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Preface 

The papers presented in this book were held at the International Sympo
sium on Myocardial Infarction at Young Age on January 30 and 31, 1981, 
in Bad Krozingen, FRG. 

The symposium was sponsored and supported by the European Society 
of Cardiology and the Pharma Schwarz Co. The scientific committee was 
composed of H. Denolin (Bruxelles), F. Loogen (Dusseldorf), E. Nussel 
(Heidelberg), J. Widimsky (Prague), M. Schmuziger (Bad Krozingen), and 
the editor of this book. 

To all of these, as well as to my co-workers, many thanks. 

Bad Krozingen, October 1981 H. ROSKAMM 
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Introduction 

H. ROSKAMM 1 

In preparing the program for this symposium, the following question arose: Is it re
ally necessary to have a specific symposium on myocardial infarction at young age? 
Are the problems not the same as in older age groups? Our experience has taught us 
that young postinfarction patients represent a rather heterogeneous group of pa
tients. 

The following cases are typical examples of groups that show significant diffe
rences in coronary morphology: 

1. The first group are patients with usually large infarctions in whom coronary an
giography shows normal coronary arteries (Fig. 1). This is a rather frequent find
ing in young women who are heavy smokers and use oral contraceptives. The 
same constellation can be found in very young men, sometimes after unusally 
strenuous physical exercise. Spontaneous lysis of a thrombus is the most likely ex
planation, and spasm may playa role in triggering the thrombotic event. 

2. The most frequent finding seems to be one-vessel disease, which is often a unilo
cular disease, i.e., one obstruction with the remaining vessels being angiographi
cally normal (Fig. 2). In this category infarctions are also mostly large: Patients 
have no angina pectoris before or after their infarction. In this group a predomi
nant thrombosis may be expected, and spasm can have been a triggering mecha
lllsm. 

3. The third group are patients with multivessel disease (Fig. 3). This is, as we all 
know, the common situation in older age groups of postinfarction patieilts. In 
these cases, coronary arteriosclerosis is the most significant underlying process. 
Thrombosis mayor may not play an important role in triggering myocardial in
farction. Ifwe had only this type of patient, a symposium specifically dealing with 
young patients would not be necessary. 

4. In a small group of patients, very diffuse coronary arteriosclerosis can be found 
(Fig. 4). These patients usually have very significant risk factors, for example, hy
percholesterolemia as a family disease, or severe hypertension. 

What is the prognosis for patients with these different types of coronary mor
phology? 

Do postinfarction patients with normal coronary arteries have an excellent prog
nosis as far as coronary artery disease is concerned? 

In unilocular disease (one obstruction or stenosis with the remaining vessels 
being angiographically normal), we have learned that regression of the coronary an
giographic finding is quite frequent, especially if the patients are very young 

1 Rehabilitationszentrum, Siidring 15,7812 Bad Krozingen, FRO 



Fig. 1. Angiogram of the left coronary artery in LAO-hemiaxial and RAO position ofa 22-year
old woman 2 months after having suffered a large anteroseptal infarction. The predominant 
left coronary artery and a rudimentary (not shown) right coronary artery were angiographical
Iy normal. The patient was a heavy smoker and used oral contraceptives. Lysis of the thrombus 
should be discussed 

Fig. 2. Angiogram of the left coronary artery in RAO position and of the right coronary artery 
in LAO position of a 37-year-old man 3 months after having suffered a large anteroseptal in
farction. The left anterior descending artery was found to be totally occluded and the remain
ing arteries were angiographically normal. This constellation is frequent in young patients. 
This patient had none of the accepted risk factors 

Fig. 3. Angiogram of the left coronary artery in RAO position and of the right coronary artery 
in LAO position of a 38-year-old man with an anteroseptal infarction. The LAD, which is the 
infarction-related vessel, is totally occluded. In addition, the right coronary artery is totally 
occluded and the circumflex artery shows a medium degree of stenosis. In young patients a 
multivessel disease constellation like this is far less common than in older patients 



Fig. 4. Angiogram of the left coronary artery in RAO and LAO position of a 36-year-old man 
2 months after an acute event with severe pain and elevation of serum enzymes. Left and right 
(not shown) coronary arteries show a diffuse type of coronary artery sclerosis. The patient had 
a risk factor constellation as follows: His father had died at age 48 years and his mother at age 
58 years, both from myocardial infarction. There was also significant hypercholesterolemia, 
hyperuricemia, and hypertension present 

Fig.S. Angiogram of the left coronary artery in RAO position 8 weeks (left panel) and 4 years 
(right panel) after anteroseptal infarction in a 39-year-old man. Both angiograms were perform
ed after nitroglycerine. Regression of a 95%- 99% stenosis to a 25%- 50% stenosis is clearly 
seen. Here, recanalization and organization ofa thrombus is the most likely explanation 

Fig.6. Angiograms of the left coronary artery in LAO hemiaxial position of a 35-year-old man 
(left panel) and a 28-year-old woman (right panel) 3 months and 4 months, respectively, after 
anteroseptal myocardial infarction. In both patients, two streaks of contrast medium in the 
proximal left anterior descending artery are seen, indicating recanalization of a thrombus 
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(Fig. 5). The most likely explanation of this kind of regression is recanalization and 
organization of a thrombus. 

If two streaks of contrast medium can be seen in the proximal part of the left an
terior descending (LAD), as Fig. 6 shows for two patients, recanalization of a 
thrombus is obvious. Progression on the other hand seems to be very frequent in 
multilocular disease and, in that group of patients, regression is very rare. 

What is the future of the ventricle, especially in those patients with very large 
scars, even if coronary morphology does not change? 

What is the future of the overloaded residual myocardium? Is there a place for 
early scar-ectomy? 

I think we all agree that the angiographic findings in patients with myocardial 
infarction at young age can be very variable. Does this mean that etiology and pa
thogenesis is totally different? Might there even be two different diseases: Predomi
nantly coronary arteriosclerosis and predominant thrombosis without significant 
primary affection of the vessel wall possibly triggered by spasm. 

I hope the studies presented at this symposium will provide a better understand
ing of myocardial infarction at young age, not at last because of the tremendous im
pact on the patient's family and the patient's own abilities and productivity. 



The Epidemiology of Acute Myocardial Infarction 
in Young Age Groups 

G. LAMMl 

The steady increase of mortality due to coronary heart disease (CHD) in the 1940s 
and 1950s was followed by a declining trend in the United States, Australia, New 
Zealand, and several European countries since the late 1960s. During the period of 
increase, a menacing shift of coronary mortality towards younger age groups and a 
diminishing male/female ratio were also observed. These were slowly corroborated 
by clinical morbidity data, showing more and more frequently the occurrence of 
acute myocardial infarction (AMI) in young males and even females. 

Now, when we are hopefully nearing the end of the tidal wave of the coronary 
epidemy, at least in some countries (but definitely not in many others), it would be 
of special interest 10 learn how far these changes are affecting the younger age 
groups. One cannot simply assume that, in countries where CHD is still low, the 
trend will go upwards, and vice versa; This is true for all age groups. A glance at the 
mortality trends in Europe illustrates this (Table 1). 

Table 1. Six top-ranking countries in male CHD mortality 

All ages 
(1975) 

Sweden 
Scotland 
Denmark 
England and Wales 
Northern Ireland 
Ireland 

35 - 44 years old 
(1975) 

Northern Ireland 
Finland 
Scotland 
Hungary 
Ireland 
England and Wales 

Increase 1968 - 1976 
(35 - 44 years old) 

Poland 
Sweden 
Hungary 
Denmark 
Ireland 
Northern Ireland 

For the sake of brevity, the all-ages ranking, which to a large extent reflects the 
age composition of the population can be disregarded. From the countries with high 
mortality in the young age group (35-44 years old), Northern Ireland, Hungary, 
and Ireland also show a steep increase in the same age group (Table 1). Finland, 
Scotland, England and Wales, while in the high-mortality bracket, are not of high 
rank in 8-year increase (note the decrease in Finland), while medium-ranking Swe
den and Denmark and low-ranking Poland belong to the six countries with the 
steepest mortality increase in this age group. 

The fact that no easy prediction is at hand from age and sex-specific mortality fi
gures is, among other things, an additional impetus to directly study the morbidity 
due to AMI in younger age groups. 

1 Regional Officer for Chronic Diseases, World Health Organization, 8, Scherfigsvej, 
DK-2100 Kopenhagen, Denmark 
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Background 

The three best indices of the spread and evolution of a disease are prevalence, inci
dence, and mortality: Only the latter is available for analysis in CHD among the 
young. Cross-sectional (prevalence) and prospective (incidence) epidemiological 
studies almost exclusively focus on the age group of 40-65 years because of num
bers. The relatively low prevalence and incidence below 40 years old would dictate 
sample sizes too large for study, and this was felt impracticable in most cases. Thus, 
scrutiny of the published epidemiological studies leaves us with practically no clue 
to the incidence and time trends ofCHD in the young. 

As a compromise, one must be satisfied with morbidity data on AMI, although 
even these are scanty. The fact that the so-called apparent morbidity is always lower 
than the true incidence (as subclinical and silent cases are, by definition, missed) is 
the lesser evil. The impossibility of relating premorbidity characteristics to events is 
the major drawback. Weare left in the dark as to the problem of risk factors for 
AMI in the young: Are they the same as for the older age groups and, if yes, do they 
have the same, lesser, or stronger influence? Well-conducted case-control studies 
might shed some light on the problems, but no attempt will be made here to go into 
this kind of epidemiological analysis. We will simply review available morbidity 
data on AMI in the young from the last 10 years. Conforming with the definition of 
this symposium, "young" are men below 40 and women below 50 years of age. 

Material Reviewed 

The richest source of information on the morbidity of AMI in Europe is still the 
WHO AMI Community Register Study from 1971 [1]. In 16 centers covering a total 
population of approximately 3 million, 10 121 AMI cases were rigorously registered 
and followed up for 1 year. The lowest age limit of registration was 20 years and the 
highest was 64 years in both sexes. Morbidity (attack rates) were presented in 5-year 
age- and sex-specific groups and for the whole sample (20-64 years old) for males 
and females. Various diagnostic categories were used in this study but, for the pre
sent analysis, AMI is defined as the sum of definite and possible myocardial infarc
tion. For details of the definition, we refer to the original publication [1]. 

Some of the 16 AMI Registers continued their activity after the official termina
tion of the WHO study, and a few up to the present. These still-active centers, to
gether with some newly established ones, have been approached by the author, re
questing their most recent available data on the "young" to establish some time 
trends. I am greatly indebted to all the directors of these centres for their invaluable 
contributions. 

Finally, published material was screened for any possible information related to 
the morbidity due to AMI in the young. The list of reviewed papers [2-8] is conspic
uously short. The explanation of this is easy: Although many more papers dealt 
with the problem of AMI in the last decade, only very few contained sufficient in
formation on the population sampled or studied, to allow calculation of age- und 
sex-specific morbidity rates. In the majority of papers there is no description of the 
population from which the patients are derived, of diagnostic criteria, period of 
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sampling, etc. Use of available data is further restricted by discrepancies in data 
presentation: some papers do not separate male and female morbidity; in others 
1O-year age groups are used starting at 25 years, etc. It is extremely rare to find ta
bles where, in addition to rate, number of cases, and the relevant denominators (i.e., 
number of population in the corresponding age-sex bracket) are indicated. 

These were factors limiting the number of utilizable information sources. 
Caution should, however, be expressed as to the quality of data as well. Although it 
was attempted to always use broadly similar data for any comparison, strictly stan
dard criteria could not be applied to the sampling, the diagnostic criteria, or the 
validity of the data in general. The broad general conclusions made here seem to be 
permissible even within these limitations. 

Findings 

AMI Community Register Study (1971) 

There is fortunately a great deal of information published on young ages in this 
study. The main findings are presented in Table 2 for males and Table 3 for females. In 
men, the range between the lowest center (Sofia) and the highest (Helsinki) is from 
1.4-7.3/1000 in the age group 20-64 years, while for the young it is 0.1-0.6/1000. 
In women the corresponding ranges are from 0.2 (Sofia) to 1.6 (Helsinki), while in 
the young it is from 0.04 (Sofia) to 0.45 (London). For the sake of comparison, the 
data on the subgroup of young women in the age group 20-39 are also included in 
Table 3. The range here extends from 0.0 to 0.1/1000. 

Table 4 gives a simplified overview of the concordance in geographical distribu
tion of AMI between all ages up to 64 years and the young in males. The range with
in each category was arbitrarily divided into low, medium, and high subclasses. 
Centers which fall under different subclasses from one age category to another are 
indicated in the respective brackets. All others maintaining their subgroup are omit
ted; e.g., Sofia ranks in the low subgroup in the 20-64-year age category, but in the 
medium one in the young category. 

Table 2. Ranking of AMI Community Registers for 1971 (15 Centers): males (incidence/ 
lOoo/year) 

Age (years) 

20-64 < 2.0 < 3.0 < 4.0 < 5.0 < 8.0 
(range Bucharest, Goteborg, Berlin, Prague, Warsaw, Dublin, Helsinki, 
1.4-7.3) Erfurt, Budapest, Lublin, Tel Aviv London, Tampere 

Sofia Heidelberg, Nijmegen 
Innsbruck, Kaunas, 
Pasewalk 

20-39 < 0.1 < 0.2 < 0.3 < 0.4 < 0.6 
(range Goteborg, Tampere, Innsbruck, Prague, Budapest, Dublin, London 
0.1-0.6) Bucharest, Sofia, Tel Aviv, Heidelberg, Helsinki 

Erfurt Berlin, Lublin Warsaw, Nijmegen, 
Kaunas, Pasewalk 
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Table 3. Ranking of AMI Community Registers for 1971 (15 Centers): females (incidence/ 
1000/year) 

Age (years) 

20-64 0.5 0.7 0.9 
(range Erfurt, Heidel- Goteborg, Warsaw, Berlin, 
0.2 - 1.6) berg, Lublin, Prague Budapest 

Innsbruck, Kaunas, 
Sofia, Pasewalk 

20-49 0.1 0.2 0.3 
(range Sofia, Innsbruck, Goteborg, Budapest, 
0.04-0.45) Heidelberg Prague Nijmegen, 

Bucharest, Warsaw 
Tampere, 
Lublin 

20-39 0.Q1 0.02 0.03 
(range Prague, Tampere, Goteborg, Dublin, 
0.Q1- 0.1) Sofia, Kaunas, Warsaw, London, 

Pasewalk, Berlin Lublin, Tel Aviv, 
Erfurt 

Table 4. AMI Community Registers for 1971: concordance 
of geographical distribution in young males (incidence/ 
1000/year). Four centers of 19 fall under a different cate
gory in the "young" age group (three decrease, one in
creases) 

Age group Incidence 
(years) 

Low 

< 2.0 
20-64 Sofia 

0.1 
20-39 Goteborg 

Medium High 

2.0-3.9 4.0-7.3 
Goteborg Nijmegen, 

Tampere 

0.2-0.3 0.4-0.6 
Nijmegen, 
Tampere, 
Sofia 

1.2 1.6 
London, Dublin, 
Nijmegen, Helsinki, 
Tampere Tel Aviv 

0.4 0.5 
Helsinki Dublin 

London 

0.04 0.1 
Innsbruck Budapest, 

Helsinki, 
Nijmegen 

Only four centers of 19 change their relative position in the young category; 
three of them shift to a lower subgroup (Nijmegen, Tampere, and Goteborg) and 
one (Sofia) to a higher. Table 5 shows the same concordance along similar lines for 
females. It is easy to see that, moving to increasingly younger age groups, the num
ber of centers shifting from one subgroup to another increases. In contrast to men, 
where the shift was always to one of the near subgroups (e.g., from high to medi
um), in women there is often a jump over a subgroup (e.g., from high to low). All 
these are probably due to the very low number of observed cases in these age groups. 
One might, therefore, state that there is no conspicuous difference in the geographi-
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cal distribution of AMI incidence in young males compared to the usually published 
data on the age group of 20-64 years. In relation to women, not even such a cauti
ous statement can be made. It is probable, however, that the wide variation in 
women is due to very low numbers. 

It is of interest to look at the age gradient of AMI incidence in both sexes: The 
age group 20-39 years was compared with that of 50-54 years for this purpose. In 
men the incidence is approximately 25-times higher in the latter group, thus the gra
dient is very steep. In women this gradient is smaller (around 15), though the scatter 
around this mean for all centers is much larger. 

TableS. AMI Community Registers for 1971: concordance of geographical 
distribution in young females (incidence/lOOO/year). The younger the age 
group considered, the larger the difference in distribution of young women 

Age group Incidence 
(years) 

Low 

20-64 0.2-0.5 

45-49 <0.6 

40-44 0-0.1 

20-39 0.0-0.02 

Medium 

0.6-0.9 

0.7 -1.1 

0.2-0.3 

0.03 -0.04 

High 

1.0 - 1.6 

1.2 - 1.8 

0.4 - 1.1 

0.1 

Number of 
Shifted 
centers 

4~ 

I i 
3 ~ 
5 i 
6 ~ 
4i 

When we are working in the clinic we usually do not think in terms of rates, but 
in proportions. We have an interest in, and an impression of what proportion of our 
AMI patients are young. Analyzing the AMI Register data from this aspect, one 
finds that roughly 5% of males and 16% of females qualify as "young" of the total 
number of AMI patients up to age 65 years. The "true" proportion of young cases 
among all our AMI patients will be still lower, since approximately the same total 
number of infarctions occur above the age 65 as below in a given population. 

Incidence of AMI in the Young (1972-1980) 

As mentioned earlier, sources of these data were partly personal communications 
from some of the still active registers, and partly published papers. 

The empty boxes in the tables reflect the discrepancies in data presentation. Ta
ble 6 for males shows that the range of incidence in the "young" is practically the 
same as in the AMI Register study (Table 2). The single exception is North Karelia 
with an incidence of 0.9!1 000, but this is hardly surprising. The wide variation with
in Finland might need some comment, but again the low number of events in any 
single center, taking the denominator (the size of population followed) also into 
account, makes interpretation hazardous. Table 7 presents the same for women. 
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Table 6. Incidence of AMI! 1000/Year in young males (1972 - 1980) 

Age group (years) 

20-24 25 -29 30-34 35 -39 20-39 

France 0.10 
Kaunas 0.2 0.6 l.l 
North Karelia 0.19 0.9 1.4 0.9 
Helsinki 0.46 
Turku 0.26 
Tampere 0.25 
Finland 0.47 
Gbteborg 0.08 0.3 
London 0.4 
Edinburgh 0.6 
Denmark 0.2 
Budapest 0.3 1.3 0.4 
Oslo 0.3 0.6 

Again, there seems to be no difference in the range from the AMI Register study. 
The scarcity of data for the hole young (20-49 years) group is conspicuous, and ex
plained by the same reasons as above. Even the three indicated figures (last column) 
might be biased, as it was impossible to establish whether calculations were based 
on the whole population in that age group or only those 25-49 years old, or even on 
age groups where events were found at all. Exceptions to this limitation are the data 
from Budapest, as indicated. This bias might be small in centers with small popula
tions becoming larger with increasing population size. The last row in both Tables 6 
and 7 gives the available figures from the classical study of Westlund from Oslo in 
1965 [8]. This is used partly as a reference and partly as a broad indicator, but def-

Table 7. Incidence/ 1000/year in young ( < 50 years) females (1972 - 1980) 

Age group (years) 

25-29 30-34 35 - 39 40-44 45 -49 25 -49 

France 0.06 
Kaunas 0.07 0.07 0.2 0.4 
North Karelia 0.3 0.3 0.9 1.6 0.4 
Helsinki 0.07 0.4 1.6 
Turku 0.00 0.0 0.6 
Tampere 0.00 0.0 0.4 
Finland 0.04 0.3 1.2 
Gbteborg 0.00 ~ 0.3 
London 0.00 0.4 ------. 
Edinburgh 0.14 1.41 
Budapest 0.1 0.2 0.8 0.8 0.3" 
Oslo 0.04 0.07 0.17 0.35 

" 25 - 49 years 
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initely not a basis for comparison. The methodological, geographical, and time dif
ferences are too large to allow this. A very cautious statement might be attempted, 
however, by saying that rates seem to have increased a bit in the last 10 years and 
perhaps more so in women than in men. 

The question whether incidence in the young has changed in the last 10 years 
can be answered with some confidence only by relying on centers where registration 
was going on continuously, in the same population, and with the same methods and 
criteria. Information was received only from six such centers and their experience is 
condensed in Table 8. An upward trend is observed in centers with low and medium 

Table 8. Local time trends 

Trend Males Females 

Montpellier, Kaunas 
Rouen, 
Kaunas, 
Budapest 
Copenhagen Budapest, 

Montpellier, 
Rouen, 
Cop,:nhagen 

North Karelia North Karelia 

levels of incidence, while in North Karelia, where the level was the highest (at least 
in men), there is a decline. It is also noteworthy that data on males and females tend 
to behave similarly in this respect. There are, however, to few centers analyzed here 
to allow generalization from these findings. 

In turning from epidemiological facts to their meaning as they affect clinical 
practice, as shown earlier, about 4% of all AMI cases will occur in the young. Trans
forming age- and sex-specific incidence rates into frequency of AMI in a whole po
pulation, one has to know not only these rates, but also the age structure of the po
pulation. Using gross average rates and a mean standard population one can calcu
late that in a city like New York or a country like Hungary (populations approxima
tely 10 million), around 900 "young" people will suffer from AMI in 1 year. An aver
age general practitioner serves roughly 3000 persons in Europe. On the grounds of 
the AMI Register data, he/she is likely to have about 15 AMI cases in a year, 
though he/she will not necessarily "see" them all, as a fair proportion will die before 
reaching medical assistance. The same general practitioner, in contrast, will meet 
a "young" AMI only every third year. Using the WHO recommendations for the 
establishment of coronary care units (CCU) [2] (and assuming that this is evenly ap
plied throughout Europe), one can also make assumptions on the load of 
"young" AMI patients on these units. Taking ten beds for a population of 250000 
one arrives at a figure of approximately 20 "young" patients admitted yearly to an 
average CCU of eight to ten beds. 

Of course, these practical examples are merely gross generalizations, and a gene
ral practitioner with cardiological interests and reputation will have many more ca-
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ses. Similarly, some one working in a CCU in a specialized hospital may feel that 
this indicative figure is unacceptably low. In spite of these limitations, such exam
ples help to put the problem in the proper perspective. 

Summary 

1. Data on AMI in the young are scarce and poorly presented (i.e., age brackets, de
nominators, etc.). 

2. Existing evidence does not hint at a different geographical distribution in young 
AMI patients compared to older cases. 

3. Clinical studies of the special features of AMI in the young promise to be more 
rewarding. 

4. Such studies can efficiently be undertaken only in big centers, so as to allow suffi
cient number of cases. 

5. The two main questions, whether AMI in the young is on the increase and wheth
er it is influenced in the same way and by the same risk factors, remain unan
swered. 

6. More knowledge can be gathered only by concentrated international studies with 
standardized protocols. 
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Myocardial Infarction in Young Men 
in the Heidelberg Register Area 

E. NDsSEL, L. BUCHHOLZ, and R. SCHEIDT! 

According to the data collected during 1971 in the Heidelberg myocardial infarction 
(MI) register area, MI in young people amounts to 7% in men and 14% in women 
below the age of less than 65 years. Within the last 10 years, we have closely ob
served 126 young men with MI for at least 2-year period. 

From these 126 patients, 73% were residents of the register area, and 27% received 
medical treatment because they suffered from an acute infarction during a short 
stay in the register area. We call these patients "visitors". There was no appreciable 
difference between the residents and the visitors as far as the survival rate and the in
cidence of risk factors are concerned. This backs the hypothesis that our young MI 
patients living in the register area are representative of large parts of the Federal 
Republic of Germany. We will report results of the residents and vistors as a whole. 

One hour after the onset of an acute infarction 90% of the patients were alive, 
after 8 and 24 h this number dropped to 82%. 

From days 2 to 5 after the onset of infarction, another 3% of the patients died. 
No patients died from day 5 to day 28 after the onset of infarction. After 6 months 
the survival rate was 78%, after 12 months it was 75%, and after 24 months 74% 
(Fig. I). Therefore, 26% of the patients having suffered from MI died within the 
course of 2 years. 

We were able to watch 44 patients closely for 8 years. From these, 61 % were still 
alive after this time (Fig. 2). 

Risk Factors. Of the 126 young patients with MI, 3% showed none of the seven 
classical risk factors of coronary heart disease, and if the factor overweight is not 
included, 6% of patients show no risk factors at all. Of the 126 MI patients, we have 
compared the 30-40-year-olds with patients of the same age group out of a total 
investigation of 30-40-year-old men of two provincial towns. In Fig. 3 the left 
column refers to men with MI, the right column to a control group of the same age, 
i.e., men without MI out of the normal population of both provincial towns. Of the 
persons in the MI group, 45% were overweight, while the same applied to 21 % in 
the control group. 

In the MI group 74% were smokers and, in the control group this rate was 44%. 
There was no appreciable difference as to the rate of ex-smokers. Hypertension in 
the MI group was found in 20% and, in the control group, in 13%. Hypercholesteri
nemia in the MI group amounted to 63%, in the control group to 17%. Hypertrigly
ceridemia in the MI group was at 56%, compared to the control group with 17%. 
Hyperuricemia in the MI group was at 29%, compared to 6% for the control group. 

1 Klinikum der Universitat Heidelberg, Klinische Sozialmedizin, Bergheimer StraBe 58, 6900 
Heidelberg, FRG 
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Fig. la-c. Survival rate after MI among men (N = 126) 40 years old or less at a \-24 h, b 
1-28 days and c 1-24 months after MI. WHO Project, Heidelberg, January 81. (After E. Niis
sel) 

Diabetes, with 10% in the MI group, was found in 3% persons in the control group. 
Of the MI group, 3% showed none of these seven risk factors, while the control 
group showed tenfold this figure (Fig. 4). Sixty-four percent of MI patients and 
8% of the control group showed three risk factors or more. Upon comparison of 
the MI and control group, the MI group shows three and more risk factors eight
fold more frequently. 

From individual histories we found, that 37% of the young men with MI had 
suffered angina pectoris, and 73% of these did not give up smoking, in spite of the 
pains they had to endure, until they were finally afflicted with MI. The percentage 
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Fig. 2. Survival rate after MI among men (N =44) 40 years old or less at 1-8 years after MI. 
WHO Project, Heidelberg, January 81. (After E. Niissel) 
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Fig. 3. Risk factors and MI among men 
30-40 years of age. N (MI, con
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Fig. 4. Summarized risk factors 
among men 30-40 years old in the MI 
(N = 93) and control (N = 92) groups. 
WHO Project, Heidelberg, January 
81. (After E. Niissel) 
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of smokers among patients with no history of angina pectoris is 75%. After having 
survived the acute MI, about 50% of the patients started smoking again, and 46% 
showed a Broca index of more than 10%. 

The results for young women with MI are very similar. 
In summary, the reduction of the classical risk factors of coronary heart disease 

form an essential part of primary and secondary prevention. 
According to the data collected in the Heidelberg Register during 1970 to 1971, 

about 3000 young male and 1500 young female patients with MI per year are to be 
expected in the Federal Republic of Germany. These figures emphasize the impor
tance of prevention. 



Coronary Artery Disease in Young Adults 
Under 35 Years Old: 
Risk Factors (Swiss Survey) 

P. MORETt, F. GUTZWILLER 2 , and B. JUNOD 2 

The importance of the most common risk factors in patients under 35 years old, who 
have had clinical syndromes of ischemic heart disease, such as angina pectoris and/ 
or myocardial infarction (MI) and/or intermediary syndrome, and in whom coro
nary angiography has been performed, has been reviewed in a retrospective study 
made under the auspices of the Swiss Cardiac Society (SCS). The results of this sur
vey are compared with those of a national control population study (PNR) carried 
out in four cities in Switzerland (Nyon, Vevey, Aarau, Soluthurn) on a population 
of about the same age group (25-40 years). 

In this paper, we first compare the prevalence of risk factors in the two groups 
(SCS and PNR). We then analyzed in the SCS group the correlations between the 
risk factors and the importance of coronary lesions and the long-term prognosis. 

Patients and Methods 

For the SCS group with ischemic heart disease, the clinical data with the hemody
namic investigations including coronary angiography and ventriculography were 
collected by a questionnaire from the university centers (Basel, Bern, Geneva, Lau
sanne, and Zurich) and a few cases from Lugano. Postcoronarographic medical 
history was obtained directly from the patient or from the physician. The retrospec
tive study dates, for Zurich, to 1965, and to 1970 for the other centers. A sample of 
185 patients (174 men and 11 woman; 94% and 6%, respectively) was collected. 
Among these patients, 118 were married, 38 single, 9 divorced, and 20 were of un
known marital status; 57 (7%) were blue-collar workers, 82 (44%) white-collar 
workers, and 13 (7%) were self-employed. These figures do not differ from the 
general population distribution. It should be noted that in this retrospective survey, 
the patients who died before or during hospitalization were not included in this 
study. 

The PNR control population study carried out in four different cities includes 
1078 men and 1102 woman of the age group 25-40 years. 

The exposure to risk factors was defined as follows: cigarettes (cig) smoking hab
its of more than 8 cig/ day in the PNR study and more than 10 cig/ day in the SCS 
study;' hyperlipidemia (including hypercholesterolemia and/or hypertriglyceride
mia) values well above those of normal subjects for each center, usually cholesterol 
of more than 250 mgllOO ml; hypertension values of more than 160/95 mmHg; 

I Center of Cardiology, Hopital Cantonal Universitaire, Geneva, Switzerland 
2 Project-Director of the Swiss National Research Program Study Group (PNR) 
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overweight as indicated by Broca index over 15%; and family history of systemic hy
pertension (HTA), of MI, or cerebrovascular accident (CV A) in first-degree rela
tives. 

Results 

The prevalence of risk factors in the two groups (SCS group with ischemic heart 
diesease and PNR control population group) are reported in Table 1. Differences 
between SCS and PNR groups are striking. Cigarette smoking is the first and the 
most important risk factor, followed by obesity, hyperlipidemia (especially hyper
cholesterolemia), and family history. It should be noted that the prevalence of CVA 
was higher in the PNR control than in the SCS group. Hypertension, in spite of the 
fact that it is less frequent than in the 20-40-year age group, was encountered more 
often in the SCS than in the PNR group. No values are yet available for exercise, 
diabetes, uric acid, or for use of oral contraceptives in the PNR group. For the 11 
women in the SCS survey, 64% were taking oral contraceptives. All female pa
tients except one were also smokers. 

In Fig. 1, we compared exposure to no risk factor, or to one, two, and three main 
or major factors (e.g., cigarette smoking, hypercholesterolemia, hypertension) in the 
PNR study and the SCS survey, but included only the patients with MI (139 men 
and 10 women). The differences between the two groups are evident. In the group 
of men there are only 10% of 139 patients who have none of the three main risk fac
tors, compared to 44.9% in the PNR study, and 38.8% had two risk factors in the 

Table 1. Prevalence of various risk factors in the SCS group (185 patients 
with ischemic heart disease) and the PNR group (control population study). 
Values taken from Stahelin (1976) 

Cigarette smoking 

H yperli pidemia 

Hypercholesterolemia 

Hypertension (HTA) 

Family history 
Infarction (INF) 
CVA 
INF + CVA + HTA 

Obesity 

Diabetes 

Uric acid 

Exercise 
None 
Regularly 

Contraceptives (II women) 

** p < 0.01 *** P < 0.001 

SCS PNR 
(~ 35 years) (20 - 40 years) 

78.5% 47% *** 
41.0% 

34.6% 12% *** 
13.5% 5% *** 

30.3% 16% *** 
4% 12% ** 

38.0% 

52.9% 30% *** 
9.2% 

7.6% 

21.1% 
26.5% 

63.6% 
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Risk factors: Tobacco 10 Cig., d. Cholesterol. Hypertension 

Normal Infarction 

*** 
Irrn'm;~~~ 0.6% 

8.1 % 7.2%*** 

r1TITi~~~ 0.1 % 
2.9% 

D Exposure to 0 factor 

IIIlIlI Exposure to 1 factor 

*** p<0.001 

~(10) 

§ Exposure to 2 factors 

~ Exposure to 3 factors 

19 

Fig. 1. Exposure to none, one, two, and three risk factors (tobacco, cholesterol, and hyperten
sion) in the SCS group of 139 males and 10 females with MI and in the PNR group (control 
population study) of2l6 males and 305 females 

SCS survey, compared to only 8.1 % in the PNR study. Only 0.6% had three risk fac
tors in the PNR group, against 7.2% in the SCS group. Differences are also obvious 
in the women. No statistical analysis has been made, the SCS group being too small 
(only 10 women). 

The relationships between risk factors and coronary lesions are reported in Ta
bles 2 und 3. We considered only the l39 men with infarction, the group of women 
being too small. At the time of the coronary angiography 24 patients (17.2%) had 
normal coronary vessels or stenosis ofless than 50%, and 115 (82.8%) had definite 
coronary lesions. As can be seen on the left side of Table 2, the prevalence of the var
ious risk factors is almost identical among the groups with normal or abnormal ves
sels. Statistical differences are present only for hyperlipidemia. On the right side of 
Table 2 are the numbers of risk factors per patient (RF IP). If only the first three risk 
factors are considered (cigarette smoking, hyperlipidemia, and hypertension), there 
is no difference between the groups with normal coronary vessels and abnormal 
ones (1.08 RF IP with normal vessels and 1.42 RF IP with abnormal vessels). If 
the first five risk factors listed on Table 2 are taken into account together, the dif
ferences become statistical significant; 1.12 RF IP with normal vessels and 1.63 
RF IP (P < 0.05) with abnormal vessels. The differences become more significant if 
six or all risk factors are considered. 

Among the 115 male patients with infarction and definite coronary lesions, 72 
(62.6%) had one-vessel disease, 27 (23.5%) had two-vessel disease, and 16 (13.9%) 
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Table 2. Relation between various risk factors and coronary lesions in 139 male patients with 
MI: Normal and abnormal vessels 

Normal Abnormal No. risk factors 
vessels vessels per patient 

Tobacco (> 10 cig/day) 75.0% 80.8% 1.08 
Hyperlipidemia 29.2% 49.6% 1.42 
Hypertension 25.0% 31.3% 1.12 

Diabetes 0% 10.0% 1.63 * 
1.37 

Hyperuricemia 4.2% 7.8% 
2.31 *** 

Family history 25.0% 42.5% 1.95 
2.85 ** 

Obesity 58.3% 55.6% 

No. patients 24 115 
Age (years) 30.4 31.8 

* p < 0.05 ** p< om *** p < 0.001 

had three-vessel disease. As shown in Table 3, hyperlipidem~a, hypertension, and 
hyperuricemia are more frequent in the group of patients with three-vessel disease. 
If one considers, as for Table 2, the number of risk factors per patient, there is a 
striking difference between the two groups of patients whatever the number of risk 
factors taken into consideration. There are, for instance, 2.5 risk factors per patient 
for the patients with three-vessel disease against 1.3 (P < 0.001) for the patients with 
one-vessel disease if smoking habits, hyperlipidemia, and hypertension are con
sidered. 

The long-term prognosis of 139 men who had an infarction has been analyzed 
regarding the presence or absence of risk factors prior to the infarction. During the 
follow-up period after the infarction, 53 (38.1 %) patients had neither angina pectoris 

Table 3. Relation between various risk factors and coronary lesions in 115 male patients with 
MI: One- and three-vessel disease 

Tobacco(> lOcig/day) 
Hyperlipidemia 
Hypertension 

Diabetes 
Hyperuricemia 

Family history 

Obesity 

One vessel 

80.5% 
38.9% 

8.3% 

6.9% 
5.5% 

44.0% 

51.0% 

Three vessels 

87.0% 
93.7% *** 
25.0% * 

12.5% 
25.0% ** 

56.0% 

62.5% 

No. patients 72 16 

* p < 0.05 ** P < 0.01 *** P < 0.001 

No. risk factors per patient 

1.3 
2.5 *** 

1.4 
3.0 *** 

1.8 
2.9 *** 

2.3 
3.5 ** 
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Table 4. Relation between various risk factors and long-term prognosis in l39 male patients 
with MI: 53 patients without postinfarction angina or recurrent infarction and 59 patients with 
either postinfarction angina or recurrent infarction 

Tobacco (> 10 cig/day) 
Hyperlipidemia 
Hypertension 

Diabetes 
Hyperuricemia 

Family history 

Obesity 

No. patients 

* p < 0.05 ** P < 0.01 

No angina 
or recurrent 
infarction 

77.3% 
37.7% 
11.0% 

9.9% 
3.7% 

39.0% 

58.9% 

53 

With angina 
or recurrent 
infarction 

78.5% 
6l.3% ** 
l3.4% 

11.2% 
8.3% * 

41.0% 

56.8% 

59 

*** P < 0.001 

No. risk factors 
per patient 

l.26 
2.0* 

l.39 
2.25 * 

1.79 
2.75 * 

2.l3 
3.37 *** 

Table 5. Relation between various risk factors in l39 male patients with MI: 53 patients 
without postinfarction angina or recurrence of infarction and 14 patients who died after hospi
tal discharge (1- 12 years) 

No angina Patients No. risk factors 
or recurrent died per patient 
infarction 

Tobacco(> lOcig/day) 77.3% 57.0% 
1.26 NS Hyperlipidemia 37.7% 42.8% 

Hypertension 11.0% 14.2% l.35 
l.39 NS 

Diabetes 9.9% 0% 1.57 

Hyperuricemia 3.7% 21.4% 1.79 NS 
1.92 

Family history 39.0% 35.7% 2.l3 NS 
2.28 

Obesity 58.9% 35.7% 

No. patients 53 14 

nor recurrence of infarction, 47 (33.8%) had residual or recurrence of angina pecto
ris, and 12 (8.6%) had a recurrence of infarction (Table 4). Eight had both angina 
and recurrent infarction. Hyperlipidemia and hyperuricemia were more frequent in 
the group of 59 patients with postinfarction complications. The number of risk fac
tors per patient was also greater than in the group without complications. 

Of 139 men with infarction, 14 (10%) patients died during the follow-up period. 
As seen in Table 5, there are no differences between this group of 14 patients and 
the group of 53 patients who had no complications after their infarction: No dif
ference in the prevalence of the various risk factors or in the number ofRF IP. 
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Summary 

During a period of about 10 years, 185 patients under 35 years of age with clinical 
syndromes of ischemic heart disease, in whom coronary angiography had been per
formed, have been studied in Switzerland. From this retrospective study, it clearly 
appears that the risk factors cigarette smoking, hyperlipidemia, hypercholesterole
mia, obesity, hypertension, and family history are more frequent in this patient 
group than in a control population group of same age. Diabetes, hyperuricemia, 
and physical exercise were also factors present in the group with ischemic heart dis" 
ease, but values for the control population are not yet available. Of patients with 
MI, 17% had normal coronary vessels or a stenosis of less than 50%. Patients with in
farction and severe coronary disease (three-vessel disease) have a higher prevalence of 
hyperlipidemia, hypertension, and hyperuricemia, and greater number of RF IP (over 
2.5). Patients with postinfarction complications (angina 34%, recurrent infarction 
9%) have higher prevalence of hyperlipidemia and hyperuricemia, and a greater 
number of RF IP (over 2.25). Ten percent of patients with MI died during the fol
low-up period. There was no difference in the prevalence of the various risk factors 
or in the number of risk factors per patient with the survivors who had no complica
tion, angina, or recurrent infarction. 

In summary, it can be said that in young adults under 35 years with ischemic 
heart disease, the most common risk factors are cigarette smoking of more than 10 cigl 
day (80%), followed by obesity (53%), hyperlipidemia (41%), and family history of 
MI, hypertension, or eVA (38 %). Twenty-one percent of patients had low physical 
exercise. The prevalence of hypertension, diabetes, and uric acid was low, respec
tively 13%,9%, and 8%. Of women, 64% were taking oral contraceptives. Patients who 
had more than three risk factors, including abuse of tobacco, hypercholesterolemia, 
have a high probability for severe coronary disease and poor long-term prognosis 
with higher risk of having postinfarction angina or recurrence of infarction. 

This study suggests that the pathogeny of infarction at young age (less than 
35 years) is probably different than in the older age group. Tobacco may be respon
sible for the primary lesion of coronary vessels with formation of thrombi, some
times occluding the artery and secondary lysis leaving a normal or "normalized" 
vessel. The passage of time and lipid disturbances, associated with other risk fac
tors, lead to formation of arteriosclerotic plaques and severe stenosis. 
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Myocardial Infarction Among Men Below Age 40 
in Giiteborg 

R. BERGSTRAND, A. VEDIN, C. WILHELMSSON, and L. WILHELMSEN 1 

From January 1, 1968, and onwards, all cases of acute myocardial infarction (MI) 
occurring in the population of Goteborg in certain age groups have been registered 
in the special Infarction Register. This register comprises more than 90% of all di
agnosed cases ofMI in this city. All survivors have been systematically cared for after 
the acute phase of the infarction at a special post MI clinic. During follow-up, 
deaths and reinfarctions were registered in the Infarction Register (Elmfeldt et aI., 
1975a, b). 

The purpose of the present study was to define incidence and prognosis as well 
as to describe socioeconomic and risk factor patterns among men with MI below 
age 40 in a demographically and geographically defined area. 

Materials and Methods 

Incidence figures were calculated on all cases of MI among men below age 40 from 
1968 to 1978, and were compared with the total population figures. The prognosis 
among survivors was compared with males in the age groups 40-49 years and 
50-59 years who suffered nonfatal MI during the same period. 

The socioeconomic variables, place of birth, number of days of sickness benefit, 
annual income, and alcohol abuse, were compared between all cases of MI among 
men below age 40 from 1970 to 1977 and a random sample of536 men from the ge
neral population in the age group 30-39 years. The socioeconomic variables were 
collected from public registers. The risk factors (smoking, serum cholesterol, and 
blood pressure) were compared between surviving patients and the general popula
tion sample. 

Results 

During the ll-year period (1968-1978), 61 cases of MI below age 40 were regis
tered. Eleven men (18%) died outside the hospital and four (7%) during the hospital 
stay. The average age was 35.6 years and the age distribution can be seen in Fig. 1. 
The annual incidence of a first MI per 100000 males was in the age group 25-29 
years, 1.7; 30-34 years, 6.1; and 35-39 years, 29.4 (Table 1). There was a significantly 
lower incidence among men of Swedish origin than among men of Finnish origin 
(P<O.OI), while no difference was noticed between men of Swedish and foreign 
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Fig. 1. Age distribution among men with MI below age 40 in Goteborg (1968- 1978) 

non-Finnish origin. Among men offoreign origin the Finns tended to have a higher 
incidence than other immigrants (P=O.lO). The annual number ofMI cases was too 
low to expose any time trends. 

The survival rate during the follow-up was higher among younger patients 
(P < 0.05, Fig. 2). 

During the follow-up, 14 of the 46 younger patients suffered a nonfatal reinfarc
tion which was as frequent as in older age groups (Fig. 3). There were no differences 
between patients with and without nonfatal reinfarctions with respect to the vari
ables cholesterol, blood pressure, and smoking habits. 

The annual income among men with MI was lower than among the population 
(P < 0.05). The accumulated number of days of sickness benefit 2 years prior to MI 
was significantly higher among the MI cases than that among the total population 

Table 1. Incidence of MI among men below age 40 in Go-
teborg, Sweden 

Age (years) Annual incidence per 100000 

Sweden Finland Foreign, Total 
except 
Finland 

30-34 6.5 23.6 7.2 6.1 

35 - 39 24.2 72.6 34.5 29.4 

30-39 13.7 44.7 20.4 16.8 
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Fig.4. Combination of the risk factors smoking and cholesterol in men with MI (.) and indi
viduals in the general population sample (0) 

sample (P< 0.001). The MI cases were more often registered at the Temperance 
Board for alcohol abuse compared with the population sample (P < 0.01, Table 2). 

Of 33 MI survivors, 28 were smokers, compared with 46% of the population 
sample (P < 0.01, Fig. 4). The serum cholesterol value of the survivors 3 months 
after MI was significantly higher than in the population sample (P < 0.01, Fig. 4). 
Systolic, as well as diastolic blood pressure was higher among the survivors 3 months 
after MI than in the population sample, but only the difference between the diasto
lic pressures was significant (P < 0.05). The combination of the two risk factors smok
ing and serum cholesterol among the survivors and the population sample is pre
sented in Fig. 4. The combination of heavy smoking and a high serum cholesterol 
value discriminated most of the survivors from the individuals in the population 
sample. 

