
Chapter 5. Atherosclerosis and sudden death
E. E. MATOVA

The prevalence of complicated and calcified lesions and coronary stenosis, the mean
heart weight, and the extent of atherosclerosis in the aorta and coronary arteries were
greater in the " sudden heart death " group than in the high atherosclerosis group. In the
" other sudden death " group, which included sudden deaths without myocardial infarction
or coronary occlusion, all the above variables, except heart weight, were found to be lower
than in the low atherosclerosis group and were close to those in the standardized average
atherosclerosis group. The mean heart weight in the " other sudden death " group was
lower than in the " sudden heart death " group but significantly higher than in the three
reference atherosclerosis groups.

Sudden death was defined as " non-violent death
occurring unexpectedly within 6 hours in an appar-
ently healthy subject or in a sick person whose
condition was either steady or improving ". As
reported by, for instance, Stamler (15) about one-
half of deaths from ischaemic heart disease occur
suddenly. Hence the great interest shown in the
pathogenesis of sudden death in coronary heart
disease and in the relationship of sudden death to
coronary atherosclerosis (10, 13, 17).

MATERIAL AND METHODS

The aorta and coronary arteries were studied in
2838 cases (1797 males and 1041 females) who
died suddenly at age 40-79 years (Table 13).

Cases of sudden death were classified into " sudden
heart death " cases and " other sudden death "
cases. Those who died suddenly and had fresh
myocardial infarction, coronary thrombosis, or
coronary occlusion were classified as sudden heart
death cases. Those with coronary stenosis but
without occlusion were not included in the sudden
heart deaths, when myocardial infarction was
absent. Those cases of sudden death not included
in the sudden heart deaths group were analysed
together as other sudden deaths. The main causes
of other sudden deaths were cerebrovascular
accident, hypertensive heart disease, and rheumatic
heart disease.
The percentages of sudden deaths at age 40-79 in

the different towns are presented in Table 14.
Sudden deaths accounted for 27%4 of all men and
18%. of all women who died from natural causes.

Table 13. Number of cases of sudden death, by age
and sex (all towns combined)

Age group Sudden death Sudden heart Other suddenAge group (all cases) death death

Males

40-49 208 88 120

50-59 517 236 281

60-69 676 363 313

70-79 396 192 204

Total 1797 879 918

Females

40-49 77 9 68

50-59 184 48 136

60-69 416 141 275

70-79 364 154 210

Total 1041 352 689

Sudden heart death and
equally frequent among

other sudden death were
men, but other sudden

death was twice as frequent in women as sudden
heart death. The number of young men who died
of sudden heart death was greater than the number
of young women. With advancing age, the male/
female ratio decreased: at age 40-49 the male/female
ratio was 10:1, at age 50-59 it was 5:1, at age
60-69 it was 2.5:1, and at age 70-79 it was 1.25:1.
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Table 14. Proportion (%)
natural deaths, by sex and
years)

of sudden deaths to all
towns (age group 40-79

Sudden death Sudden heart Other suddenTown (all cases) death death

Males

Malm6 28.6 17.4 11.2

Prague 20.4 9.0 11.4

Ryazan 27.5 7.6 19.9

Yalta 21.9 14.3 7.7

Tallin 31.4 12.1 19.3

Total 26.7 13.0 13.6

Females

Malmo 18.1 7.9 10.1

Prague 16.4 4.3 12.2

Ryazan 14.6 2.3 12.2

Yalta 15.6 8.7 6.9

Tallin 21.5 6.2 15.3

Total 18.0 6.1 11.9

The proportion of sudden heart deaths was highest
in Malmo men and Yalta and Malmo women and
lowest in Ryazan and Prague men and women.

PREVALENCE OF ATHEROSCLEROTIC LESIONS

In cases of sudden heart death the aorta and coron-

ary arteries usually showed raised lesions in all age
groups. Complicated and calcified lesions were

present in a large proportion of cases. The frequency
of these types of lesion was greater in sudden heart
death than in other sudden death, and in both
groups complicated and calcified lesions in the aorta
and coronary arteries occurred much more fre-
quently than in the low atherosclerosis groups.
The age-standardized prevalence of complicated
lesions in the abdominal aorta in men was 73%° in
the sudden heart death group and 41% in the low
atherosclerosis group, while for calcified lesions
it was 53%/s and 42°/, respectively. In the left
anterior descending coronary artery the respective
rates of complicated lesions were 375/s and 7%O and
of calcified lesions 61°/Y and 30%°.

