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that such patients be followed for life with frequent selective 2 Myocarditis, Endocarditis, Valvulitis, and Pericarditis

CAG, magnetic resonance imaging (MRI),? and/or multi-row These inflammatory cardiac diseases, which are often asymp-
detector computed tomography (MDCT)* to monitor changes tomatic, are quite prevalent during the acute phase.® They
in the morphology of coronary arteries. are often mild in severity throughout the course of disease,

though heart failure, cardiac tamponade, and death due to
arrhythmia induced by inflammation of atrioventricular and/or

Analysis
*Susceptibility
:;,;t‘o KD

No. of patients

Ethnic group
KD siblin Anes

*Susceptibility ITPKC 78 KD sibling Japanese Linkage analysis of siblings of KD patients. Onouchi Y, et al*?
to KD pairs Americans 1,222 SNPs in 19q13.2-13.3 with linkage
Risk for CAL Case control disequilibrium 3SNPs, from which ITPKC

study in was selected. ITPKC plays a role in the nega-

276 KD patients tive control of IL-2 expression. Expression of

and 282 controls ITPKC was low in C allele, and expression of

IL-2 was increased. In Japanese participants,
the incidence of coronary artery disorder was
2.05-fold higher with the C allele.

CCR3- 170 KD patients German  Two haplotypes of the CCR3-CCR2-CCR5 Breunis WB, et al*

to KD CCR2- 300 controls Caucasians gene cluster appear to be at risk for KD, and
CCR5 one to be a protective haplotype.

cluster

' VEGF 170 KD patients German  The VEGF haplotype CGCC (-259A/C,
to KD 300 controls Caucasians Ex1+405G/C, Ex1-73C/T, 236bp3'STP CC)

Breunis WB, et al*®

. 220KD >, etalt”.

families (trio) -

Risk for CAL TIMP-2 208 KD patients Japanese Expression of TIMP-2 in PBMCs was high in the
184 controls CAL group. Analysis of 5 SNP in the 5’ flanking

region revealed significantly higher expressions
of -806T>C, -417G>C, -177C>G in the CAL
group for both genotype and allele type. In the
CCCAT haplotype, a significant decrease in
expression of TIMP-2 was confirmed. CCCAT
haplotype was significantly lower in the CAL

Furuno K, et al*®

‘ Diééase ‘ MCP—1,“ B 184 KD paﬁents ' Japanese The G/G'allelé of tyhé‘MCP— -2518C/G was Fukézawa Rk,yet él5°

1
severity CCR2 associated with long duration of fever, and
tended to be intractable to immunoglobulin

therapy.

*Comprehensive gene expression analysis.

KD, Kawasaki disease; CAL, coronary artery lesion; SNP, single nucleotide polymorphism; ITPKC, inositol 1,4,5-triphosphate 3-kinase C;
CD40L, cluster differentiation 40 ligand; CCR, chemokine CC motif receptor; CCL, chemokine CC motif ligand; VEGF, vascular endothelial
growth factor; IL, interleukin; TIMP-2, tissue inhibitor of metalloproteinase-2; ACE, angiotensin converting enzyme; MCP-1, monocyte
chemoattractant protein-1; PON1, paraoxonase; TGF, transforming growth factor; PBMCs, peripheral blood mononuclear cells.
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sinoatrial conducting system may occur in rare cases.

3 lIschemic Myocardial Injury

Although ischemic heart disease is the major cause of death
of patients with Kawasaki disease, many such deaths occur
suddenly, and the number of patients exhibiting histopatho-
logical findings of AMI at autopsy is thus small.* However,
lesions of chronic myocardial infarction are often observed at
autopsy in patients!¢ who did not experience cardiac episodes
or exhibit findings of ischemia.?**’

7. Genetic Background

Although Kawasaki disease is not a genetic disease, the
possibility of a genetic predisposition toward it has been

suggested by the findings that (1) the incidence of Kawasaki
disease in Japan is 10 to 20-fold that in Western countries,*!
(2) the incidence of Kawasaki disease among siblings of
patients is about 10-fold that in the general population,>* and
(3) the incidence in offspring of parents with a history of
Kawasaki disease is about twice that in the general popula-
tion.™

There have been reports suggesting that genetic poly-
morphisms are associated with “susceptibility to Kawasaki
disease”, “risk for abnormal changes in the coronary arteries”,
and “severity of disease and responses to immunoglobulin
therapy”. Table 6 lists case-control studies conducted after
comprehensive analysis of genes associated with Kawasaki
disease, and case-control studies on previously specified genes
in at least 150 patients.

Il Examinations

1. Blood Tesis

2. Physiological Examinations (ECG)

1 Myocardial Infarction

Since no reference values for diagnosis have been established
for blood biochemical markers of AMI in children, reference
values in adult patients should be used instead.

Blood biochemical markers of injury to cardiomyocytes
include creatine kinase (CK) located in the cytoplasmic
soluble fraction, CK-myocardial band (MB), myoglobin,
heart-type fatty acid-binding protein (H-FABP), myosin light
chain (MLC) in myofibril, and troponin T and troponin I
(TnT, Tnl). It is important to use appropriate markers based
on the duration of time after onset of myocardial infarction.

Myoglobin and H-FABP (with H-FABP >6.2 ng/mL clas-
sified as positive) are useful in the diagnosis of myocardial
infarction immediately after onset,>**5 while CK-MB and TnT
(with TnT 20.10ng/mL classified as positive) are useful for
the diagnosis of myocardial infarction 26 hours after onset.
The principal biochemical markers of myocardial infarction
are CK-MB and TnT3* (Table 7).

2 Arteriosclerosis
The criteria for diagnosis of metabolic syndrome, which in-
clude hyperlipidemia and insulin resistance, are important in
the diagnosis of arteriosclerosis. In the diagnosis of hyper-
lipidemia, levels of total cholesterol, low-density lipoprotein
(LDL)-cholesterol, high-density lipoprotein (HDL)-choles-
terol, and triglyceride (TG) are commonly used. Homocyste-
ine level has attracted attention as an independent risk factor
for arteriosclerosis. Since metabolic syndrome, for which vis-
ceral fat deposition is one of the principal criteria, may often
lead to the development of type 2 diabetes and cardiovascular
diseases in later life, it has been proposed that abdominal obe-
sity and metabolic syndrome should be cared early in life.
Table 8 lists the criteria for diagnosis of metabolic syn-
drome in children in Japan, Table 9 lists the reference values
of serum lipid levels in children, and Table 10 lists the refer-
ence values of markers of hyperlipidemia in adults with a
history of Kawasaki disease.

1 ECG at Rest
During the acute phase of Kawasaki disease, the ECG re-
veals findings suggestive of myocardial injury and abnormal
repolarization such as prolonged PR interval, deep Q waves,
prolonged QT interval, low voltage, ST-T changes, and
arrhythmias.5658

When myocardial infarction occurs in patients who still
have coronary artery lesions, especially giant coronary aneu-
rysms, during the remote phase, ST-T changes and abnormal
Q waves that are consistent with the lesion of infarction are
observed.¥

2 Holter ECG

Holter ECG recording is worthwhile in patients complaining
of frequent chest pain, chest discomfort, and/or palpitations.
Patients with stenosis or giant aneurysms should undergo
Holter ECG recording at least once to determine whether
ischemic findings are present or development of high-risk
arrhythmias is possible.

3 Stress ECG

(1) Exercise ECG

a) Double or Triple Master’s Two-Step Test

Although it has been reported that the Master’s two-step test
can be routinely performed from infancy, and may provide
a load equivalent to that observed during treadmill testing
in terms of oxygen consumption in preschool children 4 to
6 years of age,” exercise ECG cannot detect abnormal find-
ings in patients without severe ischemia.

b) Treadmill Test and Ergometer Stress Test

Treadmill tests and ergometer stress tests can be adminis-
tered to school-age or older children, though their sensitivity
in detecting ischemic findings is less than that of myocardial
scintigraphy. It has therefore been recommended that phar-
macological stress be added to increase the rate of detection,
or that signal-averaged ECG be used.

(2) Pharmacological Stress Tests and Body Surface
Potential Mapping
It has been reported that dipyridamole®! or dobutamine stress
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Marker
oKMB

Strengths

1) Detectable 1 to 2 hours immediatery
after onset

2) Highly sensitive

3) Reperfusion can be detected

Myoglobin '

TnT 1) nghly sensmve and hlghly specific

2) Diagnosis is possible 8 to 12 hours after
onset

3) Diagnosis is possible when testing is
performed in the first 2 weeks after
onset

4) Prompt diagnosis is possible with rapid
test kits

5) Repen‘us:on can be detected

>1) Detectab

1) Poor myocard|al specificity

2) Since the level returns to normal
in 1 to 2 days after onset, it cannot
be detected in patients who
present late after AMI

1) Sensitivity is low within 6 hours
after onset (Retest 8 to 12 hours
after onset)

2) Sensitivity to late-onset small rein-
farction is low

Weaknesses Clinical use

Due to poor myocardial specificity,
AMI cannot be diagnosed with
myoglobin alone

Rapid test kits are available
throughout Japan, and TnT is
a principle biochemical marker

CK—MB creatine kinase- myocardral band; H-FABP, heart—type fatty acxd bmdmg protein; TnT, troponin T, MLC; myosin leght cham

Children meeting (1) and at least 2 of items (2) to (4) should be
dlagnosed with metabollc syndrome

(1) Abdominal girth -
(2) Serum lipid

Triglyceride 2120mg/dL
and/or
HDL cholesterol <40mg/dL

¢ ystol‘lc pressur

‘ >1 00 mg/dL

Note: Children with an waist-to-height ratio of =0.5 fulffill item (1).
In elementary school children (6 to 12 years of age), those with an
abdominal girth of 275cm should be considered to fulfill item (1).
HDL, high-density lipoprotein.

(4) Fastmg blood glucose

tests®%6* using body surface potential mapping are useful in
patients with myocardial ischemia due to Kawasaki disease
with or without significant stenosis, including infants in whom
exercise stress testing is not feasible.

