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Seeing that death~ a necessary end~ 

WiU come when it wiU come. 

William Shakespeare Julius Caesar 
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Cardiovascular disease is still responsible for approximately one­
half of all deaths in the United States each year. Over the past two 
dEcades there has been significant advances into the treatment of these 
patients. There has been a significant decline in mortality over these 
two decades (Figure 1). 
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Figure 1. The decrease in cardiovascular disease between 
1960 and 1976. (Levi R: Progress towards prevention of 
cardiovascular disease, a thirty year prospective. Modern 
Concepts of Cardiovascular Disease 1978; 48: No. 10 by 
American Heart Association, Inc. 

Between 1960 and 1975 there wa~ an almost 25% decline in cardiovascular 
death rates. Since 1975 the decline has continued, but due to changes 
in reporting methods an exact comparison is not available.~ 

There are many potential causes for thi s decline. Dr. Blumenthal 
in his introduction to the Proaeedi s o the Con erenae on the Dec:Une 
in Coror~!Y Heart Disease Mortality suggested some potent1a causes. 
Causes he enumerated included artifact, coronary care units, emergency 
medical services/CPR, surgery, Medicare-Medicaid, less smoking, blood 
pressure control, diet change, cholesterol change, exerctse, environ­
mental and socio-economic factors. Recently several drugs have also been 
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mentioned as possibilities in reducing cardiovascu.ar deaths. This 
revi ew will try to examine those factors that might be affecti n~ lon­
gevity in Coronary Heart Disease {"i.e., secondary prevention). 

Before we start looking at specific studies, a short revi.ew of 
statistical methods is in order so that we can understand the signifi­
cance of these stud ·ies. To design a study to look at survival f rom a 
multi-system dhease is difficult at best. We obviously would li ke to 
have prospective, blinded, randomiz£~ trials. At times these trials are 
impossible. Where a trial is possible, there are problems in study 
design and numbers of patients. The most significant problem is a 
statistical problem. The mortality from Coronary Heart Disease is 
relatively low. The low mortality greatly affects the numter of pa­
tients needed for a studyo Dr. Joan Reisch of our school has calculated 
the number of patients needed to show statistical significance at various 
mortalities. We are assuming that an intervention w"ill reduce mortality 
by 35% as compared to placebo. We are assuming a 20% dropout (this is 
average for long term studies). 

Number of Number of 
Patients Patients 
for 70% for 90% 

Chance of Chance of 
Placebo Intervention Proving Proving 

Morta.J..lli Mortal it.}:' Difference Difference 

20% 13.0% 890 1514 
10% 6.5% 1946 .3320 

6% 3.9% 3356 5730 
2% 1.3% 10400 17782 

As the annual mortality for most subgroups of Coronary Heart Disease is 
between 2% and 6%, the problem with setting up studies is obvious. 
Large numbers of patients are needed, and these patients would have to 
be followed over long times. The longer the study the more dropouts 
occur, due·to lack of interest, patient moving, etc. A corrrnonly ust:d 
compromise is three years. 3-5 

Another way of looking at this is that if an intervention causes a 
35X reduction in morta.lity and the placebo mortality ·is 10% and you have 
ten studies each with 1620 patients, from a statistical standpoint you 
would expect seven studies to show a significant difference anC. three 
studies to be negative, just due to chance and the low number of pa­
tients. If each study had 294C• patients.:. then nine studi es would be 
positive and one negative from the statistical r:e:int of view. Sim­
ilarly, any subgroup would need the same number of patients i n the 
subgroup for a reasonable chance of provi ng statistical significance for 
that subgroup . The splitters who try to analyze subgroups from these 
studies often do the study a disservice and ~ake claims of lack of 
significances which are unjustified due to inadequate numbers in the 
group. 
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DRUG INTERVENTIONS 

Beta-Adrenergic Blocking Agents 

There have now been 17 trials using beta-adrenergic blocking agents 
after myocardial infarction. The post-myocardial infarction model has 
been the model selected by most investigators in order to have a chance 
to reach statistical significance. Post myocardial infarction patients 
are a more homogeneous population than angina patients (due to less 
errors in diagnosis) and have a higher mortal ity in the first year than 
the angina population; these two factors increase the likelihood of a 
successful study with a smaller number of patients. 6 

' The following table summarizes the major trials with various beta 
adr·energic blocking agents. Three of these beta blockers are available 
in the United States: metoprolol, pros;ranolol, and timolol. The three 
agents available in the United States are among the best studied drugs 
for prolongation of life. 

Drug 

Alprenolol 7 
Alprenolol 8 

Metoprolol 9-20 
Oxprenolol 21-22 
Practolol 23-24 
Propranolol 2s 
Propranolol 26 
Sotolol 27 
Timo161 28 

Major Beta-Adrenergic Blocking Agent Trials 

Post Myocardial Infarction 

Change In Treated GrouQ ~l 

Total 
Dose Patients Deaths Tot al Sudden (mg/dal) {Number) ill Mortalit,t "Death Reinfarction 
400 230 9% - 50% - 70% * 0 400 (<65y/o) 282 15% - 54% * 

(> 65 y/o) 198 42% + 22% 200 1395 7% - 36%?* - 48% * - 35% * ? ? ? - 16%" ? ? 400 3053 4% - 38% * - 45% * - 22% 120 720 8% 0 0 180 - 240 3837 8% - 26% * - 28% * 320 1456 8% - 18% - 15% - 41% * 20 1884 13% - 36% * - 45% * - 28% * 
* p < 0.05 
- Not reported 
? Unable to locate paper 

