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The role of coronary bypass operation on children with
Kawasaki disease
Soichiro Kitamura

Background Kawasaki disease, initially called
mucocutaneous lymph node syndrome was reported 35
years ago as a new inflammatory disease in infants and
children and is characterized by a variety of symptoms
and signs resulted from systemic vasculitis. Although the
etiology of the disease remains unknown, its serious
coronary complications have been proved to cause
ischemic heart disease in children, and are now the most
common cause of pediatric coronary disease in the
world. The incidence of serious coronary sequelae is
fortunately low (2-3% of patients with Kawasaki disease),
but once myocardial infarction occurs in children, the
mortality is quite high (22% at the first infarction).
Development of surgical treatment for the disease was
essential in preventing premature death and improving
the quality of life of children.

Methods and results Coronary revascularization
surgery was attempted following careful evaluation of
characteristic patters of coronary aneurysms and
obstructions secondary to Kawasaki disease, although
the surgical efficacy was initially questioned because the
disease is inflammatory vasculitis in origin. The operation
utilizing the pedicled internal thoracic artery has been
demonstrated quite successful and now established as a
reliable treatment for inflammatory coronary obstructions
due to Kawasaki disease (the Kitamura Operation). There
is valid evidence for the internal thoracic artery graft
being a viable structure, accommodating in length and
diameter for the growth of children. Results of the
surgery and long-term prognosis are favorable and
postoperative quality of life is markedly improved.

Conclusions Coronary bypass operation utilizing the
pedicled internal thoracic artery is a safe and reliable
surgical modality for coronary artery sequelae in children
due to Kawasaki disease. Long-term follow-up results up
to 20-years are quite satisfactory. Coron Artery
Dis 13:437–447 �c 2002 Lippincott Williams & Wilkins.
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What are Kawasaki disease and its
serious sequelae?
Kawasaki disease, initially called mucocutaneous lymph

node syndrome (MLNS or MCLS) was reported by

Kawasaki in 1967 [1] as a new pediatric disease entity

[2]. It causes a variety of symptoms and signs, such as high

fever, conjunctive injection, a skin rash like measles, red

swollen lips, strawberry tongue, cervical lymph node

swelling and desquamation of the fingertip skin, which

mostly regress spontaneously within 2 weeks (but some-

times symptoms last over a month) unless rupture or

obstruction of coronary aneurysms supervene at the acute

phase of the illness. The current death rate at the acute

phase is approximately 0.05B0.1% following the induction

of high-dose intravenous c-globulin therapy [3,4]. Labora-

tory examinations reveal an elevation of C-reactive protein,

white blood cell count, erythrocyte sedimentation rate and

platelet count and a decrease in hemoglobin level and

serum albumin. Recently it was found that the variety of

symptoms described above are related to hypercytokinemia

activated in the acute inflammatory phase of Kawasaki

disease. Elevations of interleukins 1, 2, 6, 8, 10, interferon-

g and tumour necrosis factor-a are noted in almost all

children with this disease [5,6]. This syndrome is always

preceded by symptoms like upper respiratory infection, but

any causative agents such as bacteria, mycoplasma and

viruses have not yet been identified. However, recently it

has been reported that bacterial superantigens may be

related to the etiology of systemic vasculitis of Kawasaki

disease [7].

Although Kawasaki disease is currently seen worldwide, it

is apparent that the disease is more predominant in

Orientals than in Caucasians [8], so some genetic

predispositions may be related to the etiology of vasculitis,

but nothing has been confirmed at the present time. In

Japan, more than 150 000 patients have been documented

to date and over 8000 new patients were found in a single

year (2001). The most common age for the onset of the

disease is 1 year old. It usually occurs in children less than 4

years old, but sometimes it occurs in adolescents. The

gender distribution is 1.5 male dominant.