Table 2. Alcohol abuse among young men with MI in Go
teborg, according to origin 

Case of MI Registered at 
Temperance Board 

Origin (%) 

Swedish (n = 28) 39 

Finnish (n = 10) 70 

Foreign, except Finnish (n = 8) 0 

Total (n = 46) 39 

General population sample (n = 536) 20 
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Discussion 

More than 90% of all MI cases are registered in the Infarction Register in Goteborg 
(Elmfeldt et al. 1975 a). The Infarct Register and the special Postmyocardia1 Infarc
tion Clinic (Elmfe1dt et al. 1975 b) are well known to doctors in Goteborg and young 
patients who have suffered a MI outside the city are always sent to the Postmyo
cardial Infarction Clinic for follow-up. The patients studied can be regarded as re
presentative for acute MI in patients below 40 years of age. The annual incidence 
during the studied period was in concordance with the results seen in the WHO study 
of 1970-1971, where only 2 of 21 centers had the same low incidence as Gote
borg (WHO 1976). Most of the other centers had a higher incidence and in Perth, 
Western Australia, the incidence was 2.5-5-times higher than in Goteborg (Pole 
et al. 1977). The mortality outside hospital was somewhat lower than among older 
patients in Goteborg (Elmfeldt et al. 1975 a). 

Several studies show a relatively good long-time survival rate among young pa
tients (Kovacsics et al. 1977; Georgiou et al. 1978), as well as a longer survival time 
than among older patients (Helmers 1974; Pole et al. 1976). However, despite the 
low absolute mortality, there was a marked relative excess mortality compared to 
healthy contemporaries (Weinblatt et al. 1968; Vedin et al. 1975; Kj011er 1978; Hel
mers and Lundman 1979). The high rate of nonfatal reinfarctions suggests severe 
coronary artery disease. 

Men with MI below age 40 seemed to have a lower socioeconomic status than 
the population. However, the variables studied might be secondary to more com
plex socioeconomic and psychosocial factors. 

The present study supports the previous investigations that cholesterol, smoking 
habits, and hypertension are major risk factors for acute MI. The difference between 
serum cholesterol values in the patients and the population was greater in this study 
than for older age groups in Goteborg (Elmfeldt et al. 1976). High cholesterol levels 
and heavy smoking discriminate the majority of the patients. Blood pressure-cho
lesterol or blood pressur-smoking habits did not similarly discriminate the MI pa
tients from the population sample. 

Men who suffered a MI at young age have lower socioeconomic status than con
temporaries in the population. However, independent of socioeconomic status, these 
patients were heavily burdened with the risk factors smoking, serum cholesterol, 
and blood pressure. 
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Myocardial Infarction at Young Age: 
Risk Factors and Natural History! 

G. s. UHL and P. W. FARREL 2 

Ischemic heart disease continues to be the primary cause of death among adults in 
the United States. There is general agreement on a multifactorial etiology of the dis
ease and that the incidence of disease increases with age. However, coronary heart 
disease has been recognized in young age groups more frequently in recent years 
(Davia et al. 1974; Dolder and Oliver 1975; Bergstrand et al. 1978; Gohlke et al. 
1980). These individuals with precocious atherosclerosis may be the ideal popula
tion to study the relative role of the conventional risk factors. 

A sample of young patients with myocardial infarction (MI) was studied on the 
assumption that predisposing risk factors should be more evident in those with pre
mature coronary heart disease. We evaluated the prevalence of various risk factors 
in younger patients with MI and compared these to a population of infarction vic
tims older than 40. Early and late morbidity and mortality were also compared. 

Materials and Methods 

From January, 1973 to December, 1975, all cases of an initial MI who met World 
Health Organization criteria (chest pain, electrocardiographic changes, and serum 
enzyme rises) who were admitted to Wilford Hall Medical Center were reviewed. 
This included 165 patients under 40 years of age (mean 34.5±6.l years) including 
13 under 30, 47 at 30-35, and 105 who were 35-39 years of age. This group was 
compared to 100 patients who were 40 or older and admitted during the same time, 
randomly selected as the first three or four patients admitted each month having 
suffered an initial transmural MI. 

Chart review of a standard history and physical form recorded at the time of ad
mission yielded pertinent history and known risk factor data. Prior outpatient re
cords were reviewed for substantiation of historical data and previous laboratory
derived values. All data were stored in a computer for retrieval and data analysis. 
The baseline data included vital statistics; social history (including smoking habits 
and physical activity); family history of significant cardiovascular disease in first-de
gree relatives; knowledge of previous hypertension, glucose intolerance, or hyperli
pidemia; previous angina pectoris; and physical activity at the onset of MI. Loca
tion of infarction, complications, and other follow-up data was added as collected. 

Admission height and weight was used and patients were considered obese if they 
were 20% overweight from standard tables (Metropolitan Life Insurance Company 

1 The opinions expressed in this manuscript do not reflect the policies of the United States Air 
Force, but are solely the responsibility of the authors 
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1959). This index of obesity has been shown to correlate well with obesity defined as 
relative body weight calculated by Quetelet's rule, which gives an index of body 
weight easily comparable in adults of varying height (Khosla and Lowe 1967). 

Persons were classified as nonsmokers only if they never smoked. Persons who 
had quit smoking or currently smoked had their tobacco consumption semiquan
tiated by multiplying the number of packs of 20 cigarettes inhaled per day by the 
number of years smoked. These were then arbitrarily divided into those above and 
below 20 pack-years. 

Hypertension was considered to be present if the patient was on antihyperten
sive medication at admission. Evidence of hypertension was sought on review of 
outpatient records. Evidence of significant hypertension was sought and elevated 
blood pressure was considered present if systolic pressure was over 160 mmHg or 
diastolic over 90 mmHg at the time of discharge. 

Cholesterol levels in the serum were determined on admission and during weeks 
2 and 3 postinfarction after an overnight fast. It was hoped that the effect of the 
acute stress of the pain would not influence these later values. 

The treatment of patients was nonstandardized, as they were all returned to the 
care of their primary physician. Those that had no prior physician contact were fol
lowed up by members of the internal medicine staff or house staff. No attempt was 
made to recommend certain therapies or restrict these patients from certain medica
tions, such as beta-blockers or long-acting nitrates. All surviving patients were fol
lowed up by periodic mailings of questionnaires, telephone communication, and 
review of recurrent admissions. 

Selective coronary angiography and left ventriculography were performed in 
81 patients under 40 years (49%) for clinical reasons or to define extent of disease. 
These were performed at least 3 months after MI using the Judkins technique. The 
num ber of patients over 40 years examined angiographically was so small (11 %) 
that these results were not evaluated. 

For statistical analyses, the difference of any variable, risk factor, or complica
tion between the patient age group less than 40 and those over 40 was analyzed by 
Student's nonpaired (-test. The SE of the differences between the proportions in the 
two samples was determined. The P values were calculated and differences were 
considered statistically significant if, in a two-tailed test, P was less than 0.05 (Hill 
1977). 

Results 

The two patient groups, those below 40 years (group 1) and those older than 40 
years (group 2) were compared as to the presence or absence of each variable (Ta
ble 1). In group 1, 53% experienced angina prior to MI, while the remaining 77 de
nied having any chest pains prior to the infarction (Table 1). Results were similar in 
group 2, with 46% of these older patients experiencing angina prior to MI. 

It has been suggested that extreme physical exertion prior to MI may be more 
common in younger patients or in those with normal coronary vessels, suggesting 
coronary spasm as a possible etiology (Gohlke et al. 1980). In group 1, 32% of the 
younger patients were exerting themselves at the time of MI pain onset, while only 
20% of the older patients had onset of their infarction with stress (Table 1). 
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Table 1. Comparison of variables in groups 1 (n = 165) and 2 
(n = 100) 

Mean age (range) at Group 1 Group 2 P 
onset of angina (years) 34.5±6.1 49.9±7.1 

(22 - 39) (40 - 59) 

DayofMI 77 54 NS 
Prior to MI 88 46 NS 
Physical stress with MI 53 20 NS 
Positive family history 105 32 <0.05 
Smoking 20 pack-years 102 75 NS 
Hyperlipidemia 100 31 <0.001 
Hypertension 48 46 <0.01 
Obesity 95 32 < 0.001 
Diabetes mellitus 15 11 NS 

Mean number of risk 3.0S± l.2 2.03± 1.35 
factors present 

Smoking was the most common risk factor in both age groups with 61 % of the 
younger patients having a smoking history of 20 pack-years or more. This did not 
differ statistically from the older group in whom the same amount of tobacco con
sumption was found (75%). A family history of significant atherosclerosis or risk fac
tors was present in only 32% of patients in the older group, while 69% of the youn
ger patients had a remarkable family history (P < 0.05). A family history of athero
sclerotic heart disease was defined as any first-degree relative younger than 50 years 
who had angina pectoris or a MI. Such a history was obtained in 86 patients in 
the younger group, but only 32 of group 2 patients. Death from a MI in a family 
member under the age of 50 years was also relatively more common in the younger 
patients (27%) than in the older group (17%). A family history of hypertension or 
diabetes mellitus in a first-degree relative was also uncommon in both groups. The 
incidence of diabetes mellitus was low in both groups, with no difference in either 
diet-controlled or insulin-dependent diabetes between the groups. A history of hy
pertension was significantly more common in the older group (P<O.OI). Most pa
tients with high blood pressure were taking antihypertensive medication at the time 
of admission for MI (Table 1). 

The indices of relative body weight and obesity were significantly more common 
in group 1 than group 2 (P< 0.001). Of the younger MI patients, 58% were obese, 
exceeding the upper limits of ideal body weight by 20% or greater. Hypertension, 
diabetes mellitus, and hyperlipidemia have been associated with obesity. Various 
combinations of these risk factors were compared between the two groups and are 
listed in Table 2. Although obesity was very prevalent in the younger patients, obe
sity not associated with any of the other three risk factors was present in 20% of 
group 1 and 14% in group 2 (NS). The association of obesity with hyperlipidemia 
was more frequent in the younger group. Conversely, there were 41 patients in 
group 2 who were not obese or have hyperlipidemia, hypertension, or diabetes 
while only 18 % of the patients in group I had none of those risk factors (P < 0.001). 
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Table 2. Comparison of various combinations of risk factors that may 
be related to obesity 

Group 1 Group 2 P 

Obese only 33 14 NS 
Hyperlipidemia (L) only 31 10 <0.05 
Hypertension (BP) only 3 8 NS 
Obese+L 28 8 <0.05 
Obese+BP 13 4 NS 
Obese+L+BP 18 0 <0.001 
Not obese + L+ BP or diabetic 29 41 <0.001 

A history of hyperlipidemia before MI or discovered during the hospitalization 
for MI after the acute stress had subsided was twice as frequent in the younger 
group (Table 1). In group 1, 100 patients (61 %) had hyperlipidemia as a risk factor, 
while only 31 of the older patients had abnormal lipid values (P<O.OOl). Hyperli
pidemia as the only risk factor present was also more frequent in the younger than 
the older MI patients (Table 2). 

Only one patient in group 1 had none of the conventional risk factors for athe
rosclerosis. That patient was found to have normal coronaries at catheterization. 
She was not given ergonovine or a cold pressor test at the time of catheterization. In 
contrast, six of the older patients had no risk factors. Tabulation of number of risk 
factors present in each group revealed that the younger MI patients had a larger 
number of risk factors present (mean 3) than the older patients (mean 2), as shown 
in Table 1. Of the younger MI patients, 54% had three or more risk factors. The 
ten young women who suffered a MI had fewer risk factors present (Table 3) than 
the men, who comprised 94% of group 1. A family history of premature atheroscle
rosis, hypertension, and hyperlipidemia were the most common risk factors in the 
young women. Only one was taking oral contraceptives and another was pro
foundly hypothyroid. None of the young women met the criteria for obesity. 

Only 81 of the young MI patients underwent cardiac catheterization, but inter
esting risk factor data was found in that subgroup as well. Twenty-five had three
vessel disease, 28 had two-vessel disease, 19 had one-vessel disease, and nine were 
angiographically normal. Only 25 of those catheterized had two or fewer risk factors 
and of these, 13 (or 52%) had two- or three-vessel disease while 37 of the 47 patients 
(78%) with three or more risk factors had two- or three-vessel disease. Those 25 pa
tients with three-vessel disease had an average of 3.48 risk factors. That number of 
risk factors was significantly more than one- or two-vessel disease patients who had 
2.8 and 2.9 risk factors, respectively (P< 0.05). 

Of the nine patients with normal coronary vessels all had suffered an inferior 
wall MI, with all but two being transmural infarcts. Only one of these patients had 
no risk factors and the majority had only one or two present (Table 4). None were 
diabetic, only one was hypertensive, one had a significant smoking history, two had 
elevated lipid values, and three were obese. However, six had a family history of eith-
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Table 3. Description of risk factors in young women with MI 

Patient Age (years) Conventional risk factors Other etiologic 
considerations 

A 26 Hypertension Oral contraceptives 
for 6 years 

B 29 Hypertension, juvenile, juvenile-onset None 
diabetes 

C 30 Uncle died at age 38 of infarction Eclampsia during 
pregnancy 

D 30 Hypercholesterolemia, hypertension, None 
sister age 32 with angina 

E 37 Hypercholesterolemia Hypothyroidism 

F 38 Adult-onset diabetes mellitus, None 
mother died age 40 of infarction 

G 38 Hypercholesterolemia, None 
25 pack-year smoker 

H 39 None None 

39 Hypertension, 25 pack-year smoker None 

J 39 Hypertension, 40 pack-year None 
smoker, hypercholesterolemia 

er premature atherosclerosis or death due to MI at young age in a first-degree rela
tive. These risk factor constellations were distinctly different from the majority of 
group I patients. None of these nine had angina prior to MI and only two were un
der stress (one emotional, one in athletic competition) at the time ofM!. 

Subsequent mortality, complications, and morbidity (including angina, reinfarc
tion, and congestive heart failure) were ascertained in both groups (Table 5). There 

Table 4. Descriptions of variables in patients with normal 
coronary vessels 

Variable 

Smoking: 
None 
More than 20 pack-years 
Hyperlipidemia 
Obesity 
Hypertension 
Positive family history: 
None 
Premature atherosclerosis 
Death from infarction 
Recurrent chest pain 
Transient bundle branch block 
Death 

No. of patients 

6 
I 
2 
4 
I 

3 
4 
2 
5 
2 
o 
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Table 5. Morbidity and mortality in younger versus older MI patients 

Group I Group 2 P 

Uncomplicated 73 45 NS 
Ventricular tachycardia or 15 12 NS 
fibrillation 
Angina (early) 44 12 <0.05 
Angina (late) II 25 NS 
Congestive failure 28 17 NS 
Reinfarction 24 21 NS 
Death (early) 5 17 < 0.001 
Death (late) 5 24 <0.001 
Average annual rat (per year) of 
MI 3% 4.2% NS 
Late mortality 1% 5.0% <0.01 
Angina pectoris 7% 7.5% NS 

were equal percentages of patients in each group who were free of any complica
tions in the first year of follow-up. Of the young infarct patients in group 1, 44 had 
angina in the immediate postinfarction period, while only 12 of group 2 had imme
diate postinfarction angina. Angina occurring later had the same occurrence rate in 
both groups (Table 5). Congestive heart failure was equally prevalent in the young 
and old MI patients. The presence of ventricular fibrillation or tachycardia was not 
significantly more common in either age group. Of the older MI patients, 17 died 
before hospital discharge while only five of the younger patients had early mortali
ty. 

On 5-year follow-up, 24 of the younger MI patients had a recurrent infarction as 
compared to 21 of the older patients. However, the average morbidity rate 1-5 
years post-MI was no greater in the older patients (Table 5). The rate of subse
quent angina was similar in both groups. Late mortality occurred in the older pa
tients at twice the rate as that in the younger age group. 

Discussion 

There is a large body of evidence that indicates that one can define the risk factors 
for MI. Many factors are inter-related and some are age-dependent. This study in
tended to evaluate the prevalence of risk factors for coronary artery disease in 
young patients in whom the presence of atherosclerosis may be considered prema
ture. Therefore, the most potent risk factors should be the most common in these 
patients. The type and number of risk factors in these young patients were com
pared to a similar, but older population of MI patients to help evaluate this hypo
thesis. 

Among the several risk factors associated with coronary artery disease, hyperli
pidemia was one of the most common, especially in the younger patients. It ap
peared to be a rather potent risk factor, present in 60% of those younger patients, but 
only 31 % of the older patients. Several series of patients with angiographically prov-
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en coronary artery disease have found the incidence of hyperlipidemia to range 
from 54% to 68% (Davia et al. 1974; Falsetti et al. 1968; Heinle et al 1969; Tzagour
nis et al. 1967; Shekelle et al. 1981). Our data agrees with a study that found that hy
perlipidemia in young patients (30-39 years) was a more reliable predictor of sub
sequent MI than in older groups (Gofman et al. 1966). 

Cigarette smoking is firmly established as a risk factor for coronary heart disease 
by several studies (Doll and Hill 1956; Doyle et al. 1964). However, in our study the 
prevalence of heavy smoking was higher in older patients than in the younger ones. 
This may be due in part to the fact that most young patients would have had to 
smoke at least packs of cigarettes per day to be included in the heavy tobacco-con
sumer group. Nonetheless, smoking was the second most common risk factor in the 
younger age group. A previous study actually found smoking to be a stronger risk 
factor than hypercholesterolemia in young MI patients (Walker and Gregoratos 
1967). 

The most common risk factor in the younger age group patients was a positive 
family history of MI at young age or death from MI in first-degree relatives. This 
was significantly more common in our young group than the older MI patients and 
was more common in our population than in other series (Dolder and Oliver 1975). 
This may represent a genetic predisposition to atherosclerosis and is likely to be 
interrelated to hyperlipidemia and other less well-established metabolic risk factors. 

Hypertension is also a conventional risk factor for coronary disease that is firmly 
established (Doyle et al. 1964; Kannel et al. 1979; Stamler 1978), but appears to be 
less important in the younger age group than in older patients (Truett et al. 1967). 
Hypertension prior to MI was more common in our older patients than in the youn
ger, but still more common than has been found in previous studies of young MI pa
tients (Dolder and Oliver 1975; Bergstrand et al. 1978). It is possible that not only 
the absolute levels of blood pressure elevation, but also the duration of hypertensive 
disease are of importance in making the risk ofMI greater. 

Although diabetes mellitus is a well-established risk factor for atherosclerosis 
(Ostrander et al. 1967; Keen et al. 1965) the prevalence of glucose intolerance was 
low in both of our groups of MI patients. The probability of a statistical bias against 
this risk factor may be responsible for its low prevalence, since men with overt dia
betes mellitus are excluded from the armed forces. 

Previous investigators have suggested that obesity is not a major risk factor for 
MI (Truett et al. 1967; Tibblin et al. 1975). However, in our population, over half of 
the younger MI patients were obese while only 32% of the older patients were obese. 
In addition, obesity was frequently associated with either hyperlipidemia, hyperten
sion, or diabetes mellitus and undoubtedly reflects an interrelationship between these 
risk factors. Interestingly, 41 % of the older patients did not have hyperlipidemia, 
hypertension, diabetes, or obesity as a combination of risk factors, while only 18% of 
younger patients were free of all four of these risk factors. Obesity is probably an 
additive factor in patients with these other risk factors present. 

The presence of several of the conventional risk factors appeared to be more 
common in the younger MI patients. Only one young patient was completely free of 
all of the accepted risk factors, while six of the older patients had no risk factors. 
This agrees with some recent reviews (Gohlke et a11980; Bergstrand et al. 1978), but 
disagrees with a recent report which found few of the conventional risk factors in 
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patients who suffered MI in the third decade oflife (Nixon et aL 1976). Moreover, a 
recent review suggests that several conditions other than atherogenesis can result in 
a clinical infarction, especially in young patients (Cheitlin et aL 1975). Of the youn
ger MI patients, 63% had three or more risk factors present while most of the older 
patients had only one or two risk factors present. 

The young women with infarctions represented a subpopulation with few risk 
factors present. Family history, hypertension, hyperlipidemia, and smoking were 
the most prevalent in descending order. One patient suffered her MI while eclamp
tic during pregnancy. Another had insulin-dependent diabetes mellitus with renal 
failure and hypertension. Yet another was hypothyroid at the time of MI and one 
other was hypertensive and taking oral contraceptives. Thus, these young women 
with MI did not have as many conventional risk factors as is described in the liter
ature (Waters et aL 1978) and certainly not as many as the men. 

Although this entire population did not undergo cardiac catheterization, there 
were nine MI patients with normal coronary arteriograms. Only one of these had no 
risk factors and most of the others only one or two. Obesity and a positive family his
tory of atherosclerosis were the most common risk factors. Unlike other investiga
tors (Gohlke et aL 1980), only one of those who were arteriographically normal was 
exerting himself at the time of the ML 

Physical exertion at the time ofMI was more common in the younger age group 
and quite possibly played some role in the etiology of these premature MI. Con
versely, the presence of angina prior to the MI was present in nearly half of each 
group, and had little to do with early morbidity or mortality in either group. 

Early mortality with MI was significantly more common in the older patients, 
but signs and symptoms of congestive failure occurred just as frequently in the 
younger patients as in the older ones. Late complications, such as subsequent infarc
tion or angina, occurred at approximately the same rate in both groups. However, 
later mortality was less in the younger patients. Thus, MI in younger patients seems 
to be less lethal than in older victims. The morbidity and mortality in our older pa
tients was similar to recent reports (Kannel et aL 1979). Although this may be due to 
better overall health status or size of the infarction in the younger patients, it was 
surprising since it was thought that the older patients may have developed more col
lateral vessels with time and, thus, be able to survive ML One classic study (Gertler 
et aL 1950) found that the long-term prognosis for coronary artery disease is related 
to the age at the first clinical episode, this does not seem to be the case in our popu
lation. 

Summary 

Younger patients who suffer MI have more conventional risk factors present than 
older MI victims. In addition to the well-established risk factors of hyperlipidemia, 
smoking, and family history, obesity was a significant risk both in combination with 
other risk factors and alone. Young women with MI had fewer conventional risk 
factors than the young men, but those young patients without coronary arterioscle
rosis at catheterization had fewer stilL The mortality rate in the younger patients 
was less, but the incidence of other complications was similar to older patients. 



Myocardial Infarction at Young Age: Risk Factors and Natural History 37 

References 

Bergstrand R, Vedin A, Wilhelmsson C et al. (1978) Myocardial infarction among men below 
age 40. Heart I 40: 783-788 

Cheitlin MD, McAllister HA, de Castro CM (1975) Myocardial infarction without atheroscle
rosis. lAMA 231:951-959 

Davia IE, Hallal FI, Cheitlin MD et al. (1974) Coronary artery disease in young patients: Ar
teriographic and clinical review of 40 cases aged 35 and under. Am Heart I 87: 689-696 

Dolder MA, Oliver MF (1975) Myocardial infarction in young men. Study of risk factors in 
nine countries. Br Heart I 37:493-503 

Doll R, Hill AB (l956) Lung cancer and other causes of death in relation to smoking: second 
report on mortality of British doctors. Br Med I II: 1071-1081 

Doyle IT, Dawber TR, Kannel WB et al. (1964) The relationship of cigarette smoking to coro
nary heart disease. The second report of the combined experience of the Albany, NY and 
Framingham, Mass., studies. lAMA 190: 886-890 . 

Epstein FH (l973) Coronary heart disease epidemiology revisited: Clinical and community 
aspects. Circulation 48: 185-194 

Falsetti HL, Schnatz ID, Greene DG (1968) Lipid and carbohydrate studies in coronary artery 
disease. Circulation 37: 184-191 

Gertler MM, Gain SM, White PD (1950) Diet, serum cholesterol and coronary artery disease. 
Circulation 2: 696-704 

Gofman IW, Young W, Tandy R (1966) Ischemic heart disease, atherosclerosis and longevity. 
Circulation 34: 679-697 

Gohlke H, Gohlke-Barwolf C, Stiirzenhofecker P et al. (1980) Myocardial infarction at young 
age: Correlation of angiographic findings with risk factors and history in 619 patients. Cir
culation Suppl III 62:39 

Heinle RA, Leng RI, Frederickson DS (l969) Lipid and carbohydrate abnormalities in pa
tients with angiographically documented coronary artery disease. Am I Cardiol 
24: 178-186 

Hill AB (l977) A short textbook of medical statistics, 10th edn. Lippincott, Philadelphia To
ronto 

Kannel WB, Sorlie P, McNamara PM (1979) Prognosis after initial myocardial infarction: The 
Framingham study. Am I Cardiol44: 53-59 

Keen H, Rose G, Pyke DA et al. (l965) Blood sugar and arterial disease. Lancet II: 505-508 
Khosla T, Lowe CR (1967) Indices of obesity derived from body weight and height. Br I Prev 

Soc Med 21: 122-128 
Metropolitan Life Insurance Company (1959) Rise in mortality last year. Stat Bull Metrop Life 

Insur Co 40: 1-32 
Nixon IV, Lewis HR, Smitherman TC, Shapiro W (l976) Myocardial infarction in men in the 

third decade of life. Ann Intern Med 85:759-760 
Ostrander LD, Neff BI, Block WD et al. (1967) Hyperglycemia and hypertriglyceridemia 

among persons with coronary heart disease. Ann Intern Med 67: 34-41 
Shekelle RB, Shryock AM, PaulO et al. (1981) Diet, serum cholesterol and death from coro

nary heart disease: The Western Electric study. N Engl I Med 304:65-70 
Stamler I (l978) Lifestyles, major risk factors, proof and public policy. Circulation 58: 3-19 
Tibblin G, Wilhelmsen L, Werko L (1975) Risk factors for myocardial infarction and death 

due to ischemic heart disease and other causes. Am I Cardiol 35: 514-522 
Truett I, Cornfield I, Kannel W (1967) A multivariate analysis of the risk of coronary heart 

disease in Framingham. Chron Dis 20: 511-524 
Tzagournis M, Seidensticker IF, Hamwi GH (l967) Serum insulin, carbohydrate and lipid ab

normalities in patients with premature coronary heart disease. Ann Intern Med 67:42-47 
Walker WH, Gregoratos G (l967) Myocardial infarction in young men. Am I Cardiol 

19:339-343 
Waters DD, Halphen C, Theroux P et al. (1978) Coronary artery disease in young women: 

Clinical and angiographic features and correlation with risk factors. Am I CardioI42:41-47 



Role of Family History in Coronary Heart Disease 
at Young Age 

A. M. RISSANEN and E. E. NIKKILA 1 

Coronary heart disease (CHD) tends to be found in families (Epstein 1976), and this 
familial component appears to be more conspicuous early in life (Slack and Evans 
1966; Phillips et al. 1974). The exact role of familial factors in CHD at dif
ferent ages is not known, however. We have therefore studied such factors of CHD 
in relation to age, with special reference to the youngest age groups (Rissanen 1979). 

Materials and Methods 

Probands. The probands of the study were men under age 56 who suffered a non
fatal or fatal myocardial infarction (MI) between 1972 and 1974 in two industrial 
communities, or a fatal MI in the adjoining rural district, in two regions of Finland. 
One of the regions is in the South, and has a moderately high incidence ofCHD, the 
other is in the East (province of North Karelia), and has the world's highest inci
dence of the disease. 

Men with initially nonfatal MI were located by the records of the hospitals ad
mitting patients from the study areas. Cases that proved fatal outside the hospital 
were located from death certificates obtained from the Central Statistical Office of 
Finland. 

The medical records of all eligible men were carefully reviewed. Only men who 
met one of the following criteria were included in the study: Unequivocal ECG evi
dence of a recent MI; diagnostic changes in serum enzyme pattern together with 
suggestive ECG changes or a history of chest pain; positive postmortem evidence of 
a recent MI; or sudden death with a history of chest pain together with previous 
sympotms of CHD or suggestive autopsy findings, such as old MI scars and severely 
affected coronary arteries. These cirteria were met by 110 men from each of the re
spective regions. 

The living men and the closest relatives of the dead men were asked to partici
pate in the study. Two men in the South refused, and no relatives were located for 
15 deceased men. Of the remaining 203 men, 100 were alive at the time of the study. 
The first definite MI had been diagnosed before age 46 years in 84 of the probands 
(hereafter referred to as the youngest probands), ages 46-50 in 63 (the middle-aged 
probands), and the remaining (the oldest probands) were over age 50 at the time of 
their first MI (Table 1). The age of the probands at the time of the study was 22-55 
years (mean 47.6 years). 

I Third Department of Medicine, University of Helsinki, 00290 Helsinki 29, Finland 
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In both study communities, 53 healthy reference men who were 34-55 years old 
(mean 48.7 years) were selected from the occupational health examinations per
formed on the employees oflocal wood and paper companies. 

A list of first-degree relatives ages 15 or over was compiled for each proband 
and reference man, and consent was obtained to contact these relatives and to ob
tain the death certificates for any deceased family members. 

Relatives. Of the relatives, 600 had died and 1660 were reported to be alive. A detail
ed questionnaire on health was sent to the living relatives. This was completed by 
1479 (89.1%), including 107 parents, 864 siblings (mean age 47.7 years), and 
508 children (20.7 years) (Table 1). These relatives also visited local medicallabora
tories where a blood sample was drawn after fasting and height and weight were re
corded. 

The questionnaires gave information about previously diagnosed diseases as 
well as symptoms and habits. The diagnoses of cardiovascular diseases reported in 
the questionnaires were checked against earlier medical records of hospitals and 
private physicians. The diagnosis of CHD was accepted only when the records re
vealed an objective basis for the reported diagnosis. This could not be confirmed in 
five cases. The reported diagnoses of hypertension and diabetes from 450 question
naires were similarly verified past medical records. Because these diagnoses could 
invariably be confirmed for the cases in which the treatment was also described, the 
remaining reports of these disorders were accepted as reported whenever treatment 
was mentioned. 

The death certificates for the dead relatives were located in the Central Statisti
cal Office of Finland, where the primary cause of death was coded according to the 
1965 Revision of the International Classification of Diseases, Injuries, and Causes of 
Death (lCD). 

Methods of Data Analysis. Serum cholesterol and triglyceride content from the ob
tained samples were determined and the lipid values were adjusted to age 45 as de
scribed previously (Rissanen and NikkiHi 1977). The criterion for hyperlipemia was 
set at the 90%-percentile of the age-adjusted values of the reference relatives. The 
limits were 8.30 mmolliiter for serum cholesterol in both sexes, and 2.15 mmollliter 
and l.70 mmoilliter for serum triglycerides in men and women, respectively. 

Life tables were constructed (Cutler and Ederer 1958) for the mortality from all 
cardiovascular diseases (ICD 400-450), from CHD (I CD 410-414), and for the 
combined morbidity and mortality from CHD. The differences in the cumulative 
probabilities of an event between two groups of relatives were evaluated by weigh
ing the life table patterns in their entirety, rather than at isolated points only 
(Mantel 1966). The effect of multiple (nonindependent) observations within a fami
ly was disregarded in all statistical tests used. Hence, the significance tests described 
should be interpreted as rough measures of strength of association between the vari
ables. 

Results 

Occurrence ofCHD Among Relatives in Relation to the Age of Proband. Among par
ents of probands, early mortality from cardiovascular diseases was greatest among 
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the fathers of pro bands whose first MI had been diagnosed before age 46 (the young
est probands) (Table 2). By age 70, the risk of dying from CHD for these fathers 
was 5.2-times (50%) more than that for reference fathers (P< 0.001), for fathers of 
the middle-aged probands the risk was 3.8-times (32%) that of reference fathers 
(P < 0.0 I), whereas for fathers of the oldest probands the risk was only slightly great
er than for reference fathers. The mortality from all cardiovascular causes, and 
particularly from CHD, was similarly increased among the mothers of the youngest 

Table 2. Cumulative probability of fathers dying from cardiovascular 
diseases by age 70 

Age of proband 
at first MI (years) 
~45 

46-50 
51-55 

Reference 

Probability of dying (%) 

Coronary heart 
disease" 

South 

44.3** 
29.5* 
12.1 

9.4 

East 

52.3** 
35.9* 
20.2* 

7.6 

All cardiovascular 
diseases' 

South 

55.2 ** 
37.2 
22.2 

25.2 

East 

62.4** 
58.6* 
31.2 

21.2 

, International Classification of Diseases Code 410 - 414 (coronary 
heart disease) and 400 - 450 (all cardiovascular diseases) 
* p < 0.05 Between proband and reference group 
** P< 0.01 Between proband and reference group 

Table 3. Cumulative probability of mothers dying from cardiovascu
lar diseases by age 70 

Age of proband 
at first MI (years) 
~45 

46-50 
51-55 

Reference 

Probability of dying (%) 

Coronary heart 
disease' 

South 

35.8 ** 
14.5 
6.7 

10.0 

East 

24.9* 
11.3 
13.2 

7.4 

All cardiovascular 
diseases' 

South 

54.6* 
20.0 
21.9 

24.0 

East 

35.0* 
14.8 
17.5 

19.1 

, ICD Code 410-414 (coronary heart disease) and 400-450 (all 
cardiovascular diseases) 
* P < 0.05 Between proband and reference group 
** P < Between proband and reference group 
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Fig. 1. Cumulative probability of developing fatal or nonfatal coronary heart disease for the 
brothers of the pro bands whose first MI was diagnosed before age 46 (-L';-), at age 46-50 
(-_), or at age 50-55 (-x-), and for the brothers of reference men (---) 

probands, but not among those of the probands with the first MI after age 45 (Ta
ble 3). 

Among siblings of pro bands, fatal or nonfatal CHD had been diagnosed in one
fifth of the brothers of the pro bands in the South and in one-third of those in the 
East: This frequency is four-times that of reference brothers in the respective areas 
(P < 0.01 in both areas). The risk of the disease was greatest for the brothers of the 
youngest probands (Fig. 1) for whom it was 45% in the South and 54% in the East 
by age 55, denoting 11.4- and 6.7-fold excesses over the risk in reference brothers in 
the respective areas (P< 0.001 in the South and P< 0.01 in the East) (Table 4). The 
corresponding risks for the brothers of the middle-aged probands were 8.3- and 
3.6-times greater than the risks for the Southern and Eastern reference brothers 
(P < 0.01 in both areas). The risks of the brothers of the oldest probands differed 

Table 4. Cumulative probability of siblings for developing coronary 
heart disease by age 55 (%) 

Brothers Sisters 

South East South East 

Age of proband 
at first MI (years) 
~45 45.7*** 54.3 ** 18.6 24.4* 

46-50 36.8** 44.7** 6.8 11.2 
51- 55 9.2 27.7* 16.0 

Reference 8.9 16.7 6.1 1l.5 

Between proband and reference group, * P < 0.05 ** P < 0.01 
*** P< 0.001 
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little from those of reference brothers. Clinical CHD was only slightly more com
mon among the sisters of pro bands than in reference sisters. The excess risk of the 
disease was confined to the sisters of the youngest probands, for whom the risks of 
having developed CHD by age 55 were 2.8-fold (19%) in the South and 3.7-fold 
(24%) in the East, compared with the risks for reference sisters in the respective 
areas (P < 0.05 in the South and P < 0.05 in the East) (Table 4). 

Prevalence of Coronary Risk Factors Among Relatives in Relation to the Age of Pro
band. Of the main coronary risk factors, only hypertension, hypercholesterolemia, 
and hypertriglyceridemia were more common in the relatives of probands than in 
reference relatives (Table 5). Alle these abnormalities were most common among 
the relatives of the youngest probands and declined in frequency with the advancing 
age of the proband (Table 6). 

Discussion 

Several studies on the familial occurrence ofCHD have suggested a greater familial 
influence for the disease of early, rather than of late onset (Slack and Evans 1966; 
Deutscher et al. 1969; Phillips et al. 1974. The strong familial component found in 
CHD in this study is, therefore, not unexpected. The magnitude of this component 
in MI of the youngest probands as evidenced by the up to tenfold excess risk of the 
disease for their sibs is, however, remarkable. 

The results of the present study call attention to the value of family history of 
premature CHD as a predictor of risk. Screening for parental history of coronary 
death before age 70 would have identified almost one-half of the young probands 
long before the emergence of the clinical disease. By the same procedure, only 
about one-tenth of reference men would have been identified. A history of early pa
rental death from CHD thus denotes a clearly increased risk of the disease for the 
offspring. The absence of such a history does not exclude the chance of an excess 
risk, however. Many young probands with healthy parents had multiple sibs affect
ed by CHD. The sensitivity of screening by family history could, therefore, have 
been improved considerably if the history of premature CHD in a sibling were also 
taken into account. By so doing, about three-fourths of the youngest probands 
would have been identified. Most but probably not all of the familial component in 
premature CHD is associated with hypertension and hyperlipidemia. The abnorma
lities were, however, less common among the pro bands than was positive family his
tory of early CHD (defined as a parental death from CHD before age 70 and/ or a 
sibling affected by the disease before age 56). Among reference men, the reverse 
was true. 

We have had a chance to compare the predictive value of family history with 
that of the major risk factors in another group of young patients (Liskola and Luo
manmaki, unpublished work). They are 128 male and 18 female participants under 
age 40 in the postcoronary rehabilitation courses arranged in 1974-1980 by the So
cial Insurance Institution in Finland. Positive family history was given by 62% of the 
male participants, but hypertension was found in only 45% and hypercholesterole
mia in 35%. Of the 18 woman, 15 gave a family history of premature CHD but one 
or more of the major biometric risk factors were detected in only 11. 
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Although invaluable in most cases of CHD of early onset, family history may be 
of limited value in very young patients. Both CHD and its biochemical precursors 
were extremely scarce in the families of two youngest probands in our study. These 
men died suddenly and unexpectedly of autopsy-verified MI at ages 22 and 24, re
spectively. The death in these cases probably was caused by mechanisms other than 
those of the common atherosclerotic heart disease, as also suggested by the findings 
of the autopsies of young Finns dying from CHD (Koskenvuo et al. 1978). 

The present study strongly suggests that family history of premature CHD has 
great practical relevance toward identifying persons at highest risk. This risk could 
probably be substantially reduced if information about the family history were used 
to identifY such persons at an early stage and if they were treated for their correct
able risk factors. 

Summary 

The occurrence of coronary heart disease (CHD) and its main risk factors were as
sessed in the families of 309 index men. These men included 203 patients with fatal 
or nonfatal myocardial infarction (MI) and 106 healthy reference men under age 56 
from two communities in South and East Finland. Forty percent of the patients and 
12% of reference men had at least one first-degree relative affected by CHD before 
age 56. The younger the patient at the diagnosis of first MI, the more common was 
CHD in relatives. The risk of having CHD by age 55 was, respectively, 11.4-, 8.3-, 
and 1.3-times greater in the South and 6.7-, 3.6-, and 1.8-times greater in the East 
for the brothers of patients than for the brothers of reference men, depending on 
whether the diagnosis of MI in the patient had been first established before age 46, 
at age 46-50, or at age 51-55. 

Most of the strong familial component in early-onset MI appears to be mediated 
by familial hyperlipidemia and hypertension. It is suggested that the risk of pre ma
ture CHD in the persons at highest risk could be substantially reduced if informa
tion about family history were used to identifY such persons at an early age. 
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Coronary Arteriographic Findings in Younger 
Survivors of Acute Myocardial Infarction Including 
Those with Normal Coronary Arteries 

w. C. SHELDON, M. RAZAVI, and Y. J. LIM 1 

Acute myocardial infarction (MI) is often the first indication of the presence ofcoro
nary atherosclerosis. In the Framingham study [5], it was the initial manifestation in 
42% of men and 21 % of women, and 16% of men and 28% of women died during the 
initial phase after a recognized MI: At the end of 1 year 19% of men and 34% of 
women had died. Including sudden deaths, 35% of men died within 1 year. Subse
quent attrition occurs at approximately 5% per year. Recurrent MI afflicts 13% of 
men and 39% of women within 5 years. Acute MI in younger individuals is of par tic
ular concern because of its impact oil the family unit, and the potential for disabil
ity and diminished productivity. 

This report reviews our arteriographic findings and surgical experience in youn
ger survivors of an initial MI studied within 1 year of the event. 

Materials and Methods 

The data base of the Cleveland Clinic Cardiovascular Information Registry was sur
veyed for patients who underwent coronary arteriographiy within I year of an initial 
ECG-documented MI. Age at the time of study, sex, and presence or absence ofhy
pertension (blood pressure 1601100 mmHg or higher), diabetes (on pharmacologic 
treatment or abnormal glucose tolerance test), hypercholesterolemia (300 mg% or 
higher), smoking, and clinical diagnosis of obesity were identified. Data regarding 
family history were compiled for patients who were age 40 and younger. Coronary 
arteriographic findings were tabulated according to the extent of disease in the left 
main, anterior descending, circumflex, and right coronary arteries and the presence 
or absence of collaterals was noted in patients with a totally occluded vessel. ECG 
localization of the infarction was noted, as well as ventriculographic localization of 
regional myocardial abnormalities. 

For each patient treated surgically, the operative procedure was noted, as well as 
perioperative mortality and morbidity (suspected or definite perioperative infarc
tion). Follow-up was obtained in a subset of patients treated surgically with pure 
graft procedures from 1971 to 1973. A follow-up survey of medically treated patients 
is currently in progress. 

In a previous study, similar information had been obtained in a series of patients 
unselected by age, who were studied during 1971 to 1973, also within 1 year after an 
ECG-documented MI, some of whom were subsequently treated surgically. 

The Cleveland Clinic Cardiovascular Information Registry was initiated in 1972 
and the data base includes all patients who have had cardiac catheterization and an-

I Department of Cardiology, The Cleveland Clinic Foundation, Cleveland, OR 44106, USA 



48 W. C. Sheldon et al. 

giography or cardiac surgery since January 1, 1970. Patients prior to 1970 were also 
included in the Registry if they underwent pure graft revascularization surgery, a re
peat cardiac catheterization study, or a reoperation during or after 1970. Currently, 
the data base includes approximately 60000 patients. 

Results 

A total of 236 patients age 40 years and younger were identified as having under
gone a coronary arteriographic study within one year after an ECG-documented initial 
MI (Table 1). During the 1971 to 1973, 1922 patients of all ages were identified as 
having undergone coronary arteriography within 1 year after an ECG-documented 
first MI. The median age, sex, and common risk factors of these two groups of pa
tients are compared in Table 1. 

The median age of the group unselected by age exceeded that of the younger 
group by more than 20 years. The proportion of females was smaller in the younger 
group (6.8% versus 12.6%). Of the younger group, 94% had one or more risk factors 
present including a positive family history in 57%. Hypertension and diabetes occur
red less frequently in the younger group (5.9% versus 23.3% and 2.5% versus 8.1 %, 
respectively), but smoking and hypercholesterolemia were more frequent in the 
younger groups (83.5% versus 64.6% and 14% versus 8.6%, respectively). Clinical 
obesity was equally prevalent in both groups. 

The extent of coronary atherosclerosis is tabulated in Table 2, which for compa
rative purposes includes information on extent of disease available from two other 
series of younger survivors of MI [4, 14], and the Cleveland Clinic series of first MI 

Table 1. Survivors of MI. Clinical characteristics and risk factors compared 
to unselected survivors of MI 

Age~40, All ages, 
all years 1971 - 1973 group 

No. patients 236 1922 
Median age 37 58 
No. males (%) 220 (93.2) 1 679 (87.4) * 
No. females (%) 16 (6.8) 243 (12.6)* 
No. without risk factors (%) 14 (5.9) Not available 
No. positive family (%) 135 (57.2) Not available 
No. hypertension 14 (5.9) 447 (23.3)** 
(;;; 1601100) (%) 

No. smokers (%) 197 (83.5) 1241 (64.6)** 
No. hypercholesterolemia 33 (14.0) 165 (8.6)* 
(;;;300 mg%) (%) 

No. diabetes 6 (2.5) 156 (8.1)* 
(chemical or abnormal GTT) (%) 

No. obesity (%) 44 (18.6) 337 (17.5) 

* P<O.OI 
** P< 0.001 
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Table 2. Survivors ofMI age 40 and younger: Extent of coronary disease 

Series Age~40 All ages 

Roskamm, Hamby, CCF, CCF 
1973 - 1978 1974- 1978 all years 1971 - 1973 

group 

Patients SOO Sl 236 1922 
Significant lesion ~SO% ~SO% ~7S% ~7S% 
Insignificant or no disease (%) 33 (6.6) 0 4S(19.1) 217 (11.3) 
Significant disease (%) 467 (93.4) Sl (100) 191 (80.9) 70S (89.7) 
One-vessel (%) 281 (60.2) (SO) 121 (63.3)* 783 (4S.9) 
Two-vessel (%) 101 (21.6) (28) S3 (27.7) S72 (33.S) 
Three-vessel (%) 8S (18.2) (21) 16 (8.4) * 318 (18.7) 
Left main (%) (included) NS 1 (O.S) 32 (1.9) 

* P< 0.001 (CCF age ~40 versus all ages) 

Table 3. First infarction survivors: Extent of disease and severity of occlusion. (LAD = left 
anterior descending artery; RCA = right coronary artery; LCx = left circumflex artery; LM 
= left main artery) 

Age ~ 40, all years All ages, 1971 - 1973 group 

Percent narrowing Percent narrowing 

Vessel, < SO SO-74 7S -99 100 < SO SO-74 7S-99 100 
% of patients 
LAD 17.4 23.7 37.7 2S.4 17.0 19.9 41.8 24.8 
RCA 22.9 17.4 24.1 31.3 20.9 16.9 27.7 29.0 
LCx 26.7 17.4 17.8 7.6 17.1 IS.2 29.6 IS. 1 
LM S.l 0.8 0.4 0 4.1 1.3 1.4 0.2 

survivors of all ages. The presence or absence of significant disease depends upon 
the definition of a significant lesion. Since surgical candidacy usually requires a le
sion of 75% or more, this was the criterion for significance in the Cleveland Clinic 
series: The cutoff point was 50% for significant lesions in the Roskamm [14] and 
Hamby [4] series. Of all our younger patients, 19% had lesions less than 75% and 7% 
of the Roskamm series had lesions less than 50%. It should be noted that the Hamby 
series excluded patients without significant disease. Of our younger patients, 63% 
had significant one-vessel disease, 28% two-vessel, 8% three-vessel, and only one pa
tient in this series had a significant left main lesion. The prevalence of multivessel 
disease (37%) was lower among our younger patients than in the series unselected 
by age, in which 54% had multivessel disease. The extent of disease in our younger 
patients is similar to that in the Roskamm series, while in the Hamby series equal 
proportions of patients had single- and multivessel disease. 