As can be seen, the majority of studies have shown a beneficial reduc­
tion in total mortality. If you lump all of the studies together, the 
beta blockers have reduced total mortality by 26% with a range of 15 -
35% {p < 0.00001). Further, if you look at those studies that have more 
than 1000 patients, four of five have shown a statistically significant 
reduction in total mortality. From the death rates and numbers of pa­
tients in these studies, this is exactly the distribution of positive 
and negative studies that we would expect. Hence, the evidence that 
beta-adrenergic blocking agents reduce mortality after myocardial in­
farction is extremely strong. Additional studies wi11 not shed further 
light on total mortality. 
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The mechanisms of reduction in mortality are more difficult to 
establish. When we try to look at mechanism of death we are dealing 
with smaller numbers than for Total Mortality, and the chances of reach­
ing statistical significance are much less than for Total Mortality. In 
spite of this~ five of six studies that evaluated sudden death found a 
reduction in sudden death which ranged from 15% to 7rtla. Hence, reduc­
tion in sudden death certainly appears to be one mechanism in r·educing 
mortality after myocardial infarction. 7_~ 9-:ll_: 16, 17, 23:-25, 27-,28 

A second mechanism that has been evaluated is reinfarction. Re­
infarction could certainly increase mortality. However, reinfarction 
causing death has not been effectively evaluated. Morbidity from rein­
farction has been investigated in several of the studies. It is impor­
tant to recognize that reinfarction was only analyzed in those patients 
who remained alive long enough to have 'ECG's and enzyme studies per­
formed. Six studies have looked at reinfarction rates, and three have 
shown a significant reduction in reinfarction rate. It should be noted 
that two of the negative studies had insufficient numbers of patients 
from a statistical viewpoint. Of the four studies with more than 1000 
patients, all showed reductions of 22% to 41%, with three of the studies 
reaching statisti cal significance. Hence, we have strong evidence that 
beta-adrenergic blocking agents reduce the reinfa.rction rate post myo­
cardial infarction. As the r·einfarction rate is decreased, then prob­
ably this also has influenced the reduction in total mortality, though 
we have no direct information on this point. 7, 9-ll, 13, 16-17, 2.3:--241 
2 6 1 28 

.· . 

A third potential mechanism is limitation in infarct size. Peter 
et al showed a significant reduction in peak creative Kinase when pro­
pranolol was administered in the first four hours after infarction. To 
date there are two good studies involving infarct s·ize. The Goteborg 
Metoprolo1 Trial looked at heat stable lactate dehydrogenase in 1375 
patients measured at 12 hour intervals for 48 to 108 hours. For· all 
1375 patients metoprolol showed a 10% lower LDH which was not signifi-
cant {p = 0.054). For the 936 patients who received ~~toprolol or 
placebo within 12 hours of onset of symptoms 9 a 19% reduction in LOH was 
found (p = 0.009). In 747 patients who received drugs w·ithin eight 
hours, a 16% reduction in LDH was found (p ~ 0.018). In 343 patients 
who received drugs wi U in four hours, the 13% reduction in LDH Y-Jas not 
significant (p = 0.167). In the Goteborg Meto~ro1ol Tr·ial there was 
also a reduction in infarct size by ECG mapping techniques. A recent 
study with propranolol vs. placebo (MILlS) failed to show a change ·in 
infarct size in 269 patients. In the MILlS study~ no change \'las seen in 
left ventricular ejection fraction, extent of area involved in pyrophos­
phate uptake, R-wave loss on electrocardiogr·ams~ or mortality at three 
years. Hence, the MILI·S trial , which is the best designed trial to 
date, failed to show any effect of beta-adrenergic blocking agents in 
the first eight hours m~ later after onset of symptoms. It should be 
noted that on1} 124 patients werE· seen within eight hours in MILIS7 
while the Goteborg Metoprolol Trial had 747 patients within eight hours, 
though the methods were superior in the MILlS trial. The answer concerning 
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infarct size remains in doubt, and hopefully two large on-going studies 
with atenolol and metroprolol will shed morE! light on infarct size. It 
should be noted that the MILlS trial only gave beta-adrenergic blocking 
agents for nine days after infarction and the mortality ~ata is only 
used as an index of infarct size, not on long term survival. i4-l5, 
2 9- 30 

Though other mechanisms may play a role in the reduction of mortal­
ity with beta-adrenergic blocking agents, there is no data that addresses 
these other mechanisms in man. Hence, we can safely say beta-adrenergic 
blockir:g agents reduce total mortality after myocardial infarction for 
up to three years. We have no data after three years. A part of this 
reduction is a reduction in sudden death. A second part of this reduc­
tion is probably. due to a lower reinfarction rate. Whether infarction 
size is a factor remains to be proven or not, and we must await further 
studies. 

Another issue involving beta-adrenergic blocking agents are adverse 
reacticns. The surprising aspect of all these studies were the low 
incidence of side effects. Hypotension occurred more frequently with 
beta-adrenergic blocking agents. · 

Metoprolol 20 

Propranolol 
Sotolol 27 

26 

Tirnolol 28 

* p < 0.05 
+ No statistics 

Hypotension 
All Episodes 

Placebo Drug 

20.2% 26.7% * 

0.7% 2.3% + 
2.8% 5.8% * 

reported 

Hypotension 
Causing Withdrawal 

Placebo Q_rug . 