(3) Electrophysiological Tests

Studies of patients with a history of Kawasaki disease who
underwent electrophysiological evaluation with intracardiac
catheters have revealed that the prevalence of abnormal sinus
or atrioventricular nodal function is significantly higher in pa-
tients with than in those without cardiac sequelae,* although
the findings of abnormal nodal function were not consistent
with the presence of coronary stenosis/occlusion, and are
believed to result from myocarditis or abnormal microcircu-

Total cholesterol (mg/dL)

190 to 219
= ">220

<110
11010 139
So2140

Hyper LDL chbiesterolemia
LDL cholesterol

Hypér‘triglyéeﬁderﬁié
Triglyceride

>150mg/dL
LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Investigators
' OsadaM,etal®™ QT dispersi

Target disease

Inferior wall infarction

Nakanishi T, et al*® 12-lead ECG
Lateral wall infarction

~Ogawa S, etal®  Signal-averaged ECG

Genma Y. et al® Dobutamine stress

Myocardial ischemia

~ Coronary artery lesions
Anterior wall infarction

- Myocardial ischemia

. Qrseoms 56 100%(6/6)

deep Qin ll, lil, aVF 7 86%

deep wide Q in V1-6 8 75%
deep Qinl, avL 7 57%

LPpositve 198 692% &

LP positive 87.5%

lation in the conducting system.

(4) Signal-Averaged ECG

Signal-averaged ECG is believed to feature a better rate of
detection of myocarditis associated with Kawasaki disease
than standard 12-lead ECG, Holter ECG, echocardiography,
and blood tests for cardiac enzymes.® Positive ventricular
late potential adjusted for body surface area is highly specific
for the detection of ischemia and chronic myocardial infarc-
tion,* and dobutamine stress tests may improve specificity
further in children who cannot tolerate exercise testing.

4 Summary of Physiclogical Examinations

Table 11 summarizes the physiological examinations com-
monly used for patients with Kawasaki disease and their rates
of detection of cardiac complications.

3. Diagnostic Imaging

1 Chest X Ray

(1) X-Ray Finding of Calcified Coronary Aneurysms
Since the presence of calcification of coronary aneurysms
on chest X-ray suggests the presence or progression of giant
aneurysms or stenotic lesions, CAG using MDCT or selec-
tive CAG is required.’7-6%

(2) Enlarged Heart Shadow due to Myocardial Ischemia
or Valvular Diseases

An enlarged heart shadow is observed in patients with poor

cardiac function due to chronic myocardial infarction, and

in patients with volume overload caused by mitral or aortic

insufficiency.

2 Echocardiography

(1) Echocardiography at Rest

Echocardiography at rest is the most commonly performed
test, because it is non-invasive and convenient, and can be
used to evaluate coronary morphology over time to detect
coronary dilatations specific to the coronary artery lesions
associated with Kawasaki disease.®’® Adults may be diag-
nosed with Kawasaki disease based on the visualizing of coro-
nary aneurysms.”! The presence/absence of thrombi within
aneurysms can also be determined with echocardiography.”?
Although it is sometimes difficult to evaluate stenotic lesions
with echocardiography,’ it has been reported that follow-
ing the improvement of ultrasonic device, measurement of
coronary blood flow with Doppler echocardiography enables
accurate diagnosis of stenotic lesions. It has also been

reported that 3-dimensional (3D) echocardiography is useful
in visualizing the right coronary artery and the circumflex
artery, and in visualizing mural thrombi in coronary aneu-
rysms. This technique is expected to become useful for the
diagnosis of coronary artery lesions due to Kawasaki disease.
Echocardiography is the most useful method for evaluation
of deterioration of cardiac function due to myocardial injury
and the severity of valvular disease.” Detailed reports have
been published on evaluation of myocardial injury during
the acute phase using tissue Doppler imaging.”

(2) Stress Echocardiography

Stress echocardiography is a method enabling real-time eval-
uation of left ventricular wall motion in patients during ex-
ercise (treadmill or ergometer)”” or with administration of
dobutamine’ or dipyridamole.” Dobutamine stress echocar-
diography is particularly useful for detecting coronary stenotic
lesions and evaluating the viability of myocardium. In dobu-
tamine stress echocardiography, dobutamine is administered
in incremental doses, which are increased by 5 to 10 ug/kg/
min every 5 minutes to a highest dose of 30 to 40 xg/kg/min
to check visually for abnormal wall motion in each slice.

(3) Others

Transesophageal echocardiography (TEE) may be useful in
visualizing coronary arteries in adults suspected to have coro-
nary aneurysms which are difficult to evaluate using trans-
thoracic echocardiography. It also may be used to evaluate
coronary blood flow. Myocardial contrast echocardiography,
the use of which has advanced through the widespread use
of intravenous myocardial contrast echocardiography and
the improvement of ultrasonic device, is now able to provide
evaluation equivalent to that by myocardial scintigraphy and
is expected to prove useful in the future because of its con-
venience.®

3 Radionuclide Imaging

Myocardial perfusion imaging techniques available for pa-
tients with Kawasaki disease include Planar and single
photon emission computed tomography (SPECT), the latter
of which is more commonly used. Thallium (*°'T1) is often
used, and technetium (Tc)-labeled myocardial perfusion agents
(Tc-99m sestamibi, Tc-99m tetrofosmin) which are low in
radioactive exposure and suitable for scintigraphy are also
commonly used.?$7 Stress myocardial SPECT is an im-
portant method of diagnosis of coronary stenotic lesions
after Kawasaki disease, and both exercise stress SPECT and
pharmacological stress SPECT are commonly performed.$-%3
In addition to myocardial perfusion imaging techniques,
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evaluation of myocardial fatty acid metabolism with 23 5-
methyl-p-iodophenyl-pentadecanoic acid (1231 BMIPP)* and
evaluation of cardiac sympathetic nerve activity with 23]
metaiodobenzylguanidine (1231 MIBG)* are also used in the
clinical setting. Ga-67 myocardial scintigraphy is useful in the
diagnosis of myocarditis due to Kawasaki disease.?

(1) 2T1 Myocardial Perfusion Scintigraphy

Lesions of myocardial ischemia may be located by obtaining
stress images under administration of 20'T1 and then obtain-
ing delayed images to investigate redistribution in areas with
poor perfusion. Redistribution images are considered espe-
cially useful in predicting cardiac events due to coronary
artery lesions associated with Kawasaki disease.®® Specifi-
cally, 20'T1 is administered during stress at 37 MBq (1 mCi)
in infants under one year of age, 37 to 56 MBq (1 to 1.5 mCi)
in children 1 to 10 years of age, and 56 to 74MBq (1.5 to
2mCi) in children 210 years of age, and delayed images
(redistribution images) are obtained 3 to 4 hours after admin-
istration of 2°'T1.%¢ To obtain clear images, physicians should
(1) exercise special caution in avoiding body movement by
children during imaging, (2) obtain stress images promptly
after administration of 20!Tl, since redistribution of 20'T]
occurs within a short period of time, and (3) ensure that
patients do not eat from administration of 2°!T] until the time
of delayed imaging.

(2) Te-Labeled Myocardial Perfusion Scintigraphy
Te-labeled myocardial perfusion agents such as Tc-99m sesta-
mibi and Tc-99m tetrofosmin have been developed as alter-
natives to 2°'T1 for use in myocardial perfusion imaging.
These agents allow high-resolution, low-exposure imaging
because of their short half-life. Once absorbed into the myo-
cardium, Tc-labeled myocardial perfusion agents remain in
the myocardium for a long period of time and are not redis-
tributed, as occurs with 20'T1. Images can thus be obtained
regardless of time after administration, though images at rest
should be obtained separately. Tc-labeled myocardial per-
fusion scintigraphy is performed under stress at a dose of
10MBg/kg (maximum 370MBq, 10mCi), and the second
dose is administered 2 to 3 hours after the first administration
at 2 to 3 times the first dose (maximum 740MBgq, 20mCi).*”
To obtain clear images, physicians should (1) exercise spe-
cial caution in avoiding body movement by children during
imaging, (2) continue stress for at least one minute after
administration of perfusion agents under stress, (3) promote
elimination of perfusion agents from the liver and gallbladder
by ingestion of egg products, milk or cocoa, and (4) obtain
images at least 30 minutes after administration of perfusion
agents to ensure elimination of perfusion agents accumu-
lated in the liver.

(3) ECG-Gated Myocardial Perfusion SPECT

The availability of 3D automatic quantitative analysis of
ECG-gated myocardial perfusion SPECT (quantitative gated
SPECT, QGS) has allowed physicians to calculate left ven-
tricular volume and ejection fraction (EF) by evaluating wall
motion and to visualize the endocardium based on multi-
dimensional 3D images.”® In patients with severe coronary
artery lesions due to Kawasaki disease, detailed evaluation of
postischemic myocardial stunning?® and viability of infarcted
myocardium may be performed with QGS, %191 though this
method cannot be used effectively in patients with a small
heart (diastolic volume of about <50mL) under 6 years of age.

B Isotope IV

0 3 6 9 12 15 16-17min

0 2 4 6 min.

120

0 1 2 3 4 5 6 min.

Figure 3. Administration of drugs during myocardial perfu-
sion scintigraphy. 1V, intravascular; ATP, adenosine triphos-

phate. :

(4) Imaging of Myocardial Fatty Acid Metabolism
Imaging of myocardial fatty acid metabolism using 231
BMIPP is a better technique for specification of segments
with abnormal wall motion than myocardial perfusion imag-
ing because it can specify abnormal energy production in the
myocardium. Since areas with low myocardial uptake of
123] BMIPP are strongly consistent with segments perfused
by the culprit coronary vessel in patients with myocardial
infarction or angina, this technique can be used in the eval-
uation of myocardial injury in patients with severe coronary
artery lesions due to Kawasaki disease.”

(5) Imaging of Cardiac Sympathetic Nerve Activity
Imaging of cardiac sympathetic nerve activity can be ob-
tained with I MIBG imaging. Since abnormal cardiac
sympathetic nerve activity follows the development of severe
myocardial ischemia or myocardial infarction, 2’ MIBG
imaging in patients suspected of having cardiac events includ-
ing infarction may allow physicians to specify culprit vessel(s)
promptly, and is thus quite useful in patients with coronary
artery lesions due to Kawasaki disease who often experience
asymptomatic myocardial ischemia.®92

(6) Positron Emission Tomography (PET)

Quantitative evaluation of myocardial flow reserve can be
performed in the evaluation of blood flow by PET using [O-
15]-water or [N-13]-ammonia. Low myocardial flow reserve
and poor vascular endothelial function have been observed in
patients with regression of coronary aneurysms. Evaluation
of glucose metabolism in PET using [F-18]-fluorodeoxyglu-
cose (FDG) permits precise evaluation of the viability of
infarcted myocardium.!03.104
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Photo courtesy of Masahiro Tahara,
Tsuchiya General Hospital

MRCA,
8 months
of age

Figure 4. 64-row MDCT and MRCA in infants. MDCT, multi-
row detector computed tomography; MRCA, magnetic reso-

nance coronary angiography. s

(7) Administration of Drugs During Myocardial
Perfusion Scintigraphy

Figure 3 illustrates how drugs are administered during phar-

macological myocardial perfusion scintigraphy.

