHER> O T, IR OREHIMPIVIGH 2,
RRICEET S L RHEN SRS, MCP-LIZREST £
HAYTHY, RELFEBRTLUE, [BELL
Wl W) ZERRIEDH S & OIEFERN L EROER
THAHATEMIBETELZ W, LrLidS, SEO
TSR KR CCRPEICE B2 EIRED
Twhnlers, EFENLEREOESIZIT TR
{, NBERDZEBIZBOTMCP-1DBEFFDH DN
(B L V]I LIZESTATERENEZOND. 2O
£ IR & 0 710 TMCP-1 A-2518GEZFHEIT
DG/G allele A JIIEFRFE LM, IVIGIZ L 2 BHMR L
WV TIREEIZ b B T ENTRIBEI N,

—%, MCP-1DEZFERTH HCCR2OEIZFLEITH
% CCR2GI90ARIZFZ R TId, KIFFEIZB VT

Table 2 Effectiveness of immunoglobulin therapy

MCP-1A-2518G

A/A and A/IG G/G
Effective 93.8% (91) 83.3% (30)
Not effective 6.2% (6) 16.7% (6)*
*p=0.086
CCR2G190A
A/A and A/G G/G
Effective 91.9%(57)  91.4%(74)
Not effective 8.1% (5) 8.6% (7}
p>0.99

IR D BIREDIEEIZ BV T Kallele ll THEZ RO
&Nz A -7z, Bjamadottir 5% D EE A 1,842F OET T
LB L A/A allele k DRICEEZBRIIEO T %
WV, LEEZEEAIA allelet DEBELBEBRTRDL
Ortlepp 57D X ) EHWV65F LU T D 1,454B1 DT D
OR1.47, 95%CI 1.16~1.87 LoddsttiZ ZFNIZEH 2
$, KREBLEFERTHO TRIENTRETD - 72,
Marenberg &' L MITHETH LT EEE - WEOH
EFHESI R b L b shTwa, 4EHEFITS
RS, SERRFNCST B L CCR2Aallele 2 H Y A BIAYE
EFTHEARPBENR RAERLH D, SRbIbR
DT L EFEE ERTOITIICCR2G/AEIL T4
COBEELBEAREMSMESNE,S L.

$7:, SEBHRFHECHL TUIBEFEEEOM
MIZZD LN h o 72h5, MCP-1ELT%FIG allele?®
JIBROEFEEHED—2THAHRAL ] &IZHE
5LTwaLll, BERBEERIIMLPOEEE R
IZLTVAIEDHBEINLIDT, 4L OFNREE
L AN T- AR

4B DORFFE THD THISHOFREEIIMCP- LR F £ 8
EVABBEFHN Yy 75 FAESLTWAEIEE
SEBH L 72, S RINSIRES OBETZEOMEIHEA
TWIHE, BETHICNBROEEELEYHRE H
EHALOFHTELTEENH L. EDOBIETFAHED
L9 BB NBHICS A ATRENS L0, [+—
F—A 4 FEBL7OY 27 FIZNEHEIHRETH
Y, SEBIESN Y EE L KBESTR L ETY
BYATLRBRIIHITAZIENRDOONE, £ L
T, BIEFHRNNY 7752 Ko BPOIVIGH ER)

40

1 BANEERBEZRER H20E H25
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BIGE, RALDIZRIET T T VBN EIT &
NIZA T T4 FEERLIEZH, $ltumor necrosis factor-
e BELE VO BEEER BRI EE ) PEFESRD
HArHb, TAREEFENEEA2S S EVE V) R
MREINBDONPE LNGV., $HOBEFHEOEE
HEHREFINDLEIATH S,

B, K"‘X@?E(iﬁ%l@ ARNRIERGEF RS
i TERL, BEX»SOEE»ZTUHTHBLLD
DTHA.
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