1.4% 3.7% 
0.3% 1..2% : 
0.7% 2.1% 
1.2% 2.8% * 

Congestive heart failure, however, was not more frequent i n patients 
receiving beta-adrenergic blocking agents. 
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Congestive Heart Failure 

All Episodes Causing Withdrawal 

Placebo Drug 

Metoprolol 20 t 29.6% 27.4% 
Propranolol 26 

3~5% + Sotol ol 27 4.1% 
Timolol 28 9.8% 13.1% 

* p < 0.05 
Nc statistics reported + 

t Acute administration of drug or placebo 

Placebo Drug --
1.0% 0.6% 
3.5% 4.0% + 
3.8% 2.6% 
2.3% 3.7% 

It should be noted that the metoprolol study was started on Day One of 
infarction, and the other three studies after day five, accounting for 
the higher incidence of congestive heart failure. While beta-adrenergic 
blocking causes a decrease in heart rate in most patients, bradycardia 

· which required withdrawal from the study was low. 

Bradycardic Caused Withdrawal 

Placebo Drug 

Metoprolol 20 0.7% 2.6% * 
PrepranoloJ 26 0.3% 0.7% + 
Sotolol 27 0 4.4% 
Timolol 28 0.2% 3.9% * 

* p < 0.05 
+ No statistics reported 

Atrioventricular block (2°or 3°) also did not seem to be aggravated by 
beta adrenergic blocking agents. 

Atrioventricular Block (2° or 3°) 

Metoprolol 20 t 
Propranolo1+26 
Sotolol 27 
Timolol 28 

p < 0.05 

All Episodes 

Placebo 

4.8% 5.4% 

. 0.9% 0.7% 

* 
+ No statistics reported 
t Acute administration of drug or placebo 
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Causing Withdrawal 

Placebo 

1.6% 
0.1% 

0.3% 

Drug 

2.3% 
0.1% 

0.3% 



It should be noted that patients who had 2° or 3° atrioventricul ar block 
at randomization were excluded from all of the studies. The higher 
incidence of atrioventricular block in the metoprolol study was due to 
the fact that drug or placebo was given on Day One of infarction while 
never before Day Five in the other three studies. Serious ventricular 
ectopy was higher in the placebo ·group than with the beta-adrenergic 
blocking agents. 

' 
Serious Ventricular Ectopy 

All Episodes Causing Withdra~:al 

Placebo Drug Placebo Drug 

Metoprolol 17 9.8% 2.9% * 
Propranolol 26 

1. 5% + 
1.0% 0.3% ~ 

Sotolol 27 1.6% 1.4% 1.4% 
Timolol 2 8 4.0% 1.4% * 4.0% 1.4% •): 

* p < 0.05 
+ No statistics reported 

When you look at total withdrawals from each of the studies, the dif­
ferences between placebo and drug were small. 

Metoprolol 20 

Propranolol 26 
Sotolol 2 7 

. fi-molol 2 8 

* p < 0.05 

Total Withdrawals 

Placebo Drug 

19. u 
9.3% 

20.8% 
23.3% 

19.1% 
12.7% * 
25.4% * 
29.1% * 

Hence, the incidence of side effects was greater with beta-adrenergic 
blocking agents, but the. difference was small. 

Hence, it appears that beta-adrenergic blocking agents are bene­
ficial after myocardial infarction at reducing mortality and the in­
crease in risk of side effects is sma11. As seen in the following 
figure, there is somE suggestion that the earlier the beta-adrenergic 
blocking agent is given, the greater the overall survival; but this is 
only a suggestion. As the potential mechanisms for decreased mortality 
with beta-adrenergic blocking agents are also present in all patients 
with coronary artery disease, the question should be raised whether this 
protective effect might be common to all patients with coronary artery 
disease, though no data is available except during the first three years 
after myocardial ir.fc.trction. From currently available data no subgroup 
can be identified that has more or less percent reduction in mortality 
than any other subgroup; the laGk of statistical significance in various 
subgroups may be explained by inadequate number of patients. 
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Figure 2. Placebo survival is estimated by averaging all studies. 
Drug curves are estimated by the reductions from placebo in each 
study using the normalized placebo curve. Each curve starts on 
the average day of randomizations. 
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Antiplatelet Agents 

Aspirin and other antiplatelet agents have been touted as being of 
benefit in coronary artery disease . . Agents such as aspirin might 
decrease platelet clumping which could decrease the incidence of throm­
bosis, thereby decreasing the reinfarction rate and secondarily decreas­
ing mortality. Recently new work has brought about the suggestion that 
antiplatelet agents might alter platelet prostaglandin release such as 
decre.·ased levels of thromboxane A?, thereby diminishing the likelihood 
of spasm; less spasm could in turn reduce the r4 einfarction rate. 32- 36 

For these reasons large studies with three antiplatelet agents have 
been performed. Six studies have been performed using various doses of 
aspirin. One trial combined asr-irin with dipyridamole (Persantir1e), and 
two trials evaluated sulfinpyrazone (Anturane). These studies are 
summarized in the following table.37- 4 5 

