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ALTHOUGH IT IS NOW ALMOST 40 YEARS SINCE

Kawasaki first described the disease that now
carries his name, its long-term prognosis

remains unclear.1,2 In recent years, encouragingly,
the rate of death due to the disease and its cardiac
sequels has decreased to less than 0.1 percent.3 It
remains important, nonetheless, to prevent late
deaths in those patients with coronary arterial lesions
resulting from the disease. In this light, because we
have now encountered 12 patients with the disease
who died suddenly, we have analyzed their clinical

course, and what is known of the causes of their
deaths, seeking to determine if the cause of death has
changed over the last three decades with improve-
ments in medical and surgical treatment.

Patients

From 1977, from 580 patients with coronary arterial
lesions due to Kawasaki disease being followed up in
our hospital, 19 have died, 15 of male gender and 
4 female. Amongst these 19, 12 patients died sud-
denly (63 percent), with 10 of these being male and
2 female (Table 1). For the purposes of this study, 
we have defined sudden death as occurring within
24 hours of the precipitating event. The age at sud-
den death ranged from 13 months to 27 years, with
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a median of 16 years. The age at the onset of Kawasaki
disease varied from 2 months to 12 years, with a
median of 1 year, and the interval from the onset of the
disease to death varied from 2 months to 24 years.

According to the decade of onset of Kawasaki dis-
ease, six of the patients had suffered the acute onset
during the 1970s, five in the 1980s, and one over the
1990s. The course of Kawasaki disease had been typ-
ical in 11, but atypical in one. The fever suffered in
the acute stage had lasted from 10 to 30 days. Cardiac
failure with disseminated intravascular coagulation
had occurred in one patient, and another had devel-
oped a pericardial effusion.

Treatment during the acute phase had consisted of
aspirin in 5 patients, and aspirin together with
steroids in 1. Intravenous immunoglobulin had been
given to two patients, late after the onset in one, and
in a small dose in the other. Treatment during the
acute stage could not be determined in four patients.
During follow-up, antiplatelet agents were given to
nine patients, and warfarin to two. Other medications
included inhibitors of angiotensin converting enzyme
given to 2 patients, beta-blockade to 1, a calcium
antagonist to 2, and nitrates in 2 (Table 1).

Among the patients not dying suddenly, 5 had
died due to cardiac disease, and 2 from non-cardiac
causes. All patients dying with cardiac problems had
triple-vessel coronary arterial disease. Of these, 4 had
suffered heart failure due to previous myocardial
infarction. In 1983, 2 patients admitted because of
heart failure died of recurrent myocardial infarction,
both aged 20 months. Of these, 1 boy sustained 
2 myocardial infarctions within 6 months of the
onset of the Kawasaki disease, and died 16 months
after the onset. The other patient, a girl, had car-
diomegaly and developed decreased motion of the
posterior wall of the left ventricle 12 months after the

acute illness. She died 15 months after the onset. In
1999, 2 patients died subsequent to transplantation
because of heart failure secondary to myocardial
infarction. Another patient died in 1989 during
attempted percutaneous balloon angioplasty.

Methods

In the patients dying suddenly, we analyzed the clin-
ical course after the acute episode, and sought to
establish the cause of the sudden death. Autopsies
had been performed in only 3 of the 12 patients.
Cardiac catheterization and selective coronary angiog-
raphy had been performed in 11, while an initial
coronary angiogram had been performed within 
4 months of the acute onset of disease in 7 of these.
The last angiogram prior to the sudden death had
occurred from 5 days to 9 years previously, with a
median of 1 year. From the angiograms, we calculated
left ventricular end-diastolic volumes, and left ven-
tricular ejection fractions, using Simpson’s method.
Other investigations had included radionuclide
myocardial perfusion imaging in 11 patients; dipyri-
damole loaded body surface electrocardiographic
mapping in 8, treadmill testing in 7, and Holter 
monitoring in 9. For the purposes of our analyses, we
defined non-sustained ventricular tachycardia as 3 or
more successive ventricular beats at a rate greater than
120 beats per minute and lasting less than 30 seconds,
with no associated symptoms other than nonspecific
palpitations.