4 Magnetic Resonance Coronary Angiography (MRCA)
and MDECT

Selective CAG has been considered a gold standard for the
diagnosis of coronary artery lesions due to Kawasaki disease,
and IVUS has been used concomitantly to observe for thrombi
in aneurysms and intimal hyperplasia. Recently, MDCT and
coronary artery imaging using MRI (MRCA) have been
developed, and are increasingly used to obtain additional
findings supportive of those of CAG.

(1) MDCT

Although it has been believed that MDCT is not feasible in
children because of the extensive X-ray exposure associated
with it, use of contrast media, administration of 3-blockers to
slow heart rate, and the need for breath-holding, recent reports
have indicated that 64-row MDCT provides clear images in
young children who do not hold their breath during imag-
ing™® and do not undergo induction of slow heart rate, and
may overcome the problems regarding breath and heart rate
control when used more widely in the future (Figure 4).

(2) MRCA

MRCA is a completely non-invasive imaging technique which
requires neither X-ray exposure nor contrast media. Since
MRCA can be performed during spontaneous breathing with-
out slowing of the heart rate, infants and young children may
undergo it during sleep.!%*

There are two imaging techniques of MRCA, the bright
blood technique [steady-state free precession (SSFP)] which
indicates blood flow as white, and the black blood tech-
nique, which indicates blood flow as black and occlusions
and intimal hyperplasia as gray (Figure 4). The black blood
technique includes M2D black blood turbo spin echo imag-
ing and 2D Black blood Spiral k-space order TFE technique
(indicates coronary transection) which allows physicians to

observe for thrombi and intimal hyperplasia.!?6107

Although the rate of visualization of stenotic lesions is
lower with MRCA than MDCT, 08,109 MRCA is more useful
in visualization of localized stenosis with calcification because
it does not hinder visualization of vascular lumens.3¢-11¢

(3) Magnetic Resonance (MR) Myocardial Imaging

MR myocardial imaging, which may be performed in a short
time following MRCA, is a less expensive imaging technique
without the need for radioisotopes, and may provide clearer
3D images than MRCA.

Cine MRI is performed using SSFP without contrast media
to acquire images from the left ventricular short axis view,
long axis view, and four-chamber view to observe ventricular
wall motion, and perfusion MRI is performed after infusion
of gadolinium-based contrast media to evaluate the severity
of myocardial ischemia by observing the first pass of contrast
media in the myocardium during adenosine triphosphate
(ATP) stress and at rest from the left ventricular short axis
view. !

Delayed-contrast enhanced MRI can visualize the extent
and depth of subendocardial infarct lesions by obtaining
images 15 minutes after the administration of contrast media
with a sequence using T1-weighted gradient echo with myo-
cardial T1 signal suppression. This technique can visualize
subendocardial infarct lesions and small infarct lesions in the
right ventricle, which cannot be visualized with radioisotope
myocardial imaging. Since the prevalences of occlusions
and recanalization of the right coronary artery are especially
high in patients with Kawasaki disease, precise evaluation of
the right ventricular myocardium is important.!!?

5 Cardiac Catheterization and CAG
(1) CAG
a) Indications

(1) Evaluation of Severity of Coronary Artery Lesions
and Patient Follow-up

Although in the case of adults CAG is indicated for those who
exhibit findings of myocardial ischemia, it is recommended
for patients with Kawasaki disease that CAG should be per-
formed in those with medium or giant aneurysms during the
convalescence phase or later to monitor for the development
or progression of localized stenosis, since myocardial ischemia
due to Kawasaki disease cannot be fully detected with other
types of examinations and myocardial ischemia may mani-
fest as sudden death.'s

(2) Percutaneous Coronary Intervention (PCI) Before
and After Coronary Artery Bypass Grafting .
(CABG)

CAG is required before PCI to determine whether PCI is

indicated, during angioplasty to ensure safe and effective

intervention, and after angioplasty to evaluate the results of

PCI and follow up patients.*®!!3

(3) Intracoronary Thrombolysis (ICT)

Thrombi in coronary aneurysms may sometimes be observed
during follow-up of medium to giant aneurysms with echo-
cardiography. In such cases, cardiac catheterization and CAG
are performed for ICT.
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b) Coronary Artery Lesions Indicated for CAG

(1) Dilatation Lesions

In patients with aneurysms classified as medium or giant ac-
cording to the severity classification of cardiovascular lesions
in the present guidelines, it is desirable to perform CAG dur-
ing the early part of the convalescence phase for detailed
evaluation of the morphology and extent of coronary artery
lesions and to specify the methods and duration of follow-up
and treatment strategies. Since precise evaluation of coro-
nary stenotic lesions is feasible with MRCA and MDCT, it
is expected that in the future it will be possible to omit cathe-
terization for the diagnosis of coronary stenotic lesions in
some patients.!* Since the development of stenosis after re-
gression of not only large aneurysms but also smaller ones!?
and the development of arteriosclerotic degeneration'* have
been observed in patients over 10 years after the onset of
Kawasaki disease, patients should be followed for a long
period of time using coronary imaging techniques such as
MRCA and MDCT if follow-up CAG is not feasible.

(2) Localized Stenosis

During the remote phase, progressive localized stenosis de-
velop mainly in the inlet and outlet of aneurysms. Multi-
directional imaging is required to evaluate stenotic lesions.
A significant stenosis is defined as a 275% stenosis in lumen
diameter in the major coronary arteries and a 250% stenosis
in lumen diameter in the left main coronary trunk. Patients
with significant stenosis should be followed with angiog-
raphy'¢ or other imaging techniques such as MRCA!% and
MDCT!* at appropriate intervals based on the speed of pro-
gression of the stenosis (from 6 months to several years), even
when no signs/symptoms of myocardial ischemia are pres-
ent, and should be considered for aggressive treatment such
as CABG'? and PCI*" based on the results of the above-
described follow-up imaging as well as the results of other
studies such as myocardial scintigraphy, exercise ECG, and
evaluation of coronary flow reserve (CFR).

(3) Occlusion

Complete occlusion of a coronary artery is observed in about
16% of patients with coronary artery lesion due to Kawasaki
disease, and 78% of occlusions are visualized with imaging
within 2 years after the onset of Kawasaki disease.'¢ The
finding of occlusion of the coronary arteries in asymptomatic
patients on routine follow-up imaging is not uncommon.
Collateral flows are visualized during angiography in all
patients with coronary occlusion. Since the extent of collat-
eral flow and growth/development of recanalized vessels dif-
fer among individuals and depend on the time after occlusion
and cause of occlusion (thrombi vs intimal hyperplasia), fol-
low-up angiography is required.!’

(2) Cardiac Function Test

Cardiac function is evaluated by determining ventricular pres-
sure, cardiac output, ventricular volume, EF, and/or other
parameters.

(3) IVUS

a) Morphological Evaluation of Coronary Artery Lesions

IVUS is used to evaluate the severity of intimal hyperpla-
sia, presence/absence of thrombi or calcification, and the
severity of luminal narrowing. Severe intimal hyperplasia is
observed not only in lesions of localized stenosis but also in

. Chest X ray

Lo,

* Body surface mappin‘g, drug stress ECG, magnetocardi- ‘
ography

1>"¢|‘a;~.'s "
l>Class 1

. Stress echocardlography, myocardlal contrast echocar—
dlography

Severity classiﬁcation LAL

Severity classification [IA]

» Evaluation of myocardial fatty acid metabolism, evaluation
of cardiac sympathetic nerve activi

L L Y

Seventy classnflcatlon
- fNone ‘ s

L,

- Severity classification  V(b)
Severity classification l lI III |V V(a)

I>Class 1l
. DClass il

MRI, magnetic resonance imaging; MDCT multi-row detector
computed tomography; PET, positron emission tomography.

Conditions for which there is a divergence of opinion

Class i regarding the usefulness/efficacy of a procedure.
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Karasawa K, et al'® Dobutamine 24
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Diagnosis of stenotic lesions

Exércise;
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D|agnosns of stenotic lesmns Atrest

Hoshina M, et al**

2017

Miyagawa M, et al®® Dipyridamole 15

*Of 80 vessels in 16 patlents wnh coronary lesmns 77 vessels could be evaluated with MDCT.

**Among 70 patients with coronary lesions, evaluation was performed in 210 vessels of patients with occlusion and 54 vessels of 18 patients
with regional stenosis.

T, thallium; Tc, technetium; BMIPP, A-methyl-p-iodophenyl-pentadecanoic acid; MDCT, multi-row detector computed tomography; MRCA, mag-
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aneurysms that have regressed. Intimal narrowing and cal-
cification, not detected with angiography may be visualized
with IVUS. It has been found that obvious intimal hyper-
plasia may develop during the remote phase in aneurysms
with an internal diameter during the acute phase of >4 mm."
Evaluation of lesions, and especially quantitative evaluation
of calcified lesions with IVUS, is required when the means
to be used for PCI are selected.?®

b) Coronary Arterial Vasodilator Function

It has been reported that the absence of coronary vaso-
dilatation in coronary artery wall following administration
of isosorbide dinitrate (ISDN) or acetylcholine suggests the
presence of chronic intimal dysfunction in patients with
Kawasaki disease.””!'* However, since evaluation of coro-
nary arterial vasodilator function may induce coronary spasm
or other adverse reactions, its potential benefits and risks
should be carefully weighed before it is performed.

c) PCl

Preoperative examination should be performed to determine
the severity of stenosis and its calcification and the condition
of the intima in detail in order to select appropriate means
for the performance of PCI. IVUS should be performed in
every step of PCI to ensure the safety and efficacy of treat-
ment. IVUS is also useful in the evaluation of postoperative
restenosis.?$ 16

(4) Functional Severity Evaluation Using Flow Wires
or Pressure Wires

Determination of average peak flow velocity (APV), CFR,

and myocardial fractional flow reserve (FFRmyo) using a

0.014-inch guidewire equipped with an ultrasonic probe and

a high-sensitivity pressure sensor (Doppler wires or pressure

wires) is useful in evaluation of the functional severity of

coronary artery lesion in patients with coronary artery lesions
due to Kawasaki disease. CFR (CFR =[stress APV]/[APV at
rest], where APV is the value at peak dilatation after infu-
sion of papaverine hydrochloride injection) and FFRmyo
(FFRmyo =[Mean pressure at a site distal to the coronary
lesion of interest] —{[mean right atrial pressure}]/[mean pres-
sure at the coronary ostium]}—[mean right atrial pressure]),
where these pressures are obtained simultaneously at peak
dilatation after infusion of papaverine hydrochloride) are par-
ticularly suitable for the evaluation of the presence/absence
and severity of myocardial ischemia and presence/absence
of peripheral coronary circulatory disorder. These values are
also useful in selecting appropriate treatment strategies (cath-
eter intervention vs CABG) and postoperative evaluation.
Measurements obtained with pressure wires are useful in the
evaluation of stenotic lesions, and those with Doppler wires
in the evaluation of dilatation lesions.!”