Antiplatelet Agents in Ischemic Heart Disease 

Total 
Change From Placebo 

Dose Total Deaths Total Cardiovascular Drug fu!V_ Patients _ill_ Morta1it.I: Mortal it.}:: Reinfarction 
Aspirin 37 300 1239 9.6% - 24% - 18% - 21% Aspirin 38 972 1529 7.1% - 30% -: 31% - 21% Aspirin 39 900 1682 13.5% - 22% - 23% - 30% Aspirin '+O 1500 626 9.4% - 28% - 29% - 36% Aspirin 41 1000 4524 + 10.3% + 10% + 6% - 20% Aspirin 42 972 1216 11.3% - 18% - 21% - 24% 
Dipyridamole 225 
Aspirin 42 972 1216 + 11.4% - 16% - 24% - 25% 
Sulfinpyrazone 43 800 727 5.6% - 5% - 5% - 56% * Sulfinpyrazone 44-45 800 1558 6.8% - 28% - 30% 

* p < 0.05 
+ Placebo - 406 patients only 

Of the six studies using aspi rin alone, five out of six studies 
showed a reduction in total mortality, but this reduction was not 
statistically significant. It should- be noted that the reduction in 
mortality in these five studies ranged in the 20 - 25% range; and as the 
total mortality was less than 10% in three studies and 13.5% and 11.3% 
in the other two· studies, the number of patients was inadequate to have 
a reesonable chance of proving signifi~ance. Only the AMIS trial had 
potentially enough mortality and number of patients to hope for statis­
tical significance; and this study showed no change in mortality, though 
the trend was toward a 10% higher mortality than placebo. To have a 70% 
chance of a successful study, 10,496 patients would be needed. 37 ~ 42 
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When cardiovascular mortality was analyzed a similar result was 
found. Five of six studies had a reduction in cardiovascular mortality, 
and one study had a slight increase. None of these changes were statis­
tically significant. 37-42 

All six studies revealed a reci.L:ction in reinfarction rat~ with 
aspirin which ranged from 20 - 36%, but none of these reductions were 
significant. As the reinfarction rate is less than the mortality rate, 
there was little hope in any of these studies of reaching statistical 
significance. 37~ 4 2 

Hence, there is no conclusive data that supports that aspirin might 
reduce reinfar·ction and/or mortality. However, there is a fairly con­
sistent trend which suggests that aspirin reduces the reinfarction rate 
and mortality. Peto, initially, and several othet~ authors have pooled 
the results from the six aspirin trials. The pooled results reveal a 
21% reduction in reinfarction rate which is significant (p < 0.001}. 
By pooling cardiovascular mortality, aspirin reduc.ed mortality by 16% as 
c0mpared to placeto (p < 0.01). Hence, there is evidence that aspirin 
has a small but significant effect on reducing mortality and reinfarction 
rate. However, we must be careful at drawing too strong an opinion from 
pooled data~ because these studies had different entry criteria and 
different dosages of aspirin. In spite of these problems, we can say 
that there is fair evidence which supports the use of aspirin in the 
post-myocardial infarction patient. The dose of aspirin is not known. 
From studies on platelet function it has been shown that daily doses 
of 160 mg of aspirin may be sufficient to alter platelet activity. 4 6-So 

Dipyridamole {Persantine} has not been independ~ntly studied. 
There is one trial that utilized dipyridamole and aspirin in combination 
{PARIS trial}. This trial revealed that there 'Nas a 24% reduction in 
cardiovascular mortality and a 25% reduction in reinfarction rate. 
Neither reduction was statistically significant. The aspirin only group 
in this study had an almost identical reduction. This study is plagued 
by a poc.r- statistical design for this type of study; l/5 of the patients 
were randomized to placebo, 2/5 to aspirin, and 2/5 to dipyridamole and 
aspirin. This randomization only allowed 406 patients to be evaluated 
on placebo, hence the chance of statistical significance was very lm11·. 
Hence, U.ere is no evi de nee that di pyri damo l e and as pi ri n is any better 
than aspirin alone. 42 

Another antiplatelet agent, sulfinpyrazone (Anturane) has also been 
studied with two prospective randomized trials. The first trial revealed 
a 5% r·eduction in mortality, which was not significant; a significant 
56% reduction in reinfarction rate was found in this study. While all 
of the other trials reportEd reductions in reinfarction rate, this is 
the only reduction that is statistically significant. A seccnd major 
trial was the Anturane Reinfarction Trial Research Group. This study 
was designed to look at reinfarction rates primarily and mortality rates 
secondarily. The reinfarction rate is not reported for this study. 
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There was a reduction ·in total morta"lity and car-diovascular mortality ·in 
this study. The p-va1ue was 0.057 for cardiovascular mortality. When 
deaths were categorized there was a statistically significant reduction 
in sudden de:aths. Heavy criticism has been raised by this study. First 
the statistica l approach was challenged. A subsequent followup with 
recalculated statistics was unchanged from the initial analysis; hence 
reanalysis corroborated that there was a reduction in sudden death rate. 
However, one major methodological prob1an remains. The study was not 

· designed to evaluate sudden death; hence the groups were not properly 
screened to see if the placebo and Anturane groups were similar in the 
incidence arrhythmias. Thus, the position of Anturane rema1ns in doubt. 
43-45 

Hence , ther·e: is fair support for the concept of giving patients 160 
mg/day-of aspiriR, though this evidence is not conclusive. 
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40. Breddin, K. Loew, D., Lechner, K., et al: Secondary preventic n of 
myocardial infarction: a comparison of acetylsalicycli c acid, 
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prevention of sudden death after myocardial infarction. N. Eng. J. 
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147-160. 