Results

Sudden deaths
The time of sudden death is shown in Table 1. Of the
12 patients, 10 were dead on arrival at hospital, with
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Table 1. Details of the patients dying suddenly.

Age of Onset  Medicine
Patient death Year of of KD MI(1) MI(2) Location Cause of
number Sex (years) death (years) (years) (years) of MI death Anticoagulants Others

1 M 8 1979 4 AMI None
2 M 1 1983 0.9 AMI Aspirin, DIP
3 M 1 1987 1.4 0.25 0.3 ANT, INF AMI Aspirin NTG, Ca antagonist
4 M 1 1988 0.2 Unknown Flurbiprofen
5 M 15 1990 4 Unknown Aspirin, DIP
6 M 18 1996 12 AMI Flurbiprofen
7 M 16 1999 5 1.38 INF Unknown Aspirin, warfarin
8 M 22 1999 0.2 0.25 12.5 INF, ANT Unknown Aspirin
9 M 22 1999 0.5 Unknown NTG, Ca antagonist
10 F 19 2001 0.5 0.42 ANT Unknown Flurbiprofen Diuretic, digoxin
11 F 27 2002 1.7 0.22 INF Unknown Aspirin, warfarin ACE inhibitor, 

beta-blocker D
12 M 26 2003 2.8 0.16 INF Unknown Aspirin ACE inhibitor

Abbreviations: ANT: anterior wall; INF: inferior wall; NTG: nitrates; ACE: angiotensin converting enzyme; Ca: calcium; DIP: dipyridamole
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9 of these deaths occurring at other hospitals. The
cause of sudden death was established as acute myocar-
dial infarction in 4 patients, but could not be deter-
mined with certainty in the remaining 8.

Sudden collapse while at school had occurred in 2
cases. Our first patient, an 8-year-old boy, fell down
after running in 1979, and autopsy revealed previously
undiagnosed coronary arterial lesions, with evidence
of both acute and old myocardial infarction, aneurysms
and severe localized stenosis of the left anterior inter-
ventricular artery. Our fifth patient, a 15-year-old boy,
collapsed in 1990 while playing soccer. In his case,
coronary arterial lesions due to Kawasaki disease had
been revealed by electrocardiographic tracings taken
at school when he was 13. A 12-lead tracing showed
negative T waves in lead III. His coronary angiogram
revealed segmental stenosis of the right coronary artery,
and localized stenosis of the anterior interventricular
artery. Depression of the ST-T segments in leads II,
III, aVF and V4-6 were found in the dipyridamole
loaded electrocardiogram. Anteroseptal ischemia,
however, had not been detected by either myocardial
perfusion imaging or by treadmill exercise testing.
Although advised not to exercise by his doctor, the
patient did not follow the advice.

A 13-month-old boy, our second patient, had died
5 days after cardiac catheterization in our hospital in
1983. Early in the morning, his condition suddenly
deteriorated, and an electrocardiogram showed ele-
vation of the ST-T segments in leads II, III, 
and aVF. Ventricular fibrillation ensued, and despite
attempted resuscitation, he died. Autopsy confirmed
acute inferior myocardial infarction, with occlusion
of the right coronary artery.

Our third patient, a 1-year-old boy who had
undergone coronary arterial bypass grafting of his left
anterior interventricular artery 2 months previously,
died one morning immediately after crying. Autopsy
showed patency of the grafts, but occlusion of the dis-
tal left anterior interventricular artery. He was known
to have a distal aneurysm of this artery. Our fourth
patient, another 1-year-old boy, died in 1988 after
taking a bath.

Our sixth patient, an 18-year-old boy, developed
back pain after dinner in 1996, and attended the local
clinic. An electrocardiogram on arrival showed ele-
vation of the ST-T segments in leads II, III, and 
aVF. Complete atrioventricular block and brady-
cardia occurred immediately after taking the trac-
ings, followed by cardiac arrest. He could not be
resuscitated.

