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ThHEIZfo -BEEERIEH 6N (H 1A), midazolam
ERZEORE L, ERRBARICESYORREREFT
Hoehi, :

98 AR, BEAOCREOER, PHRMLIRENE
WTwWie bk I A, 254 (v, v ] tMutiLey
ERELETHEEIILMNADE, ERIRS LA, FMIER
Lol HREEREE A, midazolam 5 mg (0.25 mg/kg)
EHELIRITLA-L 25, BHUBICERENLEL D, Bif
OIS LEETREE oo THES MRI LT ICERTEE
MBI EER 220 (H1B). ChiCL2/E
ETAPADIEREEZ b, RIEEBHNEIIRG S hE
Mo fa,

Efl2 108, KB

KIZEE Bpy~<szblil.

BT 6T CUHEERE.

AR AP ORBFATMAAHMALTWA, 98I h
B, B{eEomEE, EicHE S 88, HHREMNHE.
9k 10 BBy, BNEEY, MifEbosiBYL Y Eo
LR %05, F54EMT ragged red fibers, cytochrome ¢ oxi-
dase BB T £ 8By, METFIRE T miDNA np A3243GE
£ EL MELAS L ZHT SR,

MAREISE 1051 4 A, EESL TN, MEE, 8D
MENRH, REETUHAIRE 2o/, HEHEBRBMNIC,
BNk EERUE AR oMERReMBREL Y (|
2). Xylocaine 2 mg/kg/hr IFHAFEDRIES 15 52 12BN
e E L, BaCHAERES T RLIcHRENesrE
U, #Ofk phenytoin 20 me/kg FFE L7z % 800
Y, midazolam 0.3 mg/kg ¥HiE % 5ifT %, BCFPCRKER
F, ERITHEEL: T08 02mghkehe THREFEERITL
7=. MRIFLAIR EIf#{ TEEEROBERIZ G- B EFE
FREHERS (H10).

10683 4 ARy, B, B, FAELFIARLE &

— 278 —



72

A & 532

a5

B 1 BREF MRI
b EML L omaann
C.fEFI2 1 108 Z AR
B
FN:W """" M
S %\wvw T
fha M # ‘ w T
= ;%MMM A
B Jﬂw R SRttt
h |
o ML W’W‘Y‘t S AN
Tacs Wﬁ ‘% %@“ A m
el
crm W N\ M /\, e Y A W W NP
B2 EFI2 10881 4 BRIl
. Midumotam f:fﬁ mﬁ:fkg FVERR 0.2 meke/hr THEEHERIGHR
PERF iR EASHIT I BRI AR L7, Midazolam r % e
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Soluble forms of the selectin family in children with Kawasaki
disease: prediction for coronary artery lesions
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Furui J, Ishii M, Ikeda H, Muta H, Egami K, Sugahara Y, Himeno W, Akagi T, Kato H, Matsuishi
T. Soluble forms of the selectin family in children with Kawasaki disease: prediction for coronary
artery lesions. Acta Padiatr 2002; 91: 1183~1188. Stockholm. ISSN 0803-5253

Aim: To investigate the relationship between the plasma levels of soluble forms of the selectin
family and the incidence of coronary artery lesions (CALs) in patients with Kawasaki disease
(KD). Methods: Thirty-three patients with KD, including group A patients (n=22) who had no
CALs and group B patients (n=11) who had CALs, as well as age-matched febrile (n=10) and
afebrile controls (n=11), were stodied. Resuits: Peak plasma E-selectin levels
(172.0 + 58.6 ng ml™") occurred during the acute phase of KD, while peak plasma P-selectin levels
(260.3 £43.2ngml™") occurred during the subacute phase of the iliness {(p < 0.05). Plasma
L-selectin levels (1757.3 & 244.3 ng m1™") during the convalescent phase tended to be higher than
in either the acute or the subacute phase (not significant). Before intravenous immunoglobulin
treatment, the plasma levels of BE- (225.1 +£46.8ng mi~!) and P-selectin (259.4 +76.2 ng ml™Y) of
patients with CALs (n = 11) were significantly higher than those of patients (n =22) with no CALs
(B-selectin, 131.6 £36.9ngml™'; P-selectin, 184.9+84.6ngml™"; p < 0.05). When a plasma
E-selectin value before immunoglobulin treatment of >184.7ngml™' was used as the cut-off
point, the sensitivity and specificity for the incidence of CALs were 81.8% and 90.9%,
respectively. These findings demonstrate the relationship between plasma levels of selecting and

disease severity of Kawasaki vasculitis.

Conclusion: Higher plasma levels of E-selectin may have potential as a predicior of the incidence
of coronary artery lesions in Kawasaki disease patients.

Key words: Coronary artery lesions, Kawasaki disease, selectin family, vasculitis

M [Ishii, Kurume University School of Medicine, Depariment of Pediatrics, Cardiovascular
Research Institute, 67 Asahi-machi, Kurume 830-0011, Japan (Tel, +81 942 31 7565, fax. +81
942 31 7707, e-mail. masaishi@med kurume-w.ac jp)

Kawasaki disease (KD) is an acute, self-limiting
systemic vasculitis syndrome of unknown origin that
mainly affects small and medium-sized arteries, parti-
cularly the coronary artery, and is found primartily in
infants and young children (1,2). From 3 to 8% of
children develop coronary artery lesions (CALs) after
intravenous immunoglobulin (IVIG) therapy, and ap-
proximately 4% of KD children develop ischemic heart
disease with myocardial infarction (3, 4). KD is one of
the most common causes of acquired heart disease in
children (1-6).

Cell adhesion molecules play important roles in the
inflammatory process (7-12). Among these adhesion
molecules, the selectin family includes E-selectin,
which exists on endothelial cells, P-selectin, on platelets
and endothelial cells, and L-selectin, on leukocytes
(7-11). These E-, P- and L-sclectins mediate the
“rolling” of leukocytes (7, 8) on the endothelium (13)
and activated platelets (14). Platelets, leukocytes and
endothelial cells have been shown to release soluble

© 2002 Taylor & Francis. ISSN 0803-5253

adhesion molecules in the blood. Accordingly, soluble
forms of selectins may be taken as conclusive evidence
of those cellular activations (7-12). Histologically,
vascular lesions in the acute phase of KD are associated
with evidence of activation and damage to endothelial
cells (15-17). Therefore, we investigated the relation-
ship between the plasma levels of soluble forms of the
selectin family and the incidence of CALs.