49. Hirsh, J.: Antiplatelet agents in myocardial ir.farction. In The 
First Year After a Myocardial Infarct-ton eds: Kul bertus, HE., 
Wellens, HJJ. Futura Publishing Co, Mount Kisco, New York, 1983, p 
289-312. 

50. Harter, HR., Burch, JW., Majerus, PW. et al: Prevention of throm­
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Anticoagulant Therapy 

The use of anticoagulant therapy in the post-myocardial infarction 
remains controversial and inconclusive. Intermittent reports have shown 
some benefit on in-hospital mortality after infarction. The mechanism 
of these benefits is not clear. In an acute myocardial infarction, low 
dose heparin has been shown to decrease the deep vein thrombosis and 
pulmonary embolism. If mural thrombi are present, anticoagulation has 
been shown to reduce the incidence of cerebral embolization from 10% to 
4%. There is also some evidence of benefit in high risk patients (marked 
obesity, ventricular aneurysm, cardiogenic shock, low output, or throm­
bophlebiteis). 5l-59 

The role of long term anticoagulation after hospitalization is even 
more controversial. A review by an international review group was 
published in Lancet in 1970. This review covered the nine randomized 
trials that were performed prior to 1970. Of the nine studies, the 
anticoagulant used was bishydroxYcoumarin in six, phenprocoumon in four, 
phenindione in one, and sodium warfarin in one; three of the studies 
mixed two different anticoagulants. The control group had no therapy in 
rone study an ineffective dose of the anticoagulant in three studies, 
and placebo in five studies. None of these studies reached statistical 
significance. By lumping the nine series together there was a 20% 
reduction in mortality in men only (no difference was found in women). 
When different periods were observed there was intermittent signifi­
cance; for example, the reduction in mortality in men < 55 years of age 
at two and three years was significant, but not at one, four, or fi-ve 
years. In men over 55 years of age, the reduction was significant at 
years three and four but not at one, two, or five years. There are 
major problems with this combination of studies; different drugs, dos­
ages, groups of patients, and controls were used. It is interesting to 
note that two authors disagreed with the interpretation of the data in 
the conclusion of the paper. 60-69 

A study in the Netherlands in the 1960 1 s showed a significant 
reduction in mortality with anticoagulation. Phenprocoumon was given to 
68 patients and one died. Placebo was given to 70 patients and eight 
died. This was significant by Chi square. However, the number of 
deaths are small and may be chance. 7 0 

Another Dutch study randomized 250 men who had a myocardial 
infarction more than one year previously and who had been well control­
led on phenprocoumon for at least 12 months with no complications. Half 
of the patients were continued on phenprocoumon and half were switched 
to placebo. Cardiovascular deaths were 4.8% in the anticoagulant group 
and 7.2% in the placebo group, which was significant . No difference in 
complications or reinfarction rate was found. Hence, it appears that 
anticoagulation can reduce mortality in those patients who can take 
anticoagulants for a long period of time without complications. 71 
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Based upon the two studies reported in Acta Scandinavia, physici ans 
in the Netherlands routinely anticoagulate all post-myocardial infarction 
patients for life. During the 1970's controversy arose concerning the 
older patients who seemed to have more intracranial bleeds. In this 
study 912 patients over 60 years of age were randomized, and anticoagu­
lation or placebo was begun 30 days later. In the interval three patients 
died, 20 withdrew, and 11 had other events that excluded them. There 
were deviations from protocol (withdrawal) in 25% of the patients. 
Thus, only 597 patients were analyzed. Analysis of roortality is shown 
on the next table. 

No deviations in protocol 
Deviations from protocol 

* p < 0.05 

Mortality 

Placebo Anticoagulant 

13.4% 
15.7% 

7.6% * 
11.6% 

Reinfarction rate was lower in the anticoagulant group 3.6% as 
compared to placebo 7.7%; the number of patients was too small to reach 
statistical significance. Hemorrhagic events causing major protocol 
deviations were 6.2% in the anticoagulant group and 0.7% in the placebo 
group, a significant difference. Hence, when you eliminate protocol 
deviations, some of which are adverse reactions, anticoagulants in this 
study showed a reduction in mortality and reinfarction rate; but when 
protocol deviations are considered, there is no significant difference 
in mortality. It should be pointed out, however, that the number of 
patients in this study is borderline to show significance. 72 

Thus, the answer to anticoagulation remains unclear. There is fair 
evidence that anticoagulation reduces the reinfarction rate. There is 
good evidence that those individuals who can take long term anticoagu­
lation at a pro times > 20 seconds without complications will have a 
lower mortality. But, when you add complications into the analysis, the 
reduction in mortality is not significant. Inadequate numbers of pa­
tients have been studied to determine if mortality is reduced when 
complications are considered. 
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dence favoring use of anticoagulants for myocardial infarctions. N. 
Eng. J. Med. 292:1362, 1975. 

- 17 -



54. Horwitz, RI., and Feinstein, AR.: The application of therapeutic 
trial principles to improve the design of epidemiologic research: A 
case-control study suggesting that anticoagulants reduce mortality 
in patients with myocardial infarction. J. Ch:roon. Dis. 34:575, 
1981. 

55. Anticoagulants in acute myocardial infarction: Results of a cooper­
ative clinical trial. J~ 225:724, 1973. 

56. Wray, R., r~aurer, B., and Shillingford, J.: Prophylactic anticoagu­
lant therapy in the prevention of calf-vein thrombosis after myo­
cardial infarction. N. Eng. J. Med. 288:815, 1973. 

