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Community study of the causes of "natural" sudden death

Anthony C Thomas, Paul A Knapman, Dennis M Krikler, Michael J Davies

Abstract
Three hundred and fifty cases of "natural" sudden
death within six hours of onset of symptoms
in people ranging in age from 18 to 69 years in
Wandsworth were studied using a detailed necropsy
protocol to determine the cause of death. Sudden
death occurred in 28 (8%) Asians and blacks, but
because of the small number they were excluded
from the study, leaving 322 cases. Ischaemic
heart disease accounted for 189 (59%) of the 322
sudden deaths (155 (65%) men; 34 (41%) women)
and no proportional increase in instantaneous
compared with non-instantaneous sudden death was
found. Non-ischaemic cardiac disease was the
cause of sudden death in 24 cases (7-5%). Non-
cardiac disease included pulmonary emboli, aortic
aneurysms, and intracerebral haemorrhage and
caused 89 (27.6%) deaths. Alcohol was the cause of
nine deaths (2.8%) and in 11 (3.4%) cases (six men
and five women) no cause of death was found.
This study shows that although ischaemic heart

disease is the single largest cause of sudden natural
death there are other major causes.

Introduction
In epidemiological studies in which data are taken

from death certificates alone it is often assumed that
most sudden unexpected deaths are due to ischaemic
heart disease.' But when the cause of death on death
certificates was compared with the diagnosis made at
necropsy in hospital patients a quarter to a third of
diagnoses were reclassified into a different disease
category.'3 In Sweden a system ofmandatory necropsy
exists for deaths occurring out of hospital, and it has
been established that half of all unexpected deaths in
people who were not under medical supervision were
due to ischaemic heart disease. Comparing the results
of the necropsy to the cause of death on death
certification alone probably reduced the proportion of
deaths due to ischaemic heart disease by a tenth.
Though in most sudden unexpected deaths in

England and Wales the coroner orders a necropsy,
because of the tremendous workload the reports
may not give many scientific details. If there is no
circumstantial evidence to the contrary it is easy to
ascribe death to ischaemic heart disease, given
the moderate degree of coronary atheroma that is
ubiquitous in Western populations.
With the advent of out of hospital resuscitation from

ventricular asystole or fibrillation more and more
patients survive "near miss" sudden death. We present
a necropsy study that provides more than the usual
accuracy in the causes of sudden "natural" death in the
Wandsworth district of London.

Methods
Three hundred and fifty consecutive cases of

sudden "natural" death over three years were

investigated by a necropsy authorised by a coroner.
Sudden natural death was defined as that occurring
within six hours of the onset of symptoms in patients
who were well enough to lead a normal life, were not in
chronic heart failure, and had not seen a doctor within
the preceding two weeks and where investigation into
the circumstances of death by the coroner's office (a
police officer) indicated no unnatural cause of death
before necropsy. Cases of patients with a previous
history of ischaemic heart disease, hypertension,
diabetes mellitus, and respiratory disorders were
included only if they fulfilled the above criteria. To
minimise competing causes of death the study was
limited to deaths in people aged 69 years and under.
Cases of the sudden infant death syndrome were
excluded.

Before necropsy the coroner's officer obtained a
history of the last episode and of any previous medical
history from the next of kin. A full necropsy protocol
was carried out in every case by ACT or MJD.
Blood and urine samples were kept for toxicological
analyses and blood alcohol concentrations estimated.
Body weight and height were recorded, and routine
histology of the heart and other organs was performed.
Postmortem coronary angiography was carried out

on the fresh intact heart by injecting the coronary ostia
with a warmed suspension of gelatine and barium
sulphate at physiological pressure.5 After fixation in
10% formol saline the epicardial coronary arteries were
dissected en bloc from the heart, decalcified, and
examined by histology at 3 mm intervals. Cross
sectional area stenosis was measured with a digitising
pad by comparing the area of the lumen to the area
within the internal elastic lamina for each arterial
segment. The heart and isolated left and right
ventricles were weighed according to the method
described by Fulton et al,6 and weights recorded.
Ventricular hypertrophy was judged to be present
when the isolated ventricular mass exceeded two
standard deviations from the mean for normal subjects
of that body weight who had died from non-cardiac
disease.7 The cardiac conduction system and its
microvasculature were examined histologically in all
cases in which there was no clear cause of death.
Pneumonia was defined as morphological evidence of
consolidation of the lung.

Ischaemic heart disease was considered to be the
cause of death when no other cause was evident at
necropsy and there was stenosis of at least half of the
diameter of the coronary artery (75% stenosis by cross
sectional area) at any one point in the major epicardial
arteries. Left ventricular hypertrophy was given as the
cause ofdeath when present alone, but if it existed with
pronounced coronary artery disease as defined above
the case was assigned to the ischaemic group.