The reference values in children are 2.0 for CFR and 0.75'%7
for FFRmyo, and identical to those in adults.!!5-12!

4. Summary of Examinations

As Table 12 shows, appropriate imaging techniques should
be selected based on the severity of coronary artery lesions.
Table 13 lists the diagnostic performance of the imaging
techniques mainly used in the evaluation of cardiovascular
sequelae in Kawasaki disease.

Selection of treatment strategies for cardiovascular se-
quelae in Kawasaki disease must be made on the basis of
careful consideration of the pathological condition of each
patient and the results of comprehensive multimodal analy-
sis of findings obtained with different imaging techniques.
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I Patlents without angma or detectable ischemia

S ‘iComblnatlon therapy usmg ant:platelet dugs - o :
¢ Examination revealed obvious ischemia Antlplatelet drugs+Ca—blockers
I Patients with angina

. ln addmon to combmatlon therapy usmg ant|p|atelet drugs

° Anglna on exertion Nitrates, monotherapy or combmahon therapy of Ca blockers plus [J’ blockers |f meffectlve
~ ° Angina at rest or during sleep 'Ca-blockers S s =y
° Angma at night Ca-blockers + nltrates or K-channe! openers (nlcorandll)

’ I!IV Patlents comph ated by ca diac dysfunctlon or valvular dlsease
/ ‘pna V& Monotherapy or combmatlon therapy usmg /a’oblockers
ACE mhlbltors angnotensm I receptor blockers or statins should be added to antianginal drugs.

ACE, angiotensin converting enzyme.

Drug B ~ Dose - Adverse drug‘ reactions (ADRs) and recautions

Flurbiprefen k 3to SmQ/kg, divided into 3 deses H'epatlc function dlsorder;'géet'rokih\testinal ’ulcerk N

(Froben) Use when severe hepatic disorder due to aspirin
develops.

Dlpyndamole .

Ticlopidine 5 to 7mg/kg, divided into 2 doses Thrombotic thrombocytopenic purpura (TTP), leukopenia
(Panaldine) (granulocytopenia), serious hepatic function disorder
Blood tests must be performed every other week during
the first 2 months of treatment. '

 Clopidogrel
| (Plavix):
Unfractionated heparin Loading dose 50 units/kg, maintenance dose Major ADHs Shock/anaphylactoud reactnon bleedlng,
(v) 20 units/kg to maintain an APTT of 60 to 85 sec thrombocytopenia, thrombocytopenia/thrombosis associ-
Low-molecular-weight (1.5 to 2.5 times baseline) ated with heparin-induced thrombocytopenia (HIT)
heparin * Infants <12 months of age
(SC) Treatment: 3mg/kg/day, divided into 2 doses

(every 12 hours)
Prevention: 1.5mg/kg/day, as above
« Children/adolescents
Treatment: 2mg/kg/day, divided into 2 doses
(every 12 hours)
Prevention: 1 mg/kg/day, as above

The safety and efficacy of the above drugs have not been established in children.
IV, intravenous; SC, subcutaneous; APTT, activated partial thromboplastin time; AHA, American Heart Association; INR, international normalized
ratio; NSAIDs, nonsteroidal antiinflammatory drugs.
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IV Treatment Methods

1. Pharmacotherapy

1 Treaiment Policy
In assessment of cases of death during the remote phase in
patients complicated by coronary artery lesion, the major
cause of death has been found to be ischemic heart disease
due to stenotic lesions resulting from coronary intimal hyper-
plasia or thrombotic occlusion.!?123 In general, treatment of
myocardial ischemia is performed to:

— Increase coronary blood flow

— Prevent or relieve coronary spasm

~ Inhibit the formation of thrombi

— Decrease cardiac work

Accordingly, vessel wall remodeling and myocardial pro-
tection are the principal purposes of treatment.!?

2 Treatment of Ischemic Altacks

(1) Treatment During Attacks

Sublingual administration of tablets of nitroglycerin, a fast-
acting nitrate, is commonly performed to treat attacks of stable
angina. Attacks will subside in 1 to 2 minutes in patients
responding to sublingual nitroglycerin, while patients not
responding to it should take additional sublingual tablets 5 to
10 minutes later. Since the standard dose for children has not
been established, nitroglycerin should be administered at a
dose calculated from the standard dose in adults.

(2) Prevention of Development of Angina Pectoris
Table 14 summarizes treatment policies for patients who
still have coronary aneurysm or dilatation during the chronic
phase.

(3) Prevention of Development (and Recurrence) of AMI
Among those with AMI complicated by coronary artery
lesions due to Kawasaki disease, AMI occurred during sleep
or at rest in 63% of patients and was not closely associated
with physical activity and exertion.'?” In addition, asymptom-
atic AMI occurred in 37% of the patients. Pharmacotherapy
for AMI should be designed to prevent the progression of
intimal hypertrophy to stenotic lesions and inhibit the forma-
tion of thrombi, considering the poor myocardial oxygen
consumption that may be present and possible involvement
of coronary spasm in the development of myocardial infarc-
tion.

3 Pharmacotherapy

(1) Antiplatelet drugs (Table 15)
Platelet count decreases slightly immediately after the onset
of Kawasaki disease (acute phase), and increases during
the convalescence phase. Since platelet aggregation activity
remains high during the first 3 months after onset and in some
cases the first several months to 1 year after onset, it is pref-
erable that patients with Kawasaki disease, including those
without coronary sequelae, should be treated with antiplate-
let drugs at low doses for about 3 months. 125130

On the other hand, patients with coronary aneurysm due
to Kawasaki disease should receive antiplatelet drugs con-
tinuously to prevent ischemic heart disease and prevent the

formation or growth of thrombi by platelet activation.

(2) Anticoagulant Drugs (Table 15)

Treatment with anticoagulant drugs is indicated for patients
with medium or giant coronary aneurysms, patients with a
history of AMI, and patients with abrupt dilatation of a
coronary artery associated with a thrombus-like echo, among
others. Patients with thrombi in coronary aneurysms should
be treated with warfarin or heparin. Combined use of aspirin
and warfarin is needed to prevent thromboembolism in
patients with giant coronary aneurysms.'?13* Patients should
be carefully monitored for bleeding tendency due to exces-
sive anticoagulant therapy. Children exhibit considerable
individual differences in responses to anticoagulant therapy.

(3) Coronary Vasodilators and Antianginal Drugs
(Table 16)

a) Ca-Blockers

In patients with Kawasaki disease, myocardial infarction may
occur at rest or during sleep. Addition of Ca-blockers to the
existing regimen should be considered for patients compli-
cated by coronary spasm'?*!3* and patients with post-infarct
angina or myocardial ischemia.

h) S-Blockers
Among patients with Kawasaki disease, 8-blockers may be
administered to prevent reinfarction or sudden death in those
with a history of myocardial infarction and to decrease long-
term mortality. However, treatment with (-blockers may
exacerbate already-existing coronary spasm.

B-blockers exerts antianginal effects by decreasing myo-
cardial oxygen consumption.

¢) Nitrates
Although the coronary vasodilatative effects of nitrates are not
expected to be beneficial in the treatment of acute ischemia
due to lesions with poor endothelial sell function, nitrates in
sublingual or oral spray form should be attempted in treating
AMLISS,BG

(4) Drugs for Heart Failure (Table 16)
Angiotensin converting enzyme (ACE) inhibitors/angioten-
sin II receptor blockers (ARBs)

ACE inhibitors and ARBs may be administered to pa-
tients with left ventricular dysfunction (EF <40%) following
myocardial infarction due to ischemic heart disease in order
to decrease morbility, mortality, and the incidence of cardiac
events. No study results have been published regarding the
effects of ACE inhibitors and ARBs on the long-term prog-
nosis of Kawasaki disease.

2. Non-Pharmacological Treatment

1 PCI

Unlike coronary lesions in adults, which are typically ath-
erosclerotic lesions, the coronary lesions in patients with
Kawasaki disease are often characterized by severe calcifica-
tion and fibrous thickening. It is thus inappropriate and in
some cases even dangerous to apply the indications for and
procedures of PCI for adult patients to the treatment of patients

Circulation Journal Vol 74, September 2010

- 151 -



JCS Guidelines for Kawasaki Disease 2005

Drug Dose Adverse drug reactions and precautions
Drugs for angma

leedrpme ‘
‘(Adala ;

: 0 2 to:o 5mg/kg/dose TD

: ’ el i se: 30mg/day, divided.| into 3 doses . cardiac function
Slow—re!ease nifedipine 0 25 to 0.5mg/kg/day, divided into 1 to 2 doses, Same as above

(Adalat-CR, Adalat-L) maximum dose 3mg/kg/day
(Tablets of Adalat-CR 20mg, L 10mg, and L 20mg are
available)

Adult dose: 40mg/kg, OD
(Adalat L should be dlwded mto 2 doses)

~ Amlodipine -

Diltiazem‘ u B o 1 5 to 2mg/kg/day, TID k ' ' k ‘Safne as abeVe o
(Herbesser) (maximum dose 6 mg/day) (30 mg tablets)
Adult dose: 90mg/day divided into 3 doses

Drugs tor heart‘failure

Carvedilol ) Sﬁtar't‘at 0.08 mg/kg/déy, rﬁéintain étk0.46 MQ/kg/day - Saﬁie ca‘s‘ atﬁe\}e
(Artist) (average)
Adult dose 10to 20 mg/day, OD

 Enalapril

Cilazapril k - 0. 02 to 0 06 mg/kg/day, divided |nto 1 to 2 doses (1 mg k Sarﬁé as above
(Inhibace) tablets)
Adult dose: Start at 0.5mg/day, OD and titrate

Drugs for lschemlc attacks

' Nltroglycenn (NTG) - HSame as above

The safety and efficacy of the above drugs have not been established in children. Doses should be determined according to the adult doses.
NTG, nitroglycerin; TID, three times a day; OD, once daily; BID, two times a day.

with Kawasaki disease. The guidelines for catheterization in —PCI may be considered for patients in whom testing did
patients with Kawasaki disease published by the Taskforce not reveal significant findings of ischemia but who have
on “Long-term Management of Kawasaki Disease” of the severe stenotic lesions which may progress to serious
Ministry of Health and Welfare should be followed as basic coronary artery ischemia in the future.