57. Rosenberg, RD.: Actions and interactions of antithrombin and 
heparin. N. Eng. J. Med. 292:146, 1975. 

58. Hull, R., Delmore, T., Carter, C., Hirsh, J., Genton, E., Gent, M., 
Turpie, G., and Mclaughlin, D.: Adjusted subcutaneous heparin 
versus warfarin sodium in the long-term treatment of venous throm­
bosis. N • . Eng. J. Med. 306:189, 1982. 

59. Pitt, A., Anderson, ST., Habersberger, PG., and Rosengarten, OS.: 
Low dose heparin in the prevention of deep vein thromboses in 

·- patients with acute myocardial infarction. Am. Heart J. 99: 574, 
1980. 

60. A double-blind trial to assess long-term oral anticoagulant therapy 
in elderly patients with myocardial infarction. Report of the 
sixty-plus reinfarction study _ research group. Lancet. 2:989, 1980. 

61. Bjerkelund, CJ.: The effect of long-term treatment with dicoumarol 
in myocardial infarction. Acta Med. Scand. Suppl 330:1, 1957. 

62. Harvald, B., Hilden, T., and Lund, E.: Long-term anticoagulant 
therapy after myocardial infarction. Lancet !:626, 1962. 

63. Report of the working party on anticoagulant therapy in coronary 
thrombosis to the Medical Research Council (2nd report). An asses­
sment of long-term anticoagulant administration after cardiac 
infarction. Br. Med. J. 2:837, 1964. 

64. Aspenstrom, C., and Korsan-Bengtsen, K.: A double-blind study of 
dicumarol prophylaxis in coronary heart disease. Acta Med. Scand. 
176:563, 1964 ~ 

65. Clausen, J., Andersen, PE., Andresen, P., Gruelund, S., Harslof, 
E., Andersen UH., Jorgensen, J., and Mose, C.: Studies on long-term 
.anticoagulant therapy after coronary occlusion. Ugeskr. Laeg. 
123:987' 1961. 

66. Veterans Administration Study on long-term anticoagulant therapy 
after myocardial infarction. A study of 747 patients in 15 hos­
pitals. JAMA 207:2263, 1969. 

- 18 -



67. MacMillan, RL., Brown, KWG ., Watt, DL.: Long-term anticoagulant 
therapy after myocardial infarction. Canad. Med. Ass. J. 83: 567, 
1960. 

· 68. Contad, LL., Kyriacopoulos, JD., Wiggins, CW., and Honick, GL.: A 
double-blind study of the effectiveness of long-term anticoagulant 
therapy in myocardial infarction. Archives Int. Med. 114: 348, 
1964. 

69. Lovell, RRM., Denborough, MA., Nestel, PJ., and Goble, AJ.: A 
controlled trial of long-term treatment with anticoagulants after 
myocardial infarction in 412 male patients. Med. J. Aust. 2: 97, 
1967. 

70. Meuwissen, OJAT., Vervoorn, AC., Cohen, 0., et al: Double blind 
trial of long-term anticoagulant treatment after myocardial in­
farction. Acta Med. Scand. 186:361-368, 1969. 

71. Loeliger, EA., Hensen, A., Kroes, F., et al: A double-blind trial 
on long-term anticoagulant treatment after myocardial infarction. 
Acta Med. Scand. 182:549-566, 1967. 

72. Report of the Sixty Plus Reinfarction Study Research Group. A 
double-blind trial to assess longterm anticoagulant therapy in 
elderly patients after myocardial infarction. Lancet 2:989-994, 
1980. 

- 19 -



Antiarrhythmic Agents 

There have been few long term trials with antiarrhythmics after 
myocardial infarction. There is considerable data on the effects of 
antiarrhythmics in the first 48 hours after infarction, and many agents 
have been shown to reduce the number of PVC's, incidence of ventricular 
tachycardia, and death in the acute setting. However, there is little 
data in the post myocardial infarction patient after discharge. 7 3 

The following table summarizes the double-blind controlled studies. 

Antiarrhythmic Therapy After Myocardial Infarction 

Morta 1 ity (%) 

Dose Length Patients Deaths 
Drug (mg/da~) Of Stud~ (Number) (Number) P1 acebo Drug 

Aprindine 7 4-75 1 00-200 1 year 305 31 
Mexiletine 76 600-750 3 months 344 43 
Phenytoin 77 300-400 1 year 568 49 
Phenytoin 78 variable 2 years 150 32 
Procainamide 79 1500-2000 2 years 78 6 
Tocainide 80 1200 6 months 112 10 
Tocainide 81 1200 6 months 146 7 

12.5% 7.8% 
11.7% 13.3% 

8.1% 9 . 2% 
18.4% 24.3% 

9.8% 3. 7% 
8.9% 8. 9% 
4.1% 5. 6% 

* p < 0.05 

The overall goal of the majority of these studies was to evaluate 
effectiveness of new antiarrhythmics as far as PVC's/hour were concerned. 
Mortality was secondary. These newer drugs have insufficient numbers of 
patients to prove an effect on mortality. There are two studies with 
phenytoin which is a very weak antiarrhythmic at best. The remaining 
study was with procainamide, but the dose was 500 mg TID or QID. This 
low dose of procainamide along with its short half life makes likelihood 
of success of this study very dubious. Hence, there is no data that 
supports or refutes the use of antiarrhythmics after myocardial infarc­
tion except in the acute situation. There is some data in patients with 
complex ectopy, but no large controlled randomized trials have been 
performed due to ethical reasons. 73 -8 1 
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tive randomized trial of tocainide in patients following myocardial 
infarction. Am. Heart J. 100;1017, 1980. 