The extent of disease in each of the major coronary arteries is presented in Ta
ble 3. Twenty-five percent of patients had a totally occluded anterior descending ar
tery, 31% had an occluded right coronary artery, and 8% an occluded left circum-
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Table 4. First infarction survivors: Severity of occlusion. 
Percent of patients with 75% - 100% occlusion 

LAD 
RCA 
LCx 

* P< 0.001 

Age~40, 

all years 
Percent 

63.1 
55.5 
25.4 

All ages, 
1971- 1973 group 
Percent 

66.6 
56.7 
44.7* 

Table 5. ECG abnormalities in survivors ofMI 

ECG infarction 

Anterior 
Inferior 
Lateral 

Age ~40, 
all years 
Patients (%) 

129 (53.3) 
102(42.1) 

11 (4.5) 

All ages, 
1971- 1973 group 
Patients (%) 

503 (48.4) 
478 (46.0) 

57 (5.5) 

Table 6. Left ventricle (LV) wall motion abnormalities in survivors of MI 

LV regional abnormality 

Mild or no dysfunction 
Moderate or severe dysfunction 
Anterior 
Inferior 
Lateral 

Age ~40, 
all years 
Patients (%) 

28 (11.9) 
206 (88.1) 

84 (40.7) 
89 (43.2) 
33 (16.0) 

Table 7. Survivors of MI age 40 or less: Surgical 
treatment 

No surgical treatment (%) 

Surgical (%) 
One-graft patients 
Two-graft patients 
Three-graft patients 
Other 

Hospital mortality 

Perioperative MI 

Percent graft patency 

166 (70.3) 

70 (29.7) 
17 
23 
15 
15 

o 
2 

95.0 

W. C. Sheldon et al. 

All ages, 
1971 - 1973 group 
Patients (%) 

817 (42.5) 
I 060 (57.5) 

386 (36.4) 
512 (48.3) 
162 (15.2) 
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flex. Eighty-five percent of the totally occluded anterior descending arteries, 95% of 
the right coronary arteries, and 72% of the circumflex vessels received collateral 
flow. Significant lesions (75% or more) occurred with similar frequency in the ante
rior descending and right coronary arteries in both series, i.e., younger patients as 
well as those unselected by age, but with slightly higher frequency in the circumflex 
and left main coronary arteries in the group unselected by age (Table 4). Eight pa
tients in the younger series had normal coronary arteries. 

Among 149 patients with significant disease in the anterior descending artery, 
129 showed ECG evidence of anterior infarction at the time of angiography (others 
had previous ECGs showing infarction), and 84 showed moderate to severe anterior 
dysfunction on left ventriculography. Of l38 patients age 40 or younger with signif
icant obstructive lesions involving the right coronary artery, 102 had concurrent 
ECG evidence of inferior MI and 89 had moderate or severe left ventricular dys
function on left ventriculography. Of 60 patients with significant obstructive lesions 
involving the circumflex, 11 had ECG evidence indicative of infarction involving 
the lateral regions of the left ventricle, and 33 showed moderate or severe lateral 
wall dysfunction on ventriculography. Similar findings were observed in the 
1971-1973 series unselected by age (Tables 5, 6). 

Seventy patients age 40 and under (29.7%) underwent surgical treatment (Ta
ble 7). Fifty-five had only graft operations (17 single, 23 double, and 15 three or 
more grafts), and 15 underwent ventricular aneurysm resections or complex proce
dures. One patient who had a single graft had another single graft at reoperation. 
There were no in-hospital deaths. Two patients sustained a perioperative infarc
tion (none of the patients with only grafts). Only 12 patients subsequently had post
operative arteriography among whom only 1 of 20 grafts were occluded. Thirteen 
patients who were treated surgically from 1971 to 1973 were followed up for 5 or 
more years and only one late death occurred: The 5-year survival calculated by the 
life table technique was 85.7%. 

Discussion 

This study does not distinguish between patients studied during the early post-MI 
phase and survivors studied later during convalescence. These latter patients were 
studied within 1 year after an ECG-documented MI. Many were asymptomatic at 
the time of the study, not having tested their tolerance for physical exercise, and 
some were fully active. It is possible that those studied in the early postinfarction 
phase (within 1-3 months) might have exhibited different arteriographic and ven
triculographic findings. Patients studied early after MI are less likely to show com
plete occlusion of the offending artery [1]. 

Proudfit et al. [12] reported ECG findings of MI to be a highly reliable indicator 
of significant coronary artery disease. Ninety-nine percent of patients had at least 
one vessel containing a lesion-obstructing lumen by 50% or more, and 60% of pa
tients had at least one totally occluded artery. The finding of completely normal 
coronary arteries in patients with ECG evidence of infarction is rare. Cardio
myopathy is the explanation for this in some patients. 



52 W. C. Sheldon et al. 

The majority of patients age 40 or under in this study had single-vessel disease, 
as observed by others [14, 10). Most patients (94%) had one or more risk factors, and 
younger patients were more likely to have hypercholesterolemia or a history of smok
ing than patients in the larger series unselected by age. The latter group, however, 
in which the median age was greater by more than 20 years, had a greater incidence 
of hypertension and diabetes. The significance of this disparate distribution of risk 
factors is not clear, but suggests that consequences of hypercholesterolemia and 
smoking may emerge earlier in life and they may be associated with a more rapidly 
progressing form of atherosclerosis, if not the premature complication of acute MI. 
An even higher incidence of hyperlipidemia has been observed in other studies of 
young survivors of acute MI [3). 

Kramer et al. [7) and Marchandise et al. [9) analyzed factors related to progres
sion of disease and noted a tendency for more rapid progression in patients who 
were younger at the time of initial study. 

Although single-vessel involvement was more frequent in younger survivors of 
acute MI, there was no predilection for a specific vessel. Others have observed a high
er incidence of multi vessel than single-vessel disease in survivors of inferior MI [2, 
4, 10, 11), and a higher incidence of single-vessel disease in survivors of anterior MI 
in series unselected by age [4), as well as in younger survivors (under age 35) of MI 
[10). It is possible that anterior descending disease may occur earlier in the clinical 
course of coronary heart disease. Alternatively, it is possible that anterior MI is less 
likely to escape detection and such patients are more likely to be studied early in the 
natural history of their disease process. Studies of the correlation between ECG evi
dence of infarction and regional wall motion abnormalities on left ventriculography 
have shown a better correlation between ECG and left ventriculographic signs of an
terior infarction than inferior infarction [15). Inferior MI may either occur later in 
the natural history of the disease or is more likely to escape detection until a later 
stage, when multivessel disease is more likely to be present. 

Table 8. Survivors of MI age 40 or less: Subgroups with nor
mal coronary arteries 

Age ~40 All ages 

Patients 19 41 
Age, median years 32 43 
Males 10 19 
Females 9 22 
Risk factors present 18 36 
Family history 6 14 
Hypertension 2 8 
Smoking 13 25 
Hyperlipidemia 5 14 
Diabetes 1 2 
Oral contraceptive use 8 10 
Postpartum 1 2 
Pregnancy 1 1 
History of infarction event 16 36 
Documented by ECG 10 19 
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Table 9. Survivors of MI age 40 or less: Follow-up of subgroups with 
normal coronary arteries 

Age ~40 All ages 

Patients 19 41 
Follow-up 
Range 7 - 98 months 7 - 109 months 
Median 51.1 months 50.2 months 
Status at follow-up 
Asymptomatic 12 23 
Angina pectoris 2 3 
Atypical pain 1 11 
MI 2 2 
Arrhythmia 0 1 
Died 1 3 

Anterior descending disease and the ECG pattern of anterior MI occurred slight
ly more frequently than inferior or lateral infarction in both younger and older 
series of patients. Although all patients had a history of a documented MI, ECG 
findings sometimes regressed to become nondiagnostic by the time of the arterio
graphic study. A somewhat smaller proportion of patients showed corresponding 
wall motion abnormalities which usually paralleled the ECG findings. 

Seventy patients age 40 or younger underwent surgical treatment. Indications 
for surgery included persistent anginal symptoms or myocardial jeopardy due to 
noncollateralized vessels with significant stenotic lesions. Fifteen patients under
went resection of a ventricular aneurysm alone or in combination with other proce
dures. The absence of hospital mortality, the perioperative infarction rate 0[3%, and 
graft patency rate of 95 % in the series of younger MI survivors compares favorably 
with other surgical series unselected by age. Complete follow-up was available only 
for patients operated upon during 1971 to 1973, among whom there was only one 
late death (during the fifth year). 

Lim et al. [8] followed up 116 young men (age 40 years or less) with significant 
(lesions 50% or more) coronary artery disease without surgical treatment. Fifty had 
ECG evidence of infarction at the time of study, of whom 21 (42%) died within 5 
years. Of 66 patients without ECG evidence of infarction, only 13 (17%) died dur
ing this interval. The 5-year survival for the total group of young men was 66.8%. 

An interesting subgroup is that of MI survivors with angiographically normal or 
nearly normal coronary arteries. A series of 41 patients who survived an acute MI, 
but were found to have no perceptible abnormalities of the coronary arteries by an
giography, was collected by Razavi [13]. These patients were studied between 1968 
and 1978. Among this group, 19 patients were identified who were age 40 years or 
younger at the time of the arteriographic study. A previous MI was ECG-documented 
or documented by left ventriculography in all patients. A higher proportion of women 
was observed in this select group with normal coronary arteries than in other MI survi
vors, age 40 or younger, as well as those not selected by age. Again, the majority of 
these patients had one or more risk factors present, but the frequency of sex-related 
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factors, including the use of oral contraceptives, pregnancy and the postpartum 
state, was noteworthy (Table 8). 

After follow-up intervals of 7-109 months for postinfarction patients with nor
mal coronary arteries, and 7-98 months for the subgroup age 40 and under, most 
patients were asymptomatic at the time of follow-up. Only one late death occurred; 
a 28-year-old man who had an acute MI 1 year before angiographic study and a re
current MI 2 years later. Following this, he developed congestive heart failure and 
died 6 months later. Postmortem examination demonstrated severe intimal fibropla
sia involving the coronary, pulmonary, and intra renal arteries. The coronary arte
ries also showed scattered histologic changes resembling atherosclerosis [6] (Ta
ble 9). 

Summary and Conclusions 

Myocardial infarction at a young age is associated with significant 'Coronary athe
rosclerosis in most instances. Nearly all have lesions of 50% or more in one or more 
coronary arteries, and 81% have lesions of75% or more in one or more coronary ar
teries. Sixty-four percent of patients have one or more totally occluded vessels. The 
majority of patients have single-vessel involvement, but 40%-45% of patients have 
multivessel involvement and this is more likely to be found in younger survivors of 
inferior infarction. Left main coronary artery disease is uncommon. As compared to 
first infarction survivors unselected by age, younger survivors were more likely to be 
male smokers with hyperlipidemia. 

A small subgroup of patients exists who have angiographically normal coronary 
arteries despite a documented previous MI. The proportion of women is higher in 
this subgroup, many of whom used oral contraceptives or experienced infarction in 
relation to pregnancy or the postpartum state. 

This study does not address the prognosis of first infarction survivors with 
nonsurgical treatment. The finding of normal coronary arteries implies a favorable 
prognosis, but may not exclude other conditions. For example, one patient was 
postmortem histologically proven to have intimal fibroplasia involving the coro
nary, pulmonary, and intra renal arteries, in addition to scattered lesions resem
bling atherosclerosis in the coronary circulation that had not been recognized angio
graphically. 

Younger MI survivors may be candidates for surgical treatment if they have per
sistent symptoms or evidence of jeopardized myocardium. The risk of operation ap
pears to be low in such patients and the late results are comparable to larger surgi
cal series not selected by age. 
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Angiographic Findings in Postinfarction Patients 
Under the Age of 35 

F. BURKART and C. SALZMANN! 

In Europe the number of patients with myocardial infarction (MJ) is still increasing, 
especially for those with clinical symptoms at relatively young age. We were asked 
by the Swiss Society of Cardiology, under the sponsorship of the Swiss Foundation 
of Cardiology, to retrospectively analyze young patients with coronary artery dis
ease for risk factors, clinical course, and angiographic findings, which are possibly 
different compared to older patients. In the five Swiss university centers, data of all 
patients were collected who had suffered from angina pectoris or MI at an age of 
35 years or younger and in whom selective angiography was performed. At a round 
table discussion problems of risk factors, clinical course, angiographic findings, ope
rative treatment, and prognosis were presented at the annual session of our society 
(Burkart et al. 1980). Moret has presented the risk factors of these patients 
(pp. 17 ff.), therefore, the angiographic findings together with a short description of 
the clinical course shall be discussed in this paper. 

Materials and Methods 

Patients. A sample of 185 angiographically documented cases were collected cover
ing an approximately lO-year period. In the Basel study the incidence of coronary 
artery disease in 25-35-year-old people was 13% (Widmer et al. 1981): This figure 
includes the asymptomatic patients with diagnostic ST-T changes, however. With 
the given mortality rate for this age group and assuming a 40% early mortality of 
MI, the incidence of symptomatic diseases for this young patient group is approxi
mately 10 per 100000 (Junod et al. 1980). The total figure for the lO-year period for 
Switzerland would then be 400. The presented data therefore covered about half of 
the diseased people in Switzerland with clinical symptoms (Burkart et al. 1980). In 
36 of the 185 patients only angina pectoris was present, in 149 (80.5%) MI had de
veloped. 

Clinical Course. Transmural infarction was found in 131 patients and nontransmural 
infarction in 18. In 86 cases anterior infarction was present, in 61 inferior, and in 
two patients there was extensive infarction in both areas. 

About half of the patients showed angina pectoris prior to MI. In 35 patients the 
interval between onset of ischemic pain and MI was less than 1 week and in 35 pa
tients it lasted more than 4 weeks. Of these patients, 80% had been hospitalized dur-

1 Cardiologic Divisions of the University Clinics, Kantonsspita1 Basel and Inse1spita1 Bern, 
Switzerland 
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ing the acute illness. The following rhythm disturbances were treated as follows: 
eight ventricular tachycardias; five ventricular fibrillations; five severe conduction 
defects. In 11 patients clinically important left heart failure was present, in three pa
tients there was pulmonary oedema, and in one patient cardiogenic shock. During 
the hospital phase there were no deaths, mainly due to the fact that patients who 
died in the early phase had not been investigated angiographically and were not 
included in the present study. 

Interpretation of Angiographic Findings. In every coronary angiogram the left ante
rior descending, the right coronary artery, and the circumflex branch were assessed. 
Stenoses of less than 50% were estimated as insignificant. The significant stenoses 
were divided into 50%-75% and 76%-90% subtotal stenosis and occlusions, respec
tively. For the ventriculogram we differentiated hypokinesia, akinesia, and dyskine
sia in the anterolateral, the inferior, and the posterior area. The calculated total 
ejection fraction finally was taken as a figure for the global function of the left ven
tricle. 

Results 

As is shown in Fig. 1, in l3 patients coronary arteries were totally normal, and in 
eight other patients no hemodynamically significant stenosis could be found. Thus, 
a total of 14% showed no hemodynamic relevant coronary artery disease. More than 
half of all investigated patients presented one-vessel disease, 23 % two-vessel disease, 
and 35% three-vessel disease. This distribution shows the importance of one-vessel 
disease in these patients. 

In Fig. 2 the 202 diseased vessels were divided according to the severity of steno
sis. In 14% the stenosis was moderate to severe (51%-75%), in 32% stenosis was 
76%-90%, in 22% of the patients subtotal stenosis, and in 32% total occlusion was 
found. The left anterior descending was diseased in more than half of the cases, the 
right coronary artery in 33%, and the circumflex branch in 17% of all hemodynami
cally relevant stenoses. 

In 112 patients one area, in ten patients two, and in one patient all three areas 
were found to be contracting abnormally. In 19 patients wall motion was thought to 
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be completely normal and in an additional seven angiograms no classification was 
possible. The most common finding observed was hypokinesia, as shown in Fig. 3, 
though 32% of the patients showed akinesia, and the abnormal function was de
scribed as dyskinesia in 27 patients. More than for the coronary angiograms, there 
was a predominance of the anterolateral area which was affected in 60%, followed by 
the inferior wall. 

The ejection fraction was high in one-third of the patients (70% or more). In an
other 18%, ejection fraction was normal with more than 60% (Fig. 4). In 35%, global 
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ventricular function was slightly decreased and in 13% there was severe dysfunction 
of the left ventricle with an ejection fraction of less than 40%. All 18 patients with 
nontransmural infarction had normal or only slightly decreased ejection fractions. 

For the diagnosis, as well as for the prognosis, patients with normal coronary ar
teriograms and/ or normal ventricular wall motion are an important group. We there
fore separately analyzed the 21 patients with normal coronary arteries or only in
significant stenosis and the 19 patients with normal ventricular wall motion after MI. 
Only four patients with nonsignificant stenoses also had a normal ventriculogram: 
In another nine hypokinesia, in five akinesia, and in three dyskinesia was found. On 
the other hand, patients with normal ventricular wall motions showed moderate to 
severe stenoses in four patients, subtotal stenosis in seven, and coronary occlusion in 
three. Thus, only in four patients with a clinical diagnosis of MI the coronary angio
gram and the ventriculogram detected no abnormality. 

Discussion 

Also the proportion of MI patients with normal coronary arteries at investigation is 
high compared to a group not corrected for age. As Gohlke and co-workers showed 
that the percentage of patients with normal coronary arteries decreases with age by 
31 % in the patients under the age of 30 and 6% in the age group 35-40 years (see 
p. 61). In these patients coronary spasms, as described by Maseri et al. (1975), or 
acute thrombosis must be discussed as the cause of acute AMI. If a normal ventricu
logram ist present, the correct clinical diagnosis must be discussed. Especially in 
nontransmural infarction with normal QRS complexes, diagnosis may be incorrect 
despite elevated enzyme levels and the typical pain. On the other hand, we have 
found normal ventricular wall motion in 15 patients with abnormal coronary arte
ries and in 70 patients the clinical diagnosis was proven angiographically by abnor
mal wall motion despite normal coronary angiogram. Therefore, at least in a few 
patients, combination of both normal findings can be accepted. 

The fact that, in young patients, abnormally high physical workload can trigger 
MI, as described in the literature (see pp. 108, 115) cannot be documented from 
the data of our patients. 

In conclusion, the majority of these young patients had one-vessel disease; more 
than those who had two- and three-vessel disease combined. The left anterior de
scending coronary artery is affected in more than half of the patients. In an impor
tant percentage (14%) the coronary arteries showed no important stenosis, and in 
13 patients they were completely normal. Despite the fact that, in the majority, ven
tricular function could be preserved in 13%, the function was reduced severely to an 
ejection fraction of less than 40%. It therefore seems that in these young patients 
adaptation of the coronary vascular bed with the development of anastomoses is less 
common than in older age. That may be one explanation for the incidence of wall 
motion abnormalities in a patient group where one-vessel disease is present in more 
than 50%. 
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Coronary Angiographic Findings and Risk Factors 
in Postinfarction Patients Under the Age of 40 

H. GOHLKE, P. STURZENHOFECKER, A. TmLO, C. DROSTE, L. GORNANDT, 

and H. ROSKAMM 1 

Introduction 

Myocardial infarction (MI) is - together with sudden cardiac death and angina pec
toris - one of the three major manifestations of coronary artery disease. 

MI is usually considered a disease of middle age, but epidemiological [1-3], clin
ical [4-7] and pathological [8] data indicate that 3%-6% of MIs occur under the 
age of 40. This percentage appears remarkably similar in different countries, irre
spective of the overall incidence ofMI [1]. 

Although this percentage may appear small, MI at young age is an important 
cause oflongterm disability and has a great impact on the future job activity of the 
individual patient [9]. Therefore it appears necessary to evaluate the underlying risk 
factors in young patients who have suffered an MI to determine whether MI at 
young age represents an accelerated form of the same disease seen in older patients 
or whether there are features to suggest that different disease mechanisms may be 
operative in young patients. 

The present stUdy was undertaken to determine the angiographic findings and 
the constellation of risk factors in patients who survived a transmural MI under the 
age of40. 

Patient Material 

Between 1973 and 1980, 844 patients with a documented transmural MI under the 
age of 40 were referred to our Rehabilitationszentrum in Bad Krozingen, Germany, 
for evaluation. The diagnosis of transmural MI was based on the WHO ECG crite
ria. In addition most of the patients had a clinical event with pain followed by a 
characteristic rise and fall of serum enzymes. A detailed history was taken from all 
patients with regard to the presence or absence of risk factors. 

Coronary angiography and left ventriculography were performed using Sones or 
JUdkins technique. Multiple projections including caudocranial views were per
formed to ensure adequate visualization of all vessels. A more than 50% narrow
ing of the luminal diameters of one of the three main vessels as measured with a 
caliper was considered a significant lesion. 

Left ventricular angiography was performed in the 30° right anterior oblique 
(RAO) position and the left ventricle was divided into 5 segments (anterobasal, an
terolateral, apical, diaphragmal, and posterobasal); except in a few patients ex
amined in the initial study period, LV-angiography was also performed in the left 

1 Rehabilitationszentrum, Stidring 15,7812 Bad Krozingen, FRG 
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anterior oblique (LAO) position where the LV circumference was divided into 
two segments (septal and posterolateral). 

Left ventricular (LV) dysfunction was graded on a scale of 1 to 4 depending on 
the number of hypo- or akinetic segments. LV function was considered as normal, 
with one mildly hypokinetic segment, as mildly impaired with two or less hypo- or 
akinetic segments, as moderately impaired with three or more hypo- or akinetic, 
segments and as severely impaired when nearly all segments of the left ventricle 
showed severe hypo- or akinesis. 

Results 

Coronary Angiography 

Of the patients referred 80%, gave informed consent and underwent angiography. 
There were 649 male patients and 30 female patients. The mean age at the time of 
MI was 35.9 years. The median time interval between the acute event and angio
graphy was three months. 

Patients were divided into three groups according to age: those less than 30 
years old at the time of myocardial infarction, those 30-34 years old, and those 
35-39 years old (Table 1). 

Only 8% of patients were in the age-group below 30; 25% were in the age-group 
30-34, and 67% were in the age-group 35-39 years. 

Whereas the number of male patients increases more than ninefold from the 
younger group to the older group, there is only a two-and-a-half-fold increase in the 
number of female patients in the corresponding groups, indicating that in females 

Table 1. Age distribution of 679 patients with transmural MI under 
the age of 40, who underwent coronary angiography 

Male Female Total % 

< 30 years 46 6 52 8 
30-34 years 166 8 174 25 
35 -39 years 437 16 453 67 

Total 649 30 679 100 

Table 2. Coronary angiographic findings in 679 patients with 
the distribution of zero-, single-, double-, and triple-vessel disease 

Disease 

Zero-vessel disease 

I-vessel disease 
2-vessel disease 
3-vessel disease 

% 

8.4 (3.7 normal coronary arteries, 
4.7 less than 50% narrowing) 

57.3 
19.1 
15.2 
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Fig. 1. Distribution of zero, single-, and multi
vessel disease in patients below 30, age 30-34, 
and age 35-39 at the time of MI 

the mechanisms leading to myocardial infarction are predominantly age-inde
pendent. 

The angiographic findings of the 679 patients are listed in Table 2. In 3.7% of 
patients we found entirly normal coronary arteries and an additional 4.7% had less 
than 50% luminal diameter narrowing, i.e., 8.4% of the patients were classified als 
"zero-vessel disease". 

Single-vessel disease was present in 57.3%: thus two thirds of patients had zero
or single-vessel disease. This is in marked contrast to older patients after MI where 
multi-vessel disease predominates [10, 11]. 

In our young patients where the only selection criterion for coronary angiogra
phy was the presence of a documented transmural MI, the prevalence of zero-vessel 
disease decreased with increasing age. 31 % of patients under the age of 30 had zero
vessel disease, 9% in the age group 30-34 and 6% in the age-group 35-39. Multi
vessel disease showed a corresponding increase with increasing age and the per
centage in the three age-groups was 13%,29% and 39% respectively (Fig. 1). 

Both these differences in the prevalence of zero-vessel disease and multi-vessel 
disease with increasing age are statistically highly significant (P < 0.001). 

In 19.4% of patients there was only a single stenosis in the entire coronary tree; 
this stenosis correlated with the site of MI. Approximately 50% of these patients had 
this single lesion in the proximal portion of the left anterior descending artery 
(LAD), prior to the first septal perforator. 

Left Ventricular Angiography 

The percentage of patients with normal or mildly and moderately or severely im
paired left ventricular function in the three different age-groups is listed in Figure 2. 
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Fig. 2. Percent of patients with moderately or severely im
paired left ventricular function in three different age groups 
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Although the incidence of multi-vessel disease is significantly higher in the older 
age-groups, the percentage of patients with moderately or severely impaired LV 
function tended to be higher in the group under age 30. 

This can be explained by the significantly higher percentage of anterior wall in
farctions in patients with zero- and single-vessel disease. This percentage of anterior 
wall infarction is 67% in patients with zero-vessel disease as compared to only 36% 
in patients with triple-vessel disease (Fig. 3). 
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Fig. 4. Extent of left ventricular dysfunction in patients 
with unilocular proximal LAD disease and in patients 
with triple-vessel disease 

The extent of coronary artery disease correlated only roughly with the degree of 
LV dysfunction after MI; it was the location of the lesion that determined the size of 
MI. Figure 4 compares two groups of patients with respect to LV dysfunction: one 
group with unilocular coronary artery disease but in a strategically important loca
tion in the proximal portion of the LAD prior to the origin of the first septal perfo
rator; the second group of patients with triple-vessel disease. Despite the marked 
difference in the extent of coronary artery disease, the percentage of patients with 
moderately or severely impaired LV dysfunction is similiar. 

Risk Factors 

Eight risk factors were evaluated. The definition for the individual risk factors is 
given in Table 3. In addition the use of oral contraceptive drugs was registered. The 

Table 3. Risk factor definition for the eight risk factors examined 

Factor 

Nicotine 
Hypercholesterolemia 
Hypertriglyceridemia 
Hyperurecemia 
Obesity 
Arterial Hypertension 
Family history 
Diabetes mellitus 

Definition 

> lO cigarettes/day 
>260mg% 
> 150mg% 
7 mg% in males/6.5 mg% in females 
Broca Index > lO% 
syst. ~ 160 mmHg/diast. ~90 mmHg 
for AP, MI, stroke, HTN in first degree relatives 
clinically manifest DM 
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Table 4. Prevalence ofrisk factors in 649 male and 30 female patients 

649 ()' patients 30 ~ patients 

Nicotine 86.0% Orale contraceptives 86% 
Hypertriglycerid. 80.0% Nicotine 67% 
Family Hx 56.0% Family Hx 67% 
Hypercholest. 47.0% Hypertriglycerid. 47% 
Obesity 46.0% Obesity 40% 
Hyperuricemia 28.0% Hypercholest. 33% 
Art. HTN 27.0% Art. HTN 20% 
Diabetes 0.3% Hyperuricemia 7% 

Diabetes 0% 

prevalence of the individual risk factors in the male and female patients is given in 
Table 4. 

The prevalence of risk factors in a normal population of simi liar age in the 
south-western part 9f Germany has been examined by Nussel et al. [12]. Their de
finitions were similiar to ours, except smokers were not divided into those with 
more than 10 cigarettes and those with less than 10 cigarettes per day; also a family 
history was not obtained. The incidence of risk factors in this normal male popula
tion is compared to the incidence of risk factors in our male patients (Fig. 5). 

The most frequent risk factor is nicotine abuse with 63% (including ex-smokers) 
in the normal population and 93% in our male patients, including those patients 
who smoked less than 10 cigarettes per day. Hypertriglyceridemia (79%) and hyper-
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MI under the age of 40, and 1465 male controls age 30 to 39 [12] 



Coronary Angiographic Findings and Risk Factors in Postinfarction Patients 67 

cholesterolemia (47%) are approximately twice as frequent in postinfarction patients 
as in controls (P< 0.001). The same is true for arterial hypertension and obesity. 
There was no difference in the prevalence of hyperuricemia or diabetes as compared 
to controls. 

In the female patients the most frequent risk factor was the use of oral contra
ceptives in 86% of patients (19 out of 22 patients where this information was avail
able). Although the percentage of normal controls taking oral contraceptive drugs in 
Germany is not known, it is estimated at 25%-30% (Professor Breckwoldt, Universi
ty of Freiburg). 90% of patients taking oral contraceptive drugs are also smokers. 
The combination of oral contraceptive use and smoking appears to be the typical 
risk factor constellation for female patients under the age of 40. 

The correlation of the individual risk factors with the extent of coronary artery 
disease is shown in Figure 6. 

Patients with zero-vessel disease are compared to patients with single-, double-, 
and triple-vessel disease. Three risk factors show a statistically significant correla
tion with the extent of coronary artery disease: Hypercholesterolemia, hypertrigly
ceridemia, and arterial hypertension (P < 0.05). 

Figure 7 shows the mean serum cholesterol levels in subgroups with different 
degrees of coronary atherosclerosis: patients with normal coronary arteries, patients 
with unilocular disease, zero-, single-, double-, and triple-vessel disease, and triple
vessel disease with more than 75% stenosis in all three vessels. Cigarette consump
tion was uniformly high in all groups. The correlation of hyperuricemia, obesity, 
and a positive family history with increasing number of vessels diseased, does not 
reach statistical significance. Patients with zero-vessel disease had a mean number 
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of 2.5 risk factors per patient, and patients with triple-vessel disease a mean number 
of 3.5 risk factors per patient compared to only 1.9 risk factors for the normal popu
lation. 

Approximately 25% of patients after MI have a risk factor constellation that is 
not markedly different from controls. These patients are younger and have less ex
tensive vessel disease than patients with more risk factors. 
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Fig. 9. Mean number of risk factors in patients 
with transmural MI in the three different age 
groups, compared to normal controls [12] 

The prevalence of the individual risk factors in the three different age-groups is 
shown in Figure 8. The prevalence of five risk factors increased with age; the pre
valence of cigarette smoking declined slightly with age and there was a moderate 
decrease of the frequency of a positive family history as the age at MI increased. 
Overall the mean number of risk factors increased with age (Fig. 9). 

Discussion 

Patient Material 

Our series of patients with transmural MI under the age of 40 who underwent coro
nary angiography is the largest single series of such patients reported in the litera
ture. A part of this series has been reported on previously [13-17]. 

Our series differs from most others in that the inclusion criterion was uniform 
throughout the entire study period: the only requirement was a documented trans
mural MI under the age of 40. 

Other series of patients after MI at young age include patients with subendocar
dial (nontransmural) MI, or patients who show both normal coronary arteries and 
normal LV function after infarction [18, 19], leaving some doubt about the validity 
of the diagnosis. None of these patients are included in our series. In the initial 
study period a few patients were included in whom a transmural MI was docu
mented by history, serial ECG and enzyme changes, but whose LV angiogram, per
formed only in the RAO projection, showed no abnormality. AIle these patients 
had significant coronary stenoses corresponding with the site of MI as determined 
by ECG. 

Patients with normal LV angiogram in the RAO and LAO projection were not 
included in our series. Also excluded were patients with congenital anomalies pre
senting with an infarction pattern patients with associated valvular disease, and pa
tients after chest trauma. 
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Virtually all patients seen in our institution are referred from community hospi
tals, largely from the state of Baden-Wiirttemberg. We think that our patients are 
representative of young patients in Germany who survive the acute phase of trans
mural MI for the following reasons: (a) the referring community hospitals had been 
asked to send all their patients with MI under age 40, irrespective of their sympto
matology, and (b) coronary angiography was recommended to all patients, irrespec
tive of their clinical status or symptoms. This gives us the opportunity to compare 
the younger to the older patients within this group with respect to risk factors and 
angiographic findings. 

Patients in other countries with different diet habits may have different risk fac
tor constellations or may present with different findings [20]. 

Angiographic Findings 

A remarkable finding in this group of young patients is the relatively high percent
age of patients who have no significant obstruction at the time of angiography, in 
contrast to older postinfarction patients where this is rare. This finding is not ex
plained by different selection criteria for coronary angiography in older patients; 
within our series where the indication for angiography was applied uniformly, the 
prevalence of zero-vessel disease decreases with increasing age, from 31 % of pa
tients under 30 to 6% of patients between 35 and 39. 

This is in agreement with reports in the literature where it has been emphasized 
that patients with normal coronary arteries after MI tend to be younger than pa
tients with atherosclerotic changes [18, 19,21-25]. 

The true prevalence of MI and normal coronary arteries has not been establish
ed. Bruschke et al. [26] reported a 4.2% prevalence in patients undergoing coronary 
angiography after documented MI. Khan and Haywood [27] reported a prevalence 
of 11 % (9 out of 78 patients). Despite this relatively high prevalence, Erlenbacher 
[24], in a review of the literature, compiled less than 100 cases and of these only 56 
had truly normal coronary arteries. Our study is the first series of a defined popula
tion after transmural MI to show a clearly age related prevalence of normal coronary 
arteries. The prevalence in the small number of patients under 30 is high, but it 
declines rapidly as the age at MI increases. 

It has to be assumed that in these patients a high grade stenosis or obstruction at 
the time ofMI has regressed to a non-significant stenosis at the time of coronary an
giography [28]. Coronary embolism, platelet aggregation with later fragmentation, 
and thrombosis with later recanalization, as well as the interaction of platelet aggre
gates with coronary spasm and atherosclerotic lesions or endothelial damage, have 
all been suggested as possible mechanisms for this phenomenon [22, 24, 28-33]. 

It appears less likely that a stenosis due to an atherosclerotic lesion would un
dergo regression within the short time interval between MI and angiography. James 
[34] has questioned the entity of normal coronary arteries after MI and claimed that 
lesions have been overlooked by the angiographer or that the quality of the film 
may not be sufficient to pick up lesions that may be very localized. It is the general 
impression that the degree of coronary atherosclerosis is usually underestimated by 
coronary angiography [28, 34-39]. 
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This is particularly the case in vessels with a more than 50% narrowing of the lu
minal diameter, because the diffuseness of the disease may not allow estimation of 
the true diameter of the original lumen [36]. Although this may be a valid argument 
and may indeed apply to single cases, this is not true for the majority of patients in 
our series. If normal coronary arteries are found after MI, particular care is taken by 
the angiographer to visualize the portion of the coronary artery responsible for the 
MI. 

The argument that a small side branch of a coronary artery may be occluded 
at the origin, and may not visualize, is not valid for the majority of our patients 
because the size of MI is substantial and cannot be explained by the occlusion 
of a side branch. Also autopsy findings in patients with normal coronary arteries 
after MI have been reported [21, 40-42]. The prevalence of infarction without mor
phologic evidence of an acute occlusion and without pre-existent severe coronary 
artery disease was 7% in a consecutive series of 100 autopsied cases [40]. 

If coronary spasm plays a role in the development of MI it must be an entity that 
is distinctly different from the Prinzmetal-angina syndrome, because of our 169 pa
tients with zero-vessel disease Or unilocular disease there is not a single patient who 
had a history of repeated episodes of angina suggestive of coronary spasm prior to 
MI. 

The prevalence of single-vessel disease is more than 50% in all three of our age 
groups which is in contrast to older patients after MI, where multi-vessel disease 
predominates [10, 11]. 

Our findings are in agreement with other series of young postinfarction patients 
reported in the literature [43-45]. 

In our younger age-group, the patients had a higher incidence of zero- and sin
gle-vessel disease, and in tum patients with zero- and single-vessel disease had a sig
nificantly higher incidence of anterior wall infarction than patients with multi-ves
sel disease (Fig. 3). This is in agreement with other reports in the literature on 
young patients after MI [42]. Also several autopsy series on young patients after sud
den death or MI report a high incidence of involvement of the left anterior descend
ing artery with associated anterior wall infarction [46-49]. This may explain why 
the extent of LV dysfunction is at least as great in the younger patients as in older 
patients, despite the lesser degree of coronary artery disease. 

In patients with multi-vessel disease the growth of stenoses is slower and leaves 
time for the development ofcollaterals in a significant number of patients. 

An interesting subgroup of patients is those who have only unilocular diseae, 
i.e., a single stenosis in the entire coronary tree. Depending on the location of the 
stenosis, the size of the MI may be very large, e.g., in patients with unilocular dis
ease in the proximal portion of the LAD. This subgroup of patients is unique in so 
far as repeat angiograms after more than three years have shown that a regression of 
stenosis occurs in a significant percentage of cases [17]. We do not know the histolo
gy in these patients, but the rather rapid development of a single stenosis and its 
subsequent regression make a thrombotic origin more likely than an atherosclerotic 
origin. 
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Risk Factors 

The risk factor profile in these patients was obtained prospectively in a standardized 
manner to avoid bias of the interviewer. The likelihood that abnormal values will be 
found increases in a population that is examined repeatedly, like our patients; this 
makes a comparison to normal controls difficult because the controls are usually 
examined at a single point in time. Nevertheless, the comparison is useful in estimat
ing the prevalence of different risk factors in a normal population because risk fac
tors may vary from country to country [20], and from age-group to age-group [50]. 

Nicotine. Cigarette smoking has been mentioned as one of the most important risk 
factors in virtually all studies of MI in the young age-group [4, 20, 25, 43, 44, 50, 
51-55]. Elmfeldt et al. (50) showed that cigarette comsumption was a stronger risk 
factor for MI in young age groups. In one autopsy series of young patients with MI 
or sudden cardiac death, excessive cigarette consumption preceeded death in a 
significant number of cases [46]. A particularly noteworthy finding in this series 
was the high incidence of intimal edema, which contributed to the luminal narrowing. 

In our study the percentage of patients smoking ten or more cigarettes per day is 
above 80% in all age-groups. It is similarly high in patients with zero-, single-, dou
ble-, and triple-vessel disease. Nicotine abuse probably plays a role as a trigger 
mechanism [56, 57] for the initiation of MI; in several studies it is not associated 
with a higher incidence of angina pectoris [58, 59]. In our study the extent of vessel 
involvement in smokers and non-smokers was not different. 

Nicotine abuse as a risk factor has been particularly stressed in series of patients 
with normal coronary arteries [24, 25, 55] and has been related to reinfarction in 
such patients [25]. However, comparable data on patients of similar age with MI 
and coronary disease are not available in those studies. Our data indicate that 
smoking is a very important risk factor in young patients, regardless of the num
ber of vessels involved. 

Hypercholesterolemia is one of the most important risk factors for the development 
of coronary atherosclerosis in young individuals [60, 61]. Our study showed a clear 
relationship between the extent of coronary atherosclerosis and the mean serum 
cholesterol level. Patients with zero- oder single-vessel disease had significantly 
lower serum cholesterol levels than patients with multi-vessel disease. However, 
27% of our male patients and 40% of our female patients had serum cholesterol 
levels ofless than 220 mg%, which can be considered normal in this age group. 

The prevalence of hypertriglyceridemia is similarly related to the extent of coro
nary artery disease, although the relationship is not quite as close. Smokers with 
comparable levels of serum cholesterol had significantly higher serum triglycerides 
as compared to nonsmokers. This is in agreement with reports in the literature on 
other patient populations [62]. 

Arterial hypertension is a well established risk factor for the development of coro
nary heart disease [57]. The prevalence of arterial hypertension in our patients is twice 
that of the general population, but lower compared to older patients after MI [63]. 
However, the correlation with the extent of coronary artery disease was highly signi
ficant (P< 0.01). Within our age groups the prevalence of hypertension increases 
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with age. Our findings are in agreement with other reports on young patients after 
MI where the hypertension risk factor was of less importance than in older patients 
[7,20,44,50,52,64]. 

Family History. The familial occurrence of coronary heart disease has been the sub
ject of several studies [65-70]. Rissanen [70] has investigated the incidence of cardi
ac deaths and the prevalence of coronary risk factors in first degree relatives of pa
tients who had suffered a coronary event. Both risk factors and coronary deaths 
were more frequent in first degree relatives of patients who had suffered their coro
nary event before age 45, as compared to those who had suffered their coronary 
event at a later age. 

In our study, a similiar tendency is shown; the results do not reach statistical sig
nificance, probably because our age range is too narrow and the number of pa
tients in the age-group under 30 years is small. The tendency is, however, opposite 
to the other risk factors which show an increase with age. Does the positive family 
history reflect a genetic trait, or merely the influence of environmental factors like 
diet and smoking habits? 

While our study was not designed to answer this question, the lower number of 
risk factors in the younger patients, together with a higher prevalence of a positive 
family history do suggest that for the very young patients heritable rather than envi
ronmental factors may play an important role in the early manifestation of coronary 
heart disease. 

Obesity. The prevalence of obesity in our patients was almost twice as high as in the 
control population. Obesity as a risk factor varies in different populations; in a study 
in young patients after MI performed in 9 countries [20], obesity was especially 
common in Heidelberg, Cape Town, and Tel Aviv, whereas it was distinctly uncom
mon in Bombay, Melbourne, Singapore, and Edinburgh. Obesity has been question
ed as a risk factor per se [17]; if hypertensive subjects are eliminated, obesity may 
add little to the risk of coronary artery disease. However, several series of young pa
tients after MI describe a high prevalence of obesity [4, 53, 54, 72]. In the Framing
ham study, weight was a significant risk factor although of less importance than 
cholesterolemia, nicotine and blood pressure [60]. 

Hyperuricemia was no more prevalent in our patients than in our controls; like obe
sity, the prevalence in different populations differs [20]. 

Diabetes mellitus was rare in our patients which is in agreement with other series 
ofMI at young age [44, 52]. 

Oral Contraceptives. The use of oral contraceptives has been shown to increase the 
incidence of myocardial infarction and cardiac deaths in young women [73-76]. The 
increased risk is particularly evident in patients with other risk factors. The annual 
risk of MI for female patients aged 38-40 has been estimated to increase by a ratio 
of 50 if both cigarette smoking and oral contraceptive use are present, compared to 
patients where only one of these is present [76]. 

Our data are in agreement with these reports. None of our female patients was 
free of the conventional risk factors; in addition 86% of female patients - where this 
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information was available (19/22) - were using oral contraceptives prior to MI. Of 
the women using oral contraceptives, 90% were also smokers. Thus the combination 
of oral contraceptive medication and cigarette smoking appears to be the typical 
risk factor constellation for MI in young women. 

Ot has been suspected that the effects of oral contraceptive drugs on the clotting 
system, and of nicotine on the platelet aggregability, may potentiate and lead to 
thrombosis in the coronary artery. The high number of anterior wall infarctions 
with subsequent normal coronary arteries in our patients seems to support this hy
pothesis. Engel and Lichtlen [33] have observed angiographic regression in a female 
patient and also speculated that this probably represented recanalization or lysis of 
a thrombus. 

Summary 

The angiographic findings of patients with a transmural MI under the age of 40 are 
characterized by a high prevalence of zero- and single-vessel disease with an asso
ciated high prevalence of anterior wall infarction. 

In spite of the lesser extent of coronary artery disease in patients under 30, the 
extent of LV dysfunction equals that of patients with more extensive coronary artery 
disease over 30. 

These findings suggest that the development of coronary artery stenosis in these 
young patients occurs rather rapidly, leaving no time for adequate collateralization. 
The result is an extensive MI. 

Smoking is the most important risk factor for MI in young male patients, the 
combination of smoking and oral contraceptive use the most important risk factor 
constellation in young females. 