Patients and methods

Patients

Approximately 2019 KD patients have been followed
Kurume University Hospital since 1974. Before IVIG
therapy was introduced, approximately 20% of KD
children developed CALs (2-4). At present, about 8%
of KD children develop CALs after IVIG therapy in this
institution (3). Retrospectively, 33 KD patients (26M,
7F; median age 29.3 mo, range 0.2-7 y), were selected
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Fig. 1. Kinetics of circulating soluble forms of the selectin family in Kawasaki disease. * Statistical significance (p < 0.05). Gray shadows
indicate the normal range (mean 3 2 SD) obtained from afebrile control patients.

at random from the cohort. They comprised 22 KD
patients with no CALs (group A) and 11 patients with
several sizes of coronary aneurysm (group B). The
diagnosis of KD was made according to criteria
established by the Japanese Kawasaki Disease Research
Commmee (18). These patients were treated with IVIG
(2 gkg ™! per day) (19, 20) and with aspirin (30 mg kg
per day). Serial blood samples were taken from all
patients with KD in the acute phase, defined as the phase
before the administration of IVIG and aspirin (3-7 d), in
the subacute phase, defined as the phase at 48 h after
administration of the initial IVIG, and in the afebrile
convalescent phase, defined as the phase when the
C-reactive protein (CRP) of each patient was less than
03mgml™" (14-30d). Full ethical approval of the
protocol of this study was given by the Kurume
University Ethics Committee. Informed consent was
obtained from the both parents of each child at
hospitalization, before participation in the study.

Controls

Ten children (M, SF; median age 1.8 y, range 0.4-5y)
with fever >38.5°C who had been hospitalized for
treatment of severe infection were designated as febrile
controls. Their diagnoses were septic meningitis (n=13),
bacterial preumonia (n=4) and group A streptococcal
infection (72 = 1). No medication other than antibiotics
and acetaminophen had been administered at the time
the initial sample was taken. Eleven age-matched
children (6M, 5F; median age 2.0y, range 0.34y),
with congenital heart disease were studied as afebrile

controls. They were diagnosed with atrial septal defect
(n = 6) and small ventricular septal defect (n=15). None
of these patients showed any signs of congestive heart
failure and none was receiving any medication at the
time of sampling. Normal ranges of selectin levels were
obtained from afebrile controls.

Assay method

The plasma levels of soluble P-, E- and L-selectin were
measured by a sandwich enzyme-linked immunosor-
bent assay (ELISA) using a commercially available kit
from Takara Biomedical for P-selectin, and kits from
R&D Systems for E- and L-selectin, respectively
(7,8, 12).

Statistical analysis

Quantitative variables were expressed as mean % SD.
Logistic regression analysis was used as a multivariate
model to determine the predictive factors of incidence
of CALs. Univariate analysis included nine variables
before IVIG treatment, all of which are listed in Table 1.
Four variables with p < 0.4 in the univariate analyses
were entered as covariates in the regression analyses.
Variables were entered into the logistic equation in a
stepwise manner based on the likelihood ratio test
{Table 2) and were selected by a backward procedure
with a threshold of p=0.05. The cut-off value to
discriminate between patients with CALs and patients
with no CALs was calculated with the above parameters
by univadate logistic regression analysis, and their
sensitivity and specificity were evaluated. Linear
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Table 1. Univariate analysis of the prediction of immediate results.

Selectin family in Kawasaki disease 1185

Variable Group A CAL () Group B CAL (+) p-Value OR 95% CI

Gender (M/F) 1745 o 0.7638 132 0.21-8.21
Age (mo) 28.9 2200 32.8424.4 0.6088 0.99 0.95-1.03
Height (cm) 8224108 83.7+10.1 0.8067 0.99 0.95-1.04
Weight (kg) 157+£17.5 11.7+27 0.5668 1.05 0.90-1.22
Harada's score 3.73+0.88 5019 0.0t 0.26 0.10-0.73
P-selectin (ng ml™") 184.9 + 84.6 2504 £762 0.0311 0.99 0.98-1.00
E-selectin (ng mt™" 131.6 £ 369 225.1+46.9 0.0129 0.93 0.87-0.98
L-selectin (ngml™" 1691.0 &+ 349.3 1596.9 + 385.0 0.4743 1 0.99-1.01
Hb (g 100 ml™") 112408 110+10 0.379% 0.97 0.90-1.04
WBC (cells 1 ™) 14 150.0 £ 4158.2 14 556.4 & 6047.4 0.8152 1 0.90-1.01
PLT (x10*pI™" 348+ 8.4 305+11.7 0.226 1.05 0.97-1.15
GOT (UI™") 1268 £277.2 60.0+76.9 0.5097 1 0.99-1.01
GPT (UI™h 79.1£117.7 86.9:+73.0 0.8372 1 0.99-1.01
CRP (mg 100m1™") 102462 11.9+54 0.4423 0.95 0.83-1.08

CAL: coronary artery lesion; OR: odds ratio; 95% CI: 95% confidence interval; Hb: hemoglobin; WBC: white blood cell; PLT: platelet; GOT:
glutamic oxaloacetic transaminase; GPT: glutamic pyruvic transaminase; CRP: C-reactive protein.

regression analyses were used to determine the correla-
tion of plasma E-, P- and L-selectin levels with other
laboratory values, including white blood cells {(WBC),
hemoglobin, platelets, CRP, glutamic oxaloacetic trans-
aminase and glutamic pyruvic transaminase. p-Values
<0.05 were considered to indicate statistical signifi-
cance.