- 21 -



Calcium Channel Blocking Agents 

No studies involving alterations in murtality have been performed 
using calcium channel blocking agents. There is some potential for cal­
cium channel blocking agents because of some of their effects. Verap­
amil has favorably changed ventricular fibrillation threshold after 
experimental coronary occlusion. Both verapamil and nifedipine have 
favorably changed ventricular fibrillation threshold after experimental 
reperfusion. Some beneficial effects have been described in dogs with 
diltiazem. Also, alterations in myocardial perfusion, neurocardiac 
interactions, and platelet function may also be beneficial. Though of 
potential theoretical benefit, no large scale randomized controlled 
trials have been performed. 82-84 

82. Verrier, RL., Raeder, EA., Lawn, B.: Use of calcium channel block­
ers after myocardial infarction: potential cardioprotective mech­
anisms. In The First Year After a Myocardial Infarction eds: Kul­
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Experience with Verapamil eds: Zanchetti, A., Krikler, OM., Exerpta 
Medica, Amsterdam, 1981, p 326. 

84. Cl us in, W., et a 1: The effects of dil ti azem and reduced serum 
ionized calcium on ischemic ventricular fibrillation in the dog. 
Circ. Res. 50:518, 1982. 
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SURGICAL INTERVENTION 

Coronary Artery Bypass Grafts 

The evaluation of CABG in the treatment of coronary artery disease 
is complex, and many factors have to be evaluated. The main determin­
ants relating to mortality after CABG as compared to medical therapy 
include the number of vessels involved, which vessels are involved, the 
degree of stenosis, left ventricular function, and the clinical status 
of the patient. 

First let us look at left main coronary lesions. In every major 
study where surgical vs. medical therapy was evaluated, survival -
has been significantly better with surgical therapy. In the following 
figure the results of the three major trials of medical and surgical 
therapy are shown. 

CORONARY ARTERY BYPASS SURGERY: 
POST -OP SURVIVAL 

% survival LEFT MAIN DISEASE ( ~50% OCCLUSION) 
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Figure 3. Cumulative three year survival rates of 
medically and surgically treated patients with left 
main coronary artery disease in three studies: the 
collaborative study (CASS), the European study (ECSS) 
and the Veterans Administration (VA) study. In the 
European study, only patients less than 65 years old 
with an ejection fraction of 0.5 or greater were entered. 
In CASS, a larger spectrum of disease severity is repre­
sented. From: Chaitman, BR., Fisher, LD., Bourassa, 
MG., et al: Effects of coronary artery bypass ~urgery 
on survival patterns in subsets of patients with left 
main coronary disease: report of the collaborative 
study in coronary artery disease (CASS). Am. J. Card. 
48:765-777, 1981. 
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As can be cl ear1y seen, t here is a s i gni ficant improvement in 
survival at one, two, and t hree years wi th the surgical management of 
left main coronary di sease greater than or equal to 50% occlusion. In 
the CASS study (1492 pati ents with l eft main disease) surgical manage-
ment was significantly better than medical management in all three age 
groups analyzed(< 50 years, 50-64 years, ~ 65 years) . The improvement 
in survival was greatest in the over 65 age group. When left ventricular 
function was analyzed, all groups had a signifi cant improvement with 
surgery. In general the worse the left ventricular function, the great-
er the improvement in survival with surgery. When the degree of stenosis 
over 50% was analyzed, all groups had a significant improvement with 
surgery ; however, the greater the stenosis the greater the improvement 
in survival with surgery. There was significant improvement in patients 
with a right dominant or balanced circulation with surgery. If a patient 
had a left dominant circulation with hi s/her left main disease, the 
improvement was not statistically significant, due to a high in i t i al 
surgical mortality and an insufficient number of patients in the medical 
group. In the CASS study if you look at multiple risks , the greater the 
number of 11 bad 11 parameters (LV function, degree of stenosi s, age, type 
of circulation) the greater the survival with surgery; but even the 
lowest risk group did significantly better with surgery. In the VA 
study, left ma i n coronary disease patients in the high risk terci1e had 
the greatest improvement in survival. Patients in the low and mid risk 
terciles were not significantly improved with surgery, but the numbers 
of patients involved were too small to achieve significance with the 
differences found (terciles will be described later in this section). 85 - 87 
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Figure 4. Cummulative survival rates in risk terciles 
by treatment assigned. M =Medical; S = surgical. From: 
Detre, KM., Hultgren, HN., Murphy, ML.: Survival in sub­
groups of patients with left main coronary artery disease: 
Veterans Administration cooperative study of surgery for 
coronary arterial occlusive disease. Circulation 66:14-22, 
1982. 
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When you analyze the data for one, two, and three vessel coronary 
artery disease in patients with stable angina pectoris, surgery appears 
to be of benefit in three vessel coronary disease as a whole. Signifi­
cance for three vesse l coronary disease was obtained in the ECSS and 
CASS studies for the group as a whole. When the VA study was analyzed 
using only the ten centers with a good operative mortality, surgery was 
of significant benefit for three vessel coronary artery disease. In all 
three studies, no significant difference was found for one vessel coronary 
artery disease or two vessel coronary artery disease. The VA study is 
shown in the following figure. 
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FIGURE 5. Cumulative survival rates in 97 patients with one-vessel disease and 203 patients with two­
vessel disease who entered the study betw.eeff 1972 and 1974. See figure 3 for abbreviations. 
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Figur e 5. Cummulative survival rat es in 97 patients with one 
vessel disease, 203 patients with two ves sel disease, and 252 
patients with three vessel disease who entered the study between 
1972 and 1974. In this figure, analyses are presented by t reatment 
assigned, counting patients as lost to follow-up at the time of the 
treatment change. M = patients assigned to medical treatment; S = 
patients assigned to surgical treatment; MH x2 = Mantel-Haenszel 
chi-square statistic. From: Takaro, T., Hukgren, HN., Detre, KM. 
et al: The Veterans Administration cooperative study of stable 
angina: current status. Circulation 65: II-60-67, 1982. 
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The presence of a proximal left anterior descending lesion in two 
or three vessel disease significantly effected survival. With two 
vessel coro.nary artery disease there was no difference in survival with 
no proximal LAD disease. With two vessel di sease and a proximal LAD 
lesion survival was significantly better in the ECSS study. 
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Figure 6. Cumulative surviva~ curves for patients with 
two vessel disease (2-VD) subdivided into two subsets 
according to absence and presence of approximal left 
anterior descending disease (PxLADD). M =medical group; 
s = surgical group. From: European Coronary Surgery 
Study Group. Prospective randomized study of coronary 
bypass surgery in stable angina pectoris: a progress 
report on survival. Circulation 65 (suppl II) II-67-71, 
1982 . 
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The ECSS study al so showed a grea ter surgi cal survival in those 
patients who had greater ST segment changes on exercise testing. Those 
patients who had grea ter t han 1.5 mm ST segment depressi on on an exer­
cise test had a better survival with surgery. 10 3 
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Figure 7. Survival curves for subset of patients with 
exertional ST-segment depression by 0-1 mm and the sub­
set with > 1-5mm ST depression. From: European Coronary 
Study Group: Long-term results of prospective randomized 
study of coronary artery bypass surgery in stable angina 
pectoris. Lancet 2:1173-1180, 1982. 