guidelines.'¥” Many aspects of the long-term prognosis fol- Selection of an appropriate treatment from among three
lowing PCI in patients with Kawasaki disease have yet to be options, ie, surgical treatment, PCI, or follow-up, should
clarified; these aspects require further study. When patients be made according to the circumstances of individual
with Kawasaki disease undergo PCI, pediatricians and car- patients.

diologists must be fully aware of the pathophysiology and —PCl is not indicated for patients with left heart dysfunc-
natural history of Kawasaki disease as well as the risks and tion.

benefits of PCI in this patient population.
b) Indications for PCl in Terms of Pathological Findings

(1) Indications for PCI of Lesions
~Patients with severe stenosis (=75%)

a) Indications for PCI in Terms of Clinical Findings . —Patients with localized lesions: PCI is contraindicated
—Patients with signs/symptoms of ischemia for patients with multivessel disease and those with sig-
—Asymptomatic patients who exhibit ischemic findings nificant stenosis or occlusion of the contralateral coro-

on stress tests, stress myocardial scintigraphy, dobuta- nary arteries.
mine stress echocardiography, or other suitable tests —Patients without coronary ostial lesions
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~Patients without long segmental lesions

(2) Types of PCI Techniques, Indications, and Precautions

a) ICT

ICT should be performed using urokinase (UK) at 1.0x
10# units/kg (maximum daily dose for adults 96104 units),
or during the acute phase of myocardial infarction (within
6 hours after onset), tisokinase, a tissue plasminogen activator
(t-PA) with high affinity for fibrin, at 2.5x104 units/kg (maxi-
mum daily dose for adults 640x10# units).!?%13 Since these
agents may in rare cases induce cerebral hemorrhage or gas-
trointestinal hemorrhage, care is needed in their administra-
tion. Following ICT, heparin should be infused continuously
for at least 12 to 24 hours to prevent reformation of thrombi.
Following heparin therapy, oral antithrombotic therapy should
be continued. However, in adults thrombolysis is frequently
associated with bleeding complications. Since intravenous
t-PA provides efficacy nearly equivalent to intracoronary
t-PA, t-PA is administered intravenously rather than in intra-
coronary fashion. The recanalization rate is low in patients
in which thrombotic occlusion developed long before medi-
cal attention, such as patients with asymptomatic myocardial
infarction.

b) Plain Old Balloon Angioplasty (POBA)

Since catheters for POBA are smaller in diameter than those
for other techniques and thus more accessible and flexible,
this technique is feasible in young children in whom stenting
and rotational ablation (Rotablator™) are difficult because of
small body size. In addition, calcification is often mild in
severity in coronary stenotic lesions that developed <6 years
previously, and the efficacy of POBA is excellent in such
lesions. However, it has been reported that the incidence of
new aneurysms after POBA is higher in children with
Kawasaki disease than in adult patients.'*® The recommended
balloon pressure is <8 to 10 atm.?®1#%.*41 Children believed
to require higher balloon pressures should be considered for
other techniques such as rotablator treatment and CABG.
Heparin should be infused continuously for 24 hours after
POBA to avoid the development of thrombotic occlusion.

¢) Stenting

Stenting is effective in older children in whom calcification
of coronary lesions is relatively mild, when it is feasible.
Stenting can achieve a larger lumen than POBA can. Stenting
is also effective in the treatment of coronary arteries in which
aneurysms and stenosis are present in succession. Since
highly calcified lesions cannot be dilated sufficiently with
balloon technique, stenting is not suitable for them. Heparin
should be administered continuously immediately after stent-
ing to avoid the development of thrombotic occlusion. It is
very important to continue antithrombotic therapy and anti-
platelet therapy after stenting. Only limited data are available
on whether drug-eluting stents are more efficacious than con-
ventional bare metal stents in the treatment of coronary artery
lesions due to Kawasaki disease.

d) Coronary Angioplasty With Rotational Ablation

Rotational ablation is a technique that involves shaving off
lesions with a high-speed conical burr covered with diamond
microcrystals to obtain a larger lumen at the site of stenosis.
Rotational ablation is considered the most optimal PCI tech-
nique for coronary stenotic lesions during the remote phase
of Kawasaki disease, since it can obtain a larger lumen at

locations with highly calcified lesions. Since this technique
uses guiding catheters, and is thus difficult to perform in small
children.

e) Applications of IVUS

It is quite important to accurately evaluate the severity and
extent of calcification of coronary artery lesions due to
Kawasaki disease before treatment and select an appropriate
treatment strategy, in order to ensure the efficacy of PCI and
decrease the incidence and severity of complications of PCL

f) Therapeutic Angiogenesis Using Heparin Exercise Therapy
It has been reported that 10-day cycle ergometer exercise
under intravenous heparin therapy may facilitate the devel-
opment of collateral flow in patients with total occlusion of
coronary artery lesion(s) due to Kawasaki disease.!#

(3) Institutions and Backup System Requirements
PCI for patients with coronary artery lesions due to Kawasaki
disease should be performed in institutions with PCI spe-
cialists, pediatric cardiologists, and CABG specialists.

(4) Postoperative Management, Evaluation, and
Follow-up

During the 3 to 6 months after PCI, selective CAG should be
performed to evaluate the outcome of treatment. Sufficient
data do not yet exist regarding the incidence of restenosis
and the long-term outcome of patients undergoing PCI for
the treatment of coronary artery lesions due to Kawasaki
disease. Even when progress after PCI is favorable, patients
should continue antithrombotic and antiplatelet therapy and
should be educated on their condition and treatment.

(5) Future Prospects: Especially Concerning the Use
of CABG

The incidence of ischemic heart disease associated with
Kawasaki disease is expected to decrease further with the use
of advanced catheter techniques available for the treatment of
coronary artery lesion in this patient population. However,
patients undergoing new techniques of this type should be
followed for a long period of time to clarify the long-term
outcomes of such procedures in patients with Kawasaki dis-
ease.!** PCI is not indicated for infants and young children,
patients with multivessel disease, and patients with poor
cardiac function. Appropriate combinations of less invasive
bypass grafting and PCI are expected to enable less invasive,
highly effective treatment.

2 CABG
Although the incidence of coronary artery lesion in patients
with Kawasaki disease has tended to decrease as use of
gamma globulin therapy during the acute phase has become
more common, coronary artery lesion persists or progresses
during the remote phase, and eventually leads to pediatric
ischemic heart disease in a small number of patients. For
patients with ischemia not responding to medical treatment,
CABG using pedicle internal mammary artery grafts is a
reliable technique, 44146

Since death after the acute phase of Kawasaki disease is
mainly due to sudden death or myocardial infarction, it is
essential to specify those children indicated for CABG in a
timely fashion. Following CABG, no further cardiac events
occurred in 70 to 80% of children, who also exhibited sig-
nificant improvement of quality of life and exercise capacity
as well as quality of school life.!47148
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- onfindings fo oron;
2. Mitral valve surgery

Coronary artery bypass grafting (CABG) may be effective in patients who have severe occlusive lesions in main coronary arteries (especially
in the central portions of these arteries) or rapidly progressive lesions with evidence of myocardial ischemia. It is preferable to perform CABG
using autologous pedicle internal mammary artery grafts regardless of age. Treatment such as mitral valve surgery should be considered

when mitral insufficiency not responding to medical therapy is present, although such cases are rare.

Valvuloplasty and valve replacement may be indicated for patients with severe mitral insufficiency of long duration not responding to

urge

(1) Indications for CABG

Table 17 lists the criteria for indications for surgical treat-
ment of cardiovascular sequelae in Kawasaki disease. Can-
didates for CABG should be comprehensively evaluated on
the basis of clinical signs and symptoms as well as findings
of CAG, exercise ECG, echocardiography, stress myocardial
scintigraphy, left ventriculography, and other techniques to
determine whether CABG is appropriate for them.

(2) Age at Surgical Treatment

Patients undergoing CABG for the treatment of coronary
artery lesion due to Kawasaki disease are 11 years of age on
average and range between 1 month and 44 years of age at
the time of surgery, with children aged 5 to 12 years pre-
dominant.!# It has been reported that, with recent advances
in technology, CABG can be performed safely even in chil-
dren younger than those for whom it was previously consid-
ered indicated.!50.15!

(3) Surgical Techniques

The most common surgical technique is CABG using pedicle
internal mammary artery grafts or pedicle right gastroepiploic
artery grafts. It has been reported that the diameter and
length of such grafts increase with the somatic growth of
children.'#152 CABG without cardiopulmonary bypass (off-
pump CABG, OPCABG) is also performed in this patient
population. The surgical techniques used for CABG in this
population are becoming less invasive.!5?

supported by the Ministry of Health and Welfare in 1985, with modification.

(4) Outcome of Surgery

a) Graft Patency

The patency of internal mammary artery grafts and right
gastroepiploic artery grafts is quite favorable, as high as 91
to 98%, 147154155 gt | to 3 years after CABG. The patency of
internal mammary artery grafts 20 years after CABG was
87.1%. When the patency of grafts is calculated for patients,
not including those <12 years of age at the time of CABG,
who were considered at risk of graft stenosis due to the pre-
vious technical difficulty of treatment in younger children,
the patency of internal mammary artery grafts 20 years after
CABG was 92.8%."7 Recent findings (1994 to 2006) indi-
cated that the patency of internal mammary artery grafts 10
years after CABG was 94.4% in patients who were <12 years
of age at the time of CABG.'¥ Lesions exhibiting anasto-
motic stenosis can be sufficiently treated with dilatation with
POBA without stenting, and restenosis is rare.$

b) Outcome of Surgery

Following CABG, patients exhibit improvement in left ven-
tricular function during exercise.'3%!5” Favorable outcomes
have been reported in patients 20 years after CABG, with a
survival rate and cardiac event-free survival of 98.4% and
78.1%,' respectively. According to national survey data in
patients evaluated 15 years after CABG, the rate of avoid-
ance of sudden death was 94.3% in patients receiving internal
mammary artery grafts.!+
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(5) Other Surgery

a) Downsizing Operation of Giant Coronary Aneurysms
Attempts have been made to use the combination of CABG
and downsizing operation to treat giant coronary aneurysms
to improve flow rate and flow pattern in lesions by decreas-
ing the diameter of the aneurysms, and to prevent the forma-
tion of thrombi by increasing shear stress on vessel walls. It
has been reported that warfarin therapy could be terminated
in some patients treated in this fashion. 50158

b) Surgical Treatment of Mitral Valve Insufficiency

Unlike valvular disease due to rheumatic fever, mitral valve
insufficiency due to Kawasaki disease is characterized by 1)
the frequent development of complex coronary artery lesions
requiring concurrent surgery and 2) the presence of severe
myocardial injury and poor left ventricular function in many
patients. Since valvar calcification may develop early after
surgery in children undergoing valve replacement, mechani-
cal valves are commonly used.'*

¢) Surgical Treatment of Aortic Aneurysms and Peripheral
Aneurysms

In addition to coronary aneurysms, patients with Kawasaki

disease may develop aneurysms in the ascending aorta, ab-

dominal aorta, iliac artery, or axillary artery.!®® Surgical treat-

ment of aneurysms is indicated only for large or progressive

lesions.

d) Heart Transplantation

More than ten cases of heart transplantation for the treatment
of Kawasaki disease have been reported in the world. In 1996,
Checchia et al'®! reported 13 patients with Kawasaki disease
who underwent heart transplantation. Heart transplantation
is beneficial in (1) patients with significant left ventricu-
lar dysfunction, and (2) patients who have life-threatening
arrhythmia and significant lesions in peripheral segments of
the coronary arteries.

