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SUDDEN DEATH IS A devastating com-
plication of underlying cardiovascular
disorder. In Australia and New Zea-
land, up to 80 000 people die suddenly
each year from various causes.1

Although ischaemic heart disease
accounts for most of these episodes,
many other causes contribute.

Sudden cardiac death in the young
(aged � 35 years) has a structural basis
in up to 80% of cases,2,3 most com-
monly hypertrophic cardiomyopathy.4-6

In contrast, cardiac electrical disorders
account for less than 10%.7 These
arrhythmogenic disorders include long-
QT syndrome,8 arrhythmogenic right
ventricular dysplasia,9 idiopathic ven-
tricular fibrillation, and Brugada syn-
drome.10 The latter is characterised by
ST-segment elevation in the right pre-
cordial leads, frequently associated with
right bundle branch block.10 In all these
arrhythmogenic cardiac disorders there
is no evidence of pathological abnor-
malities of the heart at postmortem
examination, and death would be classi-
fied as being of unknown aetiology or
unascertained. This label may under-
estimate the incidence of arrhythmo-
genic causes of sudden death.

We sought to determine the frequency
and potential causes of sudden cardiac
death in a young Australian population.

METHODS

The Department of Forensic Medicine
at Westmead Hospital, Sydney, serves
an area of New South Wales with over 2
million people. All autopsies performed
in the Department from 1 January 1994
to 31 December 2002 were included in
our study. All available demographic,
clinical and autopsy data were collected

from database files. In individuals who
had died aged 35 years or younger, a
detailed analysis and review of all
records was performed to determine as
accurately as possible the person’s clini-
cal background and demographic
details, the circumstances of the death,
and the findings at autopsy. Police and
ambulance documentation was also
reviewed where available.

Sudden death was defined as death
occurring within 24 hours of the onset
of symptoms (the definition used by the
World Health Organization).1,7 If the
death was witnessed, information
regarding the circumstances of the
death was obtained (eg, death during
exercise). Coronary artery disease as the
primary cause of death was defined on
clinical grounds (eg, electrocardio-

graphic evidence of myocardial infarc-
tion), and post-mortem findings (eg,
presence of recent myocardial infarc-
tion, recent coronary artery thrombosis,
or coronary artery stenosis greater than
50%).

All studies and data review were per-
formed with maintenance of confiden-
tiality and in strict accordance with the
Central Sydney Area Health Service
human ethics guidelines. The NSW
Deputy State Coroner gave permission
for the study to be performed.

RESULTS

Of the 10 199 autopsies (all coroner’s
cases) performed from 1 January 1994
to 31 December 2002, there were 2986
deaths in people aged 35 years and
younger, of which 652 were natural
deaths. Non-cardiac natural deaths
were identified in 413 (63.3%) subjects
aged � 35 years. The causes of these
non-cardiac deaths are summarised in
Box 1.

The remaining 239 deaths (36.7%)
were identified as cardiac deaths, and
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included 60 unascertained cases, which
we regarded as cardiac by exclusion. Of
these 239 deaths, 46 were not sudden.
Therefore, 193 sudden, natural and
presumed cardiac deaths were identified
(Box 2). Most sudden cardiac deaths in
young people occurred in males (65%).
This male predominance was also seen
after excluding coronary artery disease
deaths from the analysis (63% males,
excluding coronary artery disease). The
mean age at death in this group was
21.9 years. The distribution of sudden
cardiac deaths within age groups is
shown in Box 3. Although sudden car-
diac death occurred in all age groups,
there was an increased incidence in the
first 5 years of life, and a second peak in
the age group 31–35 years.

Of these 193 sudden cardiac deaths,
22% occurred during exercise and 38%
during minimal exertion or at rest;
40% were not witnessed. The sudden
death event occurred out of hospital in
82%. The most common cause of sud-
den cardiac death in this young popu-
lation was “unascertained, presumed
primary arrhythmogenic disorder” (60
subjects; 31%). These were sudden
deaths in which the heart was structur-

ally normal, both macroscopically and
histologically, and there were no abnor-
malities on toxicological evaluation
(Box 4).

Coronary artery disease was the sec-
ond most common cause of sudden
cardiac death in the young (24%; Box
2). Most (65%) coronary deaths in the
younger age group occurred in individ-
uals aged 30–35 years. Acute complica-
tions of congenital heart disease (eg,
tetralogy of Fallot and transposition of
the great vessels) caused 7% of sudden
cardiac deaths in people aged � 35
years, and arrhythmogenic right ven-
tricular dysplasia was identified in 3%.

Non-sudden cardiac deaths

Forty-six of the cardiac deaths in people
aged � 35 years were regarded as not
being sudden deaths (by WHO guide-
lines), with the most common cause
being long-standing complications of
congenital heart disease (65%). Other
causes of non-sudden cardiac deaths
included infective endocarditis (7%),
and heart failure related to dilated car-
diomyopathy (4%) and hypertensive
heart disease (4%).