Results
Of the 350 deaths, 322 (92%) were in whites,

19 (5-4%) in Asians, and nine (2 6%) in blacks.
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Because of the small numbers of Asians and blacks in
the study group they were not included in the detailed
analysis.

Table I gives the age distribution for the study
patients, range 19 to 69 years for men and 18 to 69 years
for women. Though men predominated, the sex
distribution for the different age groups was similar.

TABLE I-Age and sex distribution of patients who died a sudden
natural death. Figures are numbers (percentages)

Age (years) All (n= 322) Men (n=238) Women (n=84)

19-29 8 (2-5) 5 (2-1) 3 (3-6)
30-39 15 (4-6) 12 (5-0) 3 (3 6)
40-49 22 (6 8) 18 (7 6) 4 (4 8)
50-59 92 (28 6) 70 (29 4) 22 (26-1)
60-69 185 (57-5) 133 (55 9) 52 (61-9)

Table II gives the organ system responsible for
death. Ischaemic heart disease was responsible for just
over half of deaths and was more common in men than
women. Over half the deaths in men aged between 30
and 50 were due to ischaemic heart disease, but no such
deaths occurred in women under 50. All the deaths
from ischaemia were because of atherosclerotic
coronary artery disease, apart from those in a woman
with isolated coronary artery dissection and a woman
with an anomalous artery arising in the pulmonary
trunk. In 58 (86%) of the 67 men with a history of
angina or an old infarction necropsy confirmed that
ischaemic heart disease was the cause of death. The
remaining nine did not have ischaemic heart disease
though they had been treated for angina without
confirmation by angiography.

TABLE II-Causes of sudden
(percentages)

natural death. Figures are numbers

All Men Women
(n=322) (n=238) (n=84)

Ischaemic heart disease 189 (58 7) 155 (65-1) 34 (40 5)
Respiratory disease 57 (17 7) 34 (14-3) 23 (274)
Non-ischaemic cardiac disease 24 (7 5) 14 (5-9) 10 (11-9)
Central nervous system disease 14 (4 3) 7 (2 9) 7 (8-3)
Aorticaneurysm 11 (3-4) 10 (4-2) 1 (1-2)
Gastrointestinal haemorrhage 7 (2-2) 6 (3 8) 1 (2 4)
Cause unknown 11 (3-4) 6 (2 5) 5 (5 9)
Alcohol related 9 (2 8) 6 (1-3) 3 (2 4)

Of the 155 men who died of ischaemic heart disease,
113 (73%) died at home; of those dying outside the
home, 10 (6 4%) died at work. Most deaths were
unrelated to physical or emotional stimulus: seven
people died while taking vigorous exercise, four while
walking, and two while driving, and 34 (21-7%) deaths
occurred at home in bed.
The deaths were subdivided into those that had been

witnessed (observed death-233 deaths) and those
where people had been found dead (89). Just over half
of the observed deaths occurred within 15 minutes of
the onset of symptoms, and most occurred within one
hour (table III). There was no difference in the ratio of
ischaemic to non-ischaemic deaths occurring in these
two subgroups.
The 24 non-ischaemic cardiac causes of death

TABLE iII-Proportion of deaths due to ischaemic heart disease at
different time intervals

No (%) of deaths due to
Total No of deaths ischaemia

Observed death:
<15 minutes 123 78 (63)
16 minutes to 1 hour 69 46 (67)
1-6 hours 41 21(51)

Found dead 89 44 (49)

(table II) included eight cases of severe left ventricular
hypertrophy presumed to be due to unrecognised
hypertension; four floppy mitral valves; three
cardiomyopathies, with one case each of the dilated,
hypertrophic, and isolated right ventricular form;
three previously undiagnosed aortic valve stenoses;
and three cases of acute myocarditis.

Respiratory causes (57 deaths) included 22 cases of
pneumonia and 12 cases with major pulmonary
embolism. Eighteen patients had a history of chronic
bronchitis but were neither severely disabled nor noted
to be cyanosed before their sudden death; nine had
right ventricular hypertrophy indicating pulmonary
hypertension. Five deaths were in patients who were
known to have acute asthma.

Deaths from central nervous system causes (14)
included both intracerebral haemorrhage due to a
ruptured berry aneurysm and primary intracerebral
haemorrhage. There were five sudden deaths in
patients with epilepsy.
There were five cases of acute alcoholic poisoning

with inhalation of gastric contents and four cases of
alcoholic fatty liver with non-lethal concentrations of
alcohol in the blood.

In 11 cases (3 4%) no satisfactory cause of death
could be found either from the necropsy or from a
review of the medical history. Toxicological analyses
were performed on all these cases and on several
others, including all deaths in patients with epilepsy
and bronchitis. A variety of sedative, tranquilliser,
and mild analgesic drugs were identified, but all drug
concentrations in the body were within the therapeutic
range, and no case of drug overdose was found. No
structural abnormality was found in the conduction
system.

