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MEDICAL PRACTICE

Contemporary Themes

Sudden cardiac death in sport

ROBIN J NORTHCOTE, DAVID BALLANTYNE

After running to Athens from Marathon in 490 BC, bringing the
news of victory over the Persians, Pheidippides, who was a
trained runner, is reported to have collapsed and died.' The
number of case reports of similar events during strenuous
physical activity has increased, particularly over the past 10
years, and has paralleled a boom in sporting activity. In 1982 the
London marathon alone attracted 16 350 competitors. This
increase in popularity has also been observed in other sports,
most notably squash, track and field athletics, and swimming.
Accompanying the boom in participation has been a disturbing
increase in reports-often in the media-of sudden death
associated with strenuous sports such as marathon running and
squash. Hence it is important to consider the strength of the
association between sudden death and sporting activity.

Although occasional deaths are attributed to other causes such
as subarachnoid haemorrhage,2 road traffic accident,3 and acute
gastrointestinal bleeding,4 the most frequent cause of death is
cardiac.5-7 We have therefore reviewed published reports in an
attempt to determine how common such deaths are and the
factors leading to death. We also provide some recommenda-
tions which we hope will reduce their frequency. For this purpose
we have defined sudden death in sport as death occurring either
during a medically unsupervised pursuit or in the first hour
thereafter.
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Frequency of sudden death associated with sport

Vuori et al, in a study of sudden death and physical activity,
reviewed 2606 cases6 and concluded that, for the general population,
sport could not be incriminated as a cause of sudden death. In a review
of 40 000 American servicemen dying between 1942 and 1946,8
however, Moritz and Zamcheck concluded that strenuous activity was
probably dangerous in people suffering from severe coronary disease.
Nevertheless, the activity of only 127 of the subjects was known at the
time of death and only 23% of the deaths occurred during strenuous
exertion. Adelson found that 55% of sudden cardiac deaths occurred
during light activity, 21% during sleep, and 500 during strenuous
activity.9 Although frequently quoted, the relevance of these findings
to sport is doubtful, as the study population consisted mainly of
alcoholics and vagrants. Pell and D'Alonzo"° and Kuller et all' also
found no relation between sudden death and strenuous physical
activity. In contrast, other studies2-14 have noted significant numbers
of deaths occurring during strenuous physical activity.

Published findings on the relation between sudden death and degree
of activity are therefore inconsistent. Probably also in many deaths
considered to have been precipitated by activity the nature of the
activity was not sufficiently severe to constitute sport.
The determination of a true incidence of sudden death in sport is

hindered by inadequate registration and investigation of each case. The
level of activity at the time of death is not recorded in the official
figures. Most of these events are the subject of forensic investigation,
but the place of death is normally recorded as the hospital at which
death was certified. It is also true that such inquiries are concerned
with the pathological cause of death rather than the activities sur-
rounding the death.

Despite these difficulties, attempts have been made to evaluate the
statistical risk of sudden death during sporting activity. In rugby
football Opie estimated that a death will occur every 50 000 "rugby-
hours" in players and every 3000 "referee-hours."' Even taking into
account the greater age of referees, the latter figure seems unrealistic-
ally high. Koplan calculated that, by chance alone, 0 77/100 000
joggers could die each year, without there being any relation of the
activity to sudden death."5 A study of the incidence of death during
jogging in Rhode Island recently showed that the incidence was 17
times Koplan's estimate.4 Nevertheless, only one of 7620 joggers died
each year, emphasising the rarity of such events in joggers.

In addition to these attempts to define the statistical risk are several
reports of death during various sports (see table). Of 109 sudden
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Sudden death occurring during or within one hour of sporting activity. Collated data from references 2, 4, 5, 19, 21, 26-28, and 33

Cause of death*

Other

Hypertrophic
Coronary artery obstructive Coronary artery Myocarditis Conduction disorders Ruptured aorta

diseaset cardiomyopathy anomaly

No of subjects 80 15 8 3 2 1
Male 80 13 8 3 2 1
Female 0 2 0 0 0 0

Mean age (SD) in years 40 (9 1) < 19 (6 2)

* In 34 of all deaths subjects were reported to have prodromal symptoms.
t Thirty four subjects had positive risk factors for coronary atherosclerosis.

deaths associated with sport appearing in the medical literature, 51
occurred during or immediately after running, 32 in rugby football and
soccer or American grid iron football, nine in basketball, four in tennis,
and the other 13 in various sports.