DISCUSSION

We have described the causes of sudden
natural death in the young (aged 35
years and younger) in a large Australian
population over a 9-year period. The
cause of death in 31% was unascer-
tained. Such sudden deaths are pre-
sumed, from their circumstances, to be
cardiac in nature. However, as the post-
mortem finding was of a structurally
normal heart, a primary arrhyth-
mogenic disorder would be considered
the likely cause of death. Primary
arrhythmogenic disorders are an impor-
tant cause of sudden death in the
young, and most are likely to be caused
by underlying disease-causing genetic
defects.

Interestingly, the commonest cause of
sudden cardiac death in the United
States4,11 and in most of Europe12

(hypertrophic cardiomyopathy) was a
less frequent cause of sudden cardiac
death in young Australians.

There are now more than 30 cardio-
vascular disorders in which a genetic
cause has been identified;13,14 many of
these can lead to sudden unexpected
cardiac death, particularly in the young.
While structural genetic heart diseases
have been shown to cause sudden
death, the incidence of primary arrhyth-
mogenic disorders of the heart in caus-
ing sudden death in the young has not
been established, principally because
the heart is likely to be structurally
normal at autopsy in most cases.

That most primary arrhythmogenic
disorders are likely to be caused by

3: Age distribution of sudden 
cardiac deaths in young 
Australians
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1: Non-cardiac sudden deaths in young Australians

Cause of death Number (%)

Deaths in infancy (eg, stillbirths, in-utero deaths, SIDS)* 181 (43.8%)

Pulmonary (eg, asthma, pulmonary embolism) 88 (21.3%)

Neurological (eg, epilepsy, subarachnoid haemorrhage) 70 (16.9%)

Gastrointestinal 22 (5.3%)

Others† 52 (12.6%)

Total 413 (100%)

* Sudden infant death syndrome (SIDS) deaths in 23 (13% of deaths in infancy). † Includes metabolic 
disorders (21%), hepatobiliary disease (12%), malignancy (6%) and septicaemia (6%).

2: Sudden cardiac deaths in young Australians

Cause of death Number (%)

Unascertained, probable primary arrhythmia 60 (31%)

Coronary artery disease 46 (24%)

Hypertrophic cardiomyopathy/unexplained left ventricular hypertrophy 29 (15%)

Myocarditis (mostly viral) 23 (12%)

Congenital heart disease 14 (7%)

Other* 21 (11%)

Total 193 (100%)

* Includes aortic dissection (29%), valvular heart disease (24%), and arrhythmogenic right ventricular 
dysplasia (14%).
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underlying genetic defects has signifi-
cant implications for clinical manage-
ment. Most of the cardiac genetic
disorders that cause sudden death in the
young are inherited as an autosomal
dominant trait, with 50% of offspring
from an affected individual being at risk
of developing the same disease. There-
fore, correct identification of such cases
at autopsy will enable appropriate clini-
cal screening of surviving family mem-
bers. Family screening is particularly
important with the advent of preventive
therapies for sudden death (eg, the
implantable cardioverter defibrilla-
tor).15 Implantable defibrillator therapy
may explain the smaller proportion in
our study of sudden cardiac deaths in
young people caused by hypertrophic
cardiomyopathy.

We are likely to have underestimated
the incidence of primary arrhyth-
mogenic causes of sudden cardiac death
in young people. Primary arrhyth-
mogenic disorders can be the underly-
ing cause in a variety of other deaths.
For example, deaths attributed to events
such as drowning and motor-vehicle
accidents may have been directly pre-
cipitated by a fatal ventricular arrhyth-
mia. This has been illustrated in familial
long-QT syndrome, where an associa-
tion exists between swimming and
development of ventricular arrhythmias
and sudden death.16 Furthermore,
recent studies suggest that up to 20% of
sudden infant death syndrome (SIDS)
deaths (which we considered a “non-
cardiac” cause) are associated with gene
defects that cause familial long-QT syn-
drome.17,18

Our results highlight the importance
of correct diagnosis of genetic cardiac

disorders, appropriate family screening
of at-risk individuals, and initiation of
preventive strategies, such as implanta-
ble defibrillator therapy.
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4: Characteristics of the 60 
people � 35 years for whom 
cause of death was not 
ascertained

■ Structurally normal heart at autopsy.
■ No abnormal histopathological findings 

in the heart at autopsy.
■ No other cause of death identified at 

autopsy (eg, pulmonary embolism, 
subarachnoid haemorrhage).

■ Normal results of a toxicological screen.
■ No pre-death clinical features to suggest 

other cause of sudden death (eg, 
epilepsy, asthma).