Apart from the five cases in which a very high blood
alcohol concentration was the direct cause of death
alcohol was present in the blood in 57 other cases
(17-7%). In 21 blood alcohol concentrations were over
100 mg/dl (22 mmol/l) and in seven over 200 mg/dl
(43 mmol/1).

Discussion
The term "sudden" has no agreed universal

definition. Periods of up to 24 hours, six hours, one
hour, and 15 minutes have all been used.8-'0 Death that
occurs within one minute of the onset of symptoms has
been regarded as "instantaneous" death.' Goldstein
proposed that sudden death should be defined as
witnessed death within one hour of the onset of
symptoms, emphasising the need for a uniform
definition but saying that "the definition of sudden
death may be expressed in different terms depending
upon the nature and scope of the investigation."12
Though it has been claimed that the proportion of
deaths due to ischaemic heart disease is altered by these
different definitions," 12 our findings do not support
this view up to six hours.
Our findings of the causes ofsudden death within six

hours of the onset of symptoms are likely to be
representative for similar white populations in Britain.
Despite 21-5% of the total population of Wandsworth
being born outside the United Kingdom, and 18-4%
having the head of the household born in the New
Commonwealth or Pakistan (1981 census statistics),
only 28 (8%) of 350 sudden deaths were in non-whites.
Non-whites may not be as susceptible to sudden death,
or as a group they may be appreciably younger, or this
study does not reflect the true incidence of sudden
death in non-whites. In other studies it has been
suggested that blacks are more susceptible to sudden
death than whites,' 813 and it is unlikely that Asians
exposed to a Western environment are immune from
sudden death due to ischaemic heart disease. Perhaps
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necropsies are so abhorrent to adherents of some
religions that ordinary death certificates are issued and
the coroner is not informed despite the death being
sudden and unexpected.

If all sudden natural deaths in whites were ascribed
without necropsy to ischaemic heart disease our results
indicate that the cause of death would be wrong in 35%
of men and 59% of women. In Britain a death
certificate is not issued before a necropsy is carried out
by order of a coroner, so retrospective checks for
accuracy cannot be made. For men whose doctors had
diagnosed angina ischaemic heart disease could be
predicted to be the cause of death, but this would lead
to a 14% error.

In clinical series of survivors of cardiac arrest
occurring out of hospital an incidence of ischaemic
heart disease of up to 86% has been reported. 14-16
Considering only the cases of observed death within
one hour, our figure is lower. The difference may
reflect either diagnostic error when coronary angio-
graphy has not been performed after resuscitation or
that it is more difficult to resuscitate people who have
non-ischaemic disease. Necropsies are carried out by
order of the coroner in part to minimise bias in
certifying ischaemic heart disease and to record
the true incidence of such conditions as rupture of
dissecting aneurysms of the aorta.
Though ischaemic heart disease is probably the

commonest cause of sudden death during strenuous
exertion,7 only a few sudden deaths from ischaemic
heart disease occur while the person is exercising. In
common with reports of other studies' most of the
patients who died suddenly from ischaemic heart
disease in our study were at home doing nothing in
particular.

Data on the non-ischaemic causes of sudden cardiac
death from the Swedish necropsy study4 and from
studies of resuscitated survivors of sudden death
occurring out of hospital in whom coronary arterio-
grams were later found to be normal'6 18-20 show
that severe left ventricular hypertrophy due to
hypertension or to aortic valve stenosis is associated
with sudden death. There is a high incidence of
ventricular arrhythmias in patients with severe left
ventricular hypertrophy,21-23 and patients with mitral
valve prolapse are also thought to have a risk of
sudden death.24 No morphological abnormality of
the myocardium or conduction system was found to
elucidate the cause of death in the four cases we
studied. All forms of cardiomyopathy may cause
sudden death in patients known to be affected,25127 but
in a large series ofsudden death in a community such as
Wandsworth they are minor causes.
A history of high alcohol intake was often concealed

or minimised by the next of kin even in the five cases of
death due to inhalation of gastric contents with blood
alcohol concentrations ranging from 180 to 454 mg/dl
(39-98 mmol/1). These deaths were thought to be
natural before the blood alcohol concentration was
known, and such cases are likely to be considered
unnatural by the coroner. An amendment of the
coroner's rules may now make it easier for the
coroner's officer to obtain accurate data on alcohol
consumption.28 As in other series429 an alcoholic fatty
liver was the sole pathological finding in some of our
cases. Ventricular tachycardia in episodes of binge
drinking before sudden death has been recorded.80
Although steatosis of the liver is now an acceptable
cause of death, there is uncertainty about the
mechanism. It was difficult to assess the importance of
moderately raised blood alcohol in the face of natural
disease, as even this might sufficiently alter myocardial
or respiratory function to precipitate cardiorespiratory
arrest in someone with advanced coronary artery or
chronic respiratory disease.