Regarding the treatment for acute illness, aspirin has been

used since 1977 with a resultant coronary artery aneurysm

or ectasia (at 1 month after the onset) occurring in
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approximately 20% of patients. Since 1982, high-dose

intravenous g-globulin administration (200–400 mg/kg for 5

days) has been introduced with a resultant occurrence of

coronary artery sequela (at 1 month) being reduced to 7%

of patients. However there are still many children who

develop coronary aneurysms over 7–8 mm in diameter

(giant aneurysms) that will frequently result in coronary

artery stenosis or obstruction in 1 to 20 years.

Although the etiology of the disease remains unknown, its

serious complications (coronary aneurysm formation and

subsequent coronary arterial obstructive lesions) have been

proved to cause ischemic heart disease in children.

Although the incidence of pediatric ischemic heart disease

is fortunately low (2–3% of patients with Kawasaki

disease), once the serious coronary arterial lesions develop

into pediatric myocardial infarction, the prognosis is more

serious than previously imagined. According to the analysis

by the Research Committee of the Ministry of Health and

Welfare of Japan (n ¼ 195) [9], the mortality rate due to

pediatric myocardial infarction induced by Kawasaki

disease is 22% after the first infarction and 66 and 87%

after the second and third infarctions, respectively.

Kawasaki disease is now the most common cause of

pediatric ischemic heart disease in the world. Develop-

ment of surgical treatment for this disease is essential in

preventing premature death of these patients and in

improving the quality of life of children [10].

Symptoms, diagnosis and indications
for surgical treatment
In most instances of inflammatory coronary artery

disease as a sequela of Kawasaki disease [11], an aneurysm

is formed first, which regresses spontaneously over the

year [12,13]. However, a few (less than 5%) develop

into obstructive lesions after 1–20 years, resulting

in ischemic heart disease regardless of the administration

of g-globulin. It has been observed that frequent sites

of coronary obstructive lesions are the inlet or outlet

of coronary aneurysms located in the proximal part of

the coronary artery [14]. In the left coronary arterial

system, in particular, the lesions are concentrated in the

left main coronary artery and the proximal part of the

left anterior descending and circumflex branches as seen

in Figure 1. In the right coronary arterial system, the

proximal part is also the most common site for aneurysms,

but the distribution of aneurysms is wider including the

bifurcation area of the right coronary artery. The lesions are

not common in the more peripheral coronary

arteries. Thus, revascularization surgery is possible in

almost all areas of coronary involvements, except in

extremely thin vessels [15,16]. For accurate preoperative

decision making, selective coronary arteriography and

selective left ventriculography are mandatory even in small

children.

When an occlusive lesion is found in one or more of

the major coronary arteries, resulting in myocardial

ischemia, then there is an indication for myocardial

revascularization. In this disease, the patients are

usually children and despite the presence of serious

coronary arterial involvement, subjective symptoms

of myocardial ischemia are often poorly noted and sudden

death may occur as the first presenting symptom [17,18].

Objective findings from various examinations, therefore,

are important in determining the need for surgical

treatment. Indications for operation should be determined

with care, taking into consideration the age of the patient,

the history of myocardial infarction and left ventricular

function, in addition to the findings at coronary

arteriography.

The standard indications for surgical treatment have been

proposed by a study group of the Ministry of Health and

Welfare of Japan [19]. Identification of the ischemic region

and examination of the viability of myocardium should be

carried out using exercise electrocardiography with a

treadmill test and myocardial imaging with thallium-201

under exercise or administration of drugs such as

dipyridamole. This is in addition to certain clinical

findings, including a history of angina pectoris and

myocardial infarction. The indications somewhat resemble

those for coronary artery bypass operation in adults. In

Kawasaki disease, however, several characteristics specific

to children are found in the angiographic findings. First,

when one of the major coronary arteries is occluded, the

ability to recanalize or develop collateral vessels in children

is very high. This marked ability to develop collateral

circulation is considered a characteristic of children’s hearts

in the course of their growth, being different from

atherosclerotic coronary artery disease, and is also aided

by the fact that lesions within the coronary arteries in

Kawasaki disease progress slowly from aneurysms to

occlusive lesions. Secondly, recanalization of the coronary

artery is frequently noted at the point of occlusion

particularly in the right coronary artery. When lesions are

limited to the right coronary artery, patients are often

asymptomatic, but lesions frequently coexist in the left

coronary artery system (Fig. 2). Thus, when ischemia is

identified by various tests as previously described, surgery

is indicated. Surgical treatment is recommended positively

for the children with a previous myocardial infarct, because

prognosis following recurrent myocardial infarction is

unfavorable (mortality ¼ 62.5%) [7].