It is surprising that, despite a large number of deaths reported by
the media in Britain and estimated at 27 a year'6 associated with
squash, we know of no detailed studies.
Thus there is a small risk of sudden cardiac death associated with

vigorous sporting activity. Although others have attempted to
evaluate this risk, their conclusions should be regarded as tentative.
The actual risk can be determined only by a national attempt to
collate the relevant data.

Causes

CORONARY HEART DISEASE

Although we realise that case reports may be incomplete and
therefore may not be entirely representative, a few obvious features
emerge from the table. The sample included a preponderance of
male subjects, and coronary artery disease accounted for 80 (730O')
of all 109 deaths, 34 (425 0o) of them occurring in men with docu-
mented risk factors for the disease. Those dying from coronary
artery disease were significantly older (p<0-001) than those dying
from structural cardiovascular abnormalities (mean ages 40 (SD 9 1)
and 19 (6 2) years respectively). In addition, of the group as a whole,
34 subjects (310o) suffered prodromal symptoms such as angina or
extreme fatigue.
Immunity to atherosclerosis has been reported in Masai warriors,

who herd cattle on foot,' and Tarahumara Indians, who take part in
ceremonial runs.'8 Much controversy surrounded an assertion by
Bassler in 1977 that fatal coronary artery disease had never been found
in a marathon runner.'9 He postulated that marathon running may
protect against atherosclerosis but that running shorter distances may
have no protective effect. Opie later described three cases of fatal
myocardial infarction in marathon runners,20 and subsequently further
reports appeared.2' Bassler also claimed that coronary arteries of
marathon runners were "enlarged" and "widely patent." This was
based on a pathology report of a marathon runner by Currens and
White.22 On review of this case, however, the authors clearly stated
that atherosclerosis of the coronary arteries was present, the lumen of
the coronary arteries being reduced to 30o/ diameter at several sites.
Several long distance runners have died from myocardial infarction:
perhaps the most notable was Vladimir Kuts, who was gold medallist
in both the 5000 and 10 000 metre events in the 1956 Olympic games.
He died in 1975 after a myocardial infarction at the age of 48.23
Hence although moderate and regular physical exercise may reduce

the risk of coronary atherosclerosis, regular participation in strenuous
sport does not confer immunity, as suggested. Perhaps more precise
information will result from a current prospective study by the
American Medical Joggers' Association,24 whose 4000 members are
taking part in a study comparing them with a group of randomly
selected physicians with respect to coronary artery disease, exercise
behaviour, and risk factors for coronary heart disease.25
A series of case reports have analysed the factors surrounding

sudden death in sport. Opie described 21 sudden deaths in sportsmen
occurring within one hour after onset of symptoms, in which 18 were
attributed to coronary artery disease.5 These cases concerned pre-
dominantly rugby football players and referees. In a study of 18
deaths during or after jogging, Thompson et al concluded that 13 had
been caused by coronary heart disease.26 Waller and Roberts described
five cases of sudden death during running in male runners over 40.21
At necropsy all were found to have severe coronary artery disease.

On Rhode Island there were 11 cases of sudden death in joggers
during 1975-80 attributed to coronary artery disease, the subjects
having an age range of 28-74 years (mean 46 years).4
Thus coronary artery disease is the most frequent cause of sudden

death in sport, particularly in those over 40.

STRUCTURAL CARDIOVASCULAR ABNORMALITIES

Structural cardiovascular abnormalities are the commonest cause of
sudden cardiac death in young people. Maron et al reported 29 cases
of sudden death in young (13-30 years), highly conditioned competi-
tive athletes.27 In 22 of these death occurred during or in the first hour
after sporting activity. In the group as a whole 28 were found later to
have structural cardiovascular abnormalities such as hypertrophic
cardiomyopathy, which was present in 14.

Other abnormalities have included congenital anomalies of the
coronary arteries, which account for a small proportion of deaths.2 27 26
The most frequent abnormality is anomalous origin of the left main
coronary artery from the right coronary cusp. The risk of sudden
death in subjects with this abnormality is 27°o.29 Hypoplasia and
atresia of the coronary arteries have also been described and are
associated with sudden death.30

Valvular heart disease has not been a feature in published reports as
a cause of sudden death in sport. As suggested by Lynch,2 this prob-
ably reflects the easier detection of such abnormalities at routine
medical examination.