The lower prevalence of risk factors in younger patients suggests that other 
mechanisms than atherosclerosis may play an important role in the development of 
coronary stenosis. These mechanisms may be thrombosis, coronary spasm, or a 
combination of the two. 
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Evolution of Ventricular Function in Young Patients 
with Myocardial Infarction and Normal Coronary 
Arteries: Advantage of Isotopic Methods 
M. AMOR, J. L. BOURDON, M. FISCHER, N. DANCHIN, A. BERTRAND, G. KARCHER, 
and F. CHERRIER 1 

Myocardial infarction (MI) with normal coronary arteries is uncommon and only 
recently described [1, 2]. Few Studies have been devoted to its long term prognosis 
[3] 

A first assessment, published 2 years ago [5], where patients were studied regard
less of their ages, showed a good midterm prognosis. The present paper studies 
long-term prognosis in young patients (under age 40). 

Patients and Methods 

The following criteria were considered necessary for inclusion: age under 40 years; 
typical chest pain at acute stage; increase of serum enzymes creatine phosphokinase 
(CPK) and SGOT; ECG typical ofMI; and normal coronary angiograms. 

A total of 1600 coronary angiograms were performed in patients with previous 
MI in our department between 1969 and 1979. Thirty-nine patients had normal coro
nary arteries and 22 were age 40 years or less at the time of MI. Mean age of the 
group was 35.5 years (23-40 years) and four patients were under 30 years old. 

ECG abnormalities were located in the anterior leads in 12 patients, in the post
erior or inferior leads in eight patients, and in the lateral leads in two patients. 

All patients had first undergone a selective coronary angiogram, with at least 
four different views, for each coronary artery (left coronary artery was frontal, RAO 
30°, LAO 60°, lateral; right coronary artery was frontal, RAO 30°, LAO 45°, late
ral) and left ventriculogram in the RAO 30° view. All angiograms were reviewed by 
at least three independent observers. Global ejection fraction (GEF) was deter
mined according to Simpson's method [5], and wall motion abnormalities (WMA) 
were studied by our quantitative method [6]. Mean time interval between the acute 
episode and hemodynamic investigations was 4 months (2-12 months). 

A second survey was carried out after a mean follow-up period of 5.2 years 
(18-120 months) and included a clinical examination as well as the following: 

1. Standard exercise test on bicycle at heart rate higher or equal to 85% of maximal 
heart rate. 

2. Thallium imaging (TI) after injection of 2 mCi of thallium 201 at maximal exer
cise at four different views (frontal, LAO 30°, LAO 60°, lateral) coupled with re
distribution study (RS) after 4 h at the LAO 30° view or the view best showing a 
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cold spot. The results were studied by three independent observers who had no 
knowledge of the site ofECG abnormalities. 

3. Radionuclide angiography (RNA) by multiple-gated equilibrium scintigraphy, 
after injection of red blood cells marked by 20 mCi technetium Tc 99 m, was per
formed at LAO and frontal views. The GEF was determined at the LAO view. 
For the regional study the left ventricle was divided into 16 angular sectors 
around the center of gravity at final diastolic time [7]. 

Results 

At follow-up, all patients were alive and no further episode ofMI was noted. No pa
tient complained of chest pain, but two patients described exertional dyspnea and 
received medical treatment. Among the 22 patients, 20 were smokers before MI 
(15 cigarettes/day or less), and all had stopped smoking. Among the three females, 
two had been taking oral contraceptives and subsequently stopped and one female 
had experienced MI 2 months after her pregnancy. 

Standard exercise testing was normal in 18 patients, and four patients had ST 
segment elevation at the site ofMI. 

With TI (Table 1), cold spots were noted in 13 cases. All were concordant with 
the ECG location and stable on RS, confirming myocardial injury [8]. 

Table 1. Thallium imaging at maximal exercise and redistri
bution in the patients with anterior, postinferior, and lateral 
MI 

Anterior 
Postinferior 
Lateral 

Cold spot 

Maximum exercise 

10 
3 
o 

Redistribution 

10 
3 
o 

Table 2. The second column gives mean global ejection fraction (GEF) at the first study by an
giography and at the second study by radionuclide angiography (RNA). The three last 
columns show the number of cases according to the value ofGEF 

GEF 
First angiography 
Second RNA 
Wall motion abnormalities 
Location of wall 
motion abnormalities 

Mean±SEM 
54.0±4.l 
53.9±5.3 

No. patients 

EF~0.4O 
4 
4" 
4 
4 ant. 

" Two patients showed significantly deteriorated GEF values 

0.40 < EF<0.50 
2 
2" 
2 
2 ant. 

EF~0.50 

16 
16 
3 
3 ant. 
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Table 3. Comparison of the results of thallium scanning and quantitative 
analysis (REF) of wall motion abnormalities (WMA) according to the value 
of global ejection fraction (GEF). All patients with WMA had a cold spot, 
but four patients without WMA also had a cold spot 

WMA(REF) Cold spot 

Location With Without With WMA Without WMA 

Anterior 3 3 3 

Postinf. o 8 3 

Lateral o 2 o 

Anterior 6 6 

M.Amoretal. 

By multiple-gated equilibrium scintigraphy (RNA) (Tables 2, 3), GEF remained 
stable (54.0±4.l versus 53.9± 5.3) and all patients (N = 16) with an initial GEF high
er than 50% remained stable. But GEF decreased in four patients with anterior MI 
(42.4±4.8 versus 30.5±7.4) whose initial GEF was lower than 45%. Two of these 
patients consented to a second coronary angiography and left ventriculography. 
These examinations confirmed the decreased GEF and normal coronary angio
gram. The regional ejection fraction (REF), a quantitative regional study, showed 
WMA in nine patients, all of whom had anterior MI. All patients with WMA show
ed a cold spot at the same location on TI, but four patients without WMA showed 
a cold spot. 

Discussion 

The recent development of nuclear cardiology explains why our patients did not un
dergo TI and RNA at the time of MI. Still, in a previous study [9], GEF and REF 
determined by contrast angiography at the RAO 30° view and by RNA at the LAO 
view were found to be closely correlated (GEF r=0.90, REF r=0.84), and we 
think that ejection fractions determined by RNA during follow-up could be safely 
compared to the initial ejection fractions obtained by contrast angiography. 

The condition of the coronary arteries was not studied systematically during the 
follow-up survey, but TI showed no cold spot outside the infarcted area, during 
exercise as well as RS and allows one to think that coronary anatomy is not markedly 
altered [10]. Indeed, two of the four patients with a decrease in GEF were assessed 
by a second coronary angiography that confirmed the integrity of the coronary arte
ries. 

Furthermore, TI seems useful chiefly in patients showing no WMA, since four 
cold spots were detected in 13 patients with no WMA. This confirms the ability of 
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thallium scanning to detect myocardial extraction abnormalities even in the absence 
of injured large coronary arteries. 

Conclusion 

A favorable 5-year prognosis in young patients with MI and normal coronary angio
grams appears plausible. In fact, all our patients are alive and none complain of any 
residual typical chest pain. Furthermore, most have a stable ejection fraction. 

Nevertheless, we observed a significant deterioration of GEF in four patients 
who had a low initial GEF (under 0.45), which confirms the prognostic significance 
ofleft ventricular function. 

Nuclear cardiology appears particularly helpful, as it allows a noninvasive fol
low-up of young patients with MI. 
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Prognosis of Coronary Heart Disease 
and Progression of Coronary Arteriosclerosis in 
Postinfarction Patients Under the Age of 40 
P. SruRZENHOFECKER, L. SAMEK, C. DROSTE, H. GOHLKE, J. PETERSEN, 
and H. ROSKAMM 1 

The course of coronary heart disease may be evaluated by two different approaches: 

I. By determination of the annual mortality in relation to different clinical and an
giographic parameters. 

II. By evaluation of changes in coronary morphology by means offollow-up corona
ry angiographies. 

Regarding the first approach, studies in the literature mainly deal with older co
ronary heart disease patients, mostly with angina pectoris, who are not exclusively 
postinfarction patients [1-4]. Some of these studies include small numbers of young 
patients. Regarding the second approach, our knowledge derives (a) from fol
low-up angiographies in operated patients [5-8], and (b) from follow-up angiogra
phies in nonoperated patients with clinical deterioration [6, 9]. 

There is no systematic study in young patients with repeated angiographies per
formed independent of the development of the patients' symptoms and signs. 

Annual Mortality in Relation to Clinical 
and Angiograpbic Parameters 

Patients and Methods 

From January 1973 to December 1979, 774 postinfarction patients under 40 years of 
age were admitted to our clinic. Coronary angiography was recommended to all of 
them, and 620 accepted. After excluding women and those who had to undergo aor
tocoronary bypass surgery, 537 were left; of these 465 had a coronary angiography 
within 12 months after the acute event. They were followed up for 1-7 years, on 
average 3.5 years. The following parameters were determined on average 6 months 
after myocardial infarction (MI) and tested for their prognostic value: (a) multi-ves
sel disease (MVD), > 50% reduction ofluminal diameter; (b) moderate and severe 
left ventricular dysfunction (SVD), 2 or more out of 9 segments in the left ventricu
logram being severely hypo-, a-, or dyskinetic; (c) significant ventricular arrhythmi
as (SV A), ~ 1 ventricular premature contraction (VPC) in ECG at rest, > 10 VPCs 
in 1 h of Holter monitoring or per examination (exercise test or physiotherapy) mul
tiform or paired VPCs, ventricular tachycardias, or R/T phenomenon. 

Statistics: Differences in the frequency of parameters were analyzed by the chi
square test. 

I Rehabilitationszentrum, Siidring 15,7812 Bad Krozingen, FRG 
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Results 

Annual mortality for the whole group of patients from cardiac causes was 2.7%. The 
prognostic significance of the following parameters was evaluated (risk predictors of 
cardiac death): 

Vessel Involvement. Annual mortality from cardiac causes increased with the num
ber of vessels involved: In patients with zero- and one-vessel disease annual morta
lity was 1.8%, in those with two-vessel disease it was 2.l %, and in patients with 
three-vessel disease it was 6.2%. 

Left Ventricular Dysfunction. Annual mortality also increased with deterioration of 
left ventricular function: In the patient group with only mild left ventricular dys
function it was 1.5%, in patients with moderate left ventricular dysfunction 2.5%, 
and in patients with severe left ventricular dysfunction 8.9%. 

Arrhythmias. The annual mortality was related to the presence of significant ar
rhythmias. In the patient group without significant arrhythmias it was 1.6%, in the 
presence of significant arrhythmias 3.6%. 

Combination of Risk Predictors for Cardiac Death 

Furthermore, we examined the relationship between annual mortality and the com
bination of one or more of the above mentioned risk predictors for cardiac death. 

Table 1. Mortality of 465 postinfarction patients in relation to the 
number of positive risk predictors for cardiac death 

Risk predictors 
present 

None 
One 
Two 
Three 

Patients 

n 

160 
170 
106 
29 

All deaths 

n 

5 
12 
14 
6 

Annual 
mortality 

(%) 

0.9) 
;:~ P<0.005 

5.9 

Table 2. Mortality of 465 postinfarction patients in relation to dif
ferent combination of positive risk predictors for cardiac death 
(SV A = significant ventricular arrhythmias, MVD = multi vessel 
disease, SVD = severe ventricular dysfunction) 

Patients All deaths Annual 
mortality 

n n (%) 

No SVA/MVD/SVD 160 5 0.9) 
SVAalone 51 4 2.2 P<0.005 
SV A with SVD/MVD 149 19 3.6 
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If none of these factors was present, annual mortality was 0.9%; in the presence 
of one of these factors it was 2%, and if all three factors were present, annual morta
lity increased significantly (P < 0.005) to 5.9% (Table I). 

The presence of significant arrhythmias alone (in the absence of moderate or 
severe left ventricular dysfunction and of multi-vessel disease) seems to have only 
little prognostic relevance (Table 2). The annual mortality in this subgroup was 
2.2% versus 0.9% in the group without any of the three risk predictors positive. In 
arrhythmia patients - including those with moderate or severe left ventricular dys
function and multi-vessel disease - the annual mortality increased signif
icantly (P< 0.005), to 3.6%. 

Changes in Coronary Morphology 

To evaluate changes of coronary morphology and left ventricular function, 293 pa
tients whose first angiography was done more than 3 years previously were asked to 
have a second angiography done. 54 did not respond, 47 refused, 21 had died, and 7 
were excluded for medical reasons (colon-carcinoma, hepatitis). The remaining 
164 patients underwent a second coronary angiography an average of3.8 years after 
the first, irrespective of the clinical course during this time interval. Progression or 
regression of coronary arteriosclerosis was assumed, if there was a difference of at 
least two grades, based on the AHA classification of stenoses [10]. 

Results 

The majority of patients (58%) showed no change of coronary morphology, 28.6% 
progression, and 13.4% regression (Fig. I). 

Progression was present in 24% of one-vessel disease patients; in two- and three
vessel disease patients it was more frequent with 37.7%. Regression was found in 
16% of the patients with one-vessel disease and it was less frequent (7%) in patients 
with multi-vessel disease but none of this differences are statistically significant 
(P<O.l). 

The group was divided into those patients who showed an unilocular disease in 
the first angiogram, i.e., with only one stenosis or occlusion in one vessel and the 
other vessels totally normal, and into those who had a multilocular disease. For ex
ample, a patient with a > 50% stenosis in one vessel only, and one or more < 50% 
stenoses in the same or other vessels is a one-vessel disease patient but with a multi
locular disease. 

In the unilocular group, progression was very rare with 3.6% and regression was 
rather frequent with (28.6%) (Figure 2). In the multilocular group, progression was 
frequent with 34.3% and regression rather rare with 10.4% (P < 0.001). These dif
ferences are significant. 

Progression was equally frequent in each of the three vessels; the left anterior 
descending (LAD) with 18%, the circumflex artery with 17% and the arteria corona
ra dextra (ACD) with 17%. Regression occurred predominantly in the proximal por
tion of the LAD: of the 21 regressions, 17 were found in the proximal LAD, only 4 
in the ACD, and none in the circumflex artery. 
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Fig. 1. Frequency of patients with unchanged morphology, progression and regression of an
giographic findings after 3.8 years on average. Figures are given for the whole group of pa
tients (n = 164), as well as those with zero- and one-vessel disease, and those with two- and 
three-vessel-disease 

Fig. 2. Frequency of patients with unchanged morphology, progression and regression of an
giographic findings after 3.8 years on the average. Figures are given for the whole group ofpa
tients (n = 164), and for those with uni- and multilocular disease 

The degree of progression (47 patients with 56 stenoses) is shown in Figure 3. 
By definition, the difference between the two coronary angiographies had to be at 
least two grades, based on the AHA classification of stenoses. This figure does not 
include 9 patients whose 90%-99% stenosis progressed to total occlusion. 7 patients 
developed a more than 50% stenosis in previously normal vessels. 

The degree of regression (22 patients) is shown in Figure 4. Excluded are 15 pa
tients with total occlusion at the first angiography who showed an opening of the 
vessel to 90-99% stenosis at the second angiography. A typical example of regres
sion is shown in Fig. 5 on p. 3 in this book. 

Regression was found to be age-dependent. It is more frequent at a very young 
age, i.e., under 35; the frequency decreases already in the age-group 35-39 years. In 
older patients as far as we know it is very rare. 

Relationship Between Control of the Risk Factor Smoking and Progression 
of Coronary Artery Disease 

The group was divided into one subgroup with progression and one with no change 
or regression. Before the infarction the frequency of cigarette smoking was compa
rably high in both groups, 89% and 79% respectively. In the progression group at the 
time of the second angiogram 38% were still smoking; in the group without progres
sion there were only 14% smokers. This difference is significant (Table 3). 
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125 -50 I 

G Regression 
n·47 ~ Patients n·22 ~ n· 56 Vessels n.22 

1. Angio 3 2.Angio l.Angio 4 2.Angio 

Fig. 3. Degree of stenosis at the first and second coronary arteriography in 47 patients who 
showed a progression of stenosis of at least two grades, based on the AHA classification of ste
noses 

Fig. 4. Degree of stenosis at the first and second coronary arteriography in 22 patients who 
showed a regression of stenosis of at least two grades, based on the AHA classification of ste
nosIs 
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Fig. 5. Ejection fraction (EF%) at 
the first and second angiography 
(time interval x 3.8 years) in 28 pa
tients with anterior wall infarction 
who did not show progression of 
coronary arteriosclerosis 
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Table 3. Frequency of smokers before MI (I), and at the time of 
the second angiography (II), in 47 patients with and 117 patients 
without progression of coronary arteriosclerosis during a mean fol
low-up of3.8 years 

Progression No. progression 

n=47 n= 117 

Cigarette I. 89.4% 78.6% 
smoking L--ns I 

II. 38.4% 14.5% 
L-- P<O.OI----.J 

Changes in Left Ventricular Function 

87 

We were mainly interested to see ifleft ventricular function deteriorated in patients 
with large infarctions who did not show progression of coronary arteriosclerosis. 
28 patients with anterior wall infarctions and one-vessel disease who had no change 
in coronary morphology were divided into those with a scar of above or below 30% 
of the total circumference in the RAO ventriculogram. At the first angiography the 
first group had an ejection fraction of 48, the second of 40%. In the first group, the 
ejection fraction did not change during the follow-up of 3.5 years, in the second 
group there was a slight but significant deterioration (Fig. 5). 

Discussion 

Annual Mortality 

It has been stated that annual mortality of young postinfarction patients is lower 
than in older age-groups [11-14]. In our study, annual mortality was 2.7%; in rela
tion to older age groups this is indeed a rather low figure. But it is about ten times 
higher than in an age-matched normal population, where it is 0.29% [15]. 

Risk Predictors of Cardiac Death 

In our young postinfarction patients as in older coronary heart disease patients, 
multi-vessel disease [1,3, 16-18], myocardial dysfunction [2, 19,20], and ventricular 
arrhythmias [21-25] have been found to be important risk predictors of cardiac 
death in the years following the infarction. The occurrence of arrhythmias is related 
to left ventricular dysfunction or heart volume enlargement [26-29]. In some stud
ies, arrhythmias per se have been shown to be of prognostic relevance [25, 30, 31], in 
others only if they are combined with left ventricular dysfunction [32-36]. In our 
study, for postinfarction patients with arrhythmias, but without moderate or severe 
left ventricular dysfunction or multi-vessel disease, prognosis is somewhat worse 
than in those without any of the mentioned risk predictors positive (annual mortal-
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ity 2.2 versus 0.9%). However, prognosis is significantly better than in arrhythmia 
patients with moderate or severe left ventricular dysfunction or multi-vessel disease 
(annual mortality 2.2 versus 3.6%). 

Progression of Coronary Arteriosclerosis 

In young patients with coronary arteriosclerosis, progression of the disease was 
found to be more frequent and more pronounced than in older age groups [37, 38, 
39]. According to the experience of this study, subgroups with different frequency of 
progression exist. Postinfarction patients with unilocular disease, show only little 
progression of coronary arteriosclerosis in the following three years. On the other 
hand, in patients who in their first coronary angiography already show multi-vessel 
or multilocular disease, a high frequency of progression could be demonstrated. In 
3.8 years, on average, 37.7% and 34.3% respectively show significant progression of 
one or more stenoses. The frequency of progression can apparently be reduced by 
risk factor correction [37-40]; in this study, this could be confirmed with the risk 
factor smoking. 

Regression of Coronary Angiographic Findings 

Regression of coronary angiographic findings has been repeatedly described in 
single case reports in the literature [9, 41-43]. In our patients, 21 stenosed vessels 
showed regression in the second angiogram; 17 of these regressions were found 
in the LAD. What is the mechanism behind regression of coronary angiographic 
findings? Two explanations may be discussed: 

1. There was a spasm during the first catheterization. 
2. There was recanalization and organization of the thrombus since the time of the 

first angiogram. 

We think spasm during the first angiogram is unlikely, at least in the majority of 
patients, for the following reasons: 

- In most patients with regression nitroglycerine was also given during the first an
giogram; 

- the site of regression was always in the infarction-related vessel, i.e. in the proxi
mal anterior descending artery, and never in the proximal right coronary artery 
where spasm is common. 

Occurrence of regression is age-dependent (as it was with zero-vessel disease 
(see p. 65). It is rather frequent at a very young age, i.e., under 35 years. The fre
quency already decreases in the age-group 35-39 years. In older patients, as far as 
we know, it is very rare. In our opinion most cases of regression have to be explain
ed by recanalization and organization of a thrombus. Thus, it should be called re
gression of a coronary angiographic finding rather than regression of coronary arte
riosclerosis. Actual regression of arteriosclerosis has only been reported in the early 
stages offemoral arteriosclerosis in patients treated for hyperlipoproteinemia [44]. 
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Two Types of Coronary Heart Disease in Young Patients 

In our opinion, MI at young age can be caused by two different types of disease. 
The first is a one-vessel disease, with the non-infarction-related vessels being normal 
or showing only minimal narrowing. Coronary thrombosis may primarily play an 
important role, intima oedema and spasm as a trigger mechanism cannot be exclud
ed. If there is a spontaneous lysis of the thrombus, we may find normal coronary 
arteries or zero-vessel disease; these are more often seen in young patients. If the ly
sis is ineffective, one-vessel disease will be the result. However, in some of these pa
tients recanalization and organization of the thrombus may occur later, even after 
months or years. In these cases we find regression in the second angiogram. 

In this type of disease there is a rare incidence of progression and the prognosis is 
good if the risk factors, especially smoking, are controlled. There is only little ten
dency for deterioration of left ventricular function, but the patients will have to be 
observed over a longer period of time. 

The second type of disease is what is better known in older patients; multi-vessel 
disease. It is premature in the age-group below 40 years. In this type of disease, pro
gression is very common even after a 3- or 4-year period of time. Of course we have 
to expect combinations of these two types of coronary artery disease in young pa
tients. 
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Myocardial Infarction in Patients Under the Age of 40 
Autopsy Findings 1 

R. VIRMANI and H. A. McALLISTER, JR.2 

During the last 20 years most of the autopsy reports on patients with coronary heart 
disease have concentrated on patients in decades 5-7 [1-15]. Although the greatest 
incidence of coronary heart disease is found in this age group [16-18], selective stud
ies on patients under the age of 40 years are lacking. The present report attempts 
to fill this void by describing cardiovascular observations at autopsy in 112 patients 
under the age of 40 who died with myocardial infarction (MI). 

Materials and Methods 

The files of the Armed Forces Institute of Pathology, which includes case material 
from military, Veterans Administration, and civilian sources, were searched for pa
tients 40 years and younger with fatal coronary heart disease recorded consecutively 
during 1954-1979. In all, there were 201 patients who had died from coronary heart 
disease, and 186 of these had adequate descriptions of the heart and circumstances 
of death. Of the 186 who died of coronary heart disease, 112 had MI and they form 
the basis for this study. Of the 112 patients, 110 had adequate descriptions of the 
maximal amount of coronary artery narrowing in each of the three major epicardial 
coronary arteries, i.e., right, left anterior descending, and left circumflex coronary 
arteries: Only 60 had adequate descriptions of the left main coronary artery. The 
coronary arteries had been previously cut at 5-mm intervals, and the area of maxi
mal narrowing selected by gross examiniation was submitted for histologic exami
nation. The paraffin blocks were available for further sectioning and staining with 
hematoxylin and eosin, and Movat's pentachrome stain. The gross descriptions of 
the myocardium documented the presence or absence of macroscopic myocardial fi
brosis and/or necrosis, and at least three sections of the left ventricular myocardium 
were submitted for histologic examination. Microscopic examination confirmed the 
presence of acute and/ or healed MI and documented the infarcts as subendocardial 
(infarcts that did not extend from endocardium to the epicardium) or transmural 
(infarcts extending from the endocardium to epicardium). Among the patients with 
both healed and acute infarcts, infarcts were classified as subendocardial if both 
types of infarcts did not extend to the epicardium, and as transmural if one and/ 
or both types of infarcts extended to the epicardium. 

I The opinions or assertions contained herein are the private views of the authors, and are not 
to be construed as official or as reflecting the views of the Department of the Army or the 
Department of Defense 

2 Department of Cardiovascular Pathology, Armed Forces Institute of Pathology, Washing
ton, D.C., 20306, USA 



Myocardial Infarction in Patients Under the Age of 40 93 

Results 

The sample of 112 patients with MI at autopsy were 18-40 years old (mean 33 
years; 103 men and 9 women) (Table 1), and 91 (81%) were active-duty military 
personnel. Thirty patients were under 30 years, and 82 were 31-40 years of age. 

The mode of presentation was sudden death in 66 patients (59%) (defined as 
death occurring instantaneously or within 1 h of the onset of symptoms), 40 patients 
(36%) had symptoms of <ihest pain for more than 1 h, two patients (2%) had a histo
ry of chronic congestive heart failure, and four (3%) died within 1 day after aortoco
ronary bypass surgery. Thirty-two (29%) of the patients developed symptoms during 
or soon after exercise. 

A history of predisposing conditions known to accelerate coronary atherosclero
sis was available in 73 (Table 2): Of these, 41 (56%) had known risk factors, includ
ing systemic hypertension, diabetes mellitus, hyperlipoproteinemia, family history 
of coronary heart disease, mediastinal irradiation, and prolonged corticosteroid the
rapy. A history of smoking was not uniformly available, and when available most of 
the details specifying number of cigarettes consumed per day and duration in years 
was not mentioned. A history as to the presence or absence of prior cardiac disease 
was available in 85 of the 112 patients and, of these, 47 (55%) had been symptomatic 
(Table 2). 

At autopsy the heart weights were increased in 61 (54%), with "normal" for men 
as less than 400 g and for women less than 350 g (Table 3). Of 112 patients, the in
farcts were subendocardial in 30 (27%) and transmural in 82 (73%). 

The amount and extent of coronary artery narrowing is summarized in Ta
bles 4-7. Of the four major epicardial coronary arteries examined, for severe athe
rosclerosis (greater than 75% cross-sectional area luminal narrowing by atheroscle
rotic plaque), only one artery was involved in 24 patients (21 %), two coronary arte-

Table 1. MI in patients under age 40 (autopsy findings): Clinical ob-
servations in 112 autopsy patients 

No. pts. No. pts. Total 
< 30yrs 31-40yrs 

30 82 112 

Age in years, range (Avg) 18 - 30 (25) 31-40 (37) 18 - 40 (33) 
Sex: M:F 28:2 75:7 103:9 

Mode of presentation 
Sudden death ( < 1 h) 16 (54%) 50 (61 %) 66 (59%) 
Chest pain (> 1 h) 13 (43%) 27 (33%) 40 (36%) 
Chronic CHF 1(3%) 1 (1%) 2 (2%) 
Post-op SVBG ( < 1 day) 0 4 (5%) 4 (3%) 

Circumstance of death 
During exercise 15 (50%) 7 (8%) 22 (22%) 
Soon after exercise 6 (20%) 4 (5%) 10 (9%) 
At rest 9 (30%) 71 (86%) 80 (71%) 
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ries in 49 (44%), three coronary arteries in 34 (30%), and four arteries were infre
quently involved in three patients (3%) (Table 4, Fig. 1). 

Of the 390 coronary arteries examined in 110 patients, 234 (60%) were greater 
than 75% narrowed in the cross-sectional area by atherosclerotic plaque, for an 
average of 2.14 coronary arteries/patient. The most frequent artery of involvement 
was the left anterior descending, in 99 patients (90%). Thrombus was present in 51 
(13%) of the coronary arteries (Table 6). 

Table 2. MI in 112 Autopsy patients under age 40: History of risk factors 

No. pts. No pts. Total 
< 30 yrs 31-40yrs 

22 51 73 

History of risk factors (RF) available 

Risk factors 
Systemic hypertension 3 15 18 
Diabetes mellitus I 7 8 
Hyperlipoproteinemia (cholesterol> 250 mg %) I 15 16 
Family history ofCHD 3 10 13 
Mediastinal irradiation 2 0 2 
Prolonged corticosteroid therapy 1 0 I 
No. pts. with 1 or more RF present 8 (36%) 33 (65%) 41 (56%) 
Obesity 3 (10%) 26 (32%) 29 (26%) 

History of prior cardiac disease available 22 63 85 
Angina pectoris (AP) 1 18(29%) 19(22%) 
Acute myocardial infarction (AMI) 0 5 ( 8%) 5 ( 6%) 
AP+AMI 0 15 (24%) 15 (18%) 
Chronic congestive heart failure (CCHF) after AMI + AP 0 6 ( 9%) 6 ( 7%) 
CCHF I 1 ( 1%) 2 ( 2%) 

Total no. pts. with prior cardiac disease 2 (9%) 45 (71%) 47 (55%) 

Table 3. Morphologic observations in 112 autopsy patients under age 40 with MI 

Pts< 30 yrs Pts31-40yrs Total 
30 82 112 

Heart weight (gs) 
Range (avg) 275 - 525 (381) 260 - 860 (435) 260 - 860 (421) 
Increased 12 (40%) 49 (60%) 61 (54%) 

Type of infarct 
Acute myocardial infarct (AMI) 16 (53%) 24 (29%) 40 (36%) 
Healed myocardial infarct (HMI) 6 (20%) 40 (49%) 46 (41 %) 
AMI+HMI 8 (27%) 18 (22%) 26 (23%) 

Total 30 82 112 

Complications 
Aneurysms 0 5 (6%) 5 (4%) 
Rupture 0 2 (2%) 2 (2%) 
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Table 5. Comparison of the amount of severe coronary atherosclerosis in patient with and 
without prior cardiac disease 

No. of four major Patients with prior Patients without P value Total 
coronary arteries cardiac disease prior cardiac 
narrowed> 75% in disease 
cross-sectional area 47 38 85 

1 4 (8%) 13 (34%) om 17 (20%) 
2 20 (43%) 16 (42%) NS 36 (43%) 
3 22 (47%) 7 (18%) 0.01 29 (34%) 
4 1(2%) 1(3%) NS 2 (2%) 
Severe 0 1(3%) NS I (I %) 

The artery most commonly involved in single-vessel disease was the left anterior 
descending (Table 7). When two arteries were involved, the most frequent combina
tion was left anterior descending and right, and in three vessel disease the arteries 
most commonly involved were the left anterior descending, left circumflex, and 
right. 

The number and percentage of severely narrowed coronary arteries were evalu
ated according to the type of infarction, as follows: acute MI, 39 patients; healed 
MI, 45 patients; acute and healed MI, 26 patients. There was no significant differ-

50 

loS 

40 

35 

30 

25 

20 

15 

10 

5 

p=0.07 
33"10 

lCA 

50"!. 

2CA's 

~ Patients < 30 years 

o Patients 31-40years 

p=0.05 NS = not significant 
37"10 

30 

NS 

3CA's 4CA's 

Number of coronary arteries (CA' s) narrowed 
>75°,. in X-sectional area 

Fig. 1. Comparison of the percent and number of four major coronary arteries narrowed more 
than 75% in a cross-sectional area by atherosclerotic plaque in 30 patients less than 30 years 
and 80 patients 31-40 years of age with MI at autopsy 
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NS Acute myocardial infarct NS [] 17% .. 
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Number of coronary arteries (CA's) narrowed 
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99 

Fig, 2, Comparison of number and percent of four major coronary arteries narrowed greater 
than 75% in a cross-sectional area by atherosclerotic plaque in 110 autopsy patients according 
to the type of MI 
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Fig. 3. Comparison of number and percent of four major coronary arteries narrowed greater 
than 75% in a cross-sectional area by atherosclerotic plaque in 30 patients with subendocardial 
infarct and 80 patients with transmural infarct 

ence (Fig. 2). Likewise, patients with subendocardial infarcts had similar degrees of 
coronary artery involvement when compared to patients with transmural MI 
(Fig. 3). 

Discussion 

Few autopsy studies in the last 2 decades have concentrated specifically on coronary 
heart disease in the young. Most of the knowledge of this young population based 
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on autopsies comes from studies performed in the second quarter of this century 
[19-26). 

Most recent data on coronary atherosclerosis in young patients is clinical. Since 
the advent of coronary angiography [27), some clinical studies have concentrated 
not only on the amount of coronary atherosclerosis seen in symptomatic young 
adults, but have also shown progression and regression of coronary artery disease in 
patients less than 40 years of age [28). The present study describes clinical and au
topsy findings in 112 patients under 40 years of age with MI at autopsy. The mode 
of presentation in the majority of our patients was sudden death, and in approxima
tely one-third of the patients chest pain was the presenting symptom. Of the patients 
less than 30 years of age, 70% died during or soon after exercise, whereas in the ma
jority of patients 31-40 years of age, the terminal event occurred at rest. Of the 
73 patients in whom a history of risk factors could be elicited, 56% had one or more. 
The incidence of the presence of risk factors was significantly greater in patients 
31-40 years (65%) than in patients less than 30 years (36%). The reason for these 
differences is unclear. 

A history of prior cardiac disease was more frequent in patients 31-40 years of 
age (71 %) than in patients under 30 years (9%). This difference may have been ac
centuated because symptoms of chest pain in patients under 30 years of age con
ceivably could have been interpreted as noncardiac in origin. Indeed, 47% of pa
tients less than 30 years with healed MI at autopsy had either silent infarcts or the 
symptoms of chest pain had been ignored. 

At autopsy, isolated healed MI was the most frequent finding (41%) and acute 
and healed MI was present in 23%. Thus, 64% of our patients at autopsy had prior 
MI. This incidence is similar to the 59% reported by Roberts and Buja [10) in 107 
autopsy patients, average age 59, who died of acute MI. 

Of the four major coronary arteries examined at autopsy in the 112 patients with 
MI, one or two coronary arteries were severely narrowed in two-thirds of the pa
tients, and only one-third had three-vessel disease. This finding is different from the 
previous reports on patients with fatal acute infarction [14), sudden death [12), angi
na pectoris [13), and healed MI [15), in which the average involvement was narrow
ing of at least two or three of the four major coronary arteries. However, in these 
previously reported studies the average age of the patients was 53 years. Compari
son of the degree of luminal compromise and extent of coronary artery atheroscle
rosis in patients with and without a prior history of cardiac disease showed signifi
cantly greater atherosclerosis in patients with prior cardiac disease. 

Comparison of the severity of coronary artery disease in patients with MI at au
topsy to patients with coronary heart disease without MI at autopsy showed signifi
cantly greater disease in patients with MI. This finding is similar to that reported in 
27 patients (average age 59) who died of acute transmural MI [14). The degree oflu
minal compromise and extent of coronary atherosclerosis was greater in patients 
with healed left ventricular scars as compared to those without (14). 

Our patients 31-40 years of age had significantly greater disease than patients 
under 30 years. This finding is contrary to that reported by Roberts et al. [14) in pa
tients with acute transmural MI, sudden death [12), angina pectoris [13), and healed 
MI [15). Of our 110 patients with MI at autopsy, 30 had subendocardial infarcts, and 
80 had transmural infarcts: The degree ofluminal compromise and extent of severe 
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atherosclerosis was similar in the two groups, which is similar to previous reports 
[10]. 

Of the total 390 coronary arteries examined in 110 patients, 234 (60%) were 
greater than 75% narrowed in the cross-sectional area by atherosclerotic plaque 
for an average of 2.l4 coronary arteries per study patient. This ratio is less than 
previous reports of patients with various types of coronary heart disease [12-15]. 
Our patients under 30 had, on an average, less disease (1.8/patient) than patients 
31-40 years (2.3/patient). 

Coronary artery thrombi were present in 38% of our patients, and were more 
frequent in patients less than 30 years than in patients 31-40 years. The reasons for 
this difference are unclear. The reported incidence of thrombi has varied from 7% to 
91 % [2-12, 19-21,26]. Our overall incidence of coronary thrombi is similar (39%) to 
that reported by Roberts and Buja in their 107 patients with fatal myocardial infarc
tion [10]. 

The artery most commonly involved with atherosclerosis was the left anterior 
descending (90%), followed by the right (60%), left circumflex (44%), and left main 
(22%). Vlodaver and Edwards [29] have studied the maximum distribution of athe
romatous lesions in 50 unselected adult subjects and found the middle third of the 
right coronary artery to be the artery most commonly involved: The second most 
common site was the proximal half of the left anterior descending coronary artery. 
Roberts et al. report almost similar amounts of severe narrowing in the right, left 
anterior descending, and left circumflex coronary arteries in patients with coronary 
heart disease [12-15]. These differences are possibly because of patient selection 
and methods of study, though the ages of the patients may also be a determining 
factor. 

Summary 

Clinical and morphologic observations in 112 patients (103 men, 9 woman) with MI 
under the age of 40 are described. Sixty-six (59%) died suddenly, 40 (36%) had a his
tory of chest pain greater than 1 h in duration, two died in chronic congestive heart 
failure, and four died shortly after aortocoronary bypass operations. Of the 73 pa
tients in whom a history of risk factors could be elicited, 41 (56%) had predisposition 
to coronary atherosclerosis. The presence of risk factors was significantly higher in 
patients 31-40 years of age compared to patients less than 30 years. A history as to 
the presence or absence of prior cardiac disease was available in 85 of the 112 pa
tients and of these, 47 (55%) had been symptomatic. Heart weight was increased in 
61 (54%). 

At autopsy, acute MI was present in 40 patients (36%); healed MI in 46 (41 %); 
and both acute and healed MI in 26 (23%). One of the four major coronary arteries 
was severely compromised in 24 patients (21 %) two in 49 (44%), three in 34 (30%), 
and all four coronary arteries in only three patients (3%). Patients with prior cardiac 
disease had significantly greater severity of coronary atherosclerosis than patients 
without. Patients 31-40 years of age had significantly greater coronary atherosclero
sis than patients under 30 years. There was no significant difference in the severity 
of coronary artery disease in patients with subendocardial infarct compared to those 
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with transmural infarcts. The severity of coronary atherosclerosis in the 112 patients 
was compared to that in 74 age-matched patients who died of coronary heart dis
ease without evidence of MI at autopsy. The patients with MI had a greater severity 
of coronary artery disease. The coronary artery most commonly involved was the 
left anterior descending in 90% of our patients and, in 18%, it was the only artery of 
involvement. The most frequent type and combination of the four major coronary 
arteries involved were left anterior descending and right (30%), and left anterior 
descending, left circumflex, and right (28%). Coronary artery thrombi were present 
in 42 of the patients (38%), and were more frequent in patients less than 30 years 
(67%) than in patients 31-40 years of age (27%). 
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Comparison of Luminal Narrowing by Atherosclerotic 
Plaques in Young and Very Old Necropsy Patients 
with Fatal Coronary Events 

B. F. WALLER and W. C. ROBERTS! 

This study compares the amounts of luminal narrowing by atherosclerotic plaques 
in necropsy patients with fatal coronary events at 40 years of age and younger to 
those 90 years and older. 

Materials and Methods 

Certain clinical observations in 69 study patients, 59 patients aged 40 years or less 
and ten patients 90 years or more, are summarized in Table 1. The type and fre
quency offatal coronary events in the study patients are summarized in Table 2. 

Table 1. Certain clinical observations in 69 necropsy patients with fatal 
coronary events: 59 patients age::§; 40 years and 10 patients ~ 90 years 

Item 

1. Age (years) 
2. No. (%) men 
3. Angina pectoris 
4. History of hypertension 
5. Cigarette smoking 
6. Diabetes mellitus 
7. Estrogen therapy 
8. Total cholesterol (mg/dl) 

* P< 0.05 

::§;40 

22 - 40 (34) 
41 (69) 
33 (56%) 
28/48 (58%) 
22130 (73%) 

9 (15%) 
2 (3%) 

210 - 700 (341) * 
(30 patients) 

~90 

90 - 99 (93) 
3 
5 
8 
5 
1 
o 

236 - 283 (259) * 
(4 patients) 

The epicardial coronary arteries in all 69 patients were studied at necropsy in a 
similar fashion. The entire lengths of the right, left main, left anterior descending, 
and left circumflex coronary arteries were removed from the heart, fixed in forma
lin, radiographed, decalcified, cut transversely into 5-mm long segments, processed 
in alcohols and xylene for histologic study, and a histologic section was prepared 
from each segment and stained by the Movat method. The degree of luminal nar
rowing in all segments was determined by examination of the histologic sections 
magnified 25-50 times. The percent of cross-sectional area luminal narrowing by 
atherosclerotic plaques was divided into the following five categories: 0-25,26-50, 
51-75,79-95 and 96-100. 

Pathology Branch, National Heart, Lung and Blood Institute, National Institutes of Health, 
Bethesda, Maryland, USA 
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Table 2. Types of fatal coronary events in 69 necropsy patients: 59 patients, 
age ~ 40 years and 10 patients age;;; 90 years 

Event 

I. Sudden coronary death 
2. Acute MI 
3. Healed MI with chronic congestive heart failure 
4. Pure angina pectoris' 

Totals 

No. (%) Pts 

~40 

(n= 59) 

35 (59) 
7 (12) 
7 (12) 

10 (17) 

59 (100) 

;;;90 
(n = 10) 

I 
5 
4 
o 

10 

, Death during cardiac catheterization or at time of aortocoronary bypass 
operation. Never clinical evidence or acute myocardial infarction or con
gestive heart failure. 

Results 

The results of quantitative analysis of 3178 5-mm coronary segments (2673 in pa
tients 40 years or less and 415 in patients 90 years or more) are summarized in Ta
ble 3 and Figure 1. Both groups of study patients had a similar percent of coronary 
segments narrowed 76%-100% in the cross-sectional area by atherosclerotic plaques: 
775 of2763 (28%) and 92 of 415 (22%) (Table 3). The patients 40 years or less had sig
nificantly more coronary segments narrowed 96%-100% in the cross-sectional area 

IIIJO·25% 8 26.50% ~51.75% !m76·95% . 96· 1()()". 

1()() 0.5 

20 

O L-____ -UllWWllllW~ ____ -UllW~Wll~ __ ___ 

< 40 

No. 
Age (Years) 

Segments 2763 415 

Fig. 1. Percent of 5-mm long coronary 
arterial segments narrowed to various 
degrees in the cross-sectional area by 
atherosclerotic plaques in 69 necropsy 
patients (59 patients 40 years or more 
and ten patients 90 years or more) 
with fatal coronary events 
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Comparison of Luminal Narrowing by Atherosclerotic Plaques 

Table 4. Amount of calcific deposits in coronary 
atherosclerotic plaques in 69 necropsy patients with 
fatal coronary events: 59 patients age:;;; 40 years and 
10 patients age ~ 90 years 

Calcific deposits No. (%) patients 
in atherosclerotic 
plaques (0 - 4+) :;;;40 ~90 

0 39 (66) 0 
1+-2+ 20 (34) 8 
3+-4+ 0 2 

Totals 59 (100) 10 

107 

by atherosclerotic plaques (i.e., virtually total lumen occlusion). Furthermore, the 
frequency of left main coronary arteries narrowed 76%-100% in the cross-sectional 
area was much higher in the younger patients than in the older patients [19 of 54 
(35%) versus 0 of 10]. The amounts of calcific deposits in coronary atherosclerotic 
plaques in each age group are summarized in Table 4. In 20 (34%) of 59 patients 
40 years or less and in all ten patients over age 90 years, calcific deposits were 
found. 

Discussion 

This is the first study to compare quantitatively at necropsy the degree and extent 
of coronary arterial luminal narrowing by atherosclerotic plaques in patients with 
fatal coronary events 40 years or less to those 90 years or more. 

Both groups had a similar percent of 5-mm coronary segments narrowed 
76%-100% in the cross-sectional area by plaques: 28% in patients 40 years or less 
and 22% in patients 90 years or more. Both young and old patients also had diffuse 
coronary narrowing with only 18% and 12% of the coronary segments, respectively, 
narrowed 0%-25% in the cross-sectional area. 

Three major differences between the two groups were noted. The patients 40 
years or less had a higher frequency of severely narrowed (96%-100%) coronary 
arterial segments [149 of 2763 (5%) versus 2 of 415 (0.5%)], a higher frequency of 
severe (76%-100%) left main coronary narrowing [19 of35 (35%) versus of 0 of 10], 
and a lower frequency of coronary arterial calcific deposits [20 of 59 (34%) versus 10 
of 10]. 



Coexistence of Vigorous Exercise and Heavy Smoking 
in Triggering Acute Myocardial Infarction in Men 
Under 35 Years - Fact or Fiction? 
A. PIC, J. P. BROUSTET, B. SALIOU, P. GOSSE, and P. GUERN 1 

We would like to put forward the following questions: 
- What is the rate of myocardial infarction (MI) occurring during or immediately 

after seve.re physical exercise (these may also be called exercise MIs or ex. MIs). 
- Do these ex. MIs show particular characteristics? 
- Would these MIs have been predictable and if so could they have been avoided? 

Patients 

During the past four years patients who had MIs before the age of 35 were studied. 
There were 26 of them with a mean age of29.2 years. Nine of them (35%), mean age 
30, had MIs during or immediately following severe physical exercise. In three cases 
this was a football match, in three others a rugby match and in the remaining three 
cycling in mountainous regions. The other 17 cases had not undertaken severe 
physical exercise during or before their MIs. 

In 1953 Morris et al. [4] reported that in a large series of 1653 MIs at all ages, 
only 1.9% could be related to inhabitual physical exercise. 