Our seventh and eighth patients died during their
sleep in 1999. The seventh patient, a 16-year-old boy
known to have a giant aneurysm of the left coronary
artery, and occlusion of the right coronary artery, was
found dead in the morning by his mother. He had

had no symptoms since a previous inferior myocardial
infarction. The eighth patient was a 22-year-old
male who had suffered a myocardial infarct in the
inferior and anteroseptal areas. His left ventricular
ejection fraction was 39 percent, and he was known
to have significant localized stenosis in the left cir-
cumflex. He had had his first inferior infarction at
the age of 8 months, and suffered a second anterior
infarction at the age of 15 years. Coronary arterial
bypass grafting was advised, but because he was
asymptomatic, he and his family decided to postpone
surgery until after examinations for employment.
He died on the morning of the examination.

Our tenth patient was a 19-year-old female who
had suffered with ischaemic cerebral damage after 
a myocardial infarction at the age of 11 months. 
She fainted, and was found dead by her parents in
2000. She was known to suffer from non-sustained
ventricular tachycardia, and had a low left ventricu-
lar ejection fraction.

The ninth patient, a 22-year-old male, and the
eleventh patient, a 27-year-old female, both col-
lapsed immediately after complaining of chest pain or
discomfort occurring at midnight, in 1999 and 2002,
respectively. The young man had contracted Kawasaki
disease in 1977, when he was 6-month-old. The diag-
nosis was made later, when he was referred to our
hospital at the age of 6 years. Investigation at that
time revealed segmental stenosis of the left ante-
rior interventricular, circumflex, and right coronary
arteries (Fig. 1). The native arteries were too small to
permit coronary arterial bypass grafting. He remained
asymptomatic until his sudden death, although a
treadmill test showed ischaemic changes. He had a low
left ventricular ejection fraction, increased left ventric-
ular end-diastolic volume, with multifocal premature
ventricular contractions and non-sustained ventricular
tachycardia. He had not experienced any cardiac
event, nor suffered symptoms, until his fatal episode.
The young lady was referred to our hospital when 15
years old, with heart failure due to myocardial infarc-
tion and mitral regurgitation. She underwent coronary
arterial bypass grafting to the left anterior interven-
tricular artery using the internal thoracic artery, 
and mitral annuloplasty. A postoperative angiogram
showed a string sign of the left internal thoracic artery.
The mitral regurgitation was reduced, and the left
ventricular volume index decreased from 315 to 197
millilitres postoperatively. Left ventricular ejection
fraction was decreased by the use of verapamil to pre-
vent short runs of premature ventricular contractions.
She improved functionally from the third to the first
class of the system devised by the New York Heart
Association when treated with beta-blockade and
inhibitors of angiotensin converting enzyme. She had
suffered, however, frequent episodes of asymptomatic
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non-sustained ventricular tachycardia a few years
before her sudden death.

The twelfth patient, a 26-year-old male, collapsed
in the parking lot, where he was found dead in 2003.
He had had a dilated left ventricle, suffering left
ventricular dysfunction after myocardial infarction
when 2 years old. He had had segmental stenosis of the
right coronary artery, but no stenosis of the left ante-
rior interventricular artery (Fig. 2). He had remained
asymptomatic until his sudden death, although he
had increased left ventricular end-diastolic volumes,
a low left ventricular ejection fraction, multifocal pre-
mature ventricular contractions, and non-sustained
ventricular tachycardia.

Coronary arterial lesions and a history of acute
myocardial infarction
Initial selective coronary angiograms performed in 
7 patients showed bilateral lesions in all, mostly giant
aneurysms (Table 2). The coronary arterial lesions
identified in the last coronary angiogram are shown 
in Table 2. The remaining patient was diagnosed at

autopsy. In 2 of the patients, none of the branches
showed stenotic lesions, but amongst the others, 
1 artery was involved in 6 patients, 2 arteries in 
2 patients, and all 3 in the final patient. Significant
localized stenoses, suitable for coronary arterial bypass
grafting, were identified in 2 patients.