EXTENT OF ATHEROSCLEROTIC CHANGES

The area of raised lesions in the aorta was much
greater in both men and women of the sudden
heart death group than in the low atherosclerosis
group and significantly exceeded that in the other
sudden death group. The age-standardized values of
raised areas in the abdominal aorta in men were
58%Y in the sudden heart death group and 48%/
in the other sudden death group, compared with
36%Y in the low atherosclerosis group (P < 0.001).
The areas of complicated and calcified lesions in the
abdominal aorta were also greater in those who died
suddenly than in the low atherosclerosis group.
The area of raised lesions in the left anterior

descending artery was much larger in both sudden'
death groups than in the low atherosclerosis group.
The age-standardized percentages of raised lesions
in men were 58%Y in the sudden heart death group,
46%V in the other sudden death group, and 32%4
in the low atherosclerosis group (P < 0.001).
Calcified and complicated lesions in the left anterior
descending coronary artery were significantly more
extensive in the sudden heart death group than
in the other sudden death group, while the differ-
ences in complicated and calcified lesions in the
coronary arteries were much smaller between the
other sudden death and low atherosclerosis groups
than between the other sudden death and sudden
heart death groups.
Comparison of atherosclerotic lesions in the

aorta and coronary arteries in the sudden heart
death group with those in the standardized average
atherosclerosis and high atherosclerosis groups
indicated that the raised and calcified areas in the
aorta were greater in extent in sudden heart death
even than in the high atherosclerosis group. The
same was true for raised and calcified lesions in the
coronary arteries. All these differences were stat-
istically significant.

In the other sudden death group, on the other
hand, the area of raised lesions in the aorta and
coronary arteries was smaller than in the high
atherosclerosis group but significantly greater than
in the standardized average atherosclerosis group.
The area of calcified lesions in the aorta and cor-
onary arteries was also smaller in the other sudden
death group than in the high atherosclerosis group.
Coronary stenosis, fresh myocardial infarction,

and large myocardial scar in both sexes were also
significantly more common in sudden heart death
than in other groups. The prevalence of fresh
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myocardial infarction in women in sudden heart
death was greater than in men (63.1 and 51.9%,
respectively), while the prevalence of large myo-
cardial scar showed the opposite tendency.
Coronary thrombosis was found in about 30%.

of cases of sudden heart death, and non-thrombotic
occlusion in about 25%.
Coronary stenosis was encountered less frequently

in the other sudden death group than in the high
atherosclerosis group (P < 0.001). Among men
stenosis was twice as frequent in the other sudden
death group as in the low atherosclerosis group,
whereas women showed no significant differences
in the frequency of coronary stenosis between
these two groups.

All the above lesions were significantly greater
in extent in the sudden heart death group than in
the other sudden death group.

WEIGHT OF THE HEART

The mean heart weight was much higher in both
sudden death groups than in the reference groups.
Among men of the 40-49 age group, cases of
increased heart weight occurred about as frequently
(52%) as those of normal weight (48%). In both
men and women aged over 50, heart weight was
above normal in the sudden heart death group in a
much greater percentage of cases. (Normal heart
weight was defined as < 400 g for men and < 350 g
for women.)

INTER-TOWN DIFFERENCES

Some geographical differences in atherosclerosis
and frequency of cardiovascular complications
were found even in such a small group as the sudden
heart death group. In Ryazan, the extent of raised
lesions in the average aorta was smaller than in
other towns. Particularly large differences were
found between Ryazan and Tallin. In the coronary
arteries, raised lesions occupied the smallest area
in Yalta. In men, coronary stenosis in sudden heart
death occurred less often in Ryazan, Yalta, and
Tallin than in Malm6 and Prague. Large post-
infarction scars occurred less often in Ryazan than
elsewhere.