Even when considering that a study group of 26 is rather small and that more 
young people do sports than older ones, the proportion of35% of MIs due to severe 
physical exercise cannot in our opinion be accidental. 

Risk Factors 

Of all the risk factors smoking is by far the most frequent: 81 % of all patients were 
smokers and 42% smoked more than 30 cigarettes per day. This frequency does not 
vary between the ex. MI group and the entire group of patients under 35. 

Hyperlipidemia was found in 31 % of patients and was of Type II and IV accord
ing to Frederickson's classification. Here, too, the frequency did not vary from one 
group to the other. High blood pressure appears to be rare. 31 % of the patients had 
a parent with a history of coronary heart disease before the age of 60. Only 2 pa
tients appeared to be free ofthe known risk factors for coronary heart disease. 

Results of Coronary Angiography (Table 2) 

Coronary angiography was performed approximately three months after the infarc
tion and analysed independently by two investigators. As one patient died on the 

1 Hopital Cardiologique du Haut Leveque, Avenue de Magellan, F-33604 Pessac, France 
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Table 1. Risk factors 

Tobacco: smokers 81 % (more than 30 cigarettes a day 42%) 

cig/day o ~1O 

Ex. MI (9 pts) ........... 2 
Others (17 pts) ........ '. 3 

Hyperlipidemia: 31 % 
Ex. MI 3 pts 

High blood pressure: 8% 
Family: 31% 

Ex. MI 2 pts 

No risk factors: 2 pts (Ex. MI) 

Table 2. Coronary angiography 

All 
(25 pts) 

Normal C. A. 9 (36%) 

slender 
coronary artery 3 (12%) 

One-V. D. 8 (32%) 
Two- or three-V. D. 5 (20%) 

10- 30 ~ 30 

2 
6 

4 
7 

others 5 pts 

others 6 pts 

Ex. MI Others 
(9 pts) (16 pts) 

3 6 

2 

3 5 
4 

109 

first day after admission we can consider only 25 patients here. In 9 patients (36%) 
the coronary arteriogram was normal. Three patients showed no stenoses but one or 
more coronary arteries appeared narrowed. Eight patients had one-vessel disease: 
(five with stenoses and three with occlusions). Five patients had two-vessel disease. 

The main results were as follows: 
- The frequency of normal coronary arteries is rather high; of course, the presence 

of very small lesions cannot be ruled out. 
- The frequency of normal coronary arteries is not significantly higher in the ex. MI 

group. 
- All patients with normal coronary arteries smoked more than 20 cigarettes per 

day. 

Follow-up of Patients (Table 3) 

The follow-up period was 7-40 months. 
In 67% of the patients there were no clinical events during the follow-up period. 

Maximal exercise tests were normal and exercise capacity was excellent. In the ex. 
MI group prognosis was even better than in the entire group. "All or nothing" 
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Table 3. Evolution 

Ex.-MI Others 
(9 pts) (17 pts) 

Without sequelae (67%) 7 II 

Death (first day) I 

Angina 3 

Heart failure 

Aneurysm op. 2 

seems to be the law. Two of nine ex. MI patients had ventricular aneurysms which 
were operated on. Surgery was very beneficial in one case but the other patient died 
6 months later after a period of heart failure. 

To illustrate this law of all or nothing, we give the example of a famous French 
cyclist who was second in the "Tour de France" in 1948 (Fig. 1). While struggling 
up a mountain pass in the 1952 Tour de France he had an MI. 38 years later we can 
only detect a slight abnormality in the ECG in VI and V2. The maximal exercise 
test is normal and his exercise capacity is excellent at 62 years of age. 

... L. AIITERIOR IliFARCFIOli JULY '9112 

OCT 80 

2,OW.". 

Fig. 1. MI in young sportsmen: evolution without sequelae 
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Identification of Infarction-prone Patients 

Sometimes MI patients at a young age had had chest pain in the preceding weeks or 
months, but this was often not a typical angina pectoris. 

Eleven patients (42%) suffered from chest pain before their MI and this induced 
three of them to have a heart check-up. Two had a normal ECG at rest and a nor
mal maximal exercise test. The third, an active sportsman, had an abnormal ECG at 
rest with a negative T wave and up-sloping ST segment in the anterior region. The 
correction of these abnormalities under exercise wrongly reassured both the physi
cian and the patient. 2Y2 years later he suffered an MI at the end of a rugby match. 
The coronary angiography taken one month later was normal and the ergonovine 
tests were negative . 

• ,. H • ••• 23 r •• ,.. 
REST ECG 

~~ER~!.SE TEST 210WaUs 

CM5 

VE . . 

01 02 03 "a vL vr v1 v2 v3 v. 

C.,..,..,..:".,.".., -£,..."evl_ e 

RECOV. 

v. . , 

Fig. 2. Benign rest ECG abnormalities disappearing during stress testing 
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Fig. 3. Rest ECG abnormalities, sequelae of recent anterior MI, disappearing during stress 
testing. LAD, left anterior descending 

ECG abnormalities in sportsmen pose a problem. The fact that they disappear 
during exercise is considered a sign of their benignity. For example, a young male 
tennis player (Fig. 2) came to see us about ECG abnormalities and regardless of 
their disappearance during exercise we carried out a coronary angiography. Norma
lisation of ST IT alterations during exercise is also possible in patients after a recent 
anteroseptal infarction with akinesia in the left ventriculogram. In our case coronary 
arteriogram and left ventriculogram were normal (Fig. 3). 

Sportsmen displaying such abnormalities in the resting ECG should in our opi
nion undergo further studies, as should those who suffered chest pain. In addition to 
an exercise test at least thallium scintigraphy should be performed. 
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Coronary Spasm Triggered by Physical Exercise - Role of Smoking 

This paper cannot forego mentioning coronary spasm triggered by physical exercise. 
Fig. 4 shows a 33-year old athlete who smoked and who complained of chest pain 
after exercise. Resting ECG and ECG during maximal exercise were normal, but 

Ml5 

V,E 

a 

.,. A Y 33 Yea,.. 

,:' :;' ,".:: '" ,'I 
::: ::; ~ !: l -:: ::: ;; : I 

, " , ,I 

:' ", .1 

", , ",' , ~ " I 
, I' ~"",·P;"': 

. :.- ;: .:;'::: . ~:: -: . 
1i: <,>LL "1 

REST 150W 

b RECOVERY 5min. 

'I' " '1 
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" " 

i .1\ ~ 
I- -:-
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1 iI ' 
~ ~ 
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30sec 3min 

7 min. 9 min. 

Fig. 4 a, b. Variant angina occurring after exercise: normal coronary arteriography, During 
and immediately after exercise ECG is normal (a), 5 minutes after exercise there is a significant 
ST segment elevation (b) 
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five minutes after finishing the exercise we can see an ST segment elevation typical 
of the variant form of angina pectoris which disappeared a few minutes later. We 
have observed this phenomenon in five patients whose coronary arteriograms were 
normal [3]. Under treatment with a calcium antagonist, we have never been able to 
reproduce this phenomenon. 

We cannot help thinking that those patients were destined to suffer an MIone 
day, perhaps even while using a calcium antagonist (Fig. 4 b). 

It is well-known that during severe physical activity there is an increase of co
agulability. Fortunately this is associated with an activation of fibrinolytic activity 
[1]. These modifications are less important after physical training or after beta-adre
nergic antagonist [2, 6]. Platelet aggregation is also encouraged by smoking, leading 
to aggregation of platelets on the pathologic arterial intima. Thromboxane A2 re
leased by activated platelets may trigger a spasm favoring thrombosis [5]. This mecha
nism may be exaggerated in smokers and result in MI during or after exercise. As 
thrombus would be a major key in the pathogenesis of myocardial infarction of this 
type, there may be spontaneous thrombolysis resulting in normal coronary arteries, 
at least in a coronary arteriogram taken some time afterward. 

Conclusion 

We can conclude that intense physical activity is able to trigger an acute MI. Gene
rally this event occurs in patients who are heavy smokers. 

Atypical chest pain or ECG abnormalities are a frequent reason for medical 
consultation. The physician has to be very careful; it would be dramatic to interrupt 
the career of a sportsman but sometimes this is necessary in order to save a life. 

Perhaps myocardial thallium scintigraphy and ergonovine tests are useful in the 
detection of MI in such cases. 
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Myocardial Infarction at Young Age During High 
Physical Exercise 

J. DELAYE, J. BEAUNE, and J. P. DELAHAYE 1 

It is a widely held opinion that sport and physical exercise protect against coronary 
heart disease; hence the present fashion of physical exercise. 

Many prospective studies on the effect of sports activities are under way and 
they may allow an objective evaluation of the roles attributed to tobacco supression 
and weight reduction in association with the direct effect of physical training [6]. 

Except for patients with known coronary disease, the occurrence of coronary 
events during physical exercise is extremely rare. Studies of the relationship be
tween myocardial infarction (MI) and physical exercise are still few. There is a study, 
however, published in 1952, of l347 cases which estimates the percentage of high ef
fort infarctions at l.9% [2, 3], while another study published in 1974 puts the figure 
of sudden death triggered by high effort between 2% and 5% [30]. (Sudden death de
fined as infarction with fatal evolution within 24 hours). None of these general 
studies specify the type of effort. 

Other studies about MI in young and relatively young patients (less than 40 
years) also do not regularly deal with the circumstances of the infarction [4, 16, 
31, 32]. Moreover, very few of the studies mentioned in literature include coronary 
angiographic data [17, 21]. 

This paper presents a study of 12 cases of MI during sports activities in young 
men. All had a coronary angiography performed. The results of the clinical and an
giographic findings as well as a practical conclusion will follow. 

Material 

Twelve patients from 1600 submitted for coronary angiography were selected. As 
shown in Table 1 they were all males between 17 and 39 years of age (mean 27 
years) with regular physical exercise. Four patients (cases 4, 6, 9, and 10) had 
usually had two training sessions per week. Five patients (cases 1,5,7,8, and 12) had 
done moderate regular training once a week. Cases 2, 3, and 11 had done little 
training once a week irregularly. 

Types of sport were football (five), cycling (three), rugby (two) and one patient 
lifted heavy weights. In all cases angina pectoris began during exercise. In case 2 it 
started 30 minutes afterwards. 

Seven patients had suffered an anterior and five patients an inferior wall infarc
tion. Enzyme studies were found to be positive in all but case 9. 

Hospices Civils de Lyon, Hopital Cardio-Vasculaires et Pneumologique Louis Pradel, Lyon
Montchat, F-69394 Lyon Cedex 3, France 
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Table 1. Patients included in this study 

No. Age Year Site of Type of sport Result of coronary angiography 
infarction and level of (C) and ventrilography (V) 

training 

20 1975 AS.!. 
Football C: ulcerated atheromatous plaques 
(moderate) V: aneurysm 2, 3, 4 

2 38 1973 AS.!. Cycling C: R 40%; LAD 80 Cir 40% 
(little) V: akinesia 2, 3 

3 39 1974 AL.I. Rugby C: R40%; LAD 90% 
(little) V: akinesia 4, 5 

4 33 1978 I.I. 
Basketball C: R 70% 
(important) V: akinesia 5, 6 

5 32 1977 I.I. 
Football C: circ 80%, RC 80% 
(moderate) V: posterior akinesia 

6 22 1977 I.I. Rugby C: circ 30% 
(important) V: normal 

7 29 1977 A.L.1. Cycling C: normal 
(moderate) V: aneurysm 3, 4 

8 25 1978 AS.1. 
Football C: normal 
(moderate) V: aneurysm 

9 17 1969 I.I. 
Cycling C: normal 
(important) V: normal 

10 26 1976 AS.1. 
Football C: normal 
(important) V: hypokinesia 2,3 

II 23 1969 I.I. Static effort C: right coronary artery dissection 
(little) V: normal 

Football C: fistula between pulmonary 12 25 1973 AL.1. (moderate) artery and LAD 
V: akinesia 2, 3, 4 

ASI: anteroseptal infarction; ALI: anterolateral infarction; II: inferior infarction; 1,2,3: 
anterior segments of left ventricular wall; 4, 5, 6: inferior segements of left ventricle; R, 
RC = right coronary artery (better: ACD); Cir, Circ. = circumflex artery (better: Rex) 

Smoking was the most prevalent risk factor, with more than 20 cigarettes per day 
in 10 cases; cases 7 and 11 did not smoke. There was no patient with hypertension. 

Coronary angiographies were performed in all patients (Sones technique) with 
ventriculography in the 30°-right anterior oblique projection, and interpreted by 
several observers with the following findings: 

- Significant coronary atherosclerotic lesions in six patients; presenting as one-ves
sel disease in three patients, two-vessel disease in two patients and three-vessel di
sease in one patient. 

- Coronary fistulae between the left anterior descending and the pulmonary artery 
was found in case 12. 

- Localized dissection of the first two segments of the right coronary artery was 
seen in case 11. 
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- Normal coronary arteries with no significant lesions could be verified in four pa
tients. 

- Ventriculography was abnormal in all eight patients with coronary lesions. Myo
cardial damage corresponded to the arterial lesions. Of the four patients with nor
mal coronary arteries an apical aneurysm was seen in two, an apical hypokinesis 
in one patient. In one patient with the clinical course of an inferior wall infarction 
the ventriculogram was normal. 

Comments 

Frequency of Coronary Events During Physical Exercise 

It is difficult to estimate the frequency of sudden death in subjects under 40. The in
formation concerning sudden cardiac death supplied by Opie in 1975 [29] was one 
death for 50 000 hours of rugby in subjects practicing this sport. This incidence is 
low when compared to that of sudden deaths in referees of the same sport, namely 
one for 30000 hours. It is important to note here that the mean age for active play
ers is 26 years, for referees it is 50 years. 

As far as we know there is no information concerning the frequency of MI under 
these circumstances. It seems logical though, to assume that it is more frequent than 
sudden cardiac death due to coronary heart disease. The frequency of sudden death 
with regard to type of sport is also not exactly known. 

In the above mentioned study [29], many types of sports were represented: Se
ven deaths in rugby, two in football, one each in golf, alpinism, tennis, jogging and 
yachting. To complete this list, let us include findings of other countries; three 
deaths in cycling, and one each in basketball, baseball, weightlifting, parachuting, 
fencing [22] and ice hockey [21]. As outlined by several authors, the accidents were 
sometimes associated with special emotional stress. It is important to note the absence 
of such incidences in endurance sports like marathon running [2] and cross-country 
skiing [19], in spite of the high physical demands involved. At this level of high and 
sustained effort, which usually demands regular training, subjects are beyond what 
is called by Morris et al. [25] "the protector threshold of exercise". 

It is noteworthy that short distance runners burn essential carbohydrates while 
long distance runners also burn lipids [5, 18]. 

A classic example for the possible role of sports in the prevention of coronary 
heart disease is Clarence de Mar, the well-known marathon runner of Boston who 
died at the age of 69 of a noncardiac cause and whose coronaries were found to be 
free of atherosclerotic lesions [10]. 

Observations led Bassler [3] and Noakes et al. [26] to claim that marathon run
ners never die from MI. The case of a fatal infarction in such a subject published by 
Green et al. [15] in 1976 was thus the cause of prolonged controversy connecting the 
death to a heat stroke [33]. However, a study of 6 cases of MI in marathon-runners 
was reported by Noakes et al. [26]. 

We can summarise that MIs occur rarely in trained athletes and very rarely in 
endurance trained athletes with intensive regular training. 
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Types of Exercise and Environmental Influences 

It is not necessary to discuss the differences between static and dynamic exercise per 
se at this point. 

The importance of environmental influences on the other hand can clearly be 
demonstrated with the example of the marathon runner: a well-trained runner can 
run 35-45 km (approx. 1.6 km every 5-6 minutes). According to Costill [9] this cor
responds to 90% of maximal oxygen uptake, with a fluid loss generally exceeding 3% 
[34]. It becomes evident that a change in temperature, humidity, and fluid intake 
alone is of considerable importance, not taking into account other influences like al
titude and emotional stress. All these factors may play a role, even more so when 
training is insufficient or irregular. 

Exercise Myocardial Infarction - Causes and Mechanisms 

The differences between exercise MI with pre-existing coronary pathology and MI 
with normal coronaries should be emphasised. 

a) Exercise MI with pre-existing coronary pathology: 

Common atherosclerotic coronary lesions were found most frequently in our study 
as well as in other series described in the literature. They are most often located in 
the proximal part of the three important vessels (one-vessel or multi-vessel disease). 
In one of our patients, however, the stenosis was, according to usual angiogra
phic criteria, nonsignificant at 30%. We should consider that in conditions of maxi
mal exercise where vascular adjustment is the single factor allowing an increase of 
coronary flow, a moderate stenosis suffices to create an ischemia and lead to MI if 
the ischemia lasts more than 30 minutes. Such moderate stenoses may eventually be 
aggravated by thrombosis or spasm [27]. 

Lesions ojuncommon type, congenital or dystrophic, are less frequent. 
Congenital lesions: Coronary pulmonary fistulas are the main congenital le

sions. Rupture of the distal vessel and coronary steel mechanism are important fac
tors [11]. 

Abnormalities of origin: the small number of patients included in our series is 
probably due to the fact that congenital malformative coronary pathology is usually 
revealed earlier in life. 

Susceptibility of the coronary artery wall: Coronary dissections can occur in nor
mal or ectasic arteries [14]. 

b) Exercise myocardial infarction with a normal coronary arteriogram: 

Four patients in our study fall into this group. Similar cases were reported in 
other studies [17, 21, 26]. We will view them together with the more numerous cases 
of MI with normal coronary findings, which are not related to physical exer
cise. There is no adequate explanation for these cases. 

Coronary thrombosis already lysed at the time of coronary angiography [21] is 
very often proposed. This etiology is possible since the majority of patients under
went their coronary angiography more than a week after the acute phase ofMI. 
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Coronary spasm as a cause has been proposed as a hypothesis by several authors 
[8, 13, 20] but up to date there is no documented evidence to support it. On the 
other hand the existence of authentic spasms observed in Prinzmetal angina sup
ports this hypothesis [12, 28]. If the spasm lasts longer than 20 minutes. It is believed 
to be responsible for MI. In all cases described in the literature, spasms observed in 
Prinzmetal angina were relieved by nitrate derivatives. 

Spasm may be due to either an increased sensitivity of the arterial wall or a 
spontaneous increase of catecholamines, or they may be elicited by physical exer
cise, as in the patients discussed here. 

Coronary emboli [8] or angiographically unidentifiable coronary lesions are other 
hypotheses. Total occlusion of the diagonal branch and/or enzymatic problems may 
be the reasons for the imbalance due to an inadequate adjustment of coronary vas
cularization and myocardial mass. Disturbances of oxyhemoglobin-dissociation, en
zymatic anomalies, particularly in the rate of hydrolysis of the ATP [29] have not 
been documented to support their role in the cause of exercise-induced MI. 

Different mechanisms are responsible for MI occurring during exercise and 
those immediately after: 

MI occurring during exercise: Exercise creates a significant increase in myocar
dial oxygen demand, which may not be satisfied. If the deficit exceeds 30 min (de
pending on individual myocardial bloodfow, this varies from one subject to the 
next) ischemia becomes irreversible and tissue necrosis occurs. 

Myocardial infarction occurring immediately after exercise: The period fol
lowing intense exercise is regarded as one of particular vulnerability [1]. It is a 
time when perfusion of the myocardium is still unstable. Several factors may cause 
deterioration of myocardial perfusion: 

Arrhythmias: The most serious ones are ventricular fibrillation, responsible for 
causing deaths observed in treadmill tests (four in 18000 as reported by Bruce [6 aD. 

Biochemical alterations: increase of free fatty acids which, exceeding a certain 
rate, can elicit arrhythmias and arterial thrombosis. The increase can be caused by 
circulatory catecholamines and precipitate arrhythmias as well as myocardial ische
mia. 

General vasomotor phenomena: elicited by peripheral vasodilatation due to am
bient temperature; bath or shower immediately after exercise or cigarette smoking 
could amplify the effects of arrhythmias and myocardial biochemical disorders. 

In practice the following recommendations should be observed [21]: 

1. A sportsman with suspicious chest pain during intense exercise must always be ta
ken seriously and be taken to hospital. 

2. He should not walk off, the field by himself, but be carried. 
3. Strenous efforts of competitive sports should not be started after the age of 25, 

without previous medical check-up and scrutinous supervision (clinical exams, 
treadmill tests, etc.) 

4. The risk of coronary event is significantly higher in cigarette-smoking sportsmen. 

The occurrence of MI during exercise does not offer arguments against prac
ticing sports. On the contrary, it calls for regular training; for the continuous efforts 
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to eliminate risk factors, smoking in particular; and last but not least for a better un
derstanding of the physiology of sports by the sportsman himself. 

Summary 

Twelve cases of MI during exercise in men under 40 have been studied. All had co
ronary arteriography and ventriculography performed: 

- Six subjects presented moderate or severe coronary atherosclerotic lesions. 
- Four had normal coronary arteries. 
- One presented a finding compatible with dissection of the right coronary artery. 
- The last presented a decreased lumen of the left descending coronary above a co-

ronary artery fistula. 

Several hypotheses have been offered to explain the occurrence of MI in the 
four patients with normal coronary arteries, including thrombosis with secondary 
lysis, or spasm. There is no documented support for either hypothesis. These pa
tients as well as the eight with previous coronary pathology run a higher risk of the 
occurrence of sudden death during exercise. This calls for a program of prudent 
exercise, particularly in those subjects who had stopped exercising. Special attention 
must be paid to those factors which cause inevitable deterioration of myocardial 
perfusion in patients with an exercise MI, such as abrupt changes of ambience and 
cigarette smoking. 
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Acute Myocardial Infarction in Young Women: 
Evidence for Spontaneous Lysis of a Coronary 
Thrombus 

H. J. ENGEL, E. ENGEL, and P. R. LICHTLEN 1 

The problem of myocardial infarction (MI) with angiographically and autoptically 
normal coronary arteries has received much interest in recent literature [I-5, 10]. 
While subendocardial disseminated MI may occur with normal coronary arteries in 
situations of very low oxygen supply (e.g., severe anemia, CO intoxication, or severe 
hypotension) or with markedly increased oxygen demand (e.g., hypertrophic car
diomyopathy or aortic stenosis), transmural MI with subsequently normal coronary 
arteries are most frequently attributed to spontaneous lysis of thrombotic occlusions 
[1,5] and to coronary vasospasm [9, 13, 14]. 

After having seen three patients who showed the sequence of thrombotic coro
nary occlusion with resultant MI and complete normalization of the coronary arte
riograms (with residual segmental left ventricular [LV] dysfunction) after a few 
months [7], we were interested to observe a series of young women who had under
gone transmural MI during oral contraceptive medication and who subsequently 
had normal or almost normal coronary arteriograms [5, II]. Since the phenomenon 
of MI with normal coronary arteries appeared to occur particularly frequently in 
young women, possibly enhanced by oral contraceptive use and cigarette smoking, 
we investigated the clinical and angiographic data of all females age 50 years or less 
who had undergone cardiac catheterization and coronary arteriography in our car
diovascular laboratories during the past 6 years. 

Patients 

Between October, 1974, and October, 1980,329 females 50 years old or less under
went cardiac catheterization, including coronary arteriography, in our institution. 
Of these 329 women, 76 had abnormal coronary arteriograms and! or segmental LV 
dysfunction. This report primarily concerns 34 of the 76 patients who had under
gone acute transmural MI and who were found to have segmental akinesis or hypo
kinesis, yet absolutely normal or almost normal coronary arteriograms. These 
34 patients will be called group A (Fig. I). 

In contrast, advanced coronary artery disease was found in 42 young females 
who will be referred to as group B (Fig. I). The mean age of group A was 39 years 
and the mean age of group B, 43 years. The 34 patients of group A will be analyzed 
with regard to clinical history, the incidence of five commonly acknowledged athe
rogenic risk factors (cigarette smoking, hypertension, hypercholesterolemia, diabe
tes mellitus, positive family history), use of oral contraceptives, coronary anatomy, 

Abteilung flir Kardiologie, Zentrum flir Innere Medizin, Medizinische Hochschule Hanno
ver, Karl-Wiechert-Allee 9, 3000 Hannover 61, FRO 



Acute Myocardial Infarction in Young Women 
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Fig. 1. Typical angiographic examples of group A (41-year-old woman with anterior MI and 
normal coronary arteries) and group B (33-year-old woman with occlusions of the LAD and 
RCA) 

and LV function, and they will be compared to the other 42 females up to age 50 
who had angiographically advanced coronary atherosclerosis (group B). 

Results 

A summary of the angiographic findings of the 34 MI patients without angiographic 
evidence of typical coronary atherosclerosis (group A) is contained in Table 1. Seg
mental akinesis was present in 21 and hypokinesis in 13 cases. The involved vessel 
was the left anterior descending (LAD) in 22 cases, i.e., almost two-thirds of the pa
tients, the right coronary artery (RCA) in 11, and the left circumflex (LCx) in only 
two patients. 
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Table 1. Angiographic findings: group A (MI without 
coronary artery disease). All obstructions were isolated, 
focal, and smooth 

Left ventricular: 
Akinesis 
Hypokinesis 

Vessels involved 

Coronary obstructions 
(% luminal diameter) 

n=2l 
n=13 
LAD n=2l 
LCx n= 2 
RCA n= 11 

100% n= 61 
76% - 99% n= 5 47% 
50% - 75% n= 6 
20% - 40% n = 6} 53% 
Normal n= 12 

H. J. Engel et al. 

In six patients there was total occlusion of a vessel, in five patients there was a 
severe obstruction (76%-99% luminal diameter), and in six patients there was a mod
erately severe (50%-75%) stenosis. On the other hand, 12 patients had absolutely 
normal vessels, and six patients had only mild focal narrowing or a localized lumi
nal irregularity. Thus, more than half of the patients did not have a hemodynami
cally significant lesion at angiography, which was performed at an average interval 
of 9 (1-28) months following MI. 

It is of interest to note that all lesions were unusually focal, isolated, and smooth, 
and that all other segments and branches were absolutely normal and free of even 
minimal luminal irreg~larities. 

In contrast, the 42 group B patients (Table 2) had a total of 95 obstructions of at 
least 50% luminal diameter; among them 28 total obstructions. The location of the 
stenotic lesions was unremarkable; the main left coronary artery (MLCA) in three 
LAD in 35, LCx in 22, and RCA in 24 patients. 

Concerning the clinical presentation, it is of interest that among the 34 patients 
without typical coronary atherosclerosis, only four (12%) had experienced chest pain 
prior to MI. This compares to 29 of 42 of group B patients (69%) who had com
plained of anginal pain prior to MI. Following MI, 70% of patients without typical 

Table 2. Angiographic findings: group B (advanced 
CAD) 

Left ventricular: 
Akinesis 
Hypokinesis 

Coronary obstructions 
(% luminal obstruction) 

Vessels involved 

n=21 
n=21 

100% n=28 
76%- 99%n=23 
50%- 75%n=44 

MLCA n= 3 
LAD n=35 
LCx n=22 
RCA n=24 



Acute Myocardial Infarction in Young Women 125 

coronary atherosclerosis complained of angina pectoris, which was stress-induced 
in the majority of cases. Surprisingly, postinfarct angina was also observed in some 
patients without any residual hemodynamically significant coronary obstruction. 

The analysis of atherogenic risk factors included: 

hypertension (> 140/ > 90 mmHg); 
hypercholesterolemia (> 250 mg%; > 6.5 mmollliter); 
diabetes mellitus; 
cigarette smoking (more than 10 pack-years) 
family history [MI and/or cerebrovascular accident (eVA) in parents or siblings 
prior to age 55]. 

Since oral contraceptives have been shown to increase the risk ofMI [2, 12, 19], 
we also investigated this parameter in both groups of patients. 

Figure 2 graphically demonstrates the incidence of atherogenic risk factors in 
group A and group B. It is obvious that patients who had sustained acute MI with
out coronary atherosclerosis (group A) had a low incidence of hypertension, hy
percholesterolemia, diabetes, and positive family history, and that young females 
with advanced coronary atherosclerosis (group B) showed a high number of athero
genic risk factors. The majority of patients in both groups, however, were cigarette 
smokers. The average number of atherogenic risk factors in group A was 1.1 and, in 
group B, 2.7. An interesting finding is that, among patients with normal or almost 
normal coronary arteries, 79% (27 of 34) had been taking oral contraceptives at the 
time of MI. The average duration of oral contraceptive medication was 6.9 years. In 
group B, however, only 36% had ever used oral contraceptives. 

ATHEROG. RISK F. : GR . A 1.1 I 
GR. B 2.7 f p<O.OO 1 

ORAL CONTRAC. GR.A 27/34 -79% IAT TIME OF Mil 
GR. B 15142-36010 lEVER USERS) 

HYPER 

TENSION 

HYPER 
CHOL -
EMIA 

DIAB. 
MELl. . 

POS. 
FAM. 
HX . 

CIG . 

SMOKING 

GROUP A GROUP B 
IMI SCAD) ICAD) 

ORAL 
CONTRAC. 

Fig. 2. Incidence of atherogenic risk factors and oral contraceptive use in patients of group A 
and B 
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Discussion 

Young females with MI without typical coronary atherosclerosis differed from those 
with advanced coronary atherosclerosis, not only angiographically, but also with re
gard to the clinical presentation and the average number of atherogenic risk factors. 
In group A, MI mostly occurred without premonitory symptoms, and coronary arte
riograms were either normal or showed one isolated smooth lesion with otherwise 
normal vessels. This is in clear contrast to patients with MI due to coronary athe
rosclerosis, where generalized and diffuse atherosclerosis of all vessels was generally 
present [17]. With the exception of cigarette smoking, atherogenic risk factors were 
rare in group A. Surprisingly, some patients developed typical angina pectoris fol
lowing MI, although their arteriograms were free of stenotic lesions. 

The mechanism responsible for acute transmural MI in the 34 group A patients 
remains speculative. The angiographic observation of spontaneous regression of a 
7S% proximal LAD stenosis at angiography performed S months after the first an
giographic examination (Fig. in [6]) is of interest in this context: Since the stenosis 
had remained unchanged after nitroglycerin and nifedipine during the first angio
gram, we conclude that spontaneous lysis of an occlusive thrombus is a possible 
mechanism for such eventS. The thrombus present at the time of acute MI may 
have been either primary or secondary. The data presented here contain no infor
mation to make inferences about the time course or cause-effect relationship. 

Of our series of women SO years old or less with MI, 4S% did not show coronary 
atherosclerosis angiographically. Among this group, 79% had been taking oral COn
traceptives at the time of MI and the majority were habitual cigarette smokers. 

The presented data confirm that use of oral contraceptives and cigarettes does re
present a risk concerning acute MI, and suggest that this risk may be independent of 
the presence of atherogenic risk factors and coronary atherosclerosis. The latter sta
tement is in contrast to findings of other authors [IS, 16] who found the risk of MI 
during oral contraceptive medication particularly increased in women with athero
genic risk factors. Since MI during oral contraceptive medication may occur with 
and without coronary atherosclerosis, oral contraceptives do not appear to be an 
atherogenic risk factor. Although hypertension, diabetes mellitus, and hyperlipidemia 
are among the known side-effects of oral contraceptives [10], enhancement of these 
atherogenic risk factors by oral contraceptives did not contribute to the risk of MI in 
the present group of patients since the incidence of these risk factors was low 
(Fig. 2). The known effects of oral contraceptives on blood clotting factors and on 
the microstructure of the vessel wall [10] and synergistic effects of nicotine on plate
let aggregation [18] suggest that thromboembolic mechanisms may be active in such 
cases, although coronary spasm and immunological phenomena have been con
sidered as well. 

Coronary atherosclerosis continues to be rare among young women. During a 
time interval of 6 years in which we performed 600-1000 coronary arteriograms an
nually, only 42 women SO years old or less with advanced coronary atherosclerosis 
were observed. The high incidence of atherogenic risk factors in these patients sup
ports our previous observation [4] that coronary atherosclerosis is practically nOn
existent in premenopausal females in the absence of an unusually high number of 
risk factors. 
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In conclusion, MI in young women were not associated with typical coronary athe
rosclerosis in 45% of our series of 76 patients. Occlusion of macroscopically nor
mal coronary arteries by formed elements of blood with subsequent spontaneous 
(partial or complete) lysis is among possible mechanisms for such events. 

Summary 

Among 76 women 50 years old or less with abnormal coronary and/or left ventricu
lar angiograms studied in Hannover between 1974 and 1980,34 had undergone myo
cardial infarction (MI) with subsequently normal or almost normal coronary an
giograms (isolated smooth focal stenosis with otherwise absolutely normal coronary 
anatomy). These 34 females (group A) not only showed no coronary atherosclerosis 
angiographically, but also did not have atherogenic risk factors. The average num
ber of five risk factors (cigarette smoking, hypertension, hypercholesterolemia, dia
betes mellitus, and positive family history) was only 1.1 (cigarette smoking in the 
majority) whereas 42 females 50 years old or less with advanced coronary athero
sclerosis had an average of2.7 (group B). Of 34 group A patients, 27 (79%) had been 
taking oral contraceptives at the time of their MI, whereas only 15 of the 42 group B 
patients (36%) had ever used them. Among group A patients, sequential coronary 
arteriograms documented spontaneous regression of an isolated 75% LAD stenosis 
in a patient with transmural anterior MI under oral contraceptives. It, thus, appears 
that transmural MI may occur in the absence of coronary atherosclerosis, and the 
high incidence of oral contraceptive and nicotine users in this group (A) suggests 
that these factors are contributory in some cases. In conclusion, MI are infrequent in 
females of this age group, and in many instances they are not associated with typi
cal coronary atherosclerosis angiographically. Occlusion of macroscopically normal 
coronary arteries by formed elements of blood with subsequent spontaneous (par
tial or complete) lysis is among possible mechanisms for such events. 
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Major Role of Coronary Spasm in the Pathogenesis 
of Myocardial Infarction at Young Age 

A. L'ABBATE, A. BIAGINI, M. G. MAZZEI, C. BRUNELLI, M. G. TRIVELLA, S. SEVER!, 

M. MARZILLI, and A. MASER! 1 

The role of coronary vasospasm in the genesis of angina, postulated many years ago, 
has been recently documented both in resting angina [6, 8] and in some cases of 
angina on effort [14]. Conversely, the role of coronary vasospasm in the genesis of 
myocardial infarction (MI), although postulated and even demonstrated in some 
cases, is still unclear [9]. Therefore, to discuss the role of spasm at young age is diffi
cult. 

It is well established, both from postinfarction angiographic studies and necro
scopic examination, that approximately 10% of cases with MI show no significant co
ronary narrowings while approximately 20% of vascular occlusions are not accom
panied by myocardial necrosis. In addition, no significant difference in severity or 
extension of coronary atherosclerosis has been found in patients with and without 
clinical manifestation of myocardial ischemia [I]. These data challenge the classic 
view of a direct cause-effect relationship between MI and coronary atherosclerosis, 
and should represent the background knowledge for the search of other factors that 
differ from the atherosclerotic plaque or are associated with it, but produce MI. 

The role of thrombus and subintimal hemorrhage in the genesis ofMI as factors 
which, superimposed on different degrees of atherosclerosis, can transform an non
CHD patient into a CHD patient has been challenged by morphological and nucle
ar studies respectively showing the lack of correlation between the presence of the 
thrombus and the presence and extension ofMI, and on the other hand, the buildup 
of the thrombus during MI. Research on the pathogentic mechanism of MI is made 
difficult for a number of reasons mainly related to our retrospective approach to the 
phenomenon which, even in the animal model, may give information related to 
consequences rather than the cause of MI. 

The ideal experimental basis for such research would be the study of the patient 
before the infarction and during its development. Unfortunately, this approach is 
complicated by the fact that patients come to medical attention only after the onset 
of MI. In the attempt to investigate this problem, a reasonable approach would be 
to identity a population of patients with high risk of MI, define their characteristics, 
and possibly study the transition from no-infarction to infarction. The achievement 
of this goal appears particularly hard in young people since, more than in older pa
tients, MI frequently represents the first clinical manifestation for the CHD. How
ever, as the indicence of MI is higher in patients with so-called unstable angina or 
angina at rest, this kind of population, irrespective of age, can represent the ideal 
subpopulation for a clinical pathogentic study of MI. 

I C.N.R. Institute of Clinical Physiology and Istituto di Patologia Medica I, University of Pis a, 
Pisa, Italy 
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In our institute we have studied cases of angina at rest since 1973 and we feel 
confident that coronary vasomotor changes playa dominant role in the genesis of 
transient ischemic attacks in these patients. Thus, it can be asserted that MI occurs 
more frequently in patients with vasospastic angina, as compared to other popula
tions in which the role of vasospasm has not been defined or could not be relevant. 
This clinical evidence, however, is not sufficient to link coronary spasm to MI with a 
cause-effect relationship and additional information is required. We should first 
evaluate whether MI occurs in the myocardium perfused by the coronary vessel un
dergoing spasm. Once more this goal is a difficult one, as the angiographic docu
mentation of a transient phenomenon like spasm can hardly be obtained in a large 
number of patients. For this reason, and on the basis of previous studies with hemo
dynamic monitoring, ECG monitoring, coronary sinus O2 saturation monitoring, 
and myocardial scintigraphy [3, 6-8], the relationship between ECG-documented 
ischemia at rest and coronary vasospasm may be assumed. In these cases (absence 
of documented spasm, but presence of documented transient ischemia at rest) the 
ECG leads showing alterations can be compared during ischemia and infarction. 

Documented Vasospastic Ischemia Before MI 

In 44 patients, transient episodes of ischemia at rest were documented by ECG and/ 
or scintigraphic studies before MI. In II of these patients we also obtained angio
graphic documentation of a coronary vasospasm during an ischemic attack. 

All the patients developed MI in the same myocardial region showing ECG ST 
segment changes during transient ischemia. 

Out of these 44, five were of or below age 40 (Table 1) and, of these, four show
ed ST segment elevation and one ST segment depression during angina at rest. 
Coronary angiography was performed before MI development in four patients: One 
had normal coronary vessels, the others 75%-90% stenosis of the vessel supplying 
the area subsequently infarcted. A complete coronary spasm of the LAD was docu
mented in the patient with normal coronary arteries (a 24-year-old woman not taking 
oral contraceptives and without risk factors) (Fig. 1). In the fifth patient the coro
nary angiography, performed I month after an anteroseptal infarction, showed 90% 
and 75% stenosis of the LAD. 

Therefore, it appears that the study of patients with recurrent anginal attacks al
lows the assessment of a topographic relation between transient ischemia and MI 
and between coronary vasospasm and MI. At the same time, this finding can rea
sonably rule out embolism as a precipitating event in MI, a pathogenic mechanism 
proposed by some authors especially in cases of MI and normal coronary arteries 
[2, 4, 5, 13]. In fact, it seems unlikely that embolus would consistently lodge in the 
previously ischemic territory. 

Undocumented Ischemia Before MI 

In 52 patients of or under the age of 40 it was not possible to document previous 
ischemic attacks because of the absence of symptoms in 40, or lack of ECG record-
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Fig. 1. Left coronary angiography showing a complete spasm of the LAD (left) during an 
ischemic episode with ST segment elevation on the precordial leads in a patient who sustained 
anterior MI 15 days later. Angiogram of control (right) 

Fig. 2. Recanalization of the distal portion of the right coronary artery, previously occluded. 
Angiogram on the left was obtained a few hours after the onset of a diaphragmatic MI; a com
plete occlusion of the distal portion of the right coronary artery is present. Angiogram on the 
right, obtained 24 h later, shows the reperfusion of the vessel and an image of "minus" at the 
level of the previous occlusion, likely related to the presence ofa thrombus 
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ing during symptoms in those remaining. None of these patients underwent coro
nary angiography before MI, while 51 were studied after MI (Table 2). Of these, 13 
had normal vessels (less than 50% stenosis) 16 one-vessel disease, 14 two-vessel dis
ease and 8 three-vessel disease. The main vessel supplying the infarcted region 
was normal in l3 instances, occluded in eight, and with variable stenosis in the re
mainder. Among the latter, in six instances the vessel showed the aspect of a recana
lization (Fig. 2). 

Table 2. Patients of or under the age of 40 without document
ed transient ischemia before MI. Results of coronary an
giography after MI 

Coronary disease Anatomy of the vessel supplying 
the infarcted region 

O-vessel 13 normal 13 

I-vessel 16 } 50%-90% 30 (six recanalized) 
2-vessel 14 

3-vessel 8 occluded 8 

Total 51 51 

Thus, in 51 postinfarction coronary angiographies performed in people under 
the age of 40, "normal" coronary arteries were present in 25% of the cases and in 
one case among five preinfarction angiographies. 

The high frequency of normal coronary arteries found in patients at young age, 
before or after MI, makes the lack of correlation between atherosclerosis and MI 
even more striking than in the entire population of patients with MI. 

Since a positive correlation exists between age and atherosclerosis, the lower 
degree of atherosclerosis in young people with MI does not imply that a mecha
nism differing from atherosclerosis can playa role in this subgroup as compared 
to the older group. On the contrary, it is reasonable to hypothesize that the same 
mechanism may also be operative in old age, where the presence of an high degree 
of atherosclerosis can confuse the picture of the pathogenic inter-relationships. 
This consideration, on the one hand, indicates that the young subgroup could be 
most suitable for pathogenic studies of MI, but does not justifY an arbitrary subdivi
sion of patients with MI according to the age on the assumption of different mech
anisms operating at different ages. 

Transition from Noninfarction to Infarction 

As stated previously, more information on the genesis ofMI could be obtained from 
studies performed with patients at high risk of MI during the time between the 
noninfarction and infarction state. The available information relating to this condi
tion is scarce. 
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We had the opportunity to look at the beginning phase of MI in a few cases 
during hemodynamic and/or ECG monitoring or coronary angiography. Two of 
these cases have already been published [9], however, because of their interest it is 
worthwile to mention them here. 

The first case, a 65-year-old male with previous MI and "crescendo" angina for 
1 month, underwent ECG and hemodynamic monitoring for the study of his angi
nal episodes. During the 11 h before the onset of an anterior infarction, the patient 
showed 24 ischemic attacks. In the 3 h preceding the infarction (Fig. 3), nine attacks 
occurred. They became more prolonged, less sensible to nitroglycerin until the tenth 
episode, hemodynamically the same as the others, persisted with development of 
clear Q wave and typical serum enzyme elevation. 
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Fig. 3. Low-speed analog playback of ECG lead V. and aortic pressure (AOP) (mmHg) recorded 
for 200 min showing nine successive reversible ischemic episodes, characterized by ST segment 
elevation (A-I), up to the onset of acute MI. Pain (indicated by the black areas on 
the abscissa) always occurred late in relation to the onset of ECG changes, and the second epi
sode (B) and the last irreversible episode were asymptomatic. The ECG pattern at rest and dur
ing attacks is shown at the top for episodes A, Band C. Both at rest and during attacks, the 
QRS complex shows sudden changes in the direction of activation. The duration of the attacks 
increases progressively until the last episode ofST segment elevation (bottom right), unrespon
sive to nitrates, persisted with development of Q waves. Arrows indicate nitroglycerin admin
istration. Maseri et al. (1977) [9] 
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Fig. 4. Compact playback of ECG Holter monitoring. Parts of recording during 4 days before 
MI. Three episodes of ST segment elevation in V3 are shown in the upper panel. The second 
day, episodes became more prolonged and less sensible to the therapy until ST elevation beca
me persistent (middle panel). Return of ECG to normal following reopening of LAD by intra
coronary injection of nitrates and calcium antagonists (lower panel). Interval between vertical 
lines: 3 minutes 

The second case was a 52-year-old male, with previous septal MI and crescendo 
angina at 5 days, who showed at coronary angiography a coronary vasospasm oc
cluding the dominant circumflex artery I cm proximal to a 90% stenosis during 
an ischemic attack, which was relieved by nitroglycerin. A second spasm (indistin
guishable from the first) occurred 10 min later and was irreversible in spite of con
tinuous nitrate infusion, morphine, and dipyridamole. The patient died 6 h later in 
irreversible shock. At necropsy the circumflex artery was open and a small 
mural thrombus in early phase of organisation was found at the level of maximal 
luminal reduction of the 90% stenosis of the circumflex. 

The third case, a woman who was 55 years old with crescendo angina, was on 
Holter monitoring in CCU for 4 days before infarction and during development of 
MI. ECG monitoring during the first 2 days showed a high number of transient 
ischemic episodes. The cyclic sequence of transient ST-T changes is shown in the 
upper panel of Fig. 4. On the second day, ST segment elevation on the anterior 
leads became persistent and insensible to oral and i.v. therapy. Coronary angiography 
was performed and showed a complete occlusion of the middle portion of the LAD, 
the other vessels being normal. During angiography, nitrates and calcium antago
nists were injected intra coronary with transient reopening of the vessel and a good 
visualization of the distal portion of the LAD. Each time the vessel reopened, an 
evident reduction of ST segment elevation occurred (Fig. 4). After several attempts, 
the vessel remained open and the ECG returned to normal. After 3 days, clear ECG 
signs of anterior necrosis developed with typical enzyme elevation. 