3. Initial (Medical) Treatment for AMI

+General Guidelines for Treatment

The main purpose of treatment of AMI in children is, as in
adult patients, to decrease mortality during the acute phase
and improve long-term prognosis.!3%13%.162-165 Since AMI in
children with a history of Kawasaki disease is caused by
thrombotic occlusion of the coronary arteries, it is essential
to initiate thrombolytic therapy or PCI as soon as possible
to achieve reperfusion, %167 ag in the case of AMI in adult
patients. During the initial treatment immediately after arrival
at the emergency department or admission to hospital, prompt
diagnosis and initial treatment should be performed to deter-
mine the treatment strategy for AMI and prepare for emer-
gency CAG and reperfusion therapy.

«[nitial Treatment

1 General Treatment
(1) Oxygen therapy
Oxygen is administered to control myocardial injury.
(2) Establishment of vascular access
More than one means of vascular access should be estab-
lished to ensure prompt treatment of complications pos-
sibly associated with AMI.

(3) Nitrates
Nitroglycerin should be administered intravenously or
sublingually.

(4) Pain control
Continuous chest pain increases myocardial oxygen con-
sumption. Morphine hydrochloride (0.1 to 0.2mg/kg) is
the most effective agent for this, and should be slowly
administered intravenously. Treatment with morphine
may be avoided when symptoms are tolerable and blood
pressure and pulse are stable.

(5) Intravenous heparin therapy
Use of heparin therapy prior to reperfusion therapy may
increase the rate of recanalization rate. Heparin should
be infused continuously at 10 to 20 units/kg/hr.

(6) Treatment of complications
Complications of AMI such as heart failure, cardiogenic
shock, and arrhythmia should be treated accordingly.

2 Reperfusion Therapy

(1) Thrombolytic Therapy

Since AMI associated with Kawasaki disease is mainly caused
by thrombotic occlusion of coronary aneurysms, thrombolytic
therapy is of great importance. The sooner initiate thrombo-
Iytic therapy, the better effect of therapy will be expected.
The American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) guidelines for diagnosis, treatment, and
long-term management of Kawasaki disease recommend that
thrombolytic therapy be performed within 12 hours after the
onset of AMI.

There are no standard pediatric doses of the drugs used for
thrombolytic therapy listed below. Thrombolytic agents
should thus be administered carefully on the basis of the
condition of individual patients. It has been reported that the
rate of recanalization is 70 to 80% after intravenous throm-
bolytic therapy, and may be increased by about 10% when
intracoronary administration of thrombolytic agents is added
to intravenous therapy. Since thrombolytic therapy may be
complicated by subcutaneous hemorrhage at the site of cathe-
ter insertion, cerebral hemorrhage, and reperfusion arrhyth-
mia, patients should be carefully observed during and follow-
ing thrombolytic therapy. t-PAs and pro-urokinase (pro-UK)
are proteins and may induce anaphylactic shock.

* Intravenous thrombolysis ;
a) UK: 1.0 to 1.6x10% units/kg (maximum dose
9610+ units). Infuse over 30 to 60 minutes.
b) t-PAs
—Alteplase (Activacin®, Grtpa®): 29 to 43.5%
104 units/kg. Administer 10% of the total dose over
1 to 2 minutes intravenously and infuse the remain-
der over 60 minutes.
—Monteplase (Cleactor®): 2.75x104 units/kg. Admin-
ister intravenously over 2 to 3 minutes.
—Pamiteplase (Solinase®): 6.5x10* units/kg. Admin-
ister intravenously over 1 minute.
«ICT
a) UK: Administer at a dose of 0.4x10* units/kg over
10 minutes. Administration may be repeated at most
four times.

(2) PCI

In general, PCI is indicated for patients within <12 hours
after onset. Stenting is the most prevalent PCI technique, and
the combination of thrombolysis and stenting is also common.
Early treatment with oral antitplatelet drugs (aspirin, Plavix®,
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and Pletaal®) or intravenous heparin is promptly begun after
PCI to prevent the development of in-stent thrombosis.

3 Anticoagulant Therapy and Antiplaielet Therapy
to Prevent Recurrence of AMI

(1) Heparin
Heparin should be infused intravenously at a dose of
200 to 400 units/kg/day, and the dose should be adjusted
to maintain an activated partial thromboplastin time
(APTT) 1.5 to 2.5 times the baseline value.

(2) Warfarin
Warfarin should be administered at a dose of
0.1mg/kg/day once daily, and the dose should be
adjusted to maintain an international normalized ratio
(INR) of about 1.6 to 2.5.

(3) Aspirin'®8
3 to Smg/kg/day (maximum dose of 100 mg)

Table 18 lists the indications of treatment by classification
of severity of coronary artery lesions.

4. Guidance on Activities of Daily Life and
Exercise (Including the School Activity
Management Table)

As in the previous guidelines, the guidance on activities of
daily life and exercise mainly includes management of daily
activities in school.!® Since no definitive evidence have
been obtained on the effects of daily activities on long-term
prognosis and lifestyle-related risk factors for the develop-
ment of arteriosclerotic lesions or cardiomyopathy during
the remote phase, the present guidelines indicate preferable
management of school activities in students with a history of
Kawasaki disease. The 2002 edition of the School Activity
Management Table is available for elementary school students
and junior and senior high school students. Table 19 shows
the table for junior and senior high school students.

1 Children Without Evidence of Coronary Artery Lesions
During the Acute Phase
No restriction of activities of daily life or exercise is needed.
In the School Activity Management Table, physicians may
indicate “no management needed” for children 25 years after
onset. During the 5-year period after onset, “E-Allowed” (ie,
Category E [intense exercise is allowed] in terms of manage-
ment, with school sport club activities “allowed™) should be
selected in the Table. Follow-up evaluation should be per-
formed at 1 month, 2 months, 6 months, 1 year, and 5 years
after the onset of Kawasaki disease. School activity manage-
ment after this follow-up period should be performed based
on discussion with parents (or patients). It is preferable that
physicians provide patients with the “Acute phase Kawasaki
disease in summary” (Figure 6) when they are assigned the
no management needed rating.

2 Patients Not Evaluated for Coronary Artery Lesions During
the Acute Phase
(1) Patients in whom examination after the acute phase
revealed no coronary lesions
No restriction of activities of daily life or exercise is
needed. Follow the instructions in Section 1 (1 Children
Without Evidence of Coronary Artery Lesions During the Acute
Phase) above.
(2) Patients in whom examination after the acute phase

. Antlthrombotlc drugs (aspmn dlpyndamole ticlopidine)

 DClass| ,
D> Class n Seventy classn‘lcatton il
DClass Il _ Severity classification . LIl

. Ant:coagulant drugs (warfarm)

DClass|  Severity classification:
D>Class Il Severlty cIassnf:catlon
DClass 16 : Severlty ciassuﬂcatlon o L ;
. COronary vasodulators (Ca—blockers, - blockers, nltrates,
etc.)
 DClassl  Severity classification
D>Class Il Seventy classmcatlon [\
DClasslll ' SHITEE

. Drug for heart failure (ACE mhlbltors anglotensm ]
receptor blockers /S-blockers)

| Severiy classiticat
Severity classification \ (a)

Ll . Severity classification L IL LIV
. CABG
DClassl  Severitycla
[>C!ass I Severity classification V (a)

ACE, angiotensm converting enzyme; PCI, percutaneous coro-
nary intervention; CABG, coronary artery bypass grafting.

Class Ii Céhditions fdr which tyhere is a divergence of opinion '
regarding the usefulness/efficacy of a treatment.

revealed persistent coronary artery lesions according to
the criteria for severity of coronary artery lesions in this
guideline
a) Patients in whom CAG revealed the absence (or
regression) of coronary artery lesions
No restriction of activities of daily life or exercise
is needed. Follow the instructions in Section 1 (1
Children Without Evidence of Coronary Artery Lesions
During the Acute Phase) above.
b) Patients who did not undergo CAG
Follow the instructions on activities of daily life and
exercise in Section 3 (3 Patients Who Have Been
Evaluated for Coronary Artery Lesions During and After
the Acute Phase) below.
Patients should be categorized into the following
groups, and provided with instructions accordingly.
It is desirable that patients in groups (2) and (3)
undergo CAG.
(1) Patients in whom echocardiography detected
small coronary aneurysms or dilatation
(2) Patients in whom echocardiography detected
medium aneurysms
(3) Patients in whom echocardiography detected
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Table 19

[Edited in 2002

School Activity Management Table ( for junior and senior high school students)

Date

010?