Results

Kinetics of soluble forms of the selectin family in
Kawasaki disease

As shown in Fig. 1, E-selectin Jevels of patients with
KD in the acute phase were significantly higher than
those of patients in the subacute or convalescent phase.
Circulating E-selectin values peaked in the acute phase
of KD, whereas the peak plasma P-selectin level
occurred in the subacute phase of the illness (Fig. 1).
Plasma E- and P- selectin levels of patients with KD in
both the acute phase (E-selectin 172.0 % 58.6 ng m1™Y,
P-selectin 213.34+93.6ngmi™") and the subacute
phase (E-selectin  138.6 £25.7 ngml™!, P-selectin
260.3 +43.2ngml™") were higher than those of the
control  patients  (febrile  control:  E-selectin
120.3 + 46.3 ng mI ™, P-selectin 123.7 £ 26.5 ng ml~%;
afebrile control E-selectin 90.3 4 12.5ngml™}, P-
selectin  102.6 +18.9ngm!™"). Plasma L-selectin
levels during the convalescent phase (175734

Table 2. Multivariate analysis of the prediction of immediate results.

244.3 ng mi™") of the KD patients tended to be higher
than those of patients in the acute phase
(1659.7 +358.3ngml™") or the subacute phase
(1560 + 265.8 ng ml~!). Nevertheless, no significant
differences were found among patients' plasma L-
selectin levels (febrile control 1450.8 + 120.3 ng ml~},
afebrile control 1496.9 & 197.3 ng ml ™).

Relationship between soluble forms of the selectin
Jamily and coronary artery lesions

All 11 patients in group B had CALs: 5 patients had a
giant aneurysm and 6 had a small-to-moderate sized
aneurysm. As shown in Fig. 2, before IVIG treatment,
the plasma levels of E- and P-selectin of patients with
CALs were significantly higher than both those of
patients with no CALs and those of afebrile and febrile
controls. Plasma L-selectin levels in patients with CALs
tended to be lower than those in patients with no CAl s,
but the difference was not statistically significant. At
48 h after the first IVIG treatment, plasma E- and P-
selectin levels of patients with CALs were significantly
higher than those of patients with no CALs and those of
both afebrile and febrile controls (Fig. 3). The plasma
L-selectin levels of patients with CALs tended to be
higher than those of patients with no CALs, but the
difference was not statistically significant (Fig. 3).

Parameter estimate SE p-Value OR 95% CI
E-selectin (ng ml ™'} —0.0846 0.04 0.0342 092 0.85-0.99
P-selectin (ngml™') —0.0071 0.0082 0.3847 0.99 0.93-1.01
Kb (g 100ml™) 0.0712 0.087t 0.4136 1.07 0.91-1.27
PLT (x10* ™" 0.6504 0.9593 0.4978 0.92 0.29-12.51

OR: odds ratio; 95% CI: 95% confidence interval; Hb: hemoglobin; PLT: plaielet.
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Plasma E-selectin levels

Plasma P-selectin levels
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Plasma L-selectin levels

) w2

Fig. 2. Plasma E-, P-, and L-selectin levels in patients with coronary artery lesions (CALs) (M} and those in patients with no CALs (@) before
intravenous immunoglobulin treatment. Gray shadows indicate the normal range (mean * 2 SD) obtained from afebrile control patients.

Prediction of the incidence of coronary artery lesions
before intravenous immunoglobulin treatment

The univariate analysis of the predictors of the
incidence of CALs before IVIG treatment is shown in
Table 1. The significant predictors of the incidence of
CALs were high values of both plasma E- and P-
selectin levels before IVIG treatment. However, the
multivariate analysis identified only E-selectin levels as
a predictor of the incidence of CALs before IVIG
treatment (Table 2). The cut-off value to discriminate
between patients with CALs and patients with
no CALs was calculated within this parameter
(y=14.2579 — 0.0771x). When a plasma E-selectin
value before IVIG treatment >184.7 ng ml™" was used
as the cut-off point, the sensitivity and specificity for the
incidence of CALs were 81.8% and 90.9%, respec-
tively.

Correlation between soluble forms of selectin family
and laboratory values

Among patients with KD, a weak positive correlation
was found between plasma E-selectin levels and WBC
(r=0.37, p <0.05). A significant positive correlation
was observed between plasma E-selectin levels and
CRP. The values of P-selectin showed no significant
correlation with platelet count, nor was any significant
correlation found between plasma levels of the selectin
family and other laboratory values.

Discussion

Kinetics in plasma levels of the selectin family in
Kawasaki disease

The selectin family consists of three proteins, desig-
nated E (endothelial}, P (platelet and endothelial) and L
(leukocyte). These selectins are shed following proteo-
lytic cleavage near the transmembrane domain, or by
expression of alternatively spliced messenger RNA
lacking a transmembrane domain from the cell surface,
following activation with cytokines or other stimuli
such as endotoxin (10). It has becn suggested that
soluble selecting can regulate cell adhesion either by
downregulation as competitive inhibitors or by upregu-
lation as co-signaling factors (9). More recent studies
have provided evidence that soluble isoforms can be
detected in the circulation, and that increased levels
may be a key to understanding the prognosis and
inflammatory processes of certain diseases (8-12). The
physiological roles of soluble selectins in KD are still’
unknown. E-selectin may represent a marker for
endothelial damage or activation in KD vasculitis,
because it may play a role as a mediator of the cytokine
network, in which immune effector cells are markedly
activated in the acute phase (21-23). The soluble form
of P-selectin in KD may represent a marker for
endothelial damage, because it initially plays the role
of mediator of the cellular interaction of endothelial
cells or platelets with leukocytes (7, 8). Although the
roles of L-selectins are still unclear, it is known that
they are shed immediately after activation (7-14). It is
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Plasma E-selectln levels -

Plasma P-selectin levels
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Plasma L-selectin levels

200 E Suu: 1500 /////%
3 2001 1000 {
50- 100 ‘%//////////A 500 -

Fig. 3. Plasma E-, P- and L-selectin levels in patients with coronary artery lesions (CALs) (M) and those in patients with no CALs (@) at48 h
after intravenous immunoglobulin treatment. Gray shadows indicate the normal range (mean = 2 SD) obtained from afebrile control patients.

unclear whether the decreased L-selectin levels con-
tribute to the pathogenesis of vasculitis in KD.