Surgical treatment
Surgical myocardial revascularization has been conducted

increasingly for this disease since 1976, when we reported

the first successful coronary artery bypass operation using

grafts prepared from the great saphenous vein [15,20].

Since then, several questions relating to surgical treatment

have been raised and thereafter resolved.
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First, the main locations of coronary artery obstruction in

Kawasaki disease are in the proximal portions of major

coronary arteries. Thus, if the caliber of blood vessels is not

particularly thin in infants, the operation can be performed

anywhere in the coronary artery system. Second, coronary

artery bypass operation is an effective and safe surgery in

children for this peculiar inflammatory coronary artery

disease secondary to Kawasaki disease (Fig. 3). Third, and

this consideration is one of the most important issues in

surgical treatment, long-term patency of the autologous

saphenous vein graft when used in children, particularly if

operated on at a young age, is unsatisfactory [14,15].

Fourth, it has been shown that the pedicled internal

thoracic artery can be successfully employed [17] with

favorable patency and adaptation to somatic growth of

children.

Modes of surgical treatment

Coronary arterial bypass grafting

Since our first successful report [15] of coronary bypass

surgery for a child with Kawasaki disease, operative

treatment for severe Kawasaki disease has started [21–

24]. Regarding the nature of the graft, autologous

saphenous veins, the internal thoracic artery, the gastro-

epiploic artery or a combination of these grafts have been

utilized. Since our first report [16] showing favorable

results for long-term patency of an internal thoracic artery

graft for coronary obstructive lesions due to inflammatory

Kawasaki disease, this technique (the Kitamura Operation)

has been used with increasing frequency [25,26] (Fig. 4).

Bilateral use of the internal thoracic artery is also

recommended whenever indicated, because it does not

Fig. 1

At age 1 year (upper panel), large left anterior descending aneurysms (left) and multiple large aneurysms with a distal stenosis of the right
coronary artery (right) were present. One year later, at age 2 years (lower panel), complete obstruction of the left anterior descending artery
and regression of the left main coronary aneurysm (left) and recanalization of the right coronary artery with a remaining aneurysm (right) were
observed. This illustrates a dramatic change of coronary artery lesions due to Kawasaki disease. This child underwent coronary bypass
operation using an internal thoracic artery graft to the left anterior descending artery using the surgical microscope.
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adversely affect development of the chest wall in children

[27] (Figs 5 and 6). The gastroepiploic artery has also been

used recently with early favorable results [25,28]. All

efforts to use pedicled arterial grafts are based upon the

unsatisfactory long-term patency of isolated autologous

saphenous veins when used in a pediatric population. As

the ages of the patients are low, both the internal thoracic

and the coronary arteries are thin. It is advisable, therefore,

to use microsurgical techniques when anastomosing vessels

of less than 1 mm diameter with the help of high-power

magnifying glasses or sometimes surgical microscopes.

Coronary aneurysmectomy

The combined use of arterial bypass grafting with resection

for large coronary aneurysms has been reported [29].

Coronary aneurysms caused by this disease are not reported

to rupture except at the acute febrile stage, probably

Fig. 2

This 5-year-old boy had the recanalized multichannel right coronary artery and total occlusion of the left anterior descending artery with
multiple circumflex coronary aneurysms. Surgery was indicated for the left anterior descending artery. No ishemia was found in the right
coronary and circumflex areas.
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because of thick fibrosis around the aneurysm due to a

healing process of severe inflammation in the wall. This is

an important difference from aneurysms caused by

atherosclerosis. Apparent embolization of the coronary

artery distal to the aneurysm with no stenosis has also

not been reported. Thus, aneurysmectomy is no longer

recommended as a mode of surgical treatment because of

the difficulty in restoring all coronary branches arising from

the aneurysm, particularly when it exists in the left main

trunk; one of the commonest sites for large aneurysm

formation.