Of the 12 patients, 6 had suffered a myocardial
infarct prior to their death (Table 1), with 3 of the 6
having more than two separate episodes of infarction.
In 5 patients, the first episode occurred less than 
1 year after the initial attack by Kawasaki disease. 
In 3 patients, the infarction was asymptomatic, and
occlusion or segmental stenosis was first recognized 
at selective angiography. In 2 patients, there was no
history of myocardial infarction.

Left ventricular ejection fraction and arrhythmia
Left ventricular ejection fractions measured at the
last cardiac catheterization is shown in Table 3. In 
6 of 11 patients, ejection fractions were decreased to
less than 50 percent. Left ventricular end-diastolic
volume was increased in all these patients. Levels 
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Figure 2.
These selective coronary angiograms
were taken at the age of 21 years in our
twelfth patient. The left hand panel
shows the right, and the right hand
panel the left coronary angiograms.

Figure 1.
The selective coronary angiograms
taken in our ninth patient at the age of
17 years. The left hand panel shows
the right, and the right hand panel the
left coronary angiogram.
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of brain natriuretic peptide had been measured in 
5 patients, being normal in 4, but raised at 91
picograms per millilitre in the eleventh patient. All
patients, except the one with ischaemic brain damage,
were in the first class of the functional classification
devised by the New York Heart Association.

Multifocal premature ventricular contractions were
detected in 4 of the 6 patients with non-sustained
ventricular tachycardia (Table 3). These four had
asymptomatic non-sustained ventricular tachycar-
dia, and had a left ventricular ejection fraction less
than 40 percent. The age at detection of non-sustained
ventricular tachycardia ranged from 8 to 17 years.

Myocardial imaging, treadmill testing and
dipyridamole loaded testing
In perfusion images at rest, perfusion defects were
present in 9 of 11 patients, treadmill testing showed
ST-T abnormalities in 1 of 7 tested (Table 3); and
dipyridamole loaded mapping showed ischaemia in
3 of the 8 patients tested.

Discussion

In 11 of our 12 patients, coronary angiograms had
revealed multi-vessel disease of the coronary arteries
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Table 2. The table shows the maximal measured diameters of the coronary arteries as observed in the initial coronary angiograms, 
and the details of the obstructive lesions found in the latest studies.

Maximal diameter of coronary artery 

Interval from
(in millimetres) Coronary arterial lesions

Patient the onset Bifurcation Age
number (months) RCA of LCA LAD LCX (years) RCA LAD LCX

1 8 LS, AN (15 mm)*

2 2 7.8 9.1 8 2 1 OC* AN
3 3 OC 8.1 14.3 3.9 1 SS OC*

4 3 OC 9.1 5.9 7.3 1 SS AN
5 13 SS LS (90%), AN (15 mm)
6 1 9 3.4 8.5 2.9 17 LS (50%) LS (50%)
7 1 12.4 7 8.7 6.5 11 OC AN (7.1 mm)
8 21 OC OC LS (90%)
9 17 SS SS SS
10 3 7.2 9.6 7.2 7.9 9 DIL OC
11 26 OC LS (75%), AN (17 mm) SS
12 3 OC 3.4 6 2.1 21 SS DIL

Abbreviations: CAG: coronary angiogram; RCA: right coronary artery; LCA: left coronary artery; LAD: left anterior descending artery; 
LCX: left circumflex; OC: occlusion; LS: localized stenosis; AN: aneurysm; SS: segmental stenosis; DIL: dilatation.
*Findings in autopsy

Table 3. Details of left ventricular ejection fractions and ventricular arrhythmias.