Clinical implications of the selectin family

Previous studies have demonstrated the efficacy of
IVIG treatment in the acute phase of KD
(19,20,24,25). In KD patients, it is important to
achieve early identification of the predictors of the
incidence of CALs because early treatment with IVIG is
necessary to prevent CALs. Numerous investigators
have attempted to correlate clinical features and
laboratory findings in patients with CALSs. Previously,
however, the best predictors of the incidence of CALs
have depended on measurements taken in the subacute
phase, even when the selecting were identified as
predictors (21-23), and these predictors, therefore, have
not been helpful in determining the risk of CALs in the
acute phase before IVIG administration (26, 27). How-
ever, in the present study, the multivariate analysis
identified plasma E-selectin levels as the only predictor
of the incidence of CALs before IVIG treatment, and
when a value of >>184.7 ng ml~! was used as the cut-off
point both the sensitivity and the specificity for the
incidence of CALs were high. These results suggest that
E-selectin may reflect disease activity and may repre-
sent a marker for endothelial damage or activation in
KD vasculitis. Such an evalvation should be based on
data on a large number of patients. However, the present
study was investigated only a small number of patients

with CALs (n = 11). Further study should be necessary
to validate the cut-off value of E-selectin using a large
number of KI) patients with CALs. These results are
different from those of previous studies which identified
no significant difference between plasma E-selectin
levels in patients with CALSs and those in patients with
no CALs (21-23). This discrepancy may be the result of
several differences between the present study and
previous studies, especially with regard to the subjects
(21-23). This study was examined a greater number of
patients with CALs compared with previous studies;
furthermore, most the patients in the previous studies
showed only a mild degree of severity in their CALs,
e.g. transient dilatation and small aneurysms. In
contrast, the present study, investigated 11 patients
with CALs, including 5 who had giant coronary
aneurysm and 6 with small to moderate sized coronary
aneurysms. In addition, even in previous studies, some
patients who had a large-sized aneurysm showed very
high E-selectin levels (21, 23).

Several reports have indicated the potential use of the
selectin family in new genetic therapies for certain
diseases (7,28, 29). For example, P-selectin antibody
has been shown to be nseful in animal models of acute
coronary syndrome (7) and lung hemorrhage (28), and
L-selectin antibody has proven useful in the treatment
of baboons (29). In the future, antibodies of the selectin
family may be used in genetic therapy for KD patients.
The present results demonstrate the merit of further
investigation of the alterations in plasma selectin levels
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as a source of baseline information for the design of
future selectin family-based genetic therapy for KD
patients.

Conclusion

Alterations in plasma selectin levels are important
clinical molecular markers and, as such, aid in the
understanding of the pathophysiology of KD patients.
Moreover, E-selectin molecules may have potential as a
predictor of the incidence of CALs in patients with KD.
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Coronary Artery Aneurysms After Kawasaki Disease in a Patient with

a Single Coronary Artery

H. Muta, M., Ishii, T. Matsuishi

Department of Pediatrics and the Cardiovascular Research Institute, Kurume University School of Medicine,

67 Asahi-machi, Kurume 830-0011, Japan

Case Report

A 1-year-old boy diagnosed with Kawasaki disease was referred to
our hospital and treated with two doses of high-dose intraverous
gamma globulin on days 6 and 11 of the illness. Echocardiography
on day 10 of the illness showed moderate-sized aneurysms (5 mm)
of the left anterior descending coronary artery. It also demon-
strated that the right coronary artery arose from the left main
coronary trunk, coursing between the aorta and the right ventrie-
ular outflow tract (Fig. 1A). There were no other cardiac malfor-
mations. Coronary angiography 4 weeks after the omset also

revealed two aneurysms at segments § and 7 of the left anterior
descending coronary artery as well as the abnormal right coronary
artery arising from the left main coronary trunk (Fig. 1B).

Discussion

Single coromary artery, found in 0.3-1.3% of all
autopsy cases, is one of the most common causes of
sudden death in young athletes [1, 2, 4]. During
exercise, both the kink at the origin of the left main

Fig 1. (A) Echocardiograph of the left coronary artery shows a moderate-sized aneurysm (5 mum) of the left anterior descending coronary
artery. The right coronary artery arises from the left main trunk and courses between the aorta and the right ventricutar outflow tract. (B)
Selective left coronary angiography reveals two aneurysms at segments § and 7. The right coronary artery arises from the left main trunk.
AO, aorta; CX, left circumflex coronary artery; LAD, left anterior descending coronary artery; RCA, right coranary artery.

Correspondence to: M. Tshil
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trunk and the compression of the left coronary artery
by the pulmonary artery and the aorta are thought
to be causes of sudden death [4]. In the current case,
the stiffness of the coronary artery altered by the
aneurysms even after regression may possibly in-
crease the risk of sudden death.

In addition, coronary aneurysms after Kawasaki
disease have the risk of sudden death by myocardial
infarction due to thrombosis formation in the aneu-
rysm [3). In the current case, the risk may be in-
creased due to the lack of development of collateral
vessels from the right coronary artery system.

569
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Sequential Follow-Up Results of Catheter Intervention for
Coronary Artery Lesions After Kawasaki Disease

Quantitative Coronary Artery Angiography and Intravascular
- Ultrasound Imaging Study

Masahiro Ishii, MD*; Takafumi Ueno, MD¥; Hisao Ikeda, MD; Motofumni Iemura, MD;
Tetsu Sugimura, MD; Jun Furui, MD; Yoko Sugahara, MD; Hiromi Muta, MD; Teiji Akagi, MD;
Yuichi Nomura, MD; Tomoki Homma, MD; Hiroyoshi Yokoi, MD; Masakiyo Nobuyoshi, MD;
Toyojiro Matsuishi, MD; Hirohisa Kato, MD

Background—The purpose of this study was to assess the sequential follow-up results of catheter intervention in Kawasaki
discase by use of quantitative coronary angiography (QCA) and intravascular ultrasound imaging.