Optimal age for operation
Because long-term patency of grafts prepared from

saphenous veins is unsatisfactory in patients who have

undergone coronary artery bypass operations at a young age

[25,30], the indications for operation should be determined

with care. In children of a young age (less than 2 years old),

it is sometimes better to wait for them to grow older

under strict medical control, achieving such monitoring

with appropriately repeated coronary arteriography. In

serious cases, nonetheless, surgery should be performed

regardless of age. For very young children, the internal

Fig. 3

An operative view of a child with Kawasaki disease. A large aneurysm and thickened arterial wall were obvious in the left anterior descending
artery, which was obstructed at the outlet of the aneurysm (left). The right coronary artery had multiple round calcified aneurysms in a different
patient (right).

Fig. 4

The same patient as in Figure 2. Postoperatively, the left internal thoracic artery graft is wide open with excellent flow to the obstructed
anterior descending artery.
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thoracic artery should be used as the graft of choice,

anticipating long-term patency and adaptation for

rapid somatic growth (the Kitamura Operation). A surgical

microscope will be useful in such cases. Whenever

necessary and feasible, I recommend the use of bilateral

internal thoracic artery grafts [27] (Figs 5 and 6).

Serious obstructive lesions and symptoms however, are

rarely found in very young children and occlusive lesions

frequently develop several years after the onset of

Kawasaki disease. In children above the age of 5 years,

less difficulty is expected in surgical procedures. Accord-

ingly, it may be desirable to manage the patients by means

of meticulous observation and medical treatment until that

time, if this proves possible. The youngest patient in my

own series is a child of 1 year and the oldest is an adult of

23 years, the mean age being 107 5 years (n ¼ 105). Most

of our patients were aged 5–6 years [25,30]. The sex

distribution is 2.5:1 male dominant and the body weight at

the time of operation ranged from 10.0 to 82.5 kg as shown

in Figure 7.

Operative results
The results of coronary artery bypass grafting in children

with Kawasaki disease are now very stable and good.

According to investigations conducted by the Multicenter

Cooperative Group [25] only two of 170 patients

Fig. 5

The right coronary artery was totally obstructed within a giant aneurysm with a resultant inferior wall myocardial infarct (left). The left coronary
artery had an aneurysm at the main trunk and a total occlusion of the left anterior descending artery with retrograde filling to both the anterior
and posterior descending arteries (right).

Fig. 6

Bilateral internal thoracic artery (ITA) bypass to the right coronary
artery (RCA) and the left anterior descending artery (LAD) in the
same boy (8 years old) as in Figure 5.

Fig. 7

Age and sex distributions in my series of 105 patients with Kawasaki
disease who underwent surgical revascularization of the heart.
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undergoing surgery for Kawasaki disease died in hospital.

Eight patients (4.7%) died suddenly or due to myocardial

infarction in the 90-month period of follow-up after surgery.

As to the causes of death, left ventricular dysfunction,

arrhythmia and late occlusion of the graft prepared from

the saphenous veins are all reported. Interestingly, the lack

of an internal thoracic artery graft is a strong predictor of

late postoperative death [25]. In my own series [30] of over

100 patients undergoing surgery using the pedicled

internal thoracic artery for this disease only two late deaths

occurred during a follow-up period of nearly 20 years

(Fig. 8).

Surgical effects and postoperative car-
diac events
Coronary bypass surgery for patients with Kawasaki disease

is useful for improving myocardial ischemia. This is

demonstrated by exercise electrocardiography and myocar-

dial perfusion imaging, both of which show evidence of

increased myocardial perfusion after surgery [14,20]. Post-

operative improvement in blood flow measured as coronary

sinus blood flow and in left ventricular function under

exercise loading have also been noted [31].