These findings, although anecdotal, seem indicative of the role that functional 
factors (such as an increase in large coronary arterial tone, whether or not athero
sclerotic lesions are present) can play in the pathogenesis of MI. The reopening of 
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coronary arteries after the onset of MI following intracoronary nitroglycerin [12] 
is in accordance with the hypothesis that vascular occlusion can be provoked by 
vessel wall contraction. 

The causes of coronary spasm and the irreversibility of the spasm remain un
known. It is likely that other factors, such as platelet aggregation and thromboxane 
A2 release, could playa role in maintaining vascular contraction and producing lu
men occlusion, while favoring the onset of thrombus formation which could subse
quently be solved or undergo fibrous organization [11]. 
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Myocardial Infarction and Normal Coronary Arteries: 
Possible Role of Spasm 

R. BALCON, G. BLUMCHEN, M. CATTELL,and E. SCHARF-BORNHOFEN 1 

Data from 7013 patients with suspected ischemic heart disease has been analyzed in 
an attempt to determine the incidence of myocardial infarction (MI) without de
monstrable narrowing in the coronary arteries, and to determine whether there were 
clinical or other features that helped to clarify the etiology. 

Information was collected from patients attending the Klinik Roderbirken 
(Leichlinger, West Germany) between 1976 and 1980 and the London Chest Hospi
tal between 1971 and 1980. The study was retrospective and the patients were select
ed according to initial angiographic reports which indicated normal coronary arte
ries. 

Of the 7013 angiograms, 800 were normal and 4.6% showed evidence ofMI. 
The angiograms were then independently reviewed by two observers, paying 

particular attention to the possible total absence of a vessel. The left ventricular an
giogram was similarly evaluated and only patients with distinct hypokinesia or dys
kinesia of anterior, apical, or inferior left ventricular segments were included. No 
patient had involvement of the whole left ventricular wall. There were 37 patients 
who fulfilled these criteria (Table 1), representing 1 % of patients with infarction and 
0.5% of the total population. They all showed additional evidence of previous MI. 

Patients 

The age of the patients was 19-61 years with a mean of 43 years and 12 were under 
the age of 40. Twenty-eight were male and nine female and 73% were cigarette 
smokers (average 35 cigarettes per day). Serum cholesterol values were above nor
mal in 27% of patients and blood pressure was more than 140/90 in 57%. 

All had attacks of cardiac pain lasting more than 1 h which resulted in 33 of 
them being admitted to hospital. All but one of these had cardiac enzymes mea
sured, and these were elevated to more than 50% above normal in 44%. All the 
patients admitted to hospital underwent ECG, which was abnormal in 28 (ST-T 
changes in 26, Q waves in two). Twenty-seven patients underwent exercise testing 
and no patient developed angina, but in nine patients there was ST segment depres
sion of more than 1.5 mm. Six of these were female. The catheterization took place 
within 1 year in 75% of patients and within 5 years in all except one, who was not in
vestigated until 12 years after the event but was included because she was a well
documented case and suffered no further events during the intervening period. The 

I The London Chest Hospital, London, Great Britain 
and Klinik Roderbirken, Leichlingen, FRG 
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angiographic wall motion abnormality was anteroapical in 28 patients and inferior 
in the remaining nine and was usually hypokinetic, although six patients showed 
dyskinesia. The site of the ECG abnormality corresponded with the angiographic 
findings in the majority of cases (75%). 

Coronary artery spasm was demonstrated in five patients. In all cases it involved 
the right coronary artery and was associated with ST segment elevation in the infe
rior ECG leads and the development of cardiac pain: In two cases it occurred spon
taneously, one of these then progressed to documented inferior infarction with se
quential ECG changes and a rise in cardiac enzymes. In the remaining three, the 
spasm followed intravenous ergometrine. Spasm reduced arterial diameter by 
33%-100% (average 67%). 

Follow-up periods were 1-88 months (average 26 months). Twenty-three of the 
patients were receiving treatment (10 with calcium antagonists, 12 with vasodilators, 
and 1 with digitalis and diuretics). Seventeen of the patients were asymptomatic, 18 
had angina, and 1 dyspnea. There were two further MI and one additional patient 
died. 

Discussion 

The most obvious explanation for the phenomenon ofMI in patients with apparent
ly normal coronary arteries is that the angiographic assessment was wrong and the 
coronary arteries were in fact not normal, either because a stenosis had been missed 
or, more likely, that a branch of the coronary circulation failed to fill because of oc
clusion at its origin. In this series, the angiograms were reviewed at least three times 
by three different observers with the latter point specifically in mind, and it is there
fore unlikely that misinterpretation of the angiogram was the cause in all of the pa
tients, if indeed any. We have no data concerning abnormal hemoglobin-oxygen 
dissociation as suggested in some reports (Eliot and Bratt 1969), though other work
ers (Vokonas et al. 1970) have been unable to support this possibility. 

It is recognized that women in hypercoagulable states during or after pregnancy 
or when taking oral contraceptives (Strauss and Diamond 1963; Egeberg and Ow
ren 1963), may experience intravascular thrombosis and possibly MI. Of the nine 
women in this series, only one was taking oral contraceptives, none were pregnant 
or postpartum, and three were postmenopausal and not taking estrogen medication. 
Thus, this could not have been an important factor. 

Coronary embolus with subsequent lysis or dissolution and distribution to pe
ripheral branches is another possible explanation for this condition. However, none 
of the patients had atrial fibrillation or any condition indicating possible emboli for
mation in the left heart or pulmonary venous circulation. 

Previous reports of patients with MI and normal coronary arteries have noted 
the relative absence of conventional risk factors, except for cigarette smoking. In our 
patients there was a 27% incidence of serum cholesterol above normal levels and 
57% incidence of hypertension. It is not suggested that these associated factors are 
the cause of the infarction, since they presumably normally operate by increasing 
the tendency to coronary atherosclerosis. As in other series, there is a high incidence 
of cigarette smoking with a high consumption. A large number of possible mecha-
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nisms by which cigarette smoking can be involved with the production of myocar
dial ischemia have been postulated and these include increased catecholamines, in
creased production of carboxyhemoglobin, endothelial swelling, increased platelet 
stickiness and aggregation, coronary vasospasm, and reduced fibrinolysis (Na
tional Clearinghouse for Smoking and Health 1971). 

It is possible that coronary thrombosis was the cause of the original infarction 
that was subsequently lysed. There is no evidence that this did not happen, and 
there was a sufficient time period between the infarction and the subsequent 
angiogram for it to have occurred. However, data is now available concerning an
giography in the course of acute infarction followed by intravenous and intra
coronary streptokinase and subsequent lysis of thrombus. In all of the data so far 
reported, thrombosis has been seen as complicating previously present atherosclerot
ic plaque, evidence of which has remained after thrombolysis (Rentrop et al. 1980; 
Schroder et al. 1980). 

Finally, the evidence that coronary vasospasm is the major or only cause of MI 
is presented. One of the cases reported here was shown to have spasm in a previous
ly angiographically normal coronary artery which progressed to later infarction. 
There are other reports in the literature of spasm preceding infarction in a diseased 
vessel (Maseri et al. 1978) and in a normal vessel (Cheng et al. 1972). It has also 
been implicated as the cause of infarction or sudden death in people following in
dustrial exposure to nitroglycerine (Lange et al. 1972). Three of our patients were 
given ergometrine as part of a much larger study for the evaluation of angina in 
patients with normal or near-normal coronary arteries. These all developed a mod
erate degree of coronary spasm. It is not known how the remainder of the pa
tients would have responded. Finally, approximately 25% of patients continued to 
ha ve attacks of spontaneous cardiac pain at rest; again, suggesting spasm as a pos
sible mechanism. 

Most of the evidence presented here is circumstantial and it seems likely that 
there is no single etiological cause for the infarction in this group of patients. There 
may be more than one cause in all the patients. It is possible to speculate, for instance, 
that cigarette smoking leads to a change in the vascular endothelium or platelets 
which in turn adversely affects the balance between vasoactive substances derived 
from these two structures with subsequent vasospasm. This could itselflead to MI or 
could be the initiating factor, followed by thrombosis and subsequent lysis. 

Since a relatively high proportion continue to have angina, it seems likely that 
the etiological mechanism may still be operating. 

Finally, the conventional view that patients with normal coronary arteries are at 
no risk of MI or sudden death may need to be modified. 
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Relationship of Age and Serum Cholesterol to Platelet 
Su"ival Time in Men with Coronary Artery Disease 

F. GOLD and P. STEELE 1 

It seems likely that platelets contribute to the pathogenesis of atherosclerotic coro
nary artery disease (CAD) and its complications [1-3] and platelet survival is short
ened in most patients with CAD [4, 5]. Platelet survival, in relation to age, in men 
with CAD has not been previously studied. It is possible that younger patients with 
"premature atherosclerosis" have altered platelet reactivity which contributes to the 
early development of critical coronary artery lesions [2]. The purpose of this study 
was to determine whether any relationship exists between platelet survival and age 
in men with angiographically defined CAD. Since hyperlipidemia is an important 
risk factor for the CAD development [6] and can affect platelet survival time [7], se
rum cholesterol was also included in the analysis. 

Patients and Methods 

Platelet survival time was measured in 100 men with angiographically defined coro
nary artery disease, and normal serum triglyceride (210 mg% or less). All men had 
been clinically stable for at least 3 months. The age range was 25-60 years of age. 
Serum cholesterol in the group was 196-419 mg%. All patients had normal platelet 
counts. 

Platelet survival was measured by labeling the platelets from about 400 ml of the 
patient's venous blood with 100-150 mCi 5lChromium [4]. Following reinfusion of 
labeled platelets, blood was obtained for 7 days, and using computer-assisted least
squares analysis, a single exponent was fitted to the platelet count-rate data for de
termination of the half-life. In 26 normal men, platelet survival half-life averaged 
3.7 days, and all had a half-life greater than 3.3 days. 

Results 

Average platelet survival was shortest in the younger men in this series of patients. 
Table 1 shows average platelet survival in the 100-patient group by age. Seven of 
the nine patients in the age group 25-30 years had shortened platelet survival and 
the average for the group was 2.2 ± 0.04 days (mean ± SEM). Men in the fourth, 
fifth, and sixth decades of life had group averages that were longer, but were still 
shortened by an average of 0.9, 0.7, and 0.5 days, respectively. Platelet survival was 

I Cardiology Division, Department of Medicine, Veterans Administration Medical Center, 
University of Colorado Health Sciences Center, 1055 Clermont, Denver, CO 80220, USA 
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shortened in 23 of the 37 patients in the 31-40-year-old group, 20 of the 43 in the 
41-50-year-old group and 7 of the 11 in the 51-60-year-old group. This trend of a 
more shortened platelet survival in the younger age groups had an r value of 0.31 
(P< 0.01). 

When the patients were grouped according to level of serum cholesterol, a more 
striking relationship with platelet survival was observed. Table 2 shows that the 
mean platelet survival in the 21 patients with serum cholesterol greater than 

Table 1. Platelet survival (half-life) in 100 men with 
coronary artery disease (CAD) according to age (years) 
groups. Normal platelet survival is 3.7 ± 0.03 days. The 
younger age groups have the shortest platelet survival 
time. Platelet survival increases with age, but is still not 
normal in the oldest age group 

CAD 25-30 (n = 9) 
31-40 (n=37) 
41- 50 (n=3) 
51-60 (n=ll) 

Platelet survival 
(half-life) 

2.2 ± 0.04 days 
2.4±0.03 days 
2.6±0.05 days 
2.8±0.04 days 

Table 2. Relation of level of serum cholesterol and 
platelet survival. Platelet survival is invariably decreas
ed in patients with cholesterol greater than 301 mg%. 
Note that the group with normal serum cholesterol has 
normal average platelet survival time 

Cholesterol 

;;; 301 mg% (n = 21) 
251- 300 mg% (n = 37) 
~ 250 mg% (n = 42) 

Platelet survival 
(half-life) 

2.1±0.04 days 
2.7±0.04 days 
3.3±0.05 days 

Table 3. Classification of patients by age group and serum choles
terol. Patients in the younger age groups tend to have a higher inci
dence of hypercholesterolemia, while older age groups have more pa
tients with normal cholesterol levels 

Age (years) 

25-30 (n=9) 
31-40 (n=37) 
41-50 (n=43) 
51-60 (n= 11) 

Cholesterol 

;;;301 mg% 

6 
7 
7 
1 

251-300 mg% <250mg% 

1 2 
19 11 
13 23 
4 6 
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Table 4. Summary table classitying patients according to age group, serum 
cholesterol, and shortened or normal platelet survival time. Note that a 
serum cholesterol of 301 mg% or more was invariably associated with a shor
tened platelet survival time in all age groups. As age increases, platelet sur
vival is shortened in many patients with normal serum cholesterol levels 

Serum Age groups (years) 
cholesterol 

25-30 31-40 41-50 51-60 

Short ~301 mg% 6 7 7 1 
platelet 251-300mg% I 14 1J 3 
survival ~ 251 mg% 0 2 1J 3 

Normal ~ 301 mg% 0 0 0 0 
platelet 251-300mg% 0 5 2 1 
survival ~ 251 mg% 2 9 12 3 

145 

301 mg% was 2.1 ± 0.4 days and none of these men had normal platelet survival. In 
the group with intermediate serum cholesterol, average platelet survival was short
ened to a lesser degree and only eight of the 37 patients in this group had normal pla
telet survival. Of the 42 men whose serum cholesterol was normal, 26 had normal 
platelet survival time and the group mean was at the lower limit of normal platelet 
survival time. The correlation between serum cholesterol and platelet survival had 
an r value of 0.79 (P < 0.01). 

These data suggest that the relationship of age and platelet survival is possibly 
related to serum cholesterol levels in the four groups. Table 3 shows the patients 
grouped by age and serum cholesterol levels. It can be seen that the incidence of 
intermediate or high serum cholesterol levels in each age group declines steadily 
with age. Of the 25-30-year-old group, 78% had elevated serum cholesterol, while a 
smaller incidence of70%, 47%, and 45% was seen in the fourth, fifth, and sixth deca
des, respectively. 

Table 4 is a summary showing age groups, serum cholesterol, and platelet survi
val. The only two patients in the 25-30-year group with normal platelet survival 
were the patients with normal serum cholesterol. As age increased, platelet survival 
was still invariably shortened in patients whose serum cholesterol was 301 mg% or 
more, but in the older age groups platelet survival was also shortened in many of the 
patients with normal serum cholesterol. Thus, in this series of patients, serum choles
terol appeared to be an important predictor of a shortened platelet survival in the 
younger age groups. In the older age groups, this relationship was less apparent. 

Discussion 

Platelet survival reflects the complex interaction of platelet reactivity and vascular 
endothelial repair [5]. A shortened platelet survival time may reflect vascular endo
thelial injury when platelet reactivity (adhesiveness, release, and aggregation) is nor
mal. Alternatively, a change in platelet responsiveness to a constant level of endo-
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thelial injury would also produce a change in platelet survival; i.e., shortening ifre
sponsiveness was increased and lengthening if responsiveness was decreased. Platelet 
survival time is, therefore, only an indirect measurement of platelet reactivity and 
endothelial injury and does not provide direct information regarding the pathogene
sis of endothelial injury or the dynamics of its repair. 

In this series of men with CAD, the younger patients had a shorter average pla
telet survival time than the older patients, but there was also a greater prevalence of 
elevated serum cholesterol in these younger patients. In addition to its possible role 
in lipid-induced endothelial injury, cholesterol has been shown to alter platelet re
activity to a variety of stimuli, Carvalho and associates observed increased platelet 
sensitivity to aggregating agents in patients with hypercholesterolemia [8]. Shattil 
et al. [9] showed that platelets incubated with cholesterol-rich lipsomes acquired ex
cess cholesterol and became significantly more sensitive to epinephrine or adeno
sine diphosphate-induced aggregation. Moreover, platelets which were incubated 
with cholesterol-poor liposomes showed a reduction in both cholesterol content an 
responsiveness. These in vitro data suggest that the close correlation between short
ened platelet survival and high serum cholesterol in the present serie of patients 
may reflect enhanced platelet reactivity in part due to the high serum cholesterol. 

The older patients in this series did not demonstrate a close relationship of 
shortened platelet survival and high cholesterol. This may reflect a greater degree 
of vascular endothelial injury in these older patients, without necessarily implying 
an alteration in platelet reactivity. 

Alteration of serum lipids does alter platelet survival time in patients with coro
nary disease. Steele and Rainwater [7] treated 15 hyperbetalipoproteinemic men with 
cholestyramine at 16 g/day in divided doses for 3 months and then 24 g/day for an 
additional 3 months. Cholestyramine, in a dosage of 16 g/day, reduced serum cho
lesterol from 348±7.6 to 319±6.3 mg% (P< 0.001) in association with an increase 
in platelet survival (2.3 ± 0.08 days to 2.7 ± 0.07 days, P < 0.001). At the 24 g/day 
dosage cholesterol decreased slightly more, and platelet survival was increased, but 
neither was significantly improved over the 16 g/day dose. These results offer addi
tional evidence for the close correlation of platelet reactivity and serum cholesterol. 

It is unclear whether platelet survival time is altered by a change in serum lipids 
because of a decrease in arterial endothelial injury or because of a decrease in plate
let responsiveness to a constant level of endothelial injury, or both mechanism in 
combination. Nevertheless, the results of the present study indicate that, when mea
suring platelet survival, the serum cholesterol must be included in the interpreta
tion of the results. Younger men with CAD have shortened platelet survival, but 
they also have increased serum cholesterol. 

Summary 

Platelets contribute to the pathogenesis of atherosclerotic CAD and its complica
tions. Platelet survival time is shortened in most patients with CAD. An analysis of 
platelet survival time in 100 men (25-60 years of age) with angiographically defined 
CAD and serum triglycerides of 210 mg% or less was undertaken. All men had 
measurements of serum cholesterol of 196-419 mg% . Younger men with CAD had 
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average shorter platelet survival time than older men (age 2S-30 2.2 ± 0.04 days, 
N=9; normal 3.7±0.03 days; age 31-40 2.4±0.03 days, N=37; age 41-S0 
2.6±0.OSdays, N=43; age Sl-60 2.8±0.04days, N=ll). Serum cholesterol cor
related with platelet survival (r=0.79) better than age (r=0.31) (cholesterol < 
301 mg% 2.l±0.04days, N=21; cholesteroI2S1-300mg% 2.7±0.04days, N=37; 
cholesterol ~ 2S0 mg% 3.3 ± O.OS days, N = 42). 

Fifteen men with CAD, shortened platelet survival, and serum cholesterol of 
301 mg% or more were teated with cholestyramine (16 and 24 g) and restudied. 
Cholestyramine decreased serum cholesterol (control 348±8 mg%, 16 g/day 
3l9±6 mg, 24 g/day 310±6 mg%) and increased platelet survival (control 
2.3±0.08 days, 16 g/day 2.7±0.07 days, 24 g/day 2.9±0.07 days). 

Results suggest that platelet survival time is frequently shortened in men with 
CAD and that serum cholesterol correlates with platelet survival. Younger men 
with CAD have shortened platelet survival, but they also have increased serum cho
lesterol values. Alteration of cholesterol results in an improvement in platelet survi
val time. 
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Risk Factors in Patients with Myocardial Infarction 
Under the Age of 40 

J. KALlMAN, H. SINZINGER, P. PROBST, O. PACIDNGER, K. WIDHALM, 
and F. KAINDLI 

Results of a number of epidemiological studies have indicated that patients with 
elevated blood lipid levels show a higher incidence of cardiovascular disease than 
individuals with low or normal lipid levels (Goldstein et al. 1973; Kannel et al. 
1971, 1979; Eriksson and Carlson 1974; Castelli et al. 1977; Breslow 1978). 

Coronary artery disease, however, can often be detected in patients exhibiting 
normal serum liporotein levels. This fact can be due to accumulation of other risk 
factors, such as cigarette smoking or hypertension or both (Kannel et al. 1971). 

On the other hand, many clinical data indicate that platelets may play an impor
tant role in the genesis of thrombosis, especially in arterial circulation, and might be 
involved in the development and progression of atherosclerosis (Cella et al. 1979; 
Burrows et al. 1978; Schernthaner et al. 1979, 1980; Sinzinger et al. 1980). In addi
tion, platelets from patients with hyperlipoproteinemias (HLP) (Carvalho et al. 
1974; Corash et al. 1976; Colman 1978; Tremoli et al. 1979) without coronary heart 
disease and patients surviving myocardial infarction (MI) (Szczeklik et al. 1978) 
have been shown to have an activated population of platelets, which has been dem
onstrated by a variety of platelet function tests. Of special importance in studying 
the in vivo behavior of platelets are a number of tests available which most proba
bly represent most closely the in vivo function as the platelet survival (Gold and 
Steele, this vol. pp. 143-147), the thromboxane formation (Szczeklik et al. 1978), 
the malonyldialdehyde formation (Tremoli et al. 1979), and the actual levels of the 
platelet proteins {J-thromboglobulin and platelet factor 4 (Ludlam 1979; Doyle et al. 
1980). The measurement of both these proteins in human plasma is, therefore, a 
valuable parameter of in vivo platelet activity (Bolton et al. 1976a, b). 

The aim of the present study was to investigate which risk factors could be found 
in young patients (less than 40 years) surviving MI. 

Patients and Methods 

We examined 50 patients (47 males, 3 females) 6-36 months after MI, 26-40 years 
of age. In all the subjects, coronary atherosclerosis was confirmed by coronary an
giography. None of the patients had diabetes mellitus or hypertension, and none 
were taking medication for lowering blood lipid levels. Fourty-five patients were 
smokers before the event. Only two were obese before the infarction. 

Blood samples were taken in the morning after a l2-h overnight fast. Serum was 
obtained after centrifugation. On the same day, determinations of total cholesterol 
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and triglycerides were performed by means of full enzymatic methods using Merck 
and Boehringer-Mannheim reagents, respectively (Richmond 1973; Bucolo and Da
vid 1975). Quality control for cholesterol, using lipid standard sera (Precilip; Boeh
ringer-Mannheim, FRG), resulted in a coefficient of variation of 2% -3%. External 
quality control was done by the WHO Lipid Reference Laboratory, Prague: The last 
coefficient of variation of our study was 1.8%. Estimations of lipoproteins were 
performed according to the US National Institutes of Health methods (Lipid 
Research Clinics Program). 

{J-thromboglobulin and platelet factor 4 levels were examined as follows: 
2 X 5 ml blood were withdrawn by an atraumatic venipuncture without venous oc
clusion using a 19-9auge needle, 2.3 ml were discarded, and the remaining 2.7 ml 
were immediately transferred into cooled (4°C) assay tubes containing 0.1 ml 10% 
NaEDTA, 0.1 ml theophylline (5.4 mg/ml), and 0.1 ml prostacyclin (33 ng/ml). 
The tubes were mixed by gentle inversion and cooled (4°C) and centrifuged within 
1 h at 1800 g and 4°C for 30 min. Controls were 30 and 15 sex- and age-matched 
healthy people. For statistical analysis, Student's t-test was used. 

Table 1. Serum lipids and lipoproteins and frequency of smoking in patients with different 
types of hyperproteinemia (types II a, lIb, and IV) 

Groups Tot. VLDL. HDL. LDL. Trigl. VLDL. Smoking 
chol. chol. chol. chol. Trigl. 

Yes No 

Controls 191.7 14.5 39.8 129.3 114.8 53.6 2 13 
n=15 ±7.2 ± 1.3 ±2.6 ±7.6 ±8.4 ±6.9 

IIa 300.0 29.2 30.9 231.3 141.1 61.7 8 2 
n= 10 (20%) ± 15.0 ±4.1 ±2.9 ± 15.4 ± 10.5 ±5.9 (6) 

lIb 302.9 52.4 31.7 214.0 335.1 152.8 10 0 
n= 10 (20%) ± 16.9 ± 10.4 ±2.7 ±9.6 ±64.5 ±23.0 (8) 

IV 229.3 49.0 31.7 137.6 446.6 237.3 8 2 
n= 10 (20%) ± 9.2 ±7.5 ±1.4 ± 12.7 ± 118.8 ±66.8 (5) 

X±SEM 

Table 2. Serum lipids and lipoproteins and frequency of smoking in patients with normal lipid 
values 

Groups Tot. VLDL. HDL. LDL. Trigl. VLDL Smoking 
chol. chol. chol. chol. Trigl. 

Yes No 

Controls 191.7 14.5 39.8 129.3 114.8 53.6 2 13 
n=15 ±7.2 ±1.3 ±2.6 ±57.6 ±8.4 ±6.9 

Patients with 195.4 22.6 37.6 125.9 119.2 56.5 19 1 
normal lipids ±8.5 ±2.6 ±2.7 ±6.6 ±9.2 ±5.9 (13) 
n=20(40%) 

NS P<O.Ol NS NS NS NS 



Table 3. f3-TG and platelet factor 4 in patients with three dif-
ferent types ofhyperlipoproteinemia 

Groups f3-TG PF. Smoking 

Yes No 

Controls 57.2 20.4 6 24 
n=30 ± 10.4 ±3.8 

IIa 103.8 55.7 26 4 lIb 
± 15.8 ±9.7 (19) IV n=30 

P<0.02 P<0.OO2 

X±SEM 

Table 4. f3-TG and platelet factor 4 in patients with normal 
lipid values 

Groups f3-TG PF. Smoking 

Yes No 

Controls 57.2 20.4 6 24 
n=30 ± 10.4 ±3.8 

Patients with 91.1 34.7 19 1 
normal lipids ± 16.8 ±6.7 (13) 
n=20 

NS NS 

X±SEM 

Table 5. Indices of HDLlChol, HDLlLDL, and LDLI 
HDL in patients with different types of hyperlipo-
proteinemia 

Groups HDL HDL LDL 
Chol LDL HDL 

Controls 0.21 0.33 3.51 
n= 15 ±0.Dl ±0.03 ±0.3 
IIa 0.10 0.14 7.9 
n=1O ±0.01 ±0.Dl ±0.9 

IIb 0.11 0.15 7.2 
n=1O ±0.Dl ±0.02 ±0.75 

VI 0.14 0.25* 4.43 
n=1O ±0.OO6 ±0.03 ± 0.5 

Patients with 0.19* 0.31 * 3.71 * normal lipids 
±0.01 ±0.02 ±0.3 n=20 

* NS; X±SEM 
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Results 

The patients were grouped according the type of HLP (ten patients type II a HLP, 
ten patients type lIb HLP, and ten patients type IV HLP). Twenty patients (40%) 
had normal lipoprotein levels. The serum lipids and lipoproteins are given, as well 
as smoking habits, in Table 1. It seems noteworthy that the serum lipids of MI pa
tients without HLP had comparable blood lipid values and lipoproteins, with the 
exception of the VLDL cholesterol levels (Table 2) being significantly different 
(P < 0.01). The actual values of platelet proteins were extremely high in comparison 
to a control group which was treated in the same way in the outpatient clinic. The 
values between the HLP patients and the controls were both statistically significant 
(Table 3). Surprisingly, the platelet protein levels between controls and MI patients 
without HLP also showed different mean values. However, the difference was due 
to the high variation, which was not statistically significant (Table 4). The value of 
various indices such as HDL-LDL cholestero1. LDL-HDL cholesterol and the 
HDL-cholesterol are given in Table 5. The most important finding seems to be that 
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Fig. 1. Vessel involvement (1,2,3) in different HLP groups (Fredrickson) 

those patients with normal lipids and lipoprotein profiles mainly had a single-vessel 
disease whereas, especially in type II a and lIb HLP patients, the percentage of two
and three-vessel disease was dominant, being more severe in type II a than lIb 
(Fig. I). 

Discussion 

Results of many investigations have demonstrated the close association between 
HLP and angiographically proven coronary artery disease (Zampogna et a1. 1980; 
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Wieland et al. 1980; Naito et al. to be published; Okabe 1979; Gohlke et al. 1980a; 
Barboriak et al. 1974, 1979). Though this study represents only a somewhat superfi
cial analysis of parameters and does not take into account the laboratory findings 
before the event of MI, it seems noteworthy that three important risk factors can be 
detected very easily. 

One of the most important generally accepted risk factors for the development 
of coronary heart disease is cigarette smoking. 90% of our patients were cigarette 
smokers before MI. In 19 of the 50 patients, smoking was the only one risk factor 
present. Gohlke et al. (1980b) reported the same percentage with a comparable pa
tient group, and were able to show that those patients who continued smoking after 
MI had the highest progression rate, whereas those who stopped had the highest re
gression as proven by coronary angiography. Whether this is a direct effect, or an 
influence mediated via an activated platelet population which is known to occur in 
heavy smokers is not clear. 

Surprisingly, the platelet protein values are extremely high in comparison to the 
control group (Table 4). Comparing the patients with an older age group suffering 
from MI, the values are also much higher. These findings are in concordance with 
data reported by Ritter et al. (1980) as to platelet factor 4 which was, in their study, 
much higher than in older MI patients. Ritter et al. (1980) concluded that the plate
lets might probably be involved much more intensively in MI at young age. Con
cerning the actual level of platelet proteins, it has to be stressed that the values 
found for outpatients are always much higher than for hospitalized patients, due 
to their physical activity coming to the clinic, etc. However, this influence can be ig
nored, as both the patient and control group were examined in the same way. 

The great importance of a lipoprotein profile in the etiology of coronary artery 
disease can be demonstrated by the high frequency of HLP (60%) in our patients, 
which were distributed in thirds into the groups II a, lIb, and IV, respectively, ac
cording to the Fredrickson classification. Among the so-called normolipemic pa
tients, many had decreased HDL cholesterol concentration. The finding that those 
patients without HLP had vessel involvement to a significantly lesser degree (Fig. 1) 
is consistent with data reported by Moore et al. (1979), where an increase in HLP 
led to an increase in vessel disease. 

The fact that 22 of our patients were smokers with HLP, 19 were smokers 
alone, and 22 had a positive family history points out the special mosaic of risk pattern 
in MI at young age. 

Attention will be drawn in the future to follow-up of the patients by annual 
control, and by dietary, and drug intervention if necessary. Especially the children 
of these patients will be controlled for the existence of HLP. 

Beside the well-known multifactorial etiology and individual variability, our 
findings in a population of 50 patients at young age show the important role of 
smoking, HLP and activated platelet function in the evolution of coronary artery 
disease, especially in younger individuals. 
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Summary 

In 50 patients (47 males, 3 females) with MI below the age of 40 years, 6-36 months 
after the event plasma lipids and lipoprotein profile, platelet proteins (fi-thrombo
globulin and platelet factor 4) were examined. The patients were grouped according 
to the type of HLP: Ten patients had type IIa HLP, ten type lIb, and ten type IV. 
In 20 patients (40%) a normal lipoprotein profile was found. The platelet proteins 
were higher in MI survivors with HLP than those without HLP. Single-vessel dis
ease was the dominating feature in patients without HLP, whereas patients with type 
II a und II b mainly had a two- or three-vessel disease. These findings, as well as the 
fact that 90% were smokers before MI, demonstrate an image of the special 
mosaic of risk factors in patients with MI at young age. 
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Mechanism and Prevention Possibilities 
in Coronary Thrombosis 

G.V.R.BoRNl 

If it is accepted that many myocardial infarctions (MI) are caused, in younger as in 
older patients, by coronary thrombosis (Davies et al. 1979), modern analysis is pro
viding evidence (see Born 1979) that it depends on complex haemodynamic interac
tions between atherosclerotic lesions and blood constituents, primarily the platelets. 
These interactions have implications, both positive and negative, for prevention and 
treatment. Platelet aggregation as the immediate cause of arterial thrombosis is the 
basis for the world-wide interest in and large-scale trials of platelet-inhibiting agents 
as potential anti-thrombotic drugs. In principle, one approach to the prevention of 
arterial thrombosis should be through drugs capable of inhibiting platelet aggrega
tion. Rapidly increasing biochemical and pharmacological knowledge about plate
lets has revealed potent inhibitors of aggregation with different modes of action. En
couraging results have been obtained recently with models of extra-corporeal circu
lation, e.g. artificial kidneys in which the thrombotic deposition of platelets can be 
prevented by adenosine (Richardson et al. 1976) or by prostacyclin (prostaglandin 
12 ) (Bunting et al. personal communcation). It was on the basis of their platelet-in
hibiting activities that three established drugs, acetylsalicylic acid (aspirin), dipyrida
mole (persantin) and sulphinpyrazone (anturane) have been undergoing extensive 
trials in different well-defined clinical situations arising in consequence of arterial 
thromboses. Results so far have left considerable uncertainties. All these drugs have 
actions on many other systems in the body, so that any therapeutic effectiveness 
need not be due to their actions on platelets. Another approach to the prevention of 
arterial thrombosis may be through membrane-stabilising drugs, such as chlorpro
mazine (Seeman 1972) which apparently diminish the interactions between erythro
cytes and platelets (Born et al. 1976; Born 1979; Born and Wehmeier 1979). 
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Intracoronary Fibrinolysis in Acute Myocardial 
Infarction in Young Patients 

W. RUTSCH and H. SCHMUTZLER 1 

A decrease in the mortality rate among patients hospitalized with acute myocardial 
infarction can only be expected from therapeutic measures which reduce the 
area of necrotic tissue. Restitution of coronary flow and myocardial reperfusion 
before irreparable cell damage occurs would appear to be the best way of achieving 
this goal. Intracoronary infusion of fibrinolytic substances such as streptokinase pro
vides high local concentrations and allows recanalization of coronary thrombosis 
while avoiding hemorrhagic complications. 

Kordenat [11 reported on animal experiments in 1971, and Ganz [21 has recently 
described thrombolysis by means of streptokinase infusion in coronary arteries oc
cluded by thrombosis resulting from placement of copper wires in the vessels. 

We followed a standardized procedure for recanalization in 50 patients with 
evolving myocardial infarction. They were included in the study if the following 
criteria were met: 

1. Short history of anginal pain 
2. Exact definition of onset of anginal pain 
3. Onset and admission less than 3 h 
4. Presence of one of the following objective criteria of coronary artery occlu

sion in addition to chest pain 
a) ST elevation in the ECG 
b) Akinesia demonstrated in the 2D-Echocardiogram 

5. Normal serum creatine phosphokinase (CPK) values 
6. Normal coagulation studies 
7. No history of reanimation with external cardiac resuscitation 
8. No history of injury to a major vessel (unsuccessful attempt at canalization of 

the subclavian artery, for example) 
9. No generalized arteriosclerosis 

10. Consent to coronary bypass surgery. 

The primary symptom was persistent therapy resistent angina pectoris. Time of 
onset of angina was determined as exactly as possible, and the interval from onset of 
pain until diagnosis was 3 h or less. ST segment elevation was the preferred criterion 
of myocardial ischemia, but disorders of regional wall motion in the 2-dimensional 
echocardiogram were also used, and the patients were included in the study after 
demonstration of akinesia. CPK values were in the normal range. Patients with a 
history of infarction were excluded since preexistent disorders of regional wall mo
tion would have made accurate evaluation of therapeutic effect extremely difficult 

1 Klinikum Charlottenburg, Kardiologische Abteilung, Freie Universitat Berlin, Spandauer 
Damm 130. 1000 Berlin 19 
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in this group. The usual contraindications to streptokinase were observed, and pa
tients with coagulopathy were excluded from the study. Ventriculography was per
formed and repeated 60 min after successful recanalization as well as 3 weeks later, 
in order to demonstrate and quantify the disorder of regional wall motion. The right 
and left coronary arteries were demonstrated with the Judkins technique in order to 
document coronary artery occlusion and to evaluate the severity of coronary heart 
disease. Intracoronary infusion of 3000 U Imin was performed via a Judkins cathe
ter. Recanalization was usually accompanied by arrhythmias, rapid changes in ST 
elevation, and characteristic increases in CPK levels with a peak value at 7.2± 3.3 h 
after recanalization and 12.0±3.3 h after onset of angina pectoris (Fig. 1). 
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Fig. 1. Changes in CPK levels after recanalization in patients with myocardial infarction 

A soft-tipped guide wire was used in an attempt at mechanical perforation of the 
occluding thrombus in 7 of 50 patients included in the study (Fig. 2), with successful 
recanalization in three of the seven patients. The remaining 43 patients received in
tracoronary streptokinase infusion alone. Of these patients, 39 demonstrated total oc
clusion of a coronary vessel during the stage of evolving infarction, while four oth
ers had subtotal occlusion. Streptokinase produced little change in the latter, while 
adequate recanalization and restitution of myocardial perfusion was obtained in 34 
patients with total occlusion. We divided the patients into two age groups in order 
to evaluate age-specific differences in the evolution of infarction and possible influ
ences of age on results of intracoronary infusion with thrombolytic substances 
(Table 1). Group I comprised 11 patients with a mean age of 38.5± 1.5 years, and 
group II included 28 patients with a mean age of 58.7 ± 9.5 years. Sex distribu-
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Fig. 2. Treatment given to 50 patients with impending MI. LAD, left anterior descending; 
RCA, right coronary artery; RCX, ramus circumflexus 

tion was not uniform. 70% of patients in the younger group were male; 59% of 
group II were males and 41 % females. 

Severity of coronary heart disease and location of the vascular occlusion also var
ied between the two groups. Of the younger patients, 60% had one vessel disease, 
20% two vessel disease, and 20% three vessel disease. In the older group 47% had 
one vessel disease, 47% two vessel disease, and 6% three vessel disease. The low pro
portion of three vessel disease in the older age group may be explained by the fact 
that our study excluded patients with previous infarction or a history of severe angi
na pectoris. Location of vascular occlusion also varied with age. Of the cases in 
group I, 50% had occlusion in the left anterior descending artery, 10% in the circum-

Table 1. Evaluation of myocardial infarction in two age 
groups 

Group 1«40 yrs) Group II (>40 yrs) 

Age (yrs) 38.5 ± 1.5 

Sex % 
Female 30 
Male 70 

Recanalization % 
Successful 90 
Unsuccessful 10 

Site of occlusion % 
LAD 50 
RCX 10 
RCA 40 

Residual stenosis % 
After thrombolysis 77 
3rd week control 61 

58.7±9.5 

41 
59 

77 
23 

29 
13 
58 

83 n.s. 
78 P<0.05 

LAD, left anterior descending; RCX, ramus circumflexus; 
RCA, right coronary artery. 
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flex artery, and 40% in the right coronary artery. Occlusions of the right coronary ar
tery were more common in the older age group - in 58% of cases - followed by oc
clusion of the left anterior descending artery in 29% of cases and occlusion of the 
circumflex artery in 13% of group II. Success in thrombolytic therapy of evolving 
infarction is related to the cause of occlusion. If one is able to draw conclusions on 
the etiology of infarction, then one must also be able to speculate on age-specific 
differences in the development of coronary artery occlusion. Our studies have 
shown that thrombotic material plays a more significant part in coronary artery oc
clusion in younger patients than in the older age group. Degree of stenosis due to an 
arteriosclerotic plaque and the amount of streptokinase required for thrombolysis 
prove that thrombosis is the major factor in coronary artery occlusion in younger 
patients. Coronary artery recanalization with streptokinase was successful in 90% of 
cases in the younger group of patients and in 77% of the older group. In other 
words, occlusion was not related to thrombosis in one often patients in group I, and 
one-quarter of the older patients had a cause other than thrombosis. Degree of ste
nosis after thrombolysis was 76.9± 13.4% in the younger group and 83.11 ± 13.9% in 
group II. Follow-up studies 3 weeks after occlusion showed a further reduction in 
stenosis in both groups with a more significant reduction in group I to 61.3± 18.9% 
as compared to 77.8±28.4% in group II. These differences are highly significant in 
statistical terms. The period from onset of angina until the start of streptokinase in
fusion was approximately the same in both groups (Table 2). Therefore it is possible 
to draw indirect conclusions on size of the thrombus from the duration of therapy 
and total dose necessary for recanalization. The interval from onset of angina until 
start of streptokinase infusion averaged 175 min in group I and 154 min in group II. 
The streptokinase dosage was the same in all cases, i.e., 3000 U Imin. Recanalization 
was achieved after 57.7±25.2 min in group I and after 42.8±22.9 min in group II. 
As a result, the total dose of streptokinase in group I was considerably higher 
- 225 OOO± 107700 U - than in group II, where total dosage averaged 
135000 ± 63 500 U. The differences were highly significant. 

It is more difficult to assess the influence of recanalization on myocardial func
tion in cases of evolving infarction because very little is known about myocardial 
function in the natural history of myocardial infarction in man. Location of the oc
clusion certainly plays a major role. Definitive statements can be made only after 
relevant data have been gathered in a large number of patients. Given these qualifica
tions, a comparison of ventricle volume and ejection fraction before recanalization 

Table 2. Therapy of myocardial infarction in two age groups 

Group I «40 yrs) Group II (> 40 yrs) 

Period from onset of angina until the 
the start of SK infusion 

Time requirement for recanalization 

Amount ofSK required for 
thrombolysis 

SK, streptokinase 

l72.0±35 

57.7±25.2 

225000 
± 107700 

l54.0±28 min n.s. 

42.8±22.9 min P<0.05 

135000 U P<0.005 
± 63 500 
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Table 3. End-diastolic volume and ejection factor in two age groups with 
myocardial infarction 

EDVImllm2 

After thrombolysis 
3rd week control 

EF% 

After thrombolysis 
3rd week control 

Group I «40 yrs) Group II (>40 yrs) 

n.s. 

e,.93.6± 12.8 ) 80.9±29.7 ;) 
78.6± 10.4 ------» 63.1 ± 19.0 

P<0.OO5 P<O.Ol P<0.005 

n.s. 

(" 53.6± 12.7 ) 52.0± 12.5 "'I 
~54.2± 17.5 __ n_.s_. ~) 57.6± l4.2~ 

n.s. 

EDVI, end-diastolic volume; EF, ejection factor 

and 3 weeks later is instructive. End-diastolic volume in group I was 93.6± 9.5 mll 
m2 before recanalization, considerably greater than the 80.9±24.7 mllm2 found in 
group II (Table 3). Successful recanalization was followed by a clear decrease in vol
ume at 3 weeks, especially in the older patients, whose end-diastolic volume de
creased to 63.1 ± 19.0 mllm2 , as compared to 78.6± 10.4 mllm2 in group I. Ejec
tion fraction (EF) was almost identical in both groups before recanalization with 
53.6± 12.7% in group I and 52.0± 12.5% in group II. EF was basically unchanged in 
group I at 54.2± 17.5% and slightly improved in group II with 57.6± 14.2%. A possi
ble interpretation for these differences is to be found in the development of collate
ral circulation in older patients with coronary artery disease and regions of dimin
ished perfusion. These patients may be better adapted with no means of coping with 
the sudden decrease in perfusion. 

Summary 

1. Results of intra coronary streptokinase infusion in acute coronary artery occlusion 
suggest that in younger patients thrombotic occlusion is a more important factor 
than arteriosclerotic changes. A smaller degree of stenosis after complete throm
bolysis, further regression of the stenosis with time, longer duration ofthromboly
sis, and higher total streptokinase dose may be interpreted as indirect evidence of 
the greater importance of the thrombus. 

2. Recanalization during evolving myocardial infarction produces less improvement 
in myocardial function in younger patients, possibly as a result of less complete 
adaptation to acute coronary artery occlusion. 
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Beta-Blocker Treatment in the Chronic Phase 
of Myocardial Infarction in Young Age Groups 

C. WILHELMSSON, A. VEDIN, R. BERGSTRAND, and L. WILHELMSEN l 

Treatment of myocardial infarction (MI) patients with beta-blockers both during 
the acute and long-term phases has aroused a growing interest. Independent stud
ies have demonstrated that alprenolol and practolol prevent sudden deaths during 
the long-term course after MI (Wilhelmsson et al. 1974; Multicenter International 
Study 1975; Ahlmark and Saetre 1976; Andersen et al. 1979). The question remains 
whether all patients should be treated or if the treatment should be restricted to 
certain ages or other categories. 

The purpose of this presentation is to review current knowledge regarding chron
ic beta-blockade in an effort to apply the relevant information to young patients. 

Natural History 

The prognosis for young patients is different from that of older patients (Bergstrand 
et al. this vol.). Several studies have demonstrated better long-term surival among 
young patients (Helmers 1974; Pole et al. 1976; Kovacsics et al. 1977). However, in 
some centers, higher mortality rates are also sometimes found (World Health Orga
nisation 1976). 