Methods and Resulis—Catheter intervention was performed on 23 stenotic lesions in 22 patients (aged 2 to 24 years).
Percutaneous balloon angioplasty (PBA) was performed in 4 patients, stent implantation in 7, percutaneous transluminal
coronary rotational ablation (PTCRA) in 10, and a combination of PTCRA with stent implantation in 2. A total of 21 lesions
(91%) were successfully dilated by catheter intervention without major or minor complications. One patient immediately
underwent cotonary artery bypass grafting (CABG) surgery because stent implantation failed to resolve his lesion. At 4 to 6
months after catheter intervention, 2 restenotic lesions (9%) were detected by QCA in 2 patients who had undergone PBA,
and these patients subsequently underwent CABG surgery. In 6 months to 3 years after catheter intervention, no patients
showed evidence of ischemic findings. At 3 to 4 years after catheter intervention, QCA and intravascular ultrasound studies
were performed on 15 lesions in 14 patients. Two restenotic lesions (13%) were detected by QCA in 2 patients. One of the
2 had stent implantation and underwent CABG surgery, and the other had undergone PTCRA and underwent re-PTCRA.
Thirteen patients demonstrated no ischemic findings at 3 to 8 years after catheter intervention,

Conclusion—Catheter intervention for Kawasaki disease can be accomplished and can be effective in the short term, but
the long-term efficacy should be verified by further study. {Circulation. 2002;105:3004-3010.)

Key Words: angioplasty wm balloon m pediatrics

pproximately 4% of coronary aneurysms subsequently
develop stenotic lesions. Coronary stenosis is a significant
cause of sudden death due to myocardial infarction in patients
with Kawasakd disease (KD).! Catheter intervention for coronary
artery lesions is widely performed in adult patients with coro-
nary artery diseases and has provided satisfactory therapeutic
results.2 The coronary artery stenotic lesions in KD commonly
involve severe calcification, in contrast with adult coronary
artery lesions, which consist primarily of atherosclerosis.3 Thus,
the catheter intervention indicated for adult patients carnot be
employed in KD patients.#-1¢ Furthermore, indications of cath-
eter intervention for KD patients have not been established, and
the long-term prognosis in KD patients after catheter interven-
tion remains unclear,
Recent advancements in intravascular ultrasound (IVUS)
imaging have allowed pathological evaluation of the vascular

wall structure of coronary stenosis.!'#2 Whenever possible,
we used IVUS imaging for this evaluation before catheter
intervention and then used these results to select a suitable
device for catheter intervention. Furthermore, we used IVUS
imaging to confirm therapeutic effects and to observe the
vascular wall structure during the follow-up period. Accord-
ingly, we assessed the sequential follow-up results in KD
patients treated with catheter intervention by use of quanti-
tative coronary angiography (QCA) and IVUS imaging.

Methods

Study Patients

Twenty-two patients, 18 males and 4 females, who developed
coronary stenotic lesions caused by KD, were treated with catheter
intervention (23 total treatment sites). At the time of the catheter
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intervention, the subjects ranged in age from 2 to 24 years (median,
15 years), had been monitored for 2 to 22 years (medjan, 12 years)
after the onset of KD, and had no history of myocardial infarction,
The follow-up period after catheter intervention ranged from 7
months to 8 years (median, 4 years). Clinical characteristics of the
patients are summarized in the Table.

The Kurume University Ethics Committee gave full ethical
approval. Informed consent for the participation of the 2-year-old
and the 6-year-old was obtained from their parents before the start of
catheter intervention, In the case of 21l patients aged 9 years or older,
informed consent was obtained from both the patient and his or her
parents. The catheter interventional treatments were performed at
Kurume University Hospital and Kokura Memorial Hospital.

Methods of Catheter Intervention

Percutaneous balloon angioplasty (PBA) was performed in 4 patients
by use of a high-pressure balloon (Ranger, Boston Scientific Corp).
Stent implantation was performed in 7 patients by use of several
types of stent (Table). Percutaneous transluminal coronary rotational
ablation (PTCRA) was performed in 10 patients by use of a
rotational ablation device (Rota Link PLUS, Boston Scientific Corp),
and a combination of PTCRA with stent implantation was performed
in 2 patients. One patient (patient 10) was treated twice (PTCRA and
stent implantation). For each procedure, interventional success was
defined as a stenotic lesion having been reduced to <50% stenosis,
as determined by QCA. All procedures were petformed with local
anesthesia. Any patient with multiple-vessel lesions, ostial lesion, or
long segmental lesion was excluded.’* All catheter interventions
were performed without major complications, including blood loss
requiring transfusion, malignant arrhythmias, or arterial
complications.

QCA Study

The QCA of the left and right coronary arteries was performed by
manwal injection of iohexol through a 4F Judkins-Ishil pediatric
coronary angiography catheter (Filmecc Inc). The minimal lumen
diameter (MLD) was measured before and after the catheter inter-
vention and on follow-up studies with the use of the image analyziag
system (CARDIO 500, Kontron Elektronic Corp), according to our
previous studies.1214

IVUS Study

The IVUS examination was performed before and after catheter
intervention and at follow-up period, as previously reported.!!12 The
IVUS examination was performed by use of 30-MHz catheters (3.5F,
Boston Scientific Corp). We then measured the thickness of the
intima-media complex and calculated the calcification index by use
of the following formula: Calcification index (%)=(calcification
areafarea of intima-media complex)X100.

Follow-Up Study Protocol

The acute phase was defined as the period immediztely after catheter
intervention. The short-term follow-up period was defined as the first
6 months after catheter intervention, Noninvasive follow-up exami-
nations, which included a physical examination, electrocardiography
(ECG), and echocardiography, were performed every month. The
QCA and IVUS studies were performed at 4 to 6 months after
catheter intervention, When coronary stenosis of =50% was ob-
served by QCA, it was defined as restenosis. The medium-term
follow-up period was defined as the period from 6 months to 3 years
after catheter intervention. Noninvasive examinations were carried
out every 3 months, Pharmacological stress ®™Te-tetrofosmin scin-
tigraphy dipyridamole infusion (0.56 mg/kg), and treadmill exercise-
stress BCG (according to the Bruce protocol) were performed every
year. The long-term follow-up period was defined as the period of 3
years after catheter intervention and beyond, The QCA and IVUS
studies were performed at 3 to 4 years after catheter intervention.
Noninvasive examinations were performed every 4 months, znd the
stress tests were performed every 2 years during the long-term
follow-up period.