OTHER CONDITIONS

Myocarditis has been suggested as a cause of death in sportsmen.3' 32
Few cases, however, have been explained by myocarditis alone,
although isolated reports describe myopericarditis2 and chronic
myocarditis in young sportsmen.28 Myocarditis is probably not an
important factor in sudden death.

Dysfunction of the conduction pathways in the heart leading to
fatal arrhythmias has been reported.27 33 In these cases the arteries
supplying the sinus node have exhibited bizarre medial hyperplasia
and intimal proliferation, thus leading to ischaemia of the sinus node.

In many cases no gross pathological cause can be found for sudden
cardiac death, but such a conclusion should be reached only after
thorough pathological examination of the cardiovascular system, with
particular reference to histopathology of the conduction systems.

Prevention

PREPARTICIPATION MEDICAL SCREENING

Since sudden and unaccustomed physical activity is believed to be
more likely to precipitate heart attacks in the unfit,34 it may be more
important to "screen" these people before they begin a new sporting
activity. Preparticipation medical screening, which has been advocated,
would detect overt, potentially lethal cardiovascular disease, but it may
be that such disease would have appeared earlier. Routine medical
examination would, however, be useful in detecting asymptomatic
hypertension but would be relatively insensitive in identifying
asymptomatic coronary artery disease or those at risk of fatal
arrhythmia. Exercise electrocardiography might help to improve the
detection of those at increased risk and we agree with Chung,35 who
advocated screening by exercise electrocardiography for subjects over
40 or in younger subjects with positive risk factors for coronary artery
disease before engaging in an exercise programme.
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AVOIDANCE OF EXCESSIVE EXERCISE

All sportsmen should be aware of the small risk of sudden cardiac
death associated with vigorous sporting activity. Subjects should select
a sport suitable for their age and general physical condition. Unfit
people should not begin to participate in vigorous, highly competitive
sports without a period of preparation. Johnson et al advocated that
exercise should be regular, and that submaximal, rhythmical efforts
are preferable until a greater work tolerance has been developed.36 Also
the heart rate should not exceed 170 beats/min, particularly if the
subject is over 35. In order to adapt to high work rates sportsmen
should make an effort to warm up adequately. In addition, possibly as
important is a "warm down" at the end of an exercise period. This
may reduce the likelihood of arrhythmias in the immediate post-
exercise period.37

Exercise programmes for subjects at increased risk should ideally
be supervised initially.

PRODROMAL SYMPTOMS

Prodromal symptoms such as chest pain or extreme fatigue are
common before sudden death.38 Exercising adults, who may deny
these symptoms,5 6 should be encouraged to seek medical attention
should any untoward symptoms occur during or before vigorous
exercise. In these circumstances play should be discontinued. We are
concerned about the overenthusiasm of marathon runners and
spectators who help runners to the finishing line when they are on the
brink of collapse. This should be discouraged, and may be potentially
dangerous.

It would also be wise, until further information is available, to avoid
participation in vigorous sport when feverish or having symptoms of a
respiratory tract infection.

AVOIDANCE OF THERMAL STRESS

Since high temperature increases heart rate and may induce
arrhythmias39 a hot bath or shower immediately after exercise should
possibly be avoided. Vigorous activity in extreme heat should also be
avoided-in this instance the additional factors of fluid and electrolyte
loss may play a part in causing death. Such environmental factors are
evident on many squash courts in Britain. In endurance sports such as
marathon running fluid and electrolyte loss should be compensated as
far as possible. Although "feeding stations" are available at most
marathon meetings, not all athletes use this service adequately.

SMOKING

Smoking should be avoided by all sportsmen. Not only is smoking
incriminated in coronary artery disease,25 but it can cause an increase
in serum free fatty acids40 and release of catecholamines,41 which may
interact with one another to cause arrhythmias,4' particularly in the
immediate postexercise period.

Conclusions

There is a small risk of sudden cardiac death in subjects
participating in vigorous sport. This risk is greater in those with
asymptomatic cardiovascular disease, the more overt forms of
which might be detected by medical screening. There is a group
of patients, in general over 40, with asymptomatic coronary
artery disease who would not be identified by screening. It may
be that those at risk of coronary artery disease-for example,
those over 40-should participate in less vigorous sport.
Sportsmen should not ignore untoward symptoms, and if such
symptoms develop, they should either stop or avoid participation
before seeking medical advice. In addition, sportsmen and those
concerned with sport should be aware of the risks. Following the
precautions outlined above will, we hope, reduce the number of
these tragic deaths.
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