During hospitalization, young patients may have signs of more extensive infarc
tions, which differentiate them from older patients. Thus, they have higher enzyme 
peaks, higher frequency Q waves, and a higher frequency of ventricular fibrillation 
(Bergstrand et al. to be published). Despite the high prevalence of factors tending to 
worsen prognosis absolute mortality remains low, but there is considerable excess 
mortality in relation to healthy contemporaries (Vedin et al. 1975b; Helmers and 
Lundman 1979). Several other factors have also been shown to influence the long
term course after discharge from the hospital (Wilhelmsson et al. 1975; Vedin et al. 
1977). In this context, it is important that younger patients stop or lessen cigarette 
smoking after MI (Bergstrand et al. pp. 23-28). This may at least partly explain 
why the reinfarction rate is as high among young patients as among older ones 
(Bergstrand et al. this vol.). 

The usual systems for prognostication after MI available are not sufficiently de
fined for young patients. Furthermore, the risk of a nonfatal recurrence is not relat
ed to the same risk factors and nonfatal reinfarction has proved difficult to predict. 

1 Department of Medicine, University of G5teborg, Ostra Hospital, S-416 85 G5teborg, Swe
den 
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Completed Prospective Studies 

Several studies have been completed and some have shown inconclusive findings, 
as reviewed and discussed previously (Vedin and Wilhelmsson 1979, 1981). A list of 
completed conclusive and positive studies is presented in Table 1. 

Table 1. Completed, positive prospective long-term studies with beta-
blockers 

Authors Year Compound (mg/day) No. of patients 

Total <50 years 
of age 

Wilhelmsson 1974 Alprenolol (400) 230 0 
et al. 

Multicentre 1975 Practolol (400) 3038 817 
International 

Ahlmark et al. 1974 Alprenolol (400) 159 26 

Andersen et al. 1979 Alprenolol (400) 282 55 

Positive findings were first reported in a randomized prospective study of 
230 patients, 57-67 years of age, randomly allocated to placebo or alprenolol sepa
rately in four different risk strata (Wilhelmsson eta!' 1974; Vedin eta!' 1975a). It 
was possible to define a subgroup with a benign prognosis and, consequently, other 
groups with a more malignant course. Treatment started during posthospitalization 
week 1 and was maintained until death, reinfarction, or the end of2 years. The daily 
dose of alprenolol was 400 mg. The number of sudden deaths was significantly re
duced, but though the overall mortality was reduced by 50% this reduction did not 
reach statistical significance: The same individuals made up the difference between 
the groups both in sudden deaths and total deaths. Thus, the sudden death reduc
tion also implied a meaningful reduction of total mortality. In order to demonstrate 
a significant reduction of overall mortality, larger numbers would have been re
quired. Concomitant treatment was administered according to standardized crite
ria. The frequency of digitalis treatment and use of diuretics was high. However, the 
patients were representative of all the MI cases in the same age group in the area 
and all pretrial exclusions have been detailed. 

With some reservations, due to the small number, the findings indicate that alpre
nolol was capable of reducing sudden deaths in the long-term course after MI. Sup
portive evidence was later presented in an open study (Ahlmark and Saetre 1976) 
using the same drug, dose, and duration of treatment in which similar results were 
obtained. A retrospective analysis of this study suggests that the patients in the 
treatment and control groups were comparable. 

Data showing that another beta-blocker, practolol (400 mg/day), reduced 
sudden deaths after MI were obtained in the Multicentre International Study (1975, 
1977). In this study 3000 patients were randomized. The duration of treatment was 
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up to 2 years. A reduction of not only sudden deaths, but also total mortality was 
demonstrated and there was also a trend towards reduction of the nonfatal reinfarc
tion rate. The major criticism of this study is that it is impossible to define the pa
tients included in the study, since the pretrial exclusions were not counted or cha
racterized. 

Furthermore, the retrospective analysis (Multicentre International Study 1975, 
1977) has overemphasized defining groups where practolol is particularly useful. 
This analyses seem to indicate that patients with anterior infarcts and low diastolic 
entry pressures did better with practolol than placebo. This analysis has attracted 
unfortunate attention, since it has become clear that brady arrhythmias in patients 
with inferior infarction, who were admitted to the study early in the course of their 
disease, were responsible for the lack of early difference between treatments with 
respect to different sites of infarction. When the later results are analyzed, site of in
farction is unimportant. 

Finally, a Danish study (Andersen et al. 1979) has used alprenolol in a I-year 
study where all patients with a suspected or proven MI regardless of age were 
included. A beta-blocker or placebo was immediately injected in the emer
gency room of the hospital. The oral dose was 400 mg daily. After 1 year a signifi
cant reduction of mortality was clearly shown in all randomized patients under the 
age of 65. No effect on short-term mortality could be demonstrated. No adverse ef
fects were found in patients who did not develop a MI. There was no significant dif
ference between the two treatment groups in patients above 65 years of age. How
ever, in patients with unstable circulation, acute alprenolol administration seemed 
contraindicated. 

In conclusion, the studies presented support the concept that practolol and al
prenolol reduce long-term mortality after MI. The mechanism of action is not yet 
defined. It is not clear whether antiarrhythmic actions, effects on myocardial meta
bolism, or both are responsible for the outcome. The pathogenesis of the lethal ar
rhythmias themselves is virtually unknown. 

It has not been established whether all patients need to be treated or treatment 
can be reserved for some selected groups. The optimal dose has not been found and 
it is not clear when treatment should ideally begin, or how long it should be main
tained. 

The evidence of a lowered reinfarction rate after beta-blockade is more contro
versial than the evidence for a mortality reduction. No study has focused particular
lyon the effects of beta-blockade among patients 50 years of age and younger. In 
the completed studies few patients below 40 and only 898 patients below 50 have 
been involved (Table 1). Close to 20000 patients are presently involved in ongoing 
or recently completed trials (Table 2). However, the total numbers of young patients 
in each of these studies is low and, in connection with low mortality, it is unlikely 
that conclusive data regarding the effects of beta-blockade and mortality in young 
patients will be obtained. However, if the studies had been homogeneous in terms 
of design, patient selection, and confounding factors, it would be possible to pool the 
results, provided that different beta-blockers produced the same effects. None of 
these conditions are fulfilled and therefore pooling data from different studies will 
produce no reliable results concerning young patients. 
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Table 2. Some ongoing prospective secondary preventive trials with beta-blockers 

Center Compound No. of Prognostic Acute 
patients stratifi- intravenous 

cation injection 

Multicenter, France Acebutalol 550 
Stockholm, Sweden Metoprolol 250 + 
Amsterdam, The Netherlands Metoprolol 500 + 
Gothenburg, Sweden Metoprolol 600 + + 
Multicenter, USA Metoprolol 3000 
Multicenter, UK Oxprenolol 1 100 
Multicenter, West Germany Oxprenolol 4000 
Multicenter, Sweden-Australia Pindolol 500 + 
Multicenter, UK Propranolol 500 
Multicenter, USA Propranolol 4200 
Oslo, Norway Propranolol 700 + 
Multicenter, North England Sotalol 1600 
Multicenter, Norway Timolol 1800 + 

Total 19000 

An important unresolved question relates to the differences in the drugs tested. 
The available beta-blockers vary regarding beta! and beta2 affinity, intrinsic sym
pathomimetic activity (ISA), and membrane-stabilizing activity. At present, there is 
nothing to suggest that one ancillary property of beta-blockers is clinically more 
useful than another. The crucial properties may yet have to be defined. 

The drugs in the different studies have been selected on a fairly arbitrary basis. 
However, the fact that several different drugs are being studied is undoubtedly use
ful. If the next presented study with timolol or sotalol or metoprolol all show a con
vincing benefit from treatment, then it will be reasonable to assume that many beta
blockers are interchangeable in this respect. A convincing benefit from one drug, 
but not from another, may give a clue as to the mechanism of action. 

Conventional indications for beta-blockers, in addition to the prophylactic indi
cation, are found among many patients. In a Gothenburg patient series of cases be
low 40 years of age, 55% had hypertension and 50% had angina pectoris. Assuming 
an even distribution of hypertension among angina patients, and vice versa, 70% of 
all patients have a conventional indication for treatment with a beta-blocker. 

Conclusion 

There is no clinical or experimental finding indicating that young patients show a 
different response pattern compared to older patients. The high frequency of con
ventional indications for chronic beta-blockade after MI reduces the number ofpa
tients with a single prophylactic indication. 

Young patients with MI are exposed to excessive risks of reinfarction and death 
in relation to healthy contemporaries and should, therefore, be treated. 
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Prevention of Sudden Death in Young Patients: 
The Role of Antiarrhythmic Therapy 

L. SEIPEL and G. BREITHARDTI 

Sudden death in young patients is associated with different forms of cardiac disease 
(Table I). It has been described in various congenital heart malformations and in 
patients with the Wolff-Parkinson-White (WPW) and QT syndrome. However, in 
most instances, various forms of cardiomyopathy and coronary artery disease have 
been found at autopsy. Due to the topic of this symposium, the special problems in 
patients with WPW and QT syndrome will be excluded from the following paper. 

Table 1. Sudden death in young patients 

Congenital heart disease 
Mitral valve prolapse 
Cardiac tumor 
Ventricular dysplasia (right) 
Preexcitation syndrome 
QTsyndrome 

Cardiomyopathy 
Coronary artery 
- Malformation 
- Myocardial bridges 
-Spasm 
- Stenosis 

Table 2. Ventricular tachycardia (VT) and fibrillation 
(VF) 

Triggering mechanism ---,> ECG 

Ventricular premature 
beats 

Basic requirement 

Ventricular instability 
Reentrance pathway 

Exercise test 
Holter monitoring 

---,> Ventricular pacing 

Late potentialis 

In most instances, sudden cardiac death is due to ventricular tachycardia (VT) 
or fibrillation (VF) [17]. The well-known precursors of this final event are ventricu
lar premature beats (VPB) [3, 7, 9, 15, 22, 31]. A typical example in a young patient 
with congestive cardiomyopathy is shown in Fig. 1. However, the basic requirement 
for the initiation of VF -VT by VPB are abnormalities of conduction and refractori
ness setting the stage for intraventricular reentry or the "instability" of the myocar
dium due to the underlying heart disease (Table 2). Other factors like the auto
nomic nervous system, can also influence the fibrillation threshold [22]. As a conse
quence, antiarrhythmic therapy can have two different goals; suppression of VPB 
and/or normalization of ventricular instability. 

I Medizinische Klinik und Poliklinik, Klinik B, Moorenstr. 4, 4000 Dusseldorf, FRG 
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Fig. 1. Sudden death out of hospital in a young patient with congestive cardiomyopathy duro 
ing Holter monitoring. After the occurrence of multifocal ventricular premature beats (VPB) 
and short ventricular series a VPB initiates the final ventricular tachycardia (VT). We assume 
that the transportation mechanism of the tape recorder was stopped when the patient fell down 
on the street 

Unfortunately, in the studies published so far, it could not be demonstrated that 
antiarrhythmic therapy can reduce the incidence of sudden death in endangered pa
tients [6, 8, 13, 18,20,21,29, 34]. That does not mean that these drugs, in principle, 
cannot prevent VF-VT. The failure could be due to different factors shown in Ta
ble 3, which were not controlled in most of these studies. Chamberlain et al. [6] 
demonstrated that under standard antiarrhythmic therapy 30%-40% of the patients 
had subtherapeutic plasma levels. Some preliminary studies in a selected group of 

Table 3. Antiarrhythmic therapy: Causes for "drug failure" 

1. Inefficacy of the drug 

2. Insufficient plasma levels due to 
- Low resorption 
- Rapid elimination (e. g. , fast and slow acetylation; 

ind uction of enzymes) 

3. Incorrect dosage intervals 

4. Untreated basic disease 

5. Noncompliance of the patient 
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Table 4. Reduction of sudden death in a group of endangered patients by controlled anti
arrhythmic therapy. Lown and Graboys [23] 

Group I Dose-adjusted antiarrhythmic therapy controlled by exercise tests and monitoring 
(26 patients follow-up 17 months): Two sudden deaths (8%) 

Group II Conventional antiarrhythmic therapy (17 patients, follow-up 14.8 months): 
Ten sudden deaths (59%) 

patients with documented VF-VT demonstrated that antiarrhythmic therapy can re
duce the recurrence of these tachyarrhythmias if the therapy is controlled by exer
cise tests and monitoring, or if the influence on ventricular "vulnerability" is assessed 
by electrophysiological techniques. In addition, the measurement of drug plasma 
levels used seems to be of great importance. 

Lown and Graboys [23] treated patients with documented VF-VT after success
ful resuscitation. In a randomized manner one group of patients recieved standard 
antiarrhythmic therapy, whereas in the other group the effectiveness of the antiar
rhythmic therapy was controlled by exercise tests and monitoring. In the latter 
group, dose was adjusted and combinations of different drugs were given until ven
tricular arrhythmias were suppressed or significantly reduced in the ECG. During a 
relatively short follow-up the incidence of sudden death was significantly lower in 
the group of patients under controlled treatment (Table 4). That demonstrates the 
usefulness of exercise test and monitoring in predicting antiarrhythmic efficacy dur
ing follow-up. However, some studies have shown that even 24-h recordings are 
not an ideal tool for controlling antiarrhythmic therapy because of the great sponta
neous variability of the arrhythmias [1,14,25,26,35,36]. An example is shown in 
Fig. 2. In this patient with VPB, the first 24-h recordings during the control period 
and under therapy with the new antiarrhythmic drug tocainide seem to prove an an
tiarrhythmic effect of the drug. However, further Holter recordings during follow-up 
showed that this effect was only due to the spontaneous variability of the frequency 
of the ectopic beats and the drug was actually not effective. 

Myerburg et al. [27] treated a similar group of highly endangered patients with 
documented VF-VT with quinidine and procainamide. In addition to Holter moni
toring, they measured plasma levels of the drugs. They demonstrated that in pa
tients with constant therapeutic plasma levels there was no recurrence of the ar
rhythmia during follow-up, in contrast to the high incidence ofVF-VT in the group 

Table 5. Significance of plasma level for rate of recurrence of 
VT or VF during treatment with quinidine or procainamide 
during 12 months. Myerburg et aL [27] 

Plasma level n Recurrence VES/ 
ofVT-VF h 

Therapeutic 6 0 104' 
Subtherapeutic 10 8 184' 

, NS 
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Fig. 2. Spontaneous variation of 
the incidence of ventricular pre
mature beats (VPB) with and with
out antiarrhythmic therapy in a 
series of tape recordings during 
follow-up of the patient (modified 
from Winkle [35]) 

with subtherapeutic plasma concentrations. There were no significant differences in 
number of VPB during Holter recordings within these two groups (Table 5). There
fore, the authors recommend routine measurement of plasma levels in addition to 
ECG recordings during antiarrhythmic therapy. The only explanation for these 
findings is that quinidine and procainamide in therapeutic concentrations did in
fluence ventricular instability without influencing the occurrence ofVPB. 

Meanwhile, the influence of antiarrhythmic drugs on ventricular instability can 
be tested directly in the laboratory by means of electrophysiological techniques. The 
same type of programmed ventricular stimulation is used by many groups to control 
antiarrhythmic therapy in selected groups of patients [2,5, 10-12, 16, 24, 30-33,37]. 
Our study protocol is chematically shown in Fig. 3. Using this protocol we were able 
to demonstrate an abnormal ventricular vulnerability, i.e., the induction of series of 
ventricular echo beats with or without degeneration in VF or the induction of a sta
ble VT in about 95% of our patients with documented VF-VT [4]. The same sensi
tivity of this technique was found by the Josephson group [19], whereas other inves
tigators observed a lower incidence of abnormal responses in patients resuscitated 
after cardiac arrest [27]. The procedure is repeated under different antiarrhythmic 
regiments so as to find a drug or drug combination effective in supressing the ab
normal ventricular response (Figs. 4, 5). In any given patient, it was impossible to 
predict the effect of a drug as the same drug could suppress abnormal responses in 
one patient while no influence of even enhancing ventricular instability in another 

bask drive s,:s,-
Imsl 

Cho ..... e in inducibilily 

.. easier 

• no change 

• more difficull 

flIlIIllll conlinuous 
I'; to lOseel 

Fig.3. Stimulation protocol for 
control of antiarrhythmic drug ther
apy in patients with documented 
VF-VT 
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Fig.4. Abnormal ventricular response during programmed pacing. At a basic drive of 
120 bpm (cycle length 500 ms) two premature beats are introduced followed by a series ofmul
tiform ventricular echo beats (upper tracing). Mexilitine was not able to prevent the occurrence 
of echo beats in this case. Abbreviations are as follows: t = time scale 1000 ms; I, II, Vi = sur
face ECG; HBE=His-bundle electrogram; HRA = high right atrial electrogram; RVA = 
right ventricular apical recording or stimulation (stimulus artefact) 

one (Fig. 6). Figure 7 shows the outcome of our patients with documented VF -VT 
80 weeks after serial drug testing. In those patients in whom we could find a medica
tion effective in altering the abnormal ventricular response, VT occurred only in 
one patient. In all patients in whom ventricular instability could not be influenced 
during testing, VF-VT recurred under standard antiarrhythmic therapy within 20 
weeks [5]. Similar results in selected groups of patients have been reported by the 
investigators mentioned above. It is noteworthy that in our series and in others [12], 
there was no strong correlation between the results of the electrophysiologic testing 
and the effect of the drugs on spontaneous VPB in the same patient. Based on these 
preliminary results we feel that programmed ventricular stimulation is very useful 
in identifying patients with abnormal repetitive response who are prone to sudden 
death and in predicting antiarrhythmic efficacy, as far as the prevention ofVF-VT is 
concerned. 
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Fig. 5. Initiation of a stable ventricular tachycardia by programmed stimulation (upper trac
ing), which is terminated by overdrive. After application of propafenone the tachycardia can 
be reinitiated 
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Fig.6. Effect of various antiarrhythmic drugs on inducibility of VF-VT in 45 patients. Arrows 
indicate change in inducibility (see Fig. 3) 

In summary, antiarrhythmic drugs in principle seem useful in preventing sud
den death among the endangered group of patients. However, antiarrhythmic thera
py can only be of value if therapeutic plasma levels are achieved and if effectiveness 
is controlled by exercise test and monitoring. In addition, we feel that electrophysio
logical techniques are an important clinical tool in predicting the effectiveness of a 
therapeutic regimen during follow-up. 
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Occupational Situation in Postinfarction Patients 
Under the Age of 40 

L. SAMEK, M. SPINDER, F. MULLER, P. BETZ, K. SCHNELLBACHER, 

and H. ROSKAMM 1 

The return to work after myocardial infarction (MI) is dependent on many factors: 
Severity of the disease, work demands, motivation, physician's recommendation, 
duration of disability and the economic situation seem to be the most important de
terminants [1-9]. It was the goal of our study to evaluate the influence of some of 
these factors in postinfarction patients under the age of 40. 

Patients 

From January, 1973, to December, 1979, 746 men with a proven transmural MI 
and who were under the age of 40 were admitted to our clinic. The average age at 
the time of MI was 35.7, at the time of admission it was 36.5 years. At 6 months to 
7 years later (mean 3.5 years), we sent an employment questionnaire to these pa
tients, to which 2.8% did not respond and 658 responded (9% had died) (Fig. 1). 

n =746 d' 
(01. 1973 to 12.1979) 

No response 

n = 21 (2.8 %) 

Age M I: x 35.7 years 
Admission: x 36.5 years 

Fig. 1. Patients with transmural MI un
der the age of 40 

The patients had undergone comprehensive rehabilitation including coronary 
bypass surgery in 6.4%. Coronary angiography was performed in 74% of the pa
tients. 

Results 

On the average, at 3.5 years after hospitalization, 72% of the patients had returned to 
work, though 6% of these were currently unemployed. This latter figure is twice as 
high as that of the general working population in southwest Germany at that time. 
Thirteen percent were currently ill and 15% were retired (Fig. 2). 

1 Rehabilitationszentrum, Siidring 15,7812 Bad Krozingen, FRG 
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The ratio between those who returned to work and those who did not, remained 
unchanged during follow-up. The ratio between those who were currently ill and 
those who were retired changed significantly. After the first year, only 4% of the 
patients were retired. This number increased in the sixth year to 21 %. The reason for 
the low retirement figure during the first 2 postinfarction years is at least partially 
due to retirement regulations and proceedings in West Germany, which normally 
become operative after 1.5 years of sick leave. 

Figure 3 shows the relationship between the level of education and work status 
after MI. There is a significant relationship between educational level and the 
number of patients who returned to work. The lowest number (61%) was found in 
the group with elementary school education, the highest number (85%) in the group 
with university degrees. 

A relationship between educational level and frequency of retirement also 
exists, although maximum work tolerance and heart volume (HV) per kg body 
weight (an indicator of myocardial damage) do not differ significantly within the 
four groups (Fig. 3). 

The study group was further divided into four subgroups according to occupation
al position before MI (Fig. 4): 57% blue-collar workers; 26% white-collar workers; 
7% civil servants; and 10% self-employed. The numbers are similar to those of the 
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Fig. 3. Level of education and re
turn to work. Higher educational 
level is related to a greater number 
of patients returning to work and a 
smaller number of those retired. 
Maximal work capacity and heart 
volume/kg did not differ III the 
four educational level groups. Ab
breviations are as follows: W max= 
maximal work load during exer
cise on a bicycle ergometer in su
pine position; HV/kg = heart vol
ume per kilogram body weight 

Fig. 4. Occupational posltJon and 
work intensity. The numbers in the 
brackets represent the population 
average for West Germany in 
1977: There is no substantional 
difference between the general po
pulation and our study group. 
"Nonmanual labor" means occu
pations without a substantial 
amount of physical activity 
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Fig.5. Occupational position be
fore MI and return to work. Of the 
blue-collar workers the number of 
patients returning to work is low
est. For abbreviations see Fig. 3 

general working population in West Germany (49% blue-collar workers, 27% white
collar workers, 11 % civil servants, 12% self-employed). 

Of the white-collar workers, 82% returned to work, 80% of the civil servants, and 
73 % self-employed (Fig. 5). The lowest figure was found in the blue-collar workers 
(68%). Again, maximum work capacity and HV/kg did not differ in the four groups. 

Furthermore, the entire group was divided into the two subgroups manual la
borers and nonmanuallaborers (Fig. 6). Persons were considered nonmanuallaborers 
if there was no substantial amount of physical activity connected to their job (peak 
values less than 13 mllkg/min oxygen uptake). Of the manual laborers, 67% re
turned to work while, in the group of nonmanual laborers, a significantly higher 
number (81 %) returned. 

In the group of manual laborers there is a close relationship between maximum 
work capacity, tested on a bicycle ergometer in the supine position at an average 
9 months after MI, and return to work. Of patients with a maximum work capacity 
of 50 W or less, only 40% returned to work. Return-to-work frequency increases sig
nificantly with increase of work capacity: Of patients with a work capacity of more 
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Fig.6. Manual and nonmanuallabor and return 
to work. There is a significant difference between 
the two groups. For abbreviations see Fig. 3 

than 125 W, 82% returned to work. On the other hand, the number of persons re
tired decreases significantly with increased work capacity: Of patients with a work 
capacity of 50 W or less, 44% had retired but only 1 % of those with a work capacity 
of more than 125 W (Fig. 7). 

In non manual laborers the relationship between return to work and work ca
pacity was not so close (Fig. 8). Even of patients whose work capacity was 50 W or 
less, 74% returned to work, compared to 40% of the manual laborers. 

Figure 9 shows the relationship of the number of more than 50% stenosed vessels 
and return to work. In the manual labor group, those with three-vessel disease have 
a lower return-to-work frequency than those with no- or one-vessel disease. In the 
three-vessel disease group, the number of persons retired is very high, with 45% 
(Fig. 9). In the nonmanuallabor group this relationship also exists (Fig, 10), 

Heart volume per kg (calculated from simple X-ray pictures in two projections) 
is an acceptable indicator of myocardial damage, With increasing heart volume the 
number of patients who returned to work decreased. With an HV increase greater 
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than 3 SO from that of the normal population (HV/kg greater than l3.6), the num
ber of manual workers who returned to work was as low as 43 %, while 40% were re
tired (Fig. 11). 

In the nonmanuallabor group the relationship between return to work and HV 
is not significant. Even in the largest HV group, 75% of the patients returned to 
work, compared to only 43% in the manual labor group with the same HV (Fig. 12). 
This means that in the nonmanual laborers, the degree of myocardial damage was 
not as significant a return-to-work-influencing factor as in manual laborers. 

Figure 13 shows the extent to which our recommendations for return to work were fol
lowed by the patients. Of the group to whom we had recommended return to the same 
work, 62% had actually resumed the same work as before MI, even after an average 
of 3.5 years. Fifteen percent were performing less strenuous work compared to their 
preinfarction status. Of the group recommended to retire, 46% did so. Of these pa
tients, 22 of26 (85%) were manual laborers and 21 of26 (81%) had a work capacity 
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of 50 W or less. Fourteen of26 (54%) had an enlarged HV/kg (over 13.6), and 14 of 
21 (67 %) had multivessel disease and moderate or severe left ventricular dysfunc
tion. It should be emphasized that 27% of the patients in this group had died during 
follow-up. This figure is significantly higher than in all other groups. 

Discussion 

MI at young age seems to be a very suitable model for a study of the influences of coro
nary heart disease on return to work, since these young patients are not aillicted 
with other factors, e.g., old age and age-related symptoms and diseases, which may 
also have a bearing on return to work. 

Our results can be considered representative for the following reasons: 

1. All postinfarction patients under age 40 were included in the study irrespective of 
symptoms and findings. Those who had coronary angiography are also represen-
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tative because this procedure had been recommended to all patients, again re
gardless of symptoms and findings, and 74% of the patients had agreed. 

2. The distribution of our patients into the different occupational groups is similar 
to that of the general working population in West Germany (Fig. 4). 

3. Furthermore, these patients had undergone comprehensive rehabilitation, in
cluding medical, psychological, vocational and, if needed, surgical treatment. 

As already mentioned, return to work is dependent on several conditions 
which can be grouped into the categories of (I) factors related to the severity of 
the disease (2), factors related to the physical demands of work, and (3) psychosocial 
factors. 

Factors Related to Severity of Disease. In some studies, return-to-work in coronary 
heart disease patients was found..to be independent of factors related to the severity 
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Fig. 10. Number of vessels diseased (V D) (> 50% stenosis) in nonmanuallaborers and return 
to work. A significant correlation was demonstrated 

of the disease [2, 3]. If this is not the case in our study, it is probably because of our 
comprehensive rehabilitation which tries to bring all patients, in whom medical 
conditions permit, back to work, Patients who were recommended for retirement 
had very severe damage, i.e., 81 % of them had a work capacity of only 50 W or less, 
54% had enlarged hearts, and 67% had multivessel disease. 

Medical criteria influencing return to work were work capacity, HV/kg body 
weight, and number of diseased vessels. These are in part interrelated. Angina pec
toris as a limiting factor is not often found in these young patients, thus, decreased 
work capacity mainly reflects the status of the left ventricle. All three factors are re
lated to prognosis [10-13], and this knowledge probably influenced our recommen
dations. Of those who were recommended to retire, 27% had died during the follow
up. We do not think that these patients died as a consequence of retirement, but be
cause of their severe disease. 

Factors Related to the Physical Demands of Work. For patients who were manual la
borers, return-to-work frequency was significantly lower than for those who were 
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nonmanual laborers. This is in agreement with studies on coronary heart disease 
patients in general [7, 8, 14-16]. In some manual labor patients, retirement because 
of the physical demands of the job seems unjustified. Many general practitioners as 
well as patients, at least in our country, still feel that physicaJ exercise or work may 
be harmful even for patients with only moderately damaged ventricles. We also be
lieve that severe left ventricular dysfunction is an indication for retirement recom
mendation. 

It is generally accepted, that healthy persons are able to perform (during 8 h) 
one-third of their maximum work capacity [17]. In angina pectoris patients, the 
allowable level of performance during 8 h can be so high as to correspond to one
half of their maximum work capacity with peaks close to the maximum [18]. 

100 1 Trm. MI under age 40. foll ow · up x 3.5 yea .. ) 

90 
~ 10.7 10.8 · 11.6 11.7 · 12.6 12.7 ·13.6 > 13.6 HV I kg 

80 I<x) 1 + I SO) 1 + 2 SO) 1+ 3 SO) (> 3 SO I 

% 
70 1 1.8 71 8 

.......... .. 
60 636 651 

5 
40 029 

30 

% 
20 '0 

A 
0 

10 '" '" 
0 
10 

15.6 

20 1 
% 12.6 [ 

30 

I 40 i 
i 

--'-1 
60 

n ~ 149 152 85 50 48 

Wmax x 110.4 102.2 103.2 85.2 70.9 
(J i 6.3 5.9 7.6 11.4 11.3 

D returned to work ~ill pensioned 

Fig. 11. Relative heart volume (HV) in manual laborers and return to work. A significant cor
relation was demonstrated 



184 L. Samek et al. 

100 ~1 0.7 10.8 · 11 .6 11.7 · 12.6 12.7 · 13.6 >13.6 HV / kg 

90 
(d') (+1 SO) ( + 2$D) ( + 3SO) (>3SO) 

80 
85\ l 8~ 

% 78\ 
750 

70 708 

60 ~ 

50 
i 

40 

30 os 

20 

10 

0 
10 

20 

% ....... Lt. 30 

o ~ 87 79 47 24 22 

wmax x 107.5 109.3 94.4 85.8 63 .5 

a il 7.2 7.7 10.2 15.1 17.0 

o returned to work ~ ill • pensioned 

Fig. 12. Relative heart volume (HV) in nonmanual laborers and return to work. A significant 
correlation was not demonstrated 

Psychosocial Factors. A significant relationship between educational level and num
ber of patients who returned to work was found in this study. This is in agreement 
with results found in coronary heart disease patients in general [5 , 19, 20]. The rela
tionship is, of course, at least partially influenced by the extent of manual work 
done in the different educational levels. 

Other factors influencing return to work, like job satisfaction and duration of in
activity [21], were not examined in this study. 

Summary 

In 746 men with a transmural MI before the age of 40, return to work was studied 
during a follow-up period of 6 months to 7 years (median 3.5 years). The main re
sults were: 

1. The 72% of patients who returned to work, remained practically constant during 
the follow-up period. 
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which we recommended returning to 
the same work (left) , 61.5% of patients, 
even 3.5 years later, performed the same 
work. In the group in which we recom
mended retirement (right) 46.1 % were 
retired and 26.9% had died 

2. Return to work was related to the following: the degree of manual labor before 
MI (P < 0.00 I); educational level (P < 0.005); and the occupational position be
fore MI (P < 0.02). 

3. Return to work was also related to work tolerance (manual laborers P< 0.001, 
nonmanual laborers P < 0.05), the number of vessels diseased (manual laborers 
P < 0.025, nonmanuallaborers (P < 0.002), and the HV/kg (manual laborers only 
P< 0.002). 
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Psychological and Vocational Aspects 
in Postinfarction Patients Below the Age of 40 

W. LANGOSCH, G. BRODNER, and U. MICHALLIK-HERBEIN 1 

Postinfarction patients below the age of 40 are especially in need of comprehensive 
rehabilitation because the infarction endangers their professional career and the so
cial status of the family. Furthermore, it can be expected that living with a chronic 
disease causes considerable psychological problems. For older postinfarction pa
tients, psychological deterioration some months after hospitalization is well docu
mented [1-5]. 

In postinfarction patients under 40 there is unfortunately no empirical data 
about occupational and social problems for the period after hospitalization when 
they have resumed their jobs readily available. 

Therefore, it was the purpose of our study to investigate the following questions: 

1. What are the immediate and long-term consequences of myocardial infarction 
(MI) under 40 years of age on psychological findings and life habits? 

2. How do these postinfarction patients react to job stressors and is this behavior dif
ferent from other chronically ill patients? 

3. What is their vocational status after having resumed their jobs? 

Patients and Methods 

The psychological and vocational data of three groups of male patients (all under 
40) were recorded (Table 1): MI patients under 40, 6 months after MI (sample 1); 
patients who had suffered from a transmural MI 3.5 years ago at an age under 40 years 
(sample 2): and patients under the age of 40 who were suffering from Bechterew's 
arthritis for several years (control group for sample 2) (sample B). 

Nearly all MI patients under 40 who were admitted to our clinic immediately 
after MI (between July, 1978, and June, 1980) consented to participate in the 
study (sample 1). From the patients who were readmitted 3.5 years after MI, for 
cardiac checkup, several were lost to the study because they did not stay in the hos
pitallong enough (sample 2). 

For the control group (sample B) we selected patients with Bechterew's arthritis 
because they were chronically ill, but without coronary heart disease; psychosomat
ic factors are not supposed to be operative in the course or development of Bechte
rew's arthritis; and the patients are (like MI patients) strongly achievement oriented. 
The sample B patients, on the average, had been suffering from Bechterew's arthritis 
since 1968. The intensity of the rheumatic pain was measured on a 3-point scale and 
12% felt only slight pain, 50% felt moderate pain, and 38% felt intense pain. Progres-

1 Rehabilitationszentrum, Siidring 15,7812 Bad Krozingen FRG 
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Table 1. Numbers of patients investigated 

Sample 1 Sample 2 Sample B 

6 months 42 months Bekhterev's 
after MI after MI arthritis 
n n n 

First test 123 70 42 
(hospital) 

Second test 52 33 
(at home) 

sion of the disease was evaluated on a 4-point scale and 63% of the patients be
longed into class 2, and 62% fell to class 3. 

Those patients of the MI groups who had been tested the previous year were re
tested with a limited set of psychological and occupational inventories. The ques
tionnaires were completed at home. 

The statistical methods used for analysis were as follows: 

Student's t-test for independent groups; two-way analysis of variance with respect to 
the factors groups and terms; 
Pearson-Bravais correlation coefficient; and 
factor analysis (mean component analysis with V ARIMAX rotation), the selection 
of the factor solution being based on 

a noticeable decline in eigen values, 
a small increase in the fraction of clarified variance, 
and 
an improved psychological interpretation. 

Results 

MI groups did not differ in sociographic variables, such as education, number of 
children, residential district, period of professional activity, number of job changes, 
continuity of professional advancement, effort to gain a better professional qualifi
cation, number of years employment at the present firm, income, and social status 
of the patient and of his father. Therefore, they can be regarded as subsamples of 
the same population of postinfarction patients, i.e., differences in the dependent 
psychological and vocational variables are attributed to the independent variable 
different duration of illness. 

The first test, performed during the hospitalization period, did not reveal signifi
cantly different psychological and life style variable scores for the two MI groups 
(Student's I-test for independent groups). According to the results of separate factor 
analyses of the psychological data of both groups, however, this similiarity of person
ality structure is limited (Table 2). Factors in common were achievement-behavior 
and social withdrawal. They differed with respect to two other factors: Sample I 
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Table 2. Factor structure of personality dimensions for two groups of 
postinfarction patients below the age of 40 

Factor I 
Factor 2 
Factor 3 
Factor 4 

Sample 1 (n = 123)" 

Depressed/irritated behavior 
Achievement behavior 
Social withdrawal 
Physical complaints 

" SD2=51% of variance are clarified 
b SD2 = 59% of variance are clarified 

Sample 2 (n = 70) b 

Impulsive/impatient behavior 
Achievement behavior 
Psychophysical complaints 
Social withdrawal 
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showed a depressed, irritated behavior and sample 2 showed accentuated impulsivi
ty and impatience. While sample I complained mostly of pain and cardiac symp
toms, sample 2 had psychophysiological complaints. 

Between sample 2 and sample B we found many psychological differences (Ta
ble 3). The ratings, performed by an experienced clinical psychologist, revealed that 
sample 2 patients were significantly more disturbed in several psychological aspects 
(Student's t-test for independent groups). The results correspond to differences in 
personality variables (significant on the 5% level) (Table 4). 

The factor analysis shows dissimilarity of personality structure in these two 
groups (Table 5). 

The particular difficulties of sample 2 concern interpersonal relationships: They 
did not use achievement behavior to master their physical restrictions as sample B 
did, and sample 2 was impulsive and impatient, while sample B tended to be inse
cure and irritated. 

An analysis of vocational data was only performed for those MI patients and 
Bechterew's arthritis patients whose occupational activities turned out to be very 
similar in the hierarchical cluster analysis. 

In the group of MI patients, job stressors were frequently related to insufficient 
approval of professional activities, while in sample B they were related to insuffi-

Table 3. Differences of psychological data in different groups of chronically 
ill patients (mean±SD) 

Variables" Sample 2 Sample B pb 

Dissimulating 2.63± 1.62 1.90± 1.05 0.02 
Inhibited 1.63± 1.00 1.21±0.56 0.05 
Depressive 2.09± 1.01 1.47±0.99 om 
Excitable 2.37± 1.13 l.52±0.86 0.00 
Mood labile 1.69±0.96 1.28±0.59 0.03 
Family problems 1.96± 1.33 1.19±0.55 0.01 
Diet problems 1.43± 1.01 1.00±O.OO 0.04 
Neurotic symptoms 1.70± 1.07 1.23±0.57 0.03 
Sleep disturbances 1.50± 1.12 2.31±0.78 0.00 

" Rating scale from I (not present) to 5 (very intensitive, very often present) 
b Student's (-test for independent samples 
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Table 4. Differences of personality dimensions of different groups of chroni
cally ill patients (mean± SD) 

Variables 

Nervousness 
Excitability 
Dominance 
Emotional lability 
Cardiac complaints 
Hypochondriacal behavior 
Pain 
Subjective stress 
tolerance 

Sample 2 

6.00±4.31 
4.62±2.63 
4.26±2.15 
4.94±2.76 

14.74±6.17 
21.33±5.97 
14.10±4.75 
24.75±6.03 

• Student's t-test for independent samples 

Sample B 

2.89±2.98 
2.71±2.08 
2.74±2.05 
3.29±2.15 

1O.87±3.26 
17.95±5.42 
17.34±4.00 
29.03±3.74 

p. 

0.04 
0.00 
0.00 
0.02 
0.00 
0.02 
0.00 
0.01 

Table 5. Factor structure of personality dimensions for two different groups 
of chronically ill patients 

Sample 1 a Sample 2 b 

Factor 1 

Factor 2 

Impulsive/impatient behavior Insecure/irritated behavior 

Achievement behavior Achievement behavior as a 
reaction to physical restrictions 

Psychophysical complaints Social anxiety Factor 3 

Factor 4 Social withdrawal hypochondriacal behavior, 
time urgency, and impatience 

• SD2 = 59% of variance are clarified 
b SD2=55% of variance are clarified 

Table 6. Frequency of single job stressors for postinfarction patients (n = 30) 
and a control group of Bechterew's arthritis patients (sample B) (n = 30) 

Stressor 

Multifunctional-task demands 
Insecure decisions 
Vigilance 
Noise 
No control of work success 
Overtime work 
Additional engagements 
Too much controlled 
No influence on sequence of operation 
Lack of information 
Demands of improved knowledge 
Necessary overtime work not appreciated 
Lack of communication 

Sample 2 (%) 
MI 

97 
83 
97 
53 
77 
63 
27 
13 
33 
23 
97 
57 
27 

Sample B (%) 

86 
63 
72 
30 
90 
80 
38 
21 
52 
47 
73 
41 
3 
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Table 7. Correlations between job stressors and job stress in 
MI and Bechterew's arthritis patients (sample B) (correlation 
coefficient r ~ 35 in one sample) 

Variables Sample 2 Sample B 
(n=30) (n = 30) 

Interruptions 0.59 0.10 
Services 0.55 0.10 
Understaffing 0.70 0.44 
Terms 0.24 0.60 
Insecure decisions 0.07 0.38 
No control of work success 0.32 0.46 
Vigilance 0.36 0.62 
Warking time 0.06 0.47 
Stressful environment 0.16 0.84 
Threat of accident 0.07 0.59 
Way to work 0.37 0.89 

Table 8. Correlation between job stressors and overall job sa
tisfaction in MI and Bechterew's arthritis patients (sample B) 

Stressors Sample 2 Sample B 
(n=30) (n=30) 

Multifunctional-task demands +0.45 -0.19 
No control of work success +0.46 -0.14 
Services +0.17 -0.59 
Working time +0.37 -0.02 
Stressful environment +0.37 +0.08 

Table 9. Interactions of the factors groups and terms in a two-way analysis of variance 

Variables Sample 1 (n = 50) Sample 2 (n = 30) 

Test 1 Testa Test 1 Test 2 
(mean) (mean) (mean) (mean) 

Hypochondriacal behavior 17.10 21.12 20.10 20.43 
Job involvement 21.32 20.55 18.93 20.04 
Job competition 19.30 18.26 16.26 17.30 
Job responsibility 25.83 24.31 24.96 26.52 
Social desireability 12.78 12.20 13.47 13.87 
Inhibition 3.75 4.08 3.91 3.35 
Presence of occupational problems' 1.66 1.52 1.44 1.59 
Self-rated degree of fitness on the job b 3.83 3.11 3.39 3.21 
Alcoholic units C during the last 12 months 10.94 34.50 30.07 35.57 

• No/yes = 112 
b Not at all fit (1) to very much fit (5) 
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P 

0.00 
0.07 
0.14 
0.00 
0.03 
0.08 
0.05 
0.09 
0.01 

C Scale of alcoholic units: 11 beer/week 1 point; lh 1 wine/week 1 point; 4 cl brandy/week 
0.2 points 
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Table 10. Follow-up data of post infarction patients (I8 months after MI) 

Variables 

Support from the family' 
Regard given to the disease on the job' 
Time pressureb 

Insecurity in decisions, responsibility, etc.b 

Tensionb 

Stressful environmentb 

Overtime b 

Interpersonal problems b 

Secondary job b 

, Not at all (I) to very much (5) 

Mean 

3.60 
2.20 
1.69 
1.80 
1.88 
1.88 
1.41 
1.79 
1.80 

No. of patients 

52 
45 
42 
35 
32 
34 
27 
34 
30 

w. Langosch et al. 

b Reduced (I), unchanged (2), or increased (3) as compared to the time be
fore infarction 

cient control of activities. The correlation coefficients between stressors and self
rated job stress were, in general, lower in MI patients than in sample B (Tables 6,7). 

The scores for overall job satisfaction and several components of job satisfaction 
were higher in the MI group, and the correlation between stressors and overall job 
satisfaction was positive. In sample B the correlation coefficients are mainly nega
tive (Table 8). 

At 1 year after hospitalization the results of a two-way analysis of variance with 
the factors groups and terms showed significant deterioration of many psychological 
data in both MI groups. Only the psychological scales for achievement behavior and 
interpersonal problems showed no significant differences from data collected during 
the first hospitalization. In accordance with these results, the patients themselves re
ported many negative changes in their daily life; difficulties falling asleep, sleep is 
interrupted, requiring more sleep, and feeling less rested in the morning and less fit 
on the job. They admit that their way of life tends to be as it was before MI. On 
some scales, especially in variables concerning achievement behavior, the signifi
cant interaction effect between the factors groups and terms shows a different 
trend for sample 1 and sample 2 patients (Table 9). 

For sample 1 patients the scores of the scales job-involvement and job-responsi
bility decrease, while when compared to the results of the first investigation they in
crease for sample 2. The variables job competition, presence of occupational prob
lems, and self-rated degree of fitness on the job show a similar trend. 

One year after discharge from the hospital and 18 months after MI sample 1 pa
tients stated that they received reasonable support from their families in trying to 
adapt to the disease and to handle the new situation, while on the job little regard is 
given to their disease (Table 10). 

Therefore, the results obtained by investigation correspond with the patients' 
statements that most job stressors have not diminished since the time before MI. 
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Discussion 

Starting from the data obtained during hospitalization, the most striking difference 
between sample I and 2 patients is the dissimilarity in their personality structure. 
Being confronted with chronic disease has entailed a qualitative change in the per
sonality structure of these patients. 

If the potentially confounding effect of different test settings is eliminated, 
however, the quantitative psychological differences between the postinfarction pa
tients, independent of the duration of the disease, are small. rherefore, the psycho
logical deterioration found before in older MI patients is not only due to the longer 
duration of the disease, but also to different test settings (most of these patients had 
their first test in the hospital and the second at home) [1-5]. 

This hypothesis is supported by the results of the retest, which showed that the 
patients were inclined to reveal psychological problems when confronted with daily 
problems and difficulties. This was true for both MI groups, i.e., also for those MI 
patients who had been readmitted to the hospital for cardiac checkups. Thus, these 
results show that, even 3 years after MI the patients are unable to accept the fact 
that they are chronically ill. The hope that the results of the checkup might be excel
lent represses the negative experiences and brings about an unrealistically optimis
tic attitude toward the future. This hypotheses could explain the fact that MI pa
tients are inclined to dissimulate or to deny psychological problems during hospi
talization [6]. 

The significant interaction effect of achievement-behavior variables shows that, 
during the first years after MI, patients succeed in trying to reduce achievement be
havior, but in the long run return to their former life habits, especially to their for
mer patterns of occupational striving, even if they still feel less fit on the job. 