Coronary Intervention for Kawasaki Disease 3005

Statistical Analysis

Quantitative variables were expressed as the mean*SD. Logistic
univariate and multivariate regression analyses were used to deter-
mine the effects of five variables, including age at onset of KD, age
at intervention, term from onset of KD, calcification index, and
MLD, on the outcome of catheter intervention. Two independent
observers, each of whom individually selected the frames to measure
MLD and calcification index, and had no knowledge of the results
obtained by the other observer, analyzed 10 randomly selected
patients at different times. Differences were considered significant at
P<0.05.

Results

Acute Phase

Twenty-one of 23 stenotic lesions (91%j) in 22 patients were
successfully dilated by catheter intervention without major or
minor complications (Figure 1). The MLD ranged from 0 to
1.7 mm (1.2%0.4 mm) before intervention (Table). The
calcification index ranged from 14% to 100% (59+27%)
before intervention. The PBA resolved 4 stenotic lesions in
all 4 patients (100%) (Figure 2A, 2B). The stent implantation
resolved 6 stenotic lesions with mild to moderate degrees of
calcification detected by IVUS imaging (calcification index:
<75%) in 6 of the 7 palients (86%) (Figure 3A, 3B). The
stent implantation failed to resolve the stenotic lesion in one
patient (patient 15) in whom severe calcification was ob-
served by IVUS imaging (calcification index: 100%, Figure
4A, 4B). This patient immediately underwent coronary artery
bypass grafting (CABG) surgery. The PTCRA resolved 9
stenotic lesions in 9 of the 10 patients (90%) (Figure 5A, 5B).
The PTCRA resolved stenotic lesions with severe calcifica-
tion (calcification index: =75%). The PTCRA failed to
resolve the stenotic lesion in one patient (patient 6), whose
body size was too small to allow the use of an appropriately
sized burr. The patient still had 50% stenosis after PTCRA,
but his ischemic findings, defined by pharmacological stress
scintipraphy, improved. The combination of PTCRA with
stent implantation was performed in 2 stenotic lesions in 2
patients with severe calcification (calcification index:
=75%). First, PTCRA was performed before the stent im-
plantation to reduce the calcification index; immediately
thereafter, the stent implantation successfully enlarged the
stenotic lesions (success rate: 100%) (Figure 6A, 6B, and
6C). The univariate and multivariate logistic regression anal-
ysis identified no significant relationship between 5 variables
and the outcome of catheter intervention (P=0.16 to 0.99).

Short-Term Examination

The QCA and IVUS studies were performed in 22 lesions on
21 patients at 4 to 6 months after catheter intervention in the
entire cohort, except for the 1 patient (patient 13) who
underwent CABG surgery immediately after stent implanta-
tion. Two restenotic lesions (9%) were detected by QCA in 2
patients undergoing PBA (Figure 1). In 1 patient (patient 20}
who underwent PBA, ischemic symptoms were manifested
during the short-term follow-up period, and complete occlu-
sion was observed by QCA at 4 months after the PBA (Figure
2C). This patient immediately underwent CABG surgery. In
another patient (patient 19) who underwent PBA, a complete
occlusion was observed by QCA at 6 months after PBA, and
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Clinica! Characteristics of the Study Patients

Patient

1 2 3 4 5 & 7 8 9 10 10
Sex Male Male Male Female Femals Male  Mate Male Male Male Male
Age at onset of KD, ¥ 8 2 4 05 1 1 2 1 038 08 08
Ischemic symptoms No No No No No No No No No  No No
Ischemic findings detected by stress tests  Yes No Yes No No Yes Yes Yes Yes -No No |
Age at catheter intervention, y 12 12 16 13 15 9 24 - 168 - 18 13 16
Calcification index, % 60 70 g0 76 60 84 100 ' 78 1] 100 52
Type of procedure PTCRA PTCRA PICRA PTCRA PTCRA PTCRA PTCRA PTCRA PTCRA  PTCRA Stent
Target vessel Seg2 Seg6 Seg6 Sep6 Seg2 Seg? Seg6 Seg6 Seg2 Seg2 - Seg 2
MLD, mm ] 1.34 17 1.23 0.48 1.1 142 1.0 12 0383 1.21 1.38
Acute phase results Success Success Success Success Success Failure Success Success Suctess Success  Success
Stenosis before/after pracedure, % 75/25  980/25  90/25  90/25 a0/25  80/50  O/25  9Q0/26 80/25  90/25 90/25 -
Baltoon pressure, atm 15 4 4 10 4 4 5 4 6 15 1
Burr size, mm 225 2.15 25 2 225 175 25 2.38 233 2.25
Type of stent Paimazschatz
Neo-aneurysm, mm 5 No No No No No No No No No No
Fol'ow-up pericd after procedure, ¥ B 4 4 7 3 4 ] 3 06 -8 8

Seg indicates segment.

In patient 14, a 19-year-old-girl, no significant restenosis was
observed by QCA at 3 years after stent implantation (Figure
3C); however, a mild degree of neointimal hyperplasia was
confirmed by IVUS imaging in stent (Figure 3D). In the other
11 patients, no significant restenotic lesions were observed by
QCA (Figure 5C), and no neointimal hyperplasia or develop-
ment of calcification was detected by IVUS imaging (Figure

" 5D) at 3 to 4 years after catheter intervention. We continued
to follow up these 13 patients for 3 to 8 years (median, 5
years) after catheter intervention, with the exception of 1
patient who underwent CABG surgery, and none of the
patients showed any ischemic symptoms or findings by stress
tests.