Postoperative clinical status was analysed in 105 patients in

my series [30], including two dying in the intermediate

term. The event-free rate was 77.67 4.4% at 10 and nearly

20 years (Fig. 9). Considerable myocardial ischemia

recurred postoperatively in 15 (Fig. 10) because of either

obstruction of the bypass grafts or progression of other

coronary arterial lesions. Of these patients, the symptoms

spontaneously regressed without interventional procedures

in four, reoperation was indicated for repeated coronary

artery bypass grafting in four and catheter intervention was

efficiently carried out in the remaining seven. Percuta-

neous transluminal coronary angioplasty (PTCA) was

carried out for the site of anastomosis between the

coronary artery and the internal thoracic artery graft in

four patients. PTCA with stenting was needed for vein

grafts in one patient. PTCA and percutaneous transluminal

coronary rotational ablation were carried out repeatedly for

progressive lesions at the native circumflex artery in two.

These catheter interventions were successful and no

further progression of obstructive lesions was noted

at the coronary arteries or the bypass grafts. All these

patients are currently doing well 2–8 years after catheter

intervention.

Another two patients had episodes of ventricular tachyar-

rhythmia; one of them had severe left ventricular dysfunc-

tion and was subsequently admitted for cardiac

transplantation. In the other patient, the administration

of mexiretine was effective in suppressing such critical

arrhythmia. Of the survivors, 81 patients are currently

school or college students and 22 are in employment.

Three women could have their babies by normal delivery.

Physical exercise is strictly limited in five patients.

Strenuous exercise is prohibited in 11. The remaining 87

patients, in contrast, are doing well with no obvious

Fig. 8

The survival rate following myocardial revascularization surgery in
my series of 105 patients with Kawasaki disease.

Fig. 9

Freedom from cardiac events after coronary bypass operation in
children with Kawasaki disease. The cardiac event-free rate was
77.6 7 4.4% at more than 15 years.

Fig. 10

Postoperative myocardial ischemia and arrhythmia. Obvious cardiac
events were noted in 18 patients. In another nine, mild myocardial
ischemia was demonstrated, although it was asymptomatic, by
single photon emission computed tomography. AMI, acute myo-
cardial infarction.
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restriction, 18 of these belonging to sports clubs (Fig. 11).

Before surgery, most children were totally restricted from

the physical exercise programme at school, but after

surgery, the rate of return to normal school athletics was

as high as 85%. Bypass surgery with pedicled internal

thoracic artery initiated by the author is effective in

improving the quality of life of children with severe

coronary sequelae of inflammatory Kawasaki disease.

Patency of grafts
The efficacy of coronary artery bypass surgery depends on

the long-term patency of the graft. The patency of the

autologous isolated saphenous vein graft, which has been

previously used frequently, is not satisfactory. The venous

graft used in children, particularly at a young age, has been

found to have a high occlusion rate [25,30]. When the

patency rate of venous grafts is compared between older

children and those aged 9 years or younger, the patency

rate over 10 years is 48.87 17.9% in those aged 10 years or

older and only 16.77 13.6% in those aged 9 years or

younger. In addition, occlusion was noted more frequently

after 1 month and up to 2 years (13% closure rate within 1

month, 56% within 1 year and 31% later than 1 year). This

fact shows that vein graft closure is not related to technical

factors alone. The rate of degeneration of isolated venous

grafts is, thus, very high. In childhood, metabolism related

to growth differs from that in adults. For instance, the

xenograft valve implanted in childhood becomes readily

calcified and fails to function in a few years. It is also

doubtful whether the saphenous vein, when used as a free

isolated graft, has the potential to grow in a fashion

corresponding to the somatic growth of the patient [32,33].

When providing myocardial revascularization for Kawasaki

disease, the saphenous vein is not a suitable graft,

particularly in small children. The use of the internal

thoracic artery is anticipated to overcome the disadvan-

tages of the venous graft [32]. The arterial graft has been

shown to have excellent long-term patency in adults, but

its use in children seemed at first difficult because of the

small caliber of the blood vessels. After our initial

successful report [16] using an arterial graft in Kawasaki

disease, however, more operations have been performed

using this technique [25,27,34].