DISCUSSION

The " sudden heart death " group was considered
separately in an attempt to select for analysis those
cases in which sudden death was certain to have

been due to ischaemic heart disease and to compare
the atherosclerotic lesions in such cases with those
in the reference groups. But this definition also
had the disadvantage of excluding a number of
cases of sudden heart death, e.g., those with coronary
stenosis only (i.e., without occlusion, thrombosis,
or myocardial infarction).
Sudden deaths accounted for a large proportion

of total deaths from such diseases as atherosclerosis
and hypertension. The most frequent cause of sudden
death was acute coronary insufficiency, with or
without myocardial infarction. Less frequently,
sudden deaths were due to other causes such as
rheumatic heart disease, pulmonary thrombo-
embolism, and cerebrovascular lesions.
Sudden coronary death may occur at all stages

of coronary heart disease. Coronary atherosclerosis
in the sudden coronary death group varied from
isolated fibrous plaque to severe lesions in all
branches. The great variability of coronary athero-
sclerosis in sudden heart death has been reported
by many authors (1, 2, 3, 4, 5, 14, 16) and has led
some authors to question the validity of the implica-
tion of coronary heart disease in cases of sudden
death with mild coronary atherosclerosis (10).

In the last few years, much attention has been
paid to the role played by, neurogenic factors and
metabolic disorders of the myocardium in the
etiology and pathogenesis of acute coronary insuf-
ficiency (6, 8, 11, 12). The question of the part
played by coronary atherosclerosis in the genesis
of sudden heart death has been discussed by many
authors. It is therefore of interest to compare
coronary lesions in those who died suddenly with
the low atherosclerosis group.

In sudden heart death, atherosclerotic lesions
in the aorta and coronary arteries occupied a greater
intimal area not only than in the low atherosclerosis
group but also than in the high atherosclerosis
group.
The frequency of coronary stenosis was similarly

higher in the sudden heart death group than in the
reference groups. Generally, the lesions in the
sudden heart death group occurred 20 years earlier
in the aorta and 30 years earlier in the coronary
arteries than in the low atherosclerosis group. These
findings point to a relationship between coronary
atherosclerosis and sudden heart death.

Fresh myocardial infarction and large myo-
cardial scar were found in 50-60% of cases of
sudden heart death in both sexes. This unusually
high frequency of myocardial lesions reflects the
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definition used. The frequency of coronary throm-
bosis (in about 30/4 of the sudden heart death
cases) and non-thrombotic occlusion (in about
25%/) corresponds to that reported by others (9, 17).

In the other sudden death group, the extent of
aortic and coronary atherosclerosis in both sexes
was usually less than in the high atherosclerosis
group, similar to that in the standardized average
atherosclerosis group, and greater than that in the
low atherosclerosis group. The same was true of the
frequency of coronary stenosis in men, whereas
in women the frequency of stenosis was the same
as in the low atherosclerosis group. Thus, more
men than women with coronary stenosis were
assigned to the other sudden death group, reflecting
the sex difference in coronary stenosis.
Comparison of atherosclerosis between towns

showed that in both sudden death groups the differ-
ences were the same as for all deaths. Thus, in Ryazan
and Yalta atherosclerosis was less marked and
coronary stenosis was less frequent than in other
towns.
Women are known to die less frequently than men

from coronary heart disease (7). In our material,
women accounted for only 28% of sudden heart
deaths but for 43%O of other sudden deaths. Appar-
ently, the women who died suddenly more often
died from causes not associated with coronary
heart disease.

Atherosclerosis thus appears to play a major
role in the genesis of coronary heart disease, since
coronary atherosclerosis was more extensive in the
sudden heart death group even than in the high
atherosclerosis group.

RE'SUME
CHAPITRE 5. ATHEROSCLE'ROSE ET MORT SUBITE

La prevalence de lesions compliqu6es ou calcifi6es et de
stenoses coronaires, le poids cardiaque moyen, et 1'exten-
sion de I'atherosclerose dans I'aorte et les arteres coro-
naires sont plus forts dans le groupe des # morts subites
d'origine cardiaque# que dans le groupe a fort degre
d'atherosclerose. Dans le groupe des < autres morts
subites ), qui comprend les morts subites sans infarctus
du myocarde ou occlusion coronarienne, tous les facteurs
ci-dessus, a 1'exception du poids du coeur, ont ete trouves

moindres que dans le groupe 'a faible degre d'athero-
sclerose et sont voisins de ceux que l'on rencontre dans
le groupe normalis6 d'atherosclerose moyenne. Le poids
moyen du cceur dans le groupe des a autres morts subites >
est inferieur a celui que l'on rencontre dans le groupe des
a morts subites d'origine cardiaque >, mais notablement
plus 6lev6 que dans les trois groupes de reference d'ath6ro-
sclerose.
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