CABG surgery was subsequently performed. In the other 20
lesions of 19 patients, no significant development of resteno-
sis was observed by QCA at 4 to 6 months after catheter
intervention (Figure 1). Neither neointimal hyperplasia nor a
progression of calcification was observed by IVUS imaging.
A neo-aneurysm developed in 4 of the 22 lesions (18%)
during the short-term follow-up period. The 4 neo-aneurysms
consisted of 2 lesions in the 2 patients undergoing PBA, 1
lesion from the 1 patient undergoing stent implantation, and 1
lesion from the 1 patient undergoing PTCRA. In 3 of the 4
cases with a neo-aneurysm, the expanded balloon pressure
was 12 atm or higher (Table).

Medium-Term Follow-Up Examination

The medium-term follow-up examination was performed in
19 patients. The entire cohort, except 1 patient, underwent
CABG surgery at acute phase, and 2 underwent CABG
surgery during the short-term follow-up period. The
follow-up periods ranged from 7 months to 3 years, No
patient had any ischemic symptoms, such as chest pain, or
any evidence of ischemic findings detected by stress test

(Figure 1).

Reproducibility of Measurements

An excellent correlation was found between the MLD of
QCA measurements made by the 2 independent observers
(r=0.95, P<<0.001, mean difference 0.21£0.03 mm). Signif-
icant correlation and agreement were found between the
IVUS calcification index measurements of the 2 observers
(r=0.94, P<0.001, mean difference 2.5+1.8%).

Discussion

Comparison With Previous Studies

Catheter intervention for stenotic lesions in KD is currently
performed in only a Kmited number of cases. Previous studies
have demonstrated that PBA is effective for patients within 6
years of the onset of KD, but at >6 years after onset, it is less
effective.5815 In the present study, PBA successfully resolved
stenotic lesions in 3 patients for whom the time since onset of
KD had been <4 years. There have been a few reports in
which stent implantation, a technique of coronary interven-
tion commonly performed in adult patients, was applied to
KD patients.s216.17 In the present study, we performed stent

Long-Term Follow-Up Examination

Fourteen patients were followed up beyond 3 years after
catheter intervention, ranging from 3 to 8 years (median 5
years). The 15 lesions on these 14 patients were examined by
use of QCA and IVUS imaging at 3 to 4 years after catheter
intervention. Two restenotic Iesions {13%) were observed by
QCA in 2 patients. The CABG was performed in 1 patient
(patient 13) previously treated by stent implantation. The
re-PTCRA was performed in 1 patient (patient 4) previously
ireated with PTCRA. One patient (patient 10) was treated
twice (PTCRA and stent implantation) because another ste-
notic lesion had developed during the 3 years after PTCRA.
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Continued
1 12 13 14 15 16 17 18 19 20 21 22
Male Male Male Female Male Female Male Male Mala Male Male Male
3 4 9 4 08 14 08 0.2 4 § Dé 4
No No Yes No No No No No Yes Yes No No
Yes Yes Yes No Yes Yes No Yes Yes Yes © Yes Yes
14 16 20 16 16 20 13 2 & ] 15 20
45 75 18 46 ) 100 kL 29 — 14 22 1] 85
Stent Stent Stent Stent Stent Stent PBA PBA PBA PBA PTCRA Stent  PTCRA Stent
Seg 2 Seg 6 Seg 2 Seg B Seg 3 Seg 6 Seg 2 Seg 2 Seg 2 Seg 6 Seg 6 Seg 7
0.75 1.09 1.38 1.14 1.28 0.42 09 0.42 total 0.42 04 0.89
Success Success  Success  Success Failure Success  Success Success Success Success  Success Success
90/25 90/25 99/25 75/25 90/90 Failure 90/25 80/25 80/25  100/25  90/25 99:'257 90/25
16 14 13 13 20 11 12 B 6 6 8 11
2.38 2.38
Palmazschatz  Palmazschatz  Wiktor  Multi-link  Palmazschalz  Multi-Link . Palmazschatz Palmazschatz
56 No No No No No 6.2 4.2 No No No No
5 5 6 5 6 1 7 1 4 1 15 1
!23 stenotic laslons in 22 Patients l
yd ¥ T
PBA Stemt PTCRA PTCRA + stent
:::‘::Mon n=4 ::n:;lmmlon LERI n=2 e
'  x ¥ |
Suceass || Feilure Success Fallure Success Success
Acute nad n=i n=t n=1 n=Q ha2
resuls Pt.15, PLE, realdual
CABG 50% at
Y Ny ' ' v
R I No restenosis | |yo raat i N i No rast i N
gm no-s;m“ * |n=2 n:rs. onoss ﬂ:::?arl:m " |n=s n‘: 2
PL.19, 20 nat
::‘::“ Mo | cass . Figure 1, Sequential evaluation of cathe-
Imorvertion | SUrdery ter intervention cutcomes. n indicates
i the number of lesions. Patient 10 was
treated twice (FTCRA and stent implan-
& months to 3 years No lschemic | (No Ischemic Ne tschemic No lschemic No ischemlc tation) because another stenotic lesion
aftor imoryertion finding finding finding “"";"‘“ """:‘9 had developed during the 3 years after
ne2 n=6 nai n= n= PTCRA. Although there might not have

been a worsening of stenocsis after inter-
l l l vention in patient 6, the primary interven-
tion was unsuccessful,

follow-up casas net n=5 ne na8

23 yearsg aiter

Intervantion

ResuMte No restenosis | [ Rastenosis||Na restanosis|[No warsening| [ Restenasis —|INo restancais
ofQGCA n=1 n=1 n=4 stsnosis ne=1 n=7

st dyears pt.13, nt P4, PLIO,

after intacvention CABG re-FTCRA Stent implaniation
3108 years 14 leslons in 13 patients Including M. &

after No Ischemic finding

interventlon
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implantation in 7 patients, with the results demonstrating that
the incidence of neo-aneurysm after stent implantation was
less than that after PBA alone, despite the use of a high
balloon pressure. In the present study, PTCRA was per-
formed in 10 patients and was demonstrated to be especially
effective for stenotic lesions with severe calcification, as
shown in our previous report.”