Name M/F Birth date (_ years)  School Grade Class
- - - — — Name of institution
® Diagnosis (findings) ®Level of management ®School sport club activity |@Next visit
Management required: A, B, C, D, E | Name of club )| —years____ months later
No management required . )~ Prohibi or when symptoms develo; .
g q Allowed(Note: ) - Prohibited ymp! P | Name of physician: (seal)
Level of management: A - Requires treatment at home or in hospital, B - Goes to school but must avoid exercise, C - Can do mild exercise, D - Can do moderate exercise, E - Can do intense exercise
— Intensity of exercise
Sport activity
Basic Warming-up exercise %;%:Xct ;ﬁfﬁ:ﬁ;&f&iﬁﬁiﬁ%mem’ Exercise to improve flexibility, techniques, high-force Exercise with maximum endurance, speed, and
exercise | Strength-training exercise (throwing, hitting, catching, kicking, jumping) movement, and endurance muscle strength
Apparatus | (mat, horizontal bar, balance beam, | Calisthenics, light mat exercise, balance exercise, light jumping, | Practice of low-grade technique, running to perform actions - - .
gymnastics| and vaulting box) rotation & St Jumping such as holding,gjumping, mﬁj rotation elop Performance, competition, combination of actions
Athletics | (racing, jumping, throwing) Standing broad jump, light throwing, basic motion, light jumping | Jogging, short run and jump Long-distance running, sprint race, competition, time race
Swimming %agmle,sgggtsrtggke, backstroke, | gasy movement in water, float, prone float, kick and float, etc. | Slow swimming Competition, performance, time race, diving
Basketball Passing, shooting, dribbling, feinting Dribble shoot, combination play (offense, defense)
Handball Passing, shooting, dribbling | Dribble shoot, combination play (offense, defense) Goalkeeping
Volleyball Passing, servicing, receiving, feinting . | Spiking, blocking, combination play (offense, defense)
Dribbling, shooting, lifting, passing, feinting, trapping, Dribbling and head shooting, volley shot, . .
- Soccer throwing ) combination play (offense, defense) Goalkeeping, tackling
o Y )
=% . Ground stroking, servicing, lobbing, volleys, serve and .
< Ball sports Tennis receive Smash, strong serve, receive, rally
8, Rugby Passing, kicking, handling Passing, kicking, handling Ruck, maul, scrum, line-out, tackle
= Table tennis Forehand, backhand, servcing, receiving Forehand, backhand, serve, receive
Badminton Servcing, receiving, flight High clear, drop, drive, smash
Softball Throwing, catching, batting | Base-running, combination play, running-catch
Baseball Pitching, catching, batting Base-running, combination play, running-catch
Golf . Grip, swing, stance - Short course golf (e.g. ground golf)
Martial art %%gioﬁaﬁ?e\%e(silui%]go)’ kyudo, Etiquette, basic movement, ukemi, swinging Practicing simple techniques and forms Applied practice, competition
Dance g‘g gglddaﬁl'é%e’ folk dance, Improvised performance, hand gesture, steps g%na%%;zl%gl?g;hngcal movement (excluding rock and samba), | Ryythmical dance, original dance, dance recital
Play in the snow or on the ice, Walking on ice/snow or slow skiing/skating Common outdoor activities
Outdoor | skiing, skating, camping, . )
activity | climbing, swimming marathon, Playing on water, snow, or ice Hiking on flatlands, playing while floating in the water, Climbing, swimming marathon, dive,
water-front activities surfing, wind surfing canoe, boat, scuba diving
. . . . . . L . Playing instruments requiring physical exertion (such as
Cultural activities Cultural activities not requiring long-term physical activity Most cultural activities not described in the right column trumpet, trombone, oboe, bassoon, horn), playing or
conducting quick rhythmical music, playing in a marching band
School ts. oth tiviti W Follow the above intensity of exercise during athletic festival, during athletic meetings, ball sports competitions, and exercise tests.
chool events, other activities W Students other than those in Category “E” should consult with their school ph or their attending physicians in determining whether they wil participate in other special school activities such as class trips, camp schools, seaside schools, and training camp.
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giant aneurysms
c) Patients in whom CAG revealed persistent coronary
lesions
Follow the instructions on activities of daily life
and exercise in Section 3 (3 Patienis Who Have Been
Evaluated for Coronary Artery Lesions During and After
the Acute Phase) below.
Patients should be categorized into the following
groups, and provided with instructions accordingly.
(1) Patients in whom CAG revealed small aneu-
rysms or dilatation remaining
(2) Patients in whom CAG revealed medium aneu-
rysms remaining
(3) Patients in whom CAG revealed giant aneu-
rysms remaining
# Since the accuracies of MDCT and MRI in evaluating the
coronary arteries have recently improved, physicians may
consider classifying patients on the basis of findings of
these techniques in order to instruct them on daily life and
exercise, provided that the limitations of MDCT and MRI
are fully understood.

3 Patients Who Have Been Evaluated for Coronary Artery
Lesions During and After the Acute Phase

(1) Patients in whom transient coronary dilatation disap-
peared after the acute phase
No restriction of activities of daily life or exercise is
needed. Follow the instructions in Section 1 (1 Children
Without Evidence of Coronary Artery Lesions During the
Acute Phase) above.

(2) Patients with remaining small aneurysms or dilatation
No restriction of activities of daily life or exercise is
needed. “E-allowed” should be selected in the School
Activity Management Table.

a) Follow the instructions in Section 1 (1 Children
Without Evidence of Coronary Artery Lesions During the
Acute Phase) above when coronary lesions regress.

b) Patients with remaining coronary artery lesions
should be followed up at 2 months, 6 months, and
1 year after onset and annually or later. Since find-
ings of echocardiography may be not consistent with
those of CAG, it is desirable that patients be evalu-
ated with CAG at least once. Cardiologists should
determine the need and type of drug treatment.

(3) Patients with remaining medium or giant coronary aneu-
rysms
It is desirable that patients of this type be followed by
cardiologists.

a) Patients with no findings of stenosis or myocardial
ischemia
No restriction of activities of daily life or exercise is
needed. “E-allowed” should be selected in the School
Activity Management Table not including giant
aneurysms. Patients should receive a full explanation
of the importance of drug treatment and instructed
to take drugs as prescribed. Patients should also be
educated regarding the signs and symptoms of myo-
cardial ischemia and actions to take if they are
observed. Patients with remaining coronary artery
lesions should undergo follow-up evaluation at least
annually until regression of them is confirmed. The
severity of exercise allowed must be determined on
the basis of examinations. Patients with giant aneu-
rysms should not be allowed to participate in school
sport club activities. In the School Activity Manage-

ment Table, “D-prohibited” (Category D [moderate
exercise is allowed] in terms of management, with
school sport club activities “prohibited”) should be
selected. Patients with no change after the first year
after onset may be instructed with “E-prohibited”.

b) Patients with findings of stenosis or myocardial
ischemia
Severe exercise should be restricted. The level of
allowable exercise should be rated at “D” or more
severe category. School sport club activities should
be “prohibited”. The level of management should be
selected from “A” to “D” on the basis of the results
of exercise testing and evaluation of myocardial
ischemia. Patients should receive a full explanation
of the importance of drug treatment. When patients
undergo catheter-based therapy, the level of man-
agement may be changed.

c) Patients with a history of myocardial infarction
Activities of daily life and exercise should be re-
stricted: Patients should be rated as Category “A” to
“E” on the basis of their condition. School sport club
activities should be “prohibited” in principle. Level
of management (“A” to “E”) should be determined
on the basis of results of cardiac function tests or
other examinations. Patients should be educated
regarding possible adverse drug reactions such as
bleeding tendency.

4 Lesions Other Than Coronary Lesions

(1) Valvular Disease

Cardiologists should evaluate patients with valvular disease
due to Kawasaki disease to determine whether their activities
of daily life and exercise should be restricted. Cardiac func-
tions and indications for surgical treatment should be evalu-
ated. Patients exhibiting improvement of echocardiographic
findings may assigned the rating ‘“no management needed”.

(2) Arrhythmia

Cardiologists should evaluate patients with arrhythmia due
to Kawasaki disease to determine whether their activities of
daily life and exercise should be restricted. The criteria for
management of patients with arrhythmia should be followed
when cardiac function is normal and myocardial ischemia
can be ruled out. Arrhythmia patients with findings of abnor-
mal cardiac function or myocardial ischemia should be col-
lectively evaluated based on all available data.

(3) Aneurysms Other Than Coronary Aneurysms
Cardiologists should manage these lesions individually based
on their location and severity.

5 Management After Heart Surgsry

Cardiologists should follow patients undergoing heart surgery
such as CABG, valvular surgery, and heart transplantation to
ensure appropriate follow-up evaluation and patient education.

6 Vaccinations

Maternal antibodies play important roles in preventing mea-
sles, rubella, mumps and varicella infections.'$® Vaccinations
against these diseases should be performed in order at least
6 months after high-dose gamma globulin therapy.

7 Lifestyle Changes to Prevent Arieriosclerosis
Since there is concern that a history of Kawasaki disease may
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be a risk factor for the development of arteriosclerosis in
later life, it is preferable that patients be educated on the pre-
vention of lifestyle-related diseases when they receive their
“Acute phase Kawasaki disease in summary”’.

8 Cooperation With Cardiovascular Internists

Patients with sequelae of Kawasaki disease should be fol-
lowed by cardiovascular internists when they grow up. Attend-
ing physicians should discuss with patients (or family) the
schedule of follow-up by different departments in order to
ensure lack of interruption of follow-up evaluation.

V Follow-up Evaluation

There are no clearly defined policies on the timing and dura-
tion of non-invasive follow-up evaluation of patients with a
history of Kawasaki disease in Japan. The following guidelines
are designed for patients who underwent periodic echocar-
diography during the acute phase of Kawasaki disease. Patients
are classified by severity of coronary artery lesions on the basis
of echocardiographic findings for the coronary arteries during
roughly the first 30 days after onset, and guidance on how to
follow up coronary artery lesions by cardiologists is provided
based on the severity of echocardiographic coronary findings.

1. Classification of Severity of Coronary
Artery Lesions Based
on Echocardiographic Findings

A-1. Patients with no dilatation of coronary arteries: The
coronary arteries tend to be larger in patients during the
acute phase of Kawasaki disease than in control chil-
dren.!7%17! The absence of dilatation is defined for pur-
poses of reporting as the absence of localized dilatation
detectable with echocardiography.

A-2. Patients with slight and transient dilatation of coronary
arteries which subsides within 30 days after the onset
of Kawasaki disease.

A-3. Patients who have small coronary aneurysms at 30 days
after the onset of Kawasaki disease.

A-4. Patients who have medium coronary aneurysms at 30
days after the onset of Kawasaki disease.

A-5. Patients who have giant coronary aneurysms at 30 days
after the onset of Kawasaki disease.

2. Relationship Between Echocardiography-
Based Severity Classification and the Severily
Classification of Gardiovascular Lesions
in Kawasaki Disease (Figure 5)

The severity of cardiovascular lesions evaluated according

A-1 > 1
A-2 > 1
A-3 > [
A5 I ——

Figure 5. Relationship between the echocardiography-based
severity classification (Left). and the severity classification

of cardiovascular lesions in Kawasaki disease (Right).

to the severity classification of cardiovascular lesions in
Kawasaki disease (Table 2-b) changes over time depending
on the duration after onset. Figure 5 shows typical relation-
ships between the two classification systems.

3. Follow-up Evaluation According
to the Echocardiography-Based
Severity Classification

A-1: This category corresponds to Category I of the severity
classification of cardiovascular lesions for Kawasaki
disease.