Postoperative examination by coronary arteriography de-

monstrated that the patency rates of the arterial grafts were

94.37 1.9, 82.57 4.0 and 77.47 4.5% at 1, 5 and 10–15

years, respectively (Fig. 12a), while those of saphenous

vein grafts were 85.37 7.4, 62.67 9.4 and 39.37 13.8%,

respectively. When 12 venous grafts and 69 arterial grafts

were compared in patients under 9 years of age undergoing

operation, the patency was markedly poor for vein grafts

(16.77 13.6% compared with 72.97 6.5% at 10–15 years

(Fig. 12b)). The use of vein grafts in patients younger than

5 years old was almost hopeless. Complete occlusion of the

graft was the rule, occurring most frequently within the

first and second postoperative years. The patency rate was

greater when used in those over 10 years of age

(48.87 17.9% at 10–15 years). However, the arterial grafts

provided a greater patency rate (86.97 6.0% at 10–15

years), which is significantly better. Although the numbers

Fig. 11

Functional status in the long-term. Three women could have their
babies by normal delivery. Over 85% of children who underwent
surgery are now performing unrestricted physical exercise, although
all of them were prohibited from exercise before operation.

Fig. 12

(a) Comparative patency rates of the bypass grafts used between
the arterial grafts (A, n ¼ 155) and the venous grafts (V, n ¼ 30). (b)
Comparative patency rates of the arterial grafts (A, n ¼ 69) and the
venous grafts (V, n ¼ 12) in children under 9 years of age at the time
of operation.
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involved are small, the patency of the pedicled gastro-

epiploic artery also seemed to be promising in our

experience, as well as in that of others [28].

Do arterial grafts grow with the children?
When the length of internal thoracic arterial grafts was

compared between the early period within one month after

surgery and the late period of about one year, it was

confirmed that they grow in keeping with the growth of the

child [32,33] (Figs 13 and 14). The methods of measure-

ment of graft length and diameter located in the thorax in a

three-dimensional fashion have been reported elsewhere

[32]. This is valid evidence for the internal thoracic artery

graft being a viable structure, accommodating in length and

diameter for the growth of the child and the requirements

for transport of blood. On the other hand, the isolated vein

graft does not have the capability of growing in length in

accordance with the somatic growth of the child. A close

correlation was found between the length of the arterial

graft and the increase in body surface area of the patient

[32,33] (Fig. 15). Thus, the internal thoracic artery is a very

suitable graft for growing children with Kawasaki disease

who require coronary artery bypass surgery.

Conclusion
Coronary revascularization surgery for the sequelae of

Kawasaki disease is effective in improving cardiac function

during exercise and probably in preventing sudden deaths

and myocardial infarction in children. This operation

utilizing pedicled arterial grafts is now established as a

reliable treatment for severe inflammatory coronary ob-

structive disease due to Kawasaki disease (the Kitamura

Operation). Results of the surgery and long-term prognosis

are favorable and the postoperative quality of life is

markedly improved.

The internal thoracic artery graft is not only excellent in

its long-term patency but is also capable of growing with

the child and meeting the perfusion demand of the

myocardium. Thus, it is an ideal material for coronary

artery reconstruction in children. Use of the bilateral

internal thoracic artery is also safe. Moreover, right

gastroepiploic artery grafts are useful in patients with

distal coronary artery lesions. The merits of surgical

treatment for severe coronary artery lesions due to

Kawasaki disease have now been recognized not only in

Japan but all over the world.

Fig. 13

Chronological changes of an internal thoracic artery (ITA) graft to the left anterior descending artery. The child grew from a body surface area
of 0.97 m2 to 1.57 m2. During this period of time, the graft grew from 122 mm to 185 mm in length and from 2.3 mm to 4.3 mm in diameter. The
measurement method is described elsewhere [32].
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