Outcome of Catheter Intervention in KD Patients

The safety and long-term efficacy of catheter intervention for
KD remains unclear. Although mortality was nil in the
present study, 1 patient acutely and 2 in the short term
required “immediate” CABG surgery. Additionally, 4 pa-
tients developed neo-aneurysm after catheter intervention.
Further study may be necessary to clarify the safety of
catheter intervention in large numbers of KD patients. The
ratio of restenosis evaluated by QCA in the present study was
9% in the short-term and 13% in the long-term follow-up.
These ratios of restenosis are much lower than that of catheter
intervention for arteriosclerotic lesions in adulis.'® In addi-
tion, hyperplasias of abnormal endothelium were not ob-
served with IVUS imaging during the follow-up period in
almost all cases (Figure 5D). The normal neo-endothelium
may derive from media that preserves normal function and
structure, as previous pathological studies have indicated.31?

Selection of an Appropriate Device for Catheter
Intervention in KD

In the present study, catheter interventions were performed
with the use of PBA, stent implantation, or PTCRA. There are
currently no established criteria for selecting these devices.
Our proposed criteria for device selection are summarized

Figure 2. A 9-year-old boy (patient 20)
with localized, severe stenosis (89%) at
the left anterior descending coronary
artery (LAD) {4}, in whom PBA was sub-
seguently performad. The stenotic lesion
was successfully dilated by a balloon
with pressure as low as 6 atm (B). Coro-
nary angiography demonstrated the
complete occlusion of LAD (C) at 4
months after PBA.

Figure 3. Left coronary anglogram of a 16-year-old girl (patient
14) with 75% stenosis on proximal LAD (arrows) {A). The steno-
sis improved from 75% to 25% after stent implantation (B). No
significant development of restenosis was observed with QCA at
3 years after the stent implantation (C); a mild degree of neginti-
mal hyperplasia was confirmed with IVUS imaging (D). ‘

here on the basis of the results from present and previous
studies.5-515-17 It is well known that PBA alone is less
effective for long-term lesions with severe calcification.s-*
Half of all coronary artery stenotic lesions, however, occur
within 2 years of KD onset.! In these cases, the stenotic

Figure 4. Right coronary angiogram of a
16-year-old boy (patient 15) {A}. In this case,
the coronary artery stenosis did not improve
after stent implantation. IVUS imaging at the -
site of the coronary artery showed a circumfer-
ential, thick, ring-shaped severe calcification
(calcification index: 100%) (B).
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Figure 5. Left coronary artery angiogram of a 16-year-old boy
(patient 3) (A). Severe stenosis (30%) was improved by the
PTCRA to 25% by use of a 2.5-mm burr (B). No significant
development of restenosis was observed by QCA (C), and no
development of the neointimal hyperplasia was observed by
IVUS imaging 4 years after PTCRA (D).

lesions are caused primarily by intimal hypertrophy without
calcification. In such cases, PBA is considered to be the first
choice, We performed either the stent implantation or PT-
CRA in long-term cases. We decided on a therapeutic
procedure after pathological observation of the stenosis with
IVUS imaging. The stent implantation was performed in
. cases with comparatively mild calcification, <50% on the
calcification index, whereas PTCRA was selected in cases
with more severe calcification. When insufficienl expansion
occurred with PTCRA alone, a stent implantation was also
performed, provided that the calcification index was <50%
by IVUS imaging. Some institutions utilize PTCRA for all
KD patients, as it is effective for stenctic lesions with severe
calcification. However, PTCRA produces a higher risk of
fatzl complications, such as coronary artery perforation and
cardiac tamponade, as compared with either PBA or steat
implantation 2® Our institution, therefore, uses IVUS obser-
vation to select a suitable device that will present a lower risk
to the patient.

In one patient (patient 14), the development of significant
stenotic lesions was not detected by QCA, but a2 mild degree
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of intimal hyperplasia inside the stent was observed with
IVUS imaging at 3 years after stent implantation (Figure 3C
and 3D). This patient, like the others, had no risk factors for
arteriosclerosis. The clinical significance of this finding is
unclear. The long-term follow-up IVUS study is essential to
evaluate the vascular wall morphology after intervention to
determine the long-term effects of catheter intervention.

Indication of Catheter Intervention for Coronary
Artery Stenotic Lesions in KD

American College of Cardiology/American Heart Associa-
tion guidelines indicate that catheter intervention may be
performed in adult patients with ischemia.2! In the present
study, catheter intervention was performed in patients with
stenotic lesions of =75%, even if no evidence of ischemia
was detected by any stress tests. The guidelines for catheter
intervention in KD, published by the research committee of
the Japanese Ministry of Health, Labor, and Welfare, indicate
that patients with severe stenotic lesions in the left anterior
descending coronary artery can be considered candidates for
catheter intervention because this condition rans a risk of
sudden death due to myocardial infarction.13

Study Limitations

The present study was not a multicenter study like those
commonly performed to investigate catheter intervention in
adult patients with coronary artery disease. In the present
study, the catheter interventions were performed at 2 institu-
tions, both leading hospitals in Japan, by 4 catheter-
intervention specialists (T.U,, H.T,, HY., and M.N.). The
present study, therefore, may not fully represent variations in
technical expertise among institutions in the manner of
multicenter studies. Accordingly, a prospective, multicenter
study may be necessary to clarify the Iong-term prognosis of
catheter intervention in KD. In the long term, 13 patients had
no ischemic symptoms or findings by several stress tests;
however, these findings may not fully represent long-term
success, inasmuch as stress tests on patients with KD with
severe stenosis often show no ischemic symptoms or
findings.

Conclusions

Catheter intervention for coronary artery stenotic lesions in
KD demonstrated significant therapeutic effects in the short
term. The long-term efficacy of catheter intervention for KD

Figure 6. Left coronary artery angiogram
of a 15-year-old boy (patient 21) treated
with a combination of PTCRA with stent
implantation (A). Left coronary stenosis
improved from 90% to 50% after PTCRA
(B). Left coronary stenosis improved from
50% to <25% after stent implantation -~
followed by PTCRA (C).
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