Since patients in this category have not been followed
in detail for a long period of time, findings regarding
them are quite limited and their long-term prognosis
remains unclear. However, it is believed that these
patients have no significant problems in terms of coro-
nary artery lesions.!»127.115135 Patients in this category
should be followed for 5 years, ie, at 1, 2, and 6 months
and 1 and 5 years after the onset of Kawasaki disease.
Further follow-up should be scheduled individually
through consultation between patients/family and attend-
ing physicians.

Follow-up evaluation should include ECG, echocar-
diography, and, if required, chest X-ray. It is desirable
that patients be evaluated with exercise ECG at the time
of final evaluation.

A-2: This category corresponds to Category II of the sever-
ity classification of cardiovascular lesions of Kawasaki
disease.

As in the case of Category A-1, findings regarding
the patients in this category are limited. However, it is
believed that these patients have no significant problems
in terms of coronary artery lesions.!1%2%115.135 Follow-
up examination should be performed as specified in the
section on Category A-1.

A-3: This category corresponds to relatively mild cases among
those classified in Category III of the severity classifi-
cation of cardiovascular lesions in Kawasaki disease.

In principle, patients should be followed every 3
months until findings of dilatation disappear and then
annually until entry into elementary school (age of 6,
7), then in 4th grade (age 9, 10), at entry into junior high
school (age of 12, 13), and at entry into senior high
school (age of 15, 16). Follow-up examination should
be performed as specified in the section on Category
A-1, and exercise ECG should be added in children at
ages when it is feasible.

A-4: This category corresponds to some cases among those
classified in Categories III, IV, and V.

Since long-term prognosis in this category differs
significantly among patients, the duration of follow-up
should be determined individually according to patient
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condition.

Patients should be evaluated once every 1 to 3 months
with ECG, echocardiology, chest X-ray (when neces-
sary), and exercise ECG (when feasible) until dilata-
tion is no longer observed on echocardiology. Follow-
ing the disappearance of dilatation, patients should be
evaluated annually. Patients with aneurysms remaining
1 year after onset should be evaluated once every 3 to
6 months. Although selective CAG may be considered
on an individual basis, patients who had aneurysms
with a diameter of 26 mm during the acute phase must
undergo follow-up with CAG at least once during the
early convalescence phase and at the time of disap-
pearance of echocardiographically evident coronary
dilatations. Patients with persistent aneurysms should
be followed appropriately or later. When signs/symp-
toms or laboratory findings suggestive of ischemia are
obtained on clinical examination, echocardiography,
ECG, or exercise ECG, patients should undergo stress
myocardial scintigraphy and then CAG. Patients in this
category, including those with regression of aneurysms,
should be evaluated once every 2 to 5 years with stress
myocardial scintigraphy, MRI, MRCA, MDCT or other
appropriate techniques to identify the progression of
the stenotic lesion.

A-5: This category corresponds to Categories IV and V of
the severity classification of cardiovascular lesions in
Kawasaki disease.

It is believed that aneurysms in patients in this cate-
gory do not regress completely and may frequently
progress to coronary occlusive lesions!’>-'7* Patients
with persistent giant aneurysms must be followed for
life and receive treatment continuously, and should be
individually evaluated to design tailor-made treatment.

All patients in this category should undergo initial
selective CAG during the early convalescence phase
of Kawasaki disease to specify the extent of lesions.
Patients should be carefully observed for clinical signs/
symptoms and followed with appropriate combina-
tions of ECG, exercise ECG, echocardiography, stress
myocardial scintigraphy, selective CAG, MRI, MRCA,
MDCT or other appropriate techniques. The duration
of follow-up differs among individual patients. In general,

.- Figure 6. Acute phase Kawasaki disease in summary..

patients should be evaluated once every 1 to 3 months
during the first year, and once every 3 to 6 months or
later.

4. Acute Phase Kawasaki Disease in Summary
(Supervised by the Japan Kawasaki Disease
Research Society) (Figure 6)

Although correct information on the clinical course of
Kawasaki disease is required for the diagnosis and treatment
of children with a history of Kawasaki disease, parents may
be unable to recall the history or course of Kawasaki disease
in their children in detail. It is therefore considered impor-
tant that pediatricians describe medical information (eg,
clinical symptoms, treatment, and cardiac complications) and
provide it to parents so that patients may refer to it whenever
necessary and thus ensure appropriate subsequent man-
agement of patients. In 2003, the Japan Kawasaki Disease
Research Society developed “Acute phase Kawasaki disease
in summary”.!7 Pediatricians are encouraged to include find-
ings during the acute phase on the summary and provide it to
their parents.

VI Management of Adults With a History of Kawasaki Disease
and Cooperation With CardiovaSGular Internists

Currently, No data with a high level of evidence on the
treatment or prognosis of adults with a history of Kawasaki
disease have been obtained in scientifically sound studies,
and no standards are available for the diagnosis and treatment
of such patients.

1. Diagnosis

In adult patients, correct evaluation of coronary artery lesions
is often difficult with transthoracic echocardiography, the
principal technique used in the diagnosis of Kawasaki disease
when they were children. The following noninvasive tech-
niques or catheter-based methods of CAG are required for
the evaluation of coronary artery lesions.

— Exercise ECG

— Exercise or pharmacological stress myocardial scin-
tigraphy '

— Holter ECG

— TEE176

_ MRCAI77J7S

— Multislice 3D-computed tomography (CT) CAG!”

Patients should be evaluated as follows, depending on the
presence/absence of coronary aneurysm during childhood.

1 Patients Without Coronary Aneurysms During Childhood

Although it is believed that patients with normal echocar-
diographic findings after the acute phase may not require
treatment,'®” the possibility that a history of Kawasaki disease
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is associated with progression of arteriosclerosis in midlife
or later cannot be ruled out.'$! Family and patients should
discuss with attending physicians the need for follow-up
evaluation on an individual basis, and patients may undergo
noninvasive evaluation once every several years during adult-
hood if they request it.!3?

2 Asymptomatic Patients With Coronary Aneurysms
Persisting From Childhood

Patients should be stratified by cardiac risk factors and fol-
lowed for a long period of time.!3* It is desirable that patients
with coronary aneurysms persisting into adulthood, includ-
ing those who are asymptomatic, should be evaluated with
noninvasive techniques 2 to 3 times each year and that CAG
should be performed once every several years.

3 Patients With Angina Pectoris, Myocardial Infarction,
Heart Failure, or Severe Arrhythmia in Adulthood

Patients with angina pectoris, myocardial infarction, heart fail-
ure, or severe arrhythmia in adulthood should be followed in
a fashion similar to patients with such conditions associated
with etiologies other than Kawasaki disease. It is desirable
that patients should be evaluated with noninvasive techniques
3 to 4 times each year and CAG as appropriate.

4 Adult Patients With Coronary Aneurysms With Unknown
History of Kawasaki Disease

The presence/absence of history of Kawasaki disease is un-
known in many young adults with coronary aneurysms.!8+185
It is considered appropriate for such patients to be diagnosed
as having sequelae in Kawasaki disease if other diseases
causing secondary coronary aneurysms can be ruled out.!%
Basically, young adults with coronary aneurysms should be
followed similarly to patients who had coronary aneurysms in
childhood as described in Section 2 (2 Asympiomatic Patients
With Coronary Aneurysms Persisting From Ghildhood) above.

2. Treatment

1 Patients Without Coronary Aneurysms During Childhood
Patients without coronary aneurysms during childhood may
discontinue antiplatelet treatments such as aspirin.

2 Asymptomatic Patients With Coronary Aneurysms
Persisting From Childhood

Asymptomatic patients with coronary aneurysms persisting
from childhood must in principle continue to take aspirin and
other appropriate drugs. In addition to improvements of life-
style such as weight control and smoking cessation, preven-
tion and appropriate treatment of coronary risk factors such
as diabetes mellitus, hyperlipidemia, and hyperuricemia are
necessary.

3 Patients With Angina Pecioris, Myocardial Infarction,
Heart Failure, or Severe Arrhythmia in Adulihood

These patients should be treated in a fashion similar to pa-
tients with such conditions associated with etiologies other
than Kawasaki disease. In addition to aspirin, antitplatelet
drugs, antianginal drugs, diuretics, and other drugs for the
treatment of heart failure, or antiarrhythmic drugs may be
required. When ischemia is demonstrated on exercise ECG or
radionuclide imaging, PCI should be performed as appropri-
ate.

4 Adult Patients With Coronary Ansurysms With Unknown
History of Kawasaki Disease

Basically, young adults with coronary aneurysms should be

treated as described in Sections 2 (2 Asympiomatic Patients

With Coronary Aneurysms Persisting From Childhoed) and 3 (3

Patients With Angina Pectoris, Myocardial Infarction, Heart Failure,

or Severe Arrhythmia in Adulthood) above.

3. Management of Daily Life and Exercise

History of Kawasaki disease may be an unavoidable risk fac-
tor for arteriosclerosis in adulthood. Coronary risk factors, at
least those known to promote arteriosclerosis during adult-
hood, should be controlled through substantial improvement
of daily life and exercise management.

1 Improvement of Lifestyle and Treatment of Coronary
Risk Factors

— Antihypertensive therapy according to the relevant guide-
lines

— Smoking cessation

— Diabetes management

— Antihyperlipidemic therapy

— Weight control in obese patients

- Reduction of psychological/social stress

2 Management of Exercise

Exercise training may decrease body weight, yield a sense of
well-being, and decrease the need for pharmacological treat-
ment of coronary artery lesions. Patients should be evaluated
to determine the risks associated with exercise testing or other
appropriate techniques, and prescribed exercise accordingly.

4. Understanding of Kawasaki Disease
by Internists

General internists are not sufficiently aware of the pathophys-
iology of Kawasaki disease during the acute phase. It is im-
portant for internists, especially cardiovascular internists, to
understand the pathophysiology of Kawasaki disease in adults.

5. Coronary Aneurysms and Myocardial Infarction
in Young Patients and Kawasaki Disease

Young adults with myocardial infarction or cardiovascular
findings should be investigated to determine the presence/
absence of Kawasaki disease during early childhood.!®”

6. Comparison With Adult-Type
Myocardial Infarction

In the pathologic evaluation of patients with Kawasaki dis-
ease, no severe atherosclerotic lesions are observed although
substantial arteriosclerosis is present.!85 It is thus currently
unclear whether sequelae of vasculitis due to Kawasaki dis-
ease promote atherosclerosis. Remodeling of coronary artery
lesions in patients with sequelae in Kawasaki disease may
persist for years after onset, and is associated with intimal
hyperplasia and neovascularization. These findings differ
from those in juvenile patients with arteriosclerosis not asso-
ciated with Kawasaki disease.?’
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