Patient LVEDVI Detection of RI (rest) perfusion Treadmill
number (ml/m2) LVEF (%) PVC Run of PVC NSVT defect ST change

2 52 58 Unknown Unknown Not performed Not performed
3 55 50 None None Not performed Not performed
4 53 55 None None Normal Not performed
5 65 57 None None INF Not performed
6 82 53 Monofocal None AP None
7 101 44 Monofocal Couplets Normal None
8 130 39 Unknown Unknown INF Unknown
9 128 40 Multifocal NSVT 8 years AL, AS, INF, AP Positive
10 96 20 Multifocal NSVT 10 years AS, INF, AP Not performed
11 144 32 Multifocal NSVT 15 years AL, AS None
12 155 41 Multifocal NSVT 17 years PL, INF None

Abbreviations: LVEDVI: left ventricular end-diastolic volume index; LVEF: left ventricular ejection fraction; PVC: premature ventricular contraction; 
NSVT: non-sustained ventricular tachycardia; INF: inferior wall; AP: apex; AL: anterolateral; AS: anteroseptal; PL: posterolateral
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prior to the sudden death. In 9 of the 11, the studies
had shown occlusions of one or more coronary arteries,
with 6 known to have suffered previous myocardial
infarctions, and 3 patients having had asymptomatic
myocardial infarctions. Both multi-vessel disease and
previous infarction are known to be risk factors for
sudden death.4

All the patients, however, had also been born in
the 1970s and 1980s, when appropriate treatment
for acute phase of Kawasaki disease had not yet 
been established.5,6 During that period, many other
patients almost certainly died, but precise means of
diagnosis of the cardiac sequels were not used. For
example, many sudden deaths related to exercise occur-
ring in the 1970s and 1980s in patients who had not,
at the time, been diagnosed as suffering from the coro-
nary arterial lesions that are now known to be the
sequel of acute Kawasaki disease.7–10 Although sudden
deaths related to exercise have decreased recently,
autopsies still show that some of those dying suddenly
in this fashion have coronary arterial lesions sugges-
tive of previous Kawasaki disease.11–13 And we still
encounter patients with coronary arterial lesions 
suggestive of previous acute Kawasaki disease, but
in whom the disease had not previously been diag-
nosed.14,15 These patients are also, unfortunately,
often recognized only because of an acute myocardial
infarction, or even sudden death.16

In addition to the fact that the correct diagnosis
was often not made, the mode of use of anticoagulants
for the coronary arterial lesions caused by Kawasaki
disease in the 1970s and early 1980s, as compared to
current practice, was insufficient to prevent myocar-
dial infarction. Thus, one of the causes of sudden death
up to the early 1980s was acute myocardial infarction
within several years of the onset of Kawasaki disease.4

More effective anticoagulation, including the use of
warfarin, has now certainly decreased the prevalence
of acute myocardial infarction. We now know that,
because giant aneurysms often cause acute myocar-
dial infarction during the first year after the onset of
Kawasaki disease, anticoagulation is essential when
these lesions are recognized.

Coronary arterial bypass grafting using the internal
thoracic arteries was also introduced as treatment for
afflicted patients in the middle of the 1980s,17 and is
now recognized as an effective means of myocardial
revascularization, improving the prognosis for patients
with severe stenotic lesions.18 This advance using
appropriate surgical techniques has also now decreased
the prevalence of sudden deaths, as well as improving
the quality of life for patients with severe coronary
arterial stenosis. Although our third and eleventh
patients who died suddenly had undergone coronary
arterial bypass grafting, it is clear that the grafts placed
were insufficient. Surgical revascularization had also

been proposed for our fifth and eighth patients, but
unfortunately they died before surgery could be
undertaken. This highlights the fact that symptoms
caused by Kawasaki disease are rare, and evidence of
ischemia is often not present until infarction occurs.
Furthermore, acute myocardial infarction as a sequel
of Kawasaki disease is often caused by giant aneurysms
in the absence of significant stenosis, and coronary
arterial bypass grafting is not indicated in this setting.
For all these reasons, it remains difficult to determine
the optimal time for surgery.

The 18-year-old who died because of inferior wall
infarction and complete heart block was taken to a
small countryside clinic, where the staff was not totally
aware of the implications of the diagnosis. This high-
lights the fact that patients at high risk of cardiac
complications, and their families, should be educated
about emergency treatment. More public education
on the emergency management for patients suffering
potential sudden death is also desirable.