The comparison of sample 2 and sample B patients reveals a higher emotional 
lability in MI patients. In several psychological aspects they are also more conspi
cious than Bechterew's arthritis patients and, in addition, the personality structures 
of the two patient groups are quite dissimilar. 

These results are in contrast to the statement of Stocksmeier [7, 8], who claims 
that all patients with a chronic disease suffer from a "psychic syndrome of the chron
ic patient" that is independent of the somatic diagnosis. In conclusion, it can be 
said that though chronically ill patients have some psychological traits in common, 
different types of different somatic disease seem to be associated with specific psy
chological problems. 

The results of the job analysis indicate that for MI patients many job stressors 
are not necessarily associated with exhaustion or physical complaints, as is true for 
the control group. It is possible that MI patients consciously ignore mild symptoms 
of fatigue or that they have an elevated exhaustion threshold. Furthermore, positive 
correlation coefficients between job stressors and overall job satisfaction in the MI 
group seem to prove that MI patients have a positive attitude toward job stressors. 
They seem to like a challenging environment. Therefore, job dissatisfaction is not a 
characteristic of MI patients as formerly reported by House [9]. It can be assumed 
that, for MI patients, job dissatisfaction is the result of high occupational demands 
which exceed the patients' efficiency over a long period and, finally, result in a kind 
of depressive syndrome. This hypothesis is in agreement with the statement of Ap-
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pels [10], that vital exhaustion and depression are precursors of MI. The results also 
agree with the hypothesis of Glass that individuals with type-A behavior are not 
only infarction-prone [11] and reinfarction-prone [12], but also have an increased 
tendency for "control ability" [13]. Individuals who regard most of their occupation
al demands as a challenge they are fond of cORing with, and who are insensitive to 
mild symptoms offatigue, not only meet some requirements necessary for successful 
control of their environment, but also increase the MI risk. 

Finally, it can be deduced from the patients' statements that most job stressors 
have not diminished in intensity as compared to the situation before the MI, and 
that the observed increase of achievement behavior is at least in part a consequence 
of the work load they are confronted with immediately after having resumed their 
jobs. The unchanged pattern of external stimuli persuades the patients to pursue 
their desire for control ability and, therefore, to again use achievement behavior as 
a means to effectively control their occupational environment. 

Conclusions 

1. In the long run, MI has a disturbing effect on psychological condition. Postinfarc
tion patients under 40 are psychologically clearly more conspicious than a control 
group of chronically ill patients without coronary heart disease. 

2. During hospitalization, postinfarction patients tend to dissimulate psychological 
problems as well as difficulties concerning their life habits. 

3. Postinfarction patients have a way of coping with job stressors that is not recom
mended for chronically ill persons. 

4. Postinfarction patients claim that in their professional environment little regard is 
given to their disease and that the intensity of most job stressors has not been re
duced since before the MI. 
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Risk Reduction and Coronary Progression 
and Regression in Humans 
R. SELVESTER, M. SANMARCO, and R. BLESSEy 1 

In various prospective studies [1-7] a sedentary overweight subject had an increased 
risk of new coronary events ranging up to 1.5. These studies have been done by oc
cupational stratification into sedentary, active, strenuous, and very strenuous levels. 
A number of studies have been attempted in primary prevention of coronary artery 
disease by multiple risk factor intervention trials, and early results are beginning to 
appear [8, 9]. A number of secondary prevention trials are under way and have 
shown a consistent reduction in mortality from recurrent infarction in the active 
exercising subjects, when compared to less active controls, and a significant change 
in the incidence of new coronary events [10-14]. 

We have been doing serial angiograms in a group of patients with angina and/ 
or a prior myocardial infarct (MI) [15]. This has the distinct advantage over epide
miological studies of looking at the target organ (the coronary arteries) directly in
stead of the more indirect end points of new events, documented infarction, or mor
tality, which are the secondary effects on the end organ. It has the disadvantage that 
the target population being studied is not the apparently healthy population, but 
the patient who has already suffered some direct consequence of serious disease. 

Patients and Methods 

Several years ago a four-way randomized study of patients with symptomatic angi
na and/or MI was started. Patients meeting inclusion criteria and who accepted the 
program were randomized into four groups: surgery + low-level exercise; surgery+ 
high-level exercise; medicine + low-level exercise; medicine + high-level exercise. All 
were managed by a multidisciplinary cardiac rehabilitation team consisting ofphy
sicians, rehabilitation nurses, physical therapists, occupational therapists, a psychol
ogist, a psychiatric social worker, and a nutritionist. All four groups of patients 
were exposed individually andjn groups to an intense risk-reduction program, in
cluding diet counseling (low animal fat, prudent diet), weight reduction, aggressive 
control of blood pressure and arrhythmias, cessation of smoking, and a supervised 
progressive exercise program. For this study those randomized into low-level exer
cise groups were maintained at heart rates that do not produce fitness training effects. 
They were encouraged to exercise at least 30 min three times a week at pulse rates 
at or below 110 bpm. Those randomized into high-level exercise groups progressed, 
under supervision, to fitness levels of exercise training. Specifically, to be called 
high-level trained in this study, patients were exercising at least three times a week 

I Division of Internal Medicine, Section of Cardiology, University of Southern California 
School of Medicine, Rancho Los Amigos Campus, Downey, CA 90242, USA 
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at 75% or more of their maximum heart rate for 30 min or more. Most exercised five 
or six times a week at this level. 

Patients with left main artery disease and what we labeled left main equivalent 
disease were excluded from randomization and were advised to have surgery. Of the 
patients with left main artery lesions, 20% themselves decided not to have surgery. 
Of those with left main equivalent disease, 40% decided against surgery. Patients 
with poor ventricular function (ejection fraction less than 35%) were also excluded. 

All patients accepted into the protocol signed informed consent forms at onset 
for serial angiograms at entry, 18 months, and 4 years. 

From the beginning there was significant noncompliance and crossover that we 
could not control in spite of intense team effort. Forty percent were noncompliers, 
30% were fair, and 30% were good to excellent compliers. Self-selection was, in fact, 
the modus operandi. 

In this paper we report serial angiographic studies at an average of21 months in 
·104 medically managed patients previously reported [15] and 84 undergoing saphe
nous vein bypass grafting. Twenty-nine medically managed patients and 15 postby
pass patients became good compliers to the program, including the achievement 
of fitness levels of exercise training during the interval between angiograms. 

Ventriculograms were recorded at right and left anterior oblique projections. 
Left ventricular volumes and ejection fractions (EF) were calculated by the method 
of Sandler and Dodge, as modified in our laboratory. Selective cine coronary angio
grams were recorded on 35-mm film using the Judkins technique and were recorded 
in at least five projections in the left coronary artery and three in the right. 

All films were reviewed independently by two experienced angiographers. Draw
ings were made of the right and left coronary artery and its branches at right ante
rior oblique and left anterior oblique projections. Location and extent of narrowing 
was marked on each drawing. Each local obstructive coronary lesion was graded as 
to the percent of narrowing of cross-sectional area deemed present. Differences of 
less than 10% were considered insignificant and the average of the two numbers was 
used in the analysis: Of all identified lesions, 85% fell into this category. Differences 
in readings of more than 10% narrowing were resolved during a conference between 
the two primary reviewers. Five sets of films, where one set or the other was deemed 
technically unsatisfactory for adequate comparison, were rejected. For the purpose 
of this analysis, an increase of 30% or more or progression to total occlusion as a 
consensus reading in serial angiograms was considered as true progression. 

Results 

Change was observed in only 2 of 195 vessels showing total occlusion and, therefore, 
they were considered "nonprogressible" and were excluded from tabulation. Signif
icant progression was seen in only 3 of 107 normal vessels in the medically man
aged patients. These vessels were also considered "nonprogressible" and excluded 
from tabulation. Curiously, progression occurred in 15 of 80 previously normal ves
sels in patients who had under gone surgery, and these were tabulated along with 
332 vessels in both groups showing 50% or more occlusion but less than 100% occlu
sion (defined as "progressible" vessels). 
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Fig. 2. Coronary progression in 84 pa
tients undergoing saphenous vein by
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present progression in vessels proximal 
to the grafts and the two on the right re
present progression in the nongrafted 
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Fig. 3. Coronary progression in the 
"native" (nongrafted) vessels in all 188 
patients studied. Four groups are tabu
lated: Smokers who were not training 
during the interval between serial an
giograms; those who were training dur
ing this interval; nonsmokers who were 
not training; and nonsmokers who were 
training. The dot/ed-line bar to the right 
represents coronary progression in sub
jects achieving high levels of physical 
fitness. N on this graph represents the 
number of "progressible" vessels 
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Overall, coronary progression was found to be related to age in a bimodal fash
ion. When examined by half-decades, the lowest progression rate was in 53 pa
tients in the half-decade from 46-50 years of age with a significant increase in older 
age groups (P<0.025). Subjects (N = 44) 45 years of age and younger had a sig
nificantly higher progression rate (P<0.015). These data are shown in Fig. 1. 

Coronary progression in the vessels proximal to bypass graft (Fig. 2) was four
fold greater than in nongrafted vessels (P<O.OOI). The 37 patients from the medi
calor surgical group who became good compliers to a risk-reduction program and 
maintained fitness levels of training in the interval between serial angiograms, had a 
four fold overall decrease in coronary progression (P<O.OOI). These results are sum
marized in Fig. 3. 

In stepwise multivariant regression analysis, young age at onset of infarction and 
smoking consistently emerged as the most important variables. Cessation of smok
ing decreased the risk of progression by a factor of 2. Sedentary lifestyle, obesity, 
and hypertension were highly correlated. When taken together, fitness levels of 
training, weight reduction, and control of hypertension reduced the risk of coro
nary progression another two fold. 

Conclusions 

The following conclusions from this data seem justified: 
1. All patients with left main disease and those with two- and three-vessel dis

ease, with angina, two or more progressible vessels, and good ventricular function, es
pecially if they have been refractory to medical management, will have significant 
relief of symptoms and improved exercise tolerance from bypass surgery. Surgery 
alone may be a temporary reprieve, not a pardon. They will experience significantly 
more functional improvement if they comply with a high-level exercise program, 
adopt a low-fat diet, lose weight, and stop smoking. They will also enjoy significant
ly less progression in the native ungrafted vessels and fewer new coronary events. 

2. Medically managed patients and those undergoing saphenous vein bypass 
grafting who remain sedentary, continue to smoke, and are, in general, noncom
pliers to risk-reduction lifestyle changes can expect progression in the native circula
tion at the alarming rate of 21 % per major "progressible" vessel per year. Ten per
cent of these vessels per year progress to 100% occlusion and angiographically visi
ble infarct. Seven percent of these major "progressible" vessel per year will expe
rience clinical infarct. This progression rate is significantly higher in the younger pa
tient (below 45 years). 

3. A comprehensive Risk Reduction Coronary Rehabilitation Program which 
includes high-level (and we emphasize high level) fitness training not only produces 
major improvements in fuctional capacity and significantly increased high-density 
lipoproteins, but it reduces the risk in both postbypass and medically managed pa
tients nearly fourfold from 21 % progression per major "progressible" vessel per year 
to 5.7%, from 10% to 2.5% for progression to 100% occlusion with visible angiogra
phic infarct, and from 7% to 1.7% for new clinical infarct. 

This requires a major change in lifestyle for the vast majority of patients. One 
which can enhance both the quality oflife in addition to significantly decreasing the 
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rate of new MI. Such a lifestyle change is even more important to the younger pa
tient (under 45 years) with a recent MI who would, without infarction, have had 
every reason to expect that his most productive 3 or 4 decades were yet ahead of 
him. From this data it appears that they still can be, but it will require a clear-cut 
change in living patterns; a redefinition, in our view, of "THE GOOD LIFE". This 
is as much a social problem as a medical one. 
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Myocardial Revascularization in Patients Under 40 
Years of Age 

H. J. RADTKE 1, c. HAHN, H. ROSKAMM, and M. SCHMUZIGER 2 

Aortocoronary bypass grafting today plays a fixed role in the therapeutic approach 
to coronary artery disease. That it improves quality oflife by increased angina-free 
working tolerance [1, 5, 7, 9] is certain, and even prolongation of life is considered 
proven [3, 10, 14] in special forms of coronary artery sclerosis. 

Of special interest are patients under 40 years of age [4, 13, 15] with regard to 
risk factors, natural history of the disease, and medical or operative therapeutic pos
sibilities [6, 8]. The following is a report on our experience with coronary revascu
larization in patients under the age of 40 years. 

Patients and Methods 

Between 1973 and December, 1980, 1552 patients from our institution underwent 
coronary revascularization (Fig. 1). 72 or 4.64% of those (3 women, 69 men) 
were under 40. One patient was 24, another 25, 13 patients were 30-34, and 57 pa
tients were 35-39 years old. The angina-free and maximal exercise tolerance was 
assessed using a bicycle ergometer and a Swan-Gantz catheter with the patient in a 
supine position. A complete follow-up was attempted 1 year postoperatively and 
since 1978,8 weeks postoperatively with yearly exercise-tolerance testing. The num
ber of risk factors was evaluated by information from patients and laboratory data. 

Results 

The main risk factors (Fig. 2) were smoking (90.5%), overweight (98.5%), hyperlipi
demia (94%), and hypercholesterolemia (89%). Hypertension, hyperuricemia, and a 
family history of coronary disease were encountered frequently, whereas diabetes 
did not playa significant role in this patient group [6, 8, 13, 15]. Of the 72 patients, 
57 already had preoperative infarctions with mildly impaired left ventricular func
tion in 50%, moderate impairment in 19%, severe impairment in 5%, and only 26% 
with normal left ventricular function. 

At angiography only six patients had single-vessel disease (Fig. 3) with a very 
proximal lesion (proximal to the first septal branch) of the left anterior descending 
artery (LAD) which caused severe symptoms. Twenty-four patients had double-ves
sels disease, with right coronary artery disease in addition to the LAD lesions 

1 Present address: Romerbergklinik der BY A, 7542 Schomberg 
2 Rehabilitationszentrum, Sildring 15,7812 Bad Krozingen, FRG and Clinique medico

chirurgical de Genolier, Switzerland 
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Fig. I. Age distribution of all operated patients between 1973 and December, 1980 
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Fig. 3. a Subtotal LAD stenosis proximal to the first septal branch and b the same patient with 
coronary graft 

Fig.4. a In addition to the LAD stenosis, total occlusion of the right coronary artery (RCA) 
and b the same patient with bypass to the RCA 

Fig. 5. a Diffuse triple-vessel disease (LAD and circumflex area with left main stem stenosis) 
and b the same patient with bypass to LAD and diagonal branch 
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Fig.6a-d. Massive and diffuse, actually inoperable (LAD and circumflex area) a, the same 
patient with bypass to the LAD b, the same patient with additional total occlusion of the RCA 
c, and the same patient with bypass to the RCA d 

(Fig. 4). The remaining 42 patients had triple-vessel disease, mostly with massive 
and diffuse disease of the peripheral vessels (Fig. 5). According to the usual criteria, 
some of them had been refused for revascularization (Fig. 6) and only their youth 
and disabling angina at low exercise tolerance (25-50 W) without hope of improve
ment through medical therapy, which ruled out vocational rehabilitation, prompted 
us to operate on them. 

210 anastomoses, i.e., 2.91 grafts per patient, were performed. We lost one 
patient because of low cardiac output with renal failure 10 days postoperatively 
(operative mortality rate 1.38%). Another patient died I year postoperatively from 
an acute myocardial infarction (MI). The postmortem, however, showed both 
grafts to be patent. A third patient sustained a reinfarction 4 months postoperative
ly, however he had not reduced any of his risk factors (smoking, hypercholesterole
mia, hyperlipidemia, hyperuricemia) and increased from 30 kg above normal 
weight preoperatively to 40 kg above normal postoperatively. He is now (4 years 
postoperatively) retired, but his angina-free exercise tolerance increased from 25 W 
preoperatively to 125 W postoperatively, and then fell to 75 W after the reinfarction 
(total increase 50 W). 

Another six patients sustained a perioperative MI, diagnosed by EeG changes 
and specific enzyme rises, for an infarction rate of 8.3%. One patient now has a 
75 W tolerance with angina, as preoperatively, and is retired, one patient suffers 
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from congestive heart failure in spite of three patent grafts of four performed and 
he is disabled. The other four were enlargements of old preoperative infarctions 
without complications or hemodynamic impairment. 

Of the 72 patients, 59 were restudied. The other 13 were from other institutions 
(three patients), refused (three patients), or were only operated during November 
and December, 1980 (seven patients). At coronary reangiography, 115 of 154 per
formed anastomoses were patent (patency rate 74.6%) (Fig. 7). Complete revasculari-

In all 72 patients performed grafts 210 
= 2.91 grafts I patient 

In contr. 59 patients perform. gr. 154 
= 2.61 grafts I patient 

Patent grafts in 59 patients grafts 115 
= 1.95 grafts I patient 

I PATENCY RATE 74.6% I Fig.7. Number of performed, restudied, and patent grafts 

zation (all grafts patent) was achieved in 51 %. Satisfactory revascularization (50% or 
more performed grafts patent) was achieved in 37%, giving a total of88% satisfacto
ry results (Fig. 8). In 7% (four patients) all grafts were occluded and in 5% (three pa
tients) an unsatisfactory result (less than 50% performed grafts patent) was achieved. 
In the group of satisfactory revascularizations are nine patients with just two grafts 
performed, of which one is occluded graft. These patients belong to our earlier experi
ence, whereas our more recent policy is towards more complete revascularization, 
i.e., more grafts per patient. The classification of satisfactory results derives from in
creased angina-free exercise tolerance. 
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Filg. 9. Mean exercise tolerance preoperatively with 
and without angina (AP) and postoperatively with
out angina 

Preoperative mean maximum exercise tolerance under medication was 78 W 
with angina (Fig. 9). The mean angina-free exercise tolerance was only 49 W. The 
mean angina-free exercise tolerance increased postoperatively to 106 W, i.e., by 
57 W (116%). With this increase it is understandable that all but eight patients, 
(86.4%) are fit to work, which they would have been unable to do because of disabling 
angina even with maximal medical therapy. Some patients, however, had to be 
trained for physically less demanding jobs. 

Conclusions 

These results show that coronary artery surgery in this age group can be done with 
low mortality rates and low morbidity, even with unfavorable distal coronary ves
sels [9, 10]. As expected with this aggressive form of atherosclerosis, the overall pa
tency rate is lower than in the rest of our patients (84%-86%). But, in spite of the 
higher occlusion rate, postoperative exercise tolerance and the percentage of pa
tients who are now back at work are both higher than usual [2, 11, 12]. So, like 
others [6, 8], we feel encouraged in our policy of aortocoronary bypass surgery 
in the rehabilitation process of patients under 40 with almost inoperable coronary 
vessels and disabling angina. It seems to be a positive answer to the question of 
whether to be "written off", sitting in a wheelchair, or to lead a normal life. 
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Long-Term Results of Ventricular Aneurysm Repair in 
Patients Under 45 Years of Age 

P. S. DIAMOND, L. KOWALCZYK, R. PIFARRE, and R. M. GUNNAR 1 

Myocardial infarction (MI) is increasingly a cause of morbidity and mortality 
among the younger adult population. Left ventricular aneurysm formation occurs in 
approximately 5%-15% of such patients (Schlichter et al. 1954). Recent interest fo
cused on coronary bypass in the younger population has not specifically addressed 
the results of aneurysm repair (Laks et al. 1978). In view of this, we decided to re
view our experience in patients 45 years of age or younger who underwent an
eurysm repair at our institution during the past 10 years. Thirty-two patients met 
criteria to be included in this study, and it is our purpose to report the presenting 
characteristics of these patients and late follow-up of their survival and functional 
recovery. 

Patients and Methods 

Between January, 1970, and December, 1980, 4186 coronary artery bypass opera
tions were performed at L.U.M.C. During this same period, 266 aneurysm repairs 
were also performed: Two of those repairs were performed in children with conge
nital aneurysms and these patients were excluded from this study. Of the remaining 
264 patients, 32 patients were age 45 or under. Thirty patients had aneurysms of ar
teriosclerotic origin, while in two patients the aneurysm was secondary to chest wall 
trauma. These 32 patients comprised the study group. 

All patients' charts were reviewed, and follow-up was obtained either from these 
records or direct contact with each patient or the patient's physician. 

All patients underwent cardiac catheterization, coronary angiography, and left 
ventriculography. Patients were followed up over a variable length of time, with a 
mean follow-up period of 61 months. Operative reports and pathology results were 
reviewed. Location of the aneurysm was specified in all patients, as was the number 
of diseased vessels bypassed. Presence or absence of thrombus in the aneurysm was 
noted in the operative report. 

Preoperative N.Y.H.A. functional classification was compared to the clinical 
classification in the late postoperative period in each patient by review of the clini
cal notes. The specific reasons for surgery were tabulated. All cardiovascular com
plications in surviving and nonsurviving patients were tabulated and the specific 
cause of death was ascertained in all nonsurvivors. 

I Departments of Medicine and Surgery, Sections of Cardiology and Cardio-Thoracic Surge
ry, Loyola University Stritch School of Medicine, 2160 South First Avenue, Maywood, IL 
60153, USA 
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All patients were followed up for a minimum of 6 months, but long-term follow
up in two patients was incomplete, although of these two, one patient was followed 
up for 6 months and one for 12 months. There were no preoperative embolic episo
des, and none of these patients required valve replacement or repair. 

Results 

The 32 patients 45 years of age or under who underwent aneurysm repair represent
ed 13.7% of the total group of patients who underwent aneurysm repair at our insti
tution over the specified 10-year period. There were 29 males and three females, for 
a male to female predominance of 9.7: 1. Of those 30 patients who had suffered pre
vious infarction, the majority (70%) underwent aneurysm repair within 1 year of 
that infarction. In the two patients with trauma, one aneurysm was due to blunt 
trauma and the other a consequence of coronary artery laceration. 

The reason for surgery was congestive heart failure in 16 patients, including the 
two patients with traumatic aneurysm, angina pectoris in 11 patients, and uncon
trolled ventricular arrhythmias in five (Table 1). Preoperatively, 26 (81 %) of the pa
tients were in functional class III or IV by N.Y.H.A. criteria (Table 2). The site of 
aneurysm involved the anterior and/or apical regions of the left ventricle in the ma
jority of cases (Table 3). At the time of surgery, three patients had only repair of an
eurysm, while 29 patients had aneurysm repair plus a variable number of coronary 

Table 1. Primary reason for surgery 

No. of 
patients 

Congestive heart failure 16 
Angina 11 
Arrhythmia 5 

Table 2. NYHA classification 

Survivors 
Class I 
Class II 
Class III 
Class IV 

N onsurvivors 
Class I 
Class II 
Class III 
Class IV 

Preoperatively 

o 
6 

18 
2 

o 
o 
5 
1 

Survived Died 

13 3 
11 0 
2 3 

Postoperatively 

21 
5 
o 
o 

o 
o 
5 
1 

Survival 
(%) 

81 
100 
40 
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Table3. Site of aneurysm 

Anterolateral + apical 
Anteroapical 
Anterolateral 
Apical 
Posterior 

Total 

No. 

9 
7 
4 
6 
6 

32 

P. S. Diamond et al. 

Table 4. Surgical procedure 

Aneurysm repair alone 
Aneurysm repair + ACBP' X 1 
Aneurysm repair + ACBP x 2 
Aneurysm repair + ACBP X 3 
Aneurysm repair + ACBPx4 

Total 

• Aortocoronary bypass surgerey 

No. 

3 (9.4%) 
13 (40.7%) 
12 (37.5%) 
3 (9.4%) 
1 (3.0%) 

32 

artery bypasses (Table 4). The left anterior descending (LAD) was the most com
mon artery to be bypassed, but the right coronary artery, obtuse marginal, and 
diagonal were also frequently bypassed. A total of 48 bypasses were performed 
(Table 5). All patients survived the initial operative procedure, but one patient 
died in the perioperative period (6 days) (operative mortality 3%). The remaining 
31 patients were followed up for a mean of 60.7 months (6-103 months). Of this 
group, there were five late deaths, for an overal mortality of 19% in the entire study 
group. 

Survivors. Twenty-four patients were available for long-term follow-up in Decem
ber, 1980, and two patients were lost to follow-up after 6-12 months though both 
were alive at the time of last contact. Twenty-four patients followed-up to the pre
sent time are in N.Y.H.A. class I or II, with 19 in class I. The two patients lost to 
follow-up were both in class I at last contact (Table 2). The two patients with trau
matic aneurysms are presently class I. Twenty-four of the patients available for 
long-term follow-up have survived for at least 1 year, and the longest survival times 
are now over 8 years since their aneurysm repair (four patients). 

Late complications have occured in eight patients (Table 6). Late MI occurred 
in two patients and cerebrovascular accident occurred in two. One of these latter 
two patients suffered two infarctions as well as cardiopulmonary arrest and cerebro
vascular accident, but he is currently class II with minimal neurologic sequelae. 
Ventricular arrhythmias have occurred in three patients, but are currently control
led by antiarrhythmic agents. Two patients underwent a second surgical procedure: 
In both of these patients, one bypass graft had occluded requiring a second bypass, 
and in one of them a recurrent aneurysm also required resection. Both patients are 
now class II. In both patients with cerebrovascular accidents, no cardiac source of 
embolization was documented. In the remaining patients, no thromboembolic epi
sodes have occurred, although one patient developed a superficial thromphlebitis. 
Atrial arrhythmias have not been a problem in the late follow-up period. Almost all 
patients remain normotensive without antihypertension therapy. 

Nonsurvivors. The one perioperative death was a result of uncontrolled ventricu
lar arrhythmias with hemodynamic deterioration secondary to the dysrhythmia. In 
the other five remaining nonsurvivors, mean length of survival was 63 months 
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Table 5. Site of coronary artery bypass 

Vessel 

Left anterior descending 
Right coronary 
Obtuse marginal 
Diagonal 
Circumflex 
Ramus intermedius 
Internal mammary implant 
Posterior descending 

Total 

No. 

17 
11 
10 
6 
1 
1 
1 
1 

48 

Table 6. Late complications in eight survivors 

Ventricular arrhythmias 
MI 
Cerebrovascular accident 
Sudden death 
Atrial arrhythmias 
Phlebitis (Superficial) 
Sternal Fistula 

No. 

3 
3 
2 
1 
1 
1 
1 

(36-77 months) (Table 7). All of these patients remained in class III postoperative
ly. Of these five patients, congestive heart failure was a contributing cause of death 
in all and was the primary cause in three. One patient died as a direct result of a 
new MI and one patient died suddenly. Two of the patients who died of congestive 
failure also had pulmonary emboli documented during their final hospital admis
sion. Of the six nonsurvivors, congestive heart failure was the main indication for 
surgery in three and uncontrolled ventricular arrhythmias in three. Two patients 
had aneurysm repair alone, two patients had single bypasses, and two patients had 
double bypasses. The LAD coronary artery was bypassed in three nonsurvivors. 

Discussion 

Atherosclerotic coronary artery disease is the major cause of left ventricular an
eurysm formation in the adult population, with an incidence of 3.5%-38% in pa
tients with acute MI (Abrams et a1. 1963; Davis and Ebert 1972; Dubnow et a1. 
1963; Schlichter et a1. 1954). Early autopsy studies by Schlichter et a1. (1954) deter
mined that 5-year survival in medically treated patients was 12%. Later autopsy 

Table 7. Cause of death in nonsurvivors 

1. Perioperative ventricular arrhythmias a 

2. Acute MI ventricular tachycardia (during 
recatheterization for ventricular tachycardia)" 

3. Sudden death (Class III, angina, premortem)" 
4. Cardiogenic shock, pulmonary embolus 
5.CHF 
6. CHF, pulmonary embolus 

" Patients operated upon for arrhythmia 

Postoperative 
survival 

6 days 
61 months 

64 months 
36 months 
77 months 
76 months 
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studies have been in general agreement with this finding (Cabin and Roberts 1980). 
As a consequence of this dismal prognosis, efforts since 1958 have focused on sur
gical repair to improve the long-term survival of patients with post-MI aneurysms 
(Cooley et al. 1958). 

Follow-up time after surgical repair with or without additional coronary artery 
bypass has been variable, but, in general, 2-year survival approaches 80%, while 5-
year survival is approximately 60% (Burton et al. 1979). 

None of these studies have directly investigated the early and late aspects of 
ventricular aneurysm in the younger adult age group. Shaw et al (1978) identified 
II patients, age 45 or under, in their study. We have not noticed that aneurysm for
mation is unusual after MI in the younger patient, and were surprised how few of 
these patients we actually subjected to surgery. 

It may be that the younger patient, frequently with first infarction, can compen
sate for the aneurysm because of the good remaining myocardium. If such patients 
have single-vessel disease, they would probably not be considered for bypass even 
with some post-infarction angina because the bypassed vessel would go mainly to 
scar tissue. We thought our low incidence of aneurysm repair in young patients 
might be confined to our population, but of the 169 patients in the Burton et al. 
(1979) report of the Stanford experience with left ventricular aneurysm repair, only 
seven patients were under 40 years of age, and only 12 patients at ages 40-45 and 45 
years (11 % under age 46) (Shumway, personal communication). This compares well 
with the 32 of264 (12%) of our patients operated upon with aneurysms who were 45 
years old or younger. In the autopsy report of Schlichter et al. (1954), only 10% of 
patients were under 45 years of age; and in the series of Cabin and Roberts (1980), 
only 3 of28 patients (11 %) were in this age group. 

In our group of patients, the long-term survival of 81 % is somewhat higher than 
reported for aneurysm repair in all age groups. In addition, perioperative mortality 
was only 3%. Although Shaw et al. (1978) reported a similar value of 4.5% mortality 
and we have previously reported 6.5% mortality for all age groups (Moran et al. 
1976), many investigators have reported an operative mortality of9%-25%, with an 
average of approximately 12%. The lower mortality in our series and that of Shaw 
et al. (1978) may have special significance when surgical intervention is considered 
for this age group. Although none of our patients required septal defect repair or 
mitral valve replacement, all other aspects of the patient group were comparable to 
previous studies. Cooperman et al. (1975) and Hutchinson et al. (1978) found that 
increased age carried a higher mortality, but studies by Shaw et al. (1978) deter
mined that age did not alter long-term survival. The results of our study, when com
pared to previous reports, suggest that patients 45 years of age or under may have 
a longer survival after aneurysm repair than older patients undergoing similar an
eurysm repair. The data presented here becomes more significant because of the 
length offollow-up. 

Surgery for malignant arrhythmias was associated with the worst prognosis, 
while patients operated upon for symptoms of angina alone had a 100% survival. 
Congestive heart failure was the most common reason for surgery and was a con
tributing cause of death in most nonsurvivors. All of these findings are in agreement 
with other studies, although the absence of mortality in the angina group is both an
usual and very encouraging, especially since most of those patients are now in func-
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tional class I. The 9.7: 1 preponderance of males in this study remains unexplained, 
but suggests that younger adult males who sustain MI at age 45 or under have a greater 
risk of developing a ventricular aneurysm than females in that same age group. 

At the time of current functional evaluation, all survivors are in N.Y.H.A. class I 
or II. The patients who did not survive until most recent follow-up had all remained 
class III postoperatively, and this confirms the findings of others that poor left ven
tricular function postoperatively is associated with high mortality and can be pre
dicted from the poor left ventricular function present preoperatively. Relatively few 
serious complications occurred late in the course of the patients who survived, al
though "sudden death" in one patient and MI in two patients had potentially cata
strophic consequences. 

Thromboembolic complications have been reported in up to 52% of patients 
with aneurysms treated medically (Schlichter et al. 1954), while reports of surgically 
treated patients have reported a low incidence of thromboembolism. In our group, 
thromboembolic phenomenon were documented in only two patients, both of 
whom were in the terminal stage of their disease when this occurred. Only 12 pa
tients had thrombus present in the aneurysm at the time of surgical repair, which is 
a somewhat lower incidence than in previous reports, and may have been a factor in 
the low occurrence of thromboembolic phenomenon in this group. 

Conclusion 

It appears that left ventricular aneurysm requiring surgical repair is uncommon in 
the age group 45 years or less, but patients who undergo aneurysm repair in this age 
group have a low surgical mortality, and if congestive heart failure is absent in the 
postoperative period, chances of 5-year survival are excellent. As in other age 
groups, surgery for uncontrolled arrhythmias is associated with the least favorable 
prognosis. This should be considered in the preoperative evaluation, and perhaps 
improved by endo- and epicardial mapping. 

Excellent long-term survival occurs in those patients who have aneurysm repair 
and in whom the indication for surgery is angina. All survivors in this group are 
now in N.Y.H.A. functional class I or II. There appears to be a marked male predo
minance of patients with ventricular aneurysm in this age group, and late thrombo
embolic episodes are very infrequent. In view of the shortened survival in patients 
with ventricular aneurysms treated medically, the long-term benefits of surgical re
pair (in association with coronary revascularization, iffeasible) in patients 45 years 
and under seems strongly indicated. 
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Surgical Treatment of Chronic Ventricular 
Tachycardia After Myocardial Infarction 

G. GUIRAUDON 1 , C. CABROL 2 , G. FONTAINEl, R. FRANKl, J. BARRA 2 , 

and A. PAVIE 2 

The modem surgical treatment of ventricular tachycardia (VT) after myocardial in
farction (MT) is based on the mechanism of the arrhythmia and the significance of 
the pathological lesions [1, 2]. 

Chronic VT after MI may be terminated and induced by electrical stimulation 
[3]. This characteristic is suggestive of an underlying reentrant phenomenon. In MI, 
necrosis is maximal at the center of the infarcted area, which becomes fibrosed and 
thin walled [4]. Ventricular mapping demonstrates no electrical activity over this 
zone and it can therefore play no role in the genesis of arrhythmias. Around the 
central necrosis zone is situated a border zone consisting of ischemic and normal 
muscle, and fibrosis, the limits of which are difficult to delineate. Ischemic lesions are 
located essentially in the subendocardial layers. Endocardial fibrosis develops oppo
site the entire infarcted area. Therefore, the limits of the pathological area can be lo
cated by endocavitary exploration. The border of the endocardial fibrosis corre
sponds to the maximal extension of the lesions. Ventricular mapping demonstrates 
slow conduction and delayed potentials over the border zone [5-8]. This situation 
favors the initiation of reentry [9]. The border zone is where the arrhythmias arise, 
as this is where part of the reentry circuit responsible for the VT is located [9]. The 
epicardial site of origin of VT is situated in healthy myocardium at the edge of the 
border zone [7] whereas the endocardial origin of VT is situated within the limits of 
endocardial fibrosis [10]. 

However, not all MI results in localised organised scars. Some give rise to post
ischemic cardiomyopathy with dilatation. 

Aneurysmectomy resects or excludes the central fibrous zone which plays no 
role in the genesis of arrhythmias. This operation, which only gives mediocre re
sults, cannot be considered to be the treatment of choice VT after MI [11]. 

Since 1975, our team has been engaged in the development of surgical treatment 
adapted to the pathological lesions and to the mechanism of the arrhythmia: encir
cling endocardial ventriculotomy (EEV) [12], and simple ventriculotomy at the 
point of origin ofVT determined by epicardial mapping. The latter technique is the 
same as that developed by our team for the treatment of non ischemic VT [13]. 

I Cardiovascular and Thoracic Surgery, University Hospital, London, Ont., Canada 
2 Service de Chirurgie Cardio-Vasculaires, Hopitaux de Paris 47 et 83, boulevard de l'Hopital, 

F-75651 Paris Cedex 13, France 
3 Service de Cardiologie, Hopital Jean Rostand, 91. Inry, France 
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Encircling Endocardial Ventriculotomy 

Materials and Methods 

Our experience is based on a series of 29 patients (Table I) with an average age of 
54 years (range 36 to 66 years). Recurrent syncope related to ventricular tachycardia 
occurred in seven. All patients had a history of previous MI. 

Serial surface electrocardiograms (ECG) showed evidence of MI. Ten patients 
had posterior wall infarction, 17 anterior wall infarction, and two septal infarction. 
Coronary arteriography revealed coronary arterial narrowing of more than 70% in 
at least one major coronary vessel in 28 patients. One patient had no significant co
ronary artery narrowing, 13 had one-vessel disease, eight had two-vessel disease, 
and seven patients had three-vessel disease (including two with left main stem dis
ease). 

Single plane left ventricular cineangiography was performed in the right ante
rior oblique projection. Left ventricular aneurysm was considered to be present 
when there was a definite area of akinetic or dyskinetic myocardium. There was ex
cellent correlation between ECG site of the previous infarction and aneurysm loca
tion. 

The delay between MI and the first attack of VT ranged from 1 month to 15 
years. 

The surgical indication was based on the failure or troublesome side effects of 
medical treatment. A last trial with Amiodarone or Aprindine was usually per
formed when possible before surgery. 

Operative Technique 

The heart is approached through a median sternotomy. A careful macroscopic exa
mination is carried out but the limits of the ischemic zone cannot be distinguished 
from the epicardial aspect. Epicardial mapping is routinely performed during sinus 
rhythm to identifY the zones of slow conduction and low amplitude potentials. Epi
caridal mapping during triggered VT may lead to serious hemodynamic distur
bances, in which case it is carried out under cover of normothermic cardiopulmo
nary bypass. 

After entering the left ventricle (LV) through the thin-walled fibrotic zone, a 
complete examination of the endocardial surface can be carried out. Endocardial 
fibrosis, the limits of which correspond to the maximal extent of the ischemic le
sions. may involve the free wall of the LV, the septum, the papillary muscles, or a 
combination of these. The EEV follows the edge of endocardial fibrosis. 

At the free wall of the ventricle, the ventriculotomy is a full thickness section, 
sparing the epicardium and the coronary vessels. At the septum, the ventriculotomy 
is deep, almost transmural. 

The relationship of EEV to the coronary vessels, the papillary muscles and 
the septum is as follows. The coronary vessels and the perpendicular penetrating 
branches are spared. EEV may exclude a papillary muscle without impairing its 
function; nine posterior papillary muscles were excluded in ten posterior scars, and 
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two papillary muscles in 17 anterior scars and no mitral valve dysfunction was ob
served after surgery. 

The septum was involved in 28 of 29 patients. As the thickness of the septum 
cannot be measured accurately, "quasi transmural" ventriculotomy is performed 
step by step. It is transmural in some points. The depth of these points determines 
the depth of ventriculotomy. 

EEV achieves its objective by creating a fibrous scar barrier around the diseased 
zone. 

Results 

Four patients died in the perioperative period: two at operation (unable to come off 
bypass), one are after discharge on the lIth postoperative day (hypokalemia) and one 
on the 20th postoperative day (pulmonary embolism). Three patients died during 
long-term follow-up, one of pneumonia and the other two of recurrent MI. None of 
these deaths was related to recurrence ofVT. 

One early relapse of VT was observed, in a patient with posterior MI involving 
the right ventricle. Epicardial mapping and the configuration of the VT suggested 
that the right ventricular scar may have been responsible for the relapse. 

Late relapse of VT was observed in three cases. In the first case, VT occured 
2 months after operation but it was possible to discontinue antiarrhythmic therapy 
after 6 months without further recurrence, with a 3 year follow-up. The other two 
patients relapsed at 30 and 36 months respectively. These attacks were easily con
trolled with low doses of antiarrhythmic therapy. 

Simple Ventriculotomy 

Three patients aged 66, 60 and 62 years presented with VT over 10-18 years after 
MI of the septal, anterior and posterior wall respectively. None of these patients had 
angiographic features ofleft ventricular aneurysm. 

At operation, epicardial mapping localised the origin ofVT at the presumed site 
of MI although there was no visible scar either on the surface of the heart or on in
spection after ventriculotomy. 

Simple ventriculotomy at the site of origin was carried out by an endocardial ap
proach in the first two cases, via a limited ventriculotomy at the apex of the left ven
tricle. In the third case simple transmural ventriculotomy was performed on the dia
phragmatic wall of the left ventricle; this patient died at surgery oflow output fail
ure, the two others have had no further attacks of VT with a 6 year and a 3 month 
follow-up respectively. 
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Discussion 

Rationale of Encircling Endocardial Ventriculotomy 

EEV may have three possible effects on the pathophysiology of the infarct scar: 

- When located between earliest endocardial and epicardial break-through ofVT it 
may divide the mandatory pathway joining those points so interrupting the ven
tricular reentrant mechanism. 

- EEV may undermine the peripheral area of the border zone and so upset the cri
tical conditions essential for the initiation of reentry. 

- The clear cut fibrous scar secondary to EEV excludes the whole infarct scar pre
venting abnormal electrical activity from involving the ventricles. There is some 
evidence in favor of this concept of exclusion [14] based on studies of EEV per
formed in animal experiments: After EEV the conduction between excluded in
farct scar and normal myocardium is extremely delayed. Periodic electrical ac
tivity over the excluded area does not involve the ventricles. 

In conclusion, each of these mechanisms may be partially responsible for the ef
fectiveness ofEEV. However, the rationale ofEEV is based less on how to cut, than 
where to cut. The surgical action must be aimed at the edge of the border zone. The 
encircling ventriculotomy undermines the arrhythmogenic mechanism whatever its 
location around the infarct scar. 

Auneurysmectomy 

The results of aneurysmectomy in the surgical treatment of VT are controversial 
[15-17]. A study by W. Sealy and Oldham [I8] reported an overall success rate of 
58%. In our hospital 22 aneurysmectomies were performed to interrupt resistant VT. 
Four patients died during the perioperative period, and nine patients relapsed after 
surgery. Two of nine deaths were related to the early relapse of VT. Mason et al. 
[I9] reported 56 patients surgically treated by conventional techniques, of whom 48 
patients underwent aneurysmectomy, with associated coronary artery bypass per
formed in 32 cases. Eight patients had coronary bypass grafting alonge, because at 
surgery aneurysm was not identifiable or resectable. There were 11 early deaths 
after surgery, nine related to VT, and ten late deaths. Of the 35 survivors 20 required 
continued antiarrhythmic therapy. 

Most of the early deaths resulted from relapse ofVT and most patients required 
continued antiarrhythmic drug therapy. These results suggest a need for more effec
tive surgery. The failure of aneurysmectomy in preventing VT is due to the follow
ing reasons: (a) it resects ofleaves in place only the central fibrous part of the scar 
which plays no role in the genesis of tachycardia: and (b) it respects the border zone 
which is the site of arrhythmias, so only by chance may resection or suturing involve 
the site of arrhythmia. Aneurysmectomy is not always feasible and can no longer be 
considered the procedure of choice for the surgical treatment ofVT after MI. 
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Other Surgical Procedures 

Endocardial resection (ER) after peroperative endocardial mapping was developed 
by A. H. Harken et al. [20] and Josephson et al. [21]. Under normothermic cardio
pulmonary bypass, the left ventricle is entered through a conventional aneurysmec
tomy. If the VT is still inducible, endocardial mapping determines the site of earliest 
endocardial break-through of the tachycardia. When feasible, ER 2-3 cm around 
from the site of origin ofVT is carried out. When ER is not feasible the procedure is 
not clearly defined and the resection of the site of origin of VT may be incomplete 
[11]. In Horowitz's series of 30 patients, there were two operative deaths and three 
late deaths, and three patients presented with VT after surgery. The results of ER 
are similar to those of EEV. However, ER is essentiallynapplicable to anterior an
eurysms and is not always feasible, especially when dealing with posterior scarS. En
docardial mapping of the configuration of VT is mandatory [22] and although this 
point is not mentioned in Horowitz's paper, patients may present with multiple con
figuration ofVT. 

The hypothesis that several configurations ofVT correspond to a single arrhyth
mogenic zone located in the border area has not been established. In a recent case, 
two configurations ofVT were found on epicardial and endocardial mapping to cor
respond to two distinct arrhythmogenic areas 6 cm apart, one situated in the septum 
and the orther in the free wall of the left ventricle [23]. 

Some of our patients had up to eight configurations of VT which could arise 
from different arrhythmogenic sites [23, 24]. EEV is always feasible, even in post
erior scars and can be performed even when mapping is not complete or not avail
able [25]. 

EEV, ER, or aneurysmectomy can be performed when a so called aneurysm 
exists. For most authors an aneurysm is an infarct scar wh.ich comprises a relatively 
large central fibrotic thin walled and dilated area which provides an easy approach 
to the cavity of the left ventricle. After entering the left ventricle, the limits of endo
cardial fibrosis determine the limits of the border zone. Endocardial fibrosis is the 
only reliable anatomical landmark when dealing with aneurysm and infarct scar. 

Simple Ventriculotomy 

The 3 patients treated by simple ventriculotomy merit discussion. They illustrate 
that endocardial mapping is only feasible when a large fibrous plaque is present to 
allow easy access to the endocardial surface of the left ventricle. Epicardial mapping 
is very useful when there is no visible scar as the chronology between the earliest 
break-through and the onset of QRS may be determined. Epicardial mapping may 
also show the septal origin ofVT and so guide the surgical approach to the left ven
tricular cavity. 
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