Chronic lung disease may be difficult to accept as a
cause of sudden death in people who are not disabled
by respiratory disease, but intermittent hypoxia
may lead to ventricular arrythmias in patients with
bronchitis-most were found dead in bed at night. In
another series of 43 cardiac arrests occurring out of
hospital but successfully resuscitated, in seven patients
lung disease was the only precipitating factor.'8 Five
unexpected sudden deaths from acute asthma over a
three year period in a population of 200 000 is in the
expected range nationally.

It could be argued that "bronchitis" without
evidence of pulmonary hypertension is not an
acceptable cause of sudden death. Many cases had
coronary stenoses falling just short of 75% by cross
sectional area, which may have contributed to
death. Therapeutic concentrations of sedatives,
tranquillisers, and mild analgesics were also found
in many cases, perhaps depressing respiratory
drive at night. Theophylline and catecholamines may
potentiate ventricular arrhythmias in patients with
subclinical myocardial ischaemia.
Sudden deaths also occurred in patients with a

history of epilepsy in whom no other satisfactory cause
of death was found after extensive necropsy and
toxicological examination.

Patients in whom there is no clear cause of death and
in whom the heart is morphologically normal pose a
problem since a category of sudden adult death
analogous to the sudden infant death syndrome does
not exist. Of the 350 deaths which the coroner's officer
believed to be natural, 345 were indeed natural,
the only exceptions being acute alcohol ingestion.
There was no evidence that suicide or murder by
poisoning was missed by the coroner's officers' initial
investigations.

Failure to identify a cause of death is not unique: in
the Swedish study of sudden natural death outside
hospital no cause ofdeath was found in 17 (1 9%) of 853
necropsies.4 In 19 of 98 patients resuscitated from
sudden non-ischaemic death'6 18 no structural
abnormality of the heart was found subsequently
and had they died the pathologist would probably
have agreed that the heart was morphologically
normal.
One putative explanation for sudden death in which

no cause can be found is a defect of the conduction
system or its microvasculature.3'"33 The results of
electrophysiological studies'6 1 oOf the resuscitated
survivors of cardiac arrest occurring out of hospital
who have no structural cardiac abnormality show that
only a small proportion has demonstrable conduction
defects, long QT intervals, or pre-excitation, and thus
this is unlikely to be an important cause of sudden
natural death.
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Infection with the intestinal nematode Strongyloides
stercoralis is prevalent in tropical and subtropical
latitudes, particularly west Africa, the Caribbean,
and South East Asia. Once acquired, strongyloides
infection may be perpetuated by virtue of the unique
autoinfection cycle of the organism. In immuno-
compromised hosts this process may be enhanced,
culminating in dissemination. Up to 77% of these cases
prove fatal.' We report a case of strongyloides hyper-
infection that developed after treatment of adult T cell
leukaemia-lymphoma.

Case report
A 27 year old Ghanaian man recently arrived in

the United Kingdom presented in November 1987
complaining of bone pain, thirst, and polyuria with
widespread lymphadenopathy and an enlarged liver
and spleen. Investigations disclosed leucocytosis
(53 4x 10/1) with numerous large pleomorphic T
cells showing multilobed nuclei, hypercalcaemia
(5- 1 mmol/1), and multiple osteolytic lesions. Fluores-
cence cytometry showed the T cells to be of helper
(CD4) phenotype with expression of interleukin 2
receptor (CD25) and HLA-DR antigens characteristic
of adult T cell leukaemia-lymphoma. Seropositivity to
human T cell lymphotropic virus type I (HTLV-I) was
confirmed by enzyme linked immunoadsorbent assay
(ELISA).
Combination chemotherapy, including high dose

corticosteroids, led to rapid reduction in white cells
and resolution of the hypercalcaemia. One week after
beginning treatment, however, he developed fever,
meningism, abdominal pain, and distension with
radiological evidence of paralytic ileus. Bacteriological
examination showed Streptococcus faecium meningitis

and Escherichia coli bacteraemia. Chest x ray examina-
tion showed extensive reticulonodular shadowing
(figure). Strongyloides larvae were seen in faeces,
sputum, and duodenal aspirate. He was treated with
thiabendazole 25 mg/kg daily and antibiotics, nutrition
was maintained parenterally, and chemotherapy was
stopped. Severe hypoxia (arterial oxygen tension 2-6
kPa) due to intra-alveolar haemorrhage developed
before recovery ensued. Clearance of strongyloides
larvae was confirmed after 10 days. Results of repeated
stool examination were negative.

In January 1988 the patient suffered meningeal
recurrence ofadultT cell leukaemia-lymphoma, which

0.

Diffuse reticulonodular shadowing associated with strongyloides
hyperinfection
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