In 3 of the patients, the eighth, tenth and twelfth
in our series, no significant localized stenosis or large
aneurysms had been seen on their most recent coronary
angiograms, but all 3 were known to have decreased
left ventricular ejection fractions, as well as suffer-
ing multifocal premature ventricular contractions
and non-sustained ventricular tachycardia. In these
patients, their sudden deaths were completely unex-
pected, and the causes of the deaths were unknown.
As one of the known causes of sudden deaths, arrhyth-
mia may be the most likely explanation. In the late
1990s and early 2000s, several sudden deaths were
reported in patients with left ventricular dysfunction
suffering non-sustained ventricular tachycardia.19

These patients were born in the 1970s and 1980s, had
suffered myocardial infarction early after the onset of
Kawasaki disease, but had had no cardiac events and
no symptoms for many years prior to their sudden
deaths. On the basis of previous mid-term follow-up,
the possibility of sudden death in this population was
considered to be low,20 but our experience now sug-
gests this to be incorrect. There are probably some
more patients, now in their twenties, who are at risk.
The cause of sudden death in this group, and its 
prevention, is an important issue. Electrophysiologic
studies may be needed to detect potentially fatal
arrhythmias in such patients.

Ventricular premature complexes are suggested to
increase the risk of sudden death after myocardial
infarction due to atherosclerosis in adults,21 albeit that
this interpretation has been controversial.22 In the
previous decade, we considered that 3–4 beats of 
premature ventricular contraction did not necessar-
ily indicate a poor prognosis in children. More
recently, in adults, it has been suggested that those
with ischaemic cardiomyopathy, severely depressed
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left ventricular function, and asymptomatic non-sus-
tained ventricular tachycardia may be at significant
risk for future arrhythmic events even when electro-
physiologic studies have proved negative.23 It may
be the same for patients with left ventricular dys-
function and non-sustained ventricular tachycardia
due to coronary arterial lesions after Kawasaki dis-
ease. Sudden deaths in patients with left ventricular
dysfunction due to Kawasaki disease, however, have
occurred more than 20 years after a previous myocar-
dial infarction. We suspect that fatal arrhythmias in
such patients are a late complication of myocardial
infarction. Their timing may differ from that of sud-
den deaths with left ventricular dysfunction in adults
due to atherosclerosis. This means that we need to
recognize the potential for possible cardiac events
occurring late after previous myocardial infarctions.

It is already known that bilateral giant aneurysms
due to Kawasaki disease leading to myocardial infarc-
tion, decreased left ventricular ejection fraction,
multifocal premature ventricular contractions and
asymptomatic non-sustained ventricular tachycardia
are major risk factors for sudden death. In these
patients, the prevention of myocardial infarction and
left ventricular dysfunction depends on careful 
follow-up, anticoagulation, and coronary revascular-
ization. In the presence of left ventricular dysfunc-
tion, it will be necessary to use inhibitors of
angiotensin converting enzyme and beta-blockade if
we are to improve the prognosis. Electrophysiologic
studies and antiarrhythmic treatment may be
required in certain cases. If critical ventricular tachy-
cardia is detected, catheter ablation or implantation
of a cardioverter-defibrillator should be consid-
ered.24,25 Recently, we encountered such patients
with low ejection fractions.26 In these patients, care-
ful follow-up is mandatory even if critical ventricular
tachycardia is not detected. Prevention of sudden
death is an urgent challenge in patients with
Kawasaki disease suffering chronic left ventricular
dysfunction due to a previous myocardial infarction.

Our experience shows, therefore, that sudden death
may occur more than 20 years after the initial onset
of Kawasaki disease, particularly in patients with left
ventricular dysfunction when the left ventricular ejec-
tion fraction is less than 40 percent. We suggest that
multifocal premature ventricular contractions, and
non-sustained ventricular tachycardia, are probable
risk factors in such patients.
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