The VA study reevaluated patients based on risk terci1es . Patients 
with main left coronary lesions were excluded . The remaining patients 
were analyzed for several other risk factors includi ng presence of 
angina NYHA Class III or IV, history of hypertension, history of myo­
cardia l infarction, and ST-segment depression on resting ECG. By multi­
variable analysis, patients were divided into risk terciles. The 
groupings of these risk terciles are given in the following table. 9 3 
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Clinical Patterns and Probabilities- 1972-1974 
Cohort* 

Pro ba bil i ty Clinical Total 
of Dying Pattern t Patients 

Low Tercile 
0.067230 60 
0.087612 N--- 61 
0.123349 -H-- 30 
0.147773 --M- 85 

Middle Tercile 
0.159230 NH-- 26 
0.181650 ---S 9 
0.1 89953 N-M- 121 
0.232106 N--S 19 

High Tercile 
0.261005 -Hr~- 23 
0.315585 -H-S 11 
0. 328661 NHM- 44 
0.369083 --MS 20 
0.393206 NH-S 10 
0.454904 N-MS 43 
0.581557 -HMS 9 
0.682660 NHMS 18 

UNK 6 

* Patients with left main disease are excluded. 

Abbreviations: N = New York Heart Association class III or IV; 
H = History of hypertension; 
M = History of myocardial infarction; 
S = ST-segment depression on resting ECG; 

UNK = Pattern unknown because of missing data. 
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In the high risk tercile surgical survival was significantly great­
er than medical survival. In the middle ri sk terci le there was no dif­
ference, and in the low risk tercile medical survival was significantly 
greater than medical survival. 93 
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Figure B. Cumulative survival rates in each risk t ercile for all 1972-
1974 patients without left main disease. Patients with missing data 
were included in the high-risk tercile and survival rates were deter­
mined by the crossover method. The Mantel-Haenszel chi-square statistic 
was used to compare survival rates in the two treatment groups at five 
years. Results are shown separately for all hospitals and for the ten 
hospitals with low operative mortality rates. From: Detre K., Peduzzi, 
P., Murphy, M., et al: Effect of bypass surgery on survival in patients 
in low-and high-risk subgroups delineated by the use of simple clinical 
variables. Circulation 63: 1329-1338, 1981. 

One significant study was performed in unstable angina pec to ris . 
Patients with unstable angina were catheterized and randomized to medical 
or surgical therapy. If patients in the medical group continued to have 
Class III or IV angina, then theY were later sent to surgery. In pa­
tients who were operated acutely, the operative mortality was high (5%) . 
The initial inhospital mortality was 5% in the surgical group and 3% in 
the medical group. The inhospital infarction rate was 17% in the sur­
gical group and 8% in the medical group (p < 0.05). There was no dif­
ference in survival over the next four years between the medical only 
group and the surgical group as shown in the following figure. l04 
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Figure 9. Survival of patients randomized to medical and surgical 
therapy. From: Russell, RO., Karp, R., Rackley, LE., et al: Unstable 
angina pectoris: national coperative study group to compare surgical and 
medical therapy: II. In Hospital experience and initial follow-up results 
in patients with one, two, and three vessel disease. Am. J. Card. 42:839-
848, 1978. 
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Those patients who had medica l management early and then elective 
surgery for continued Class III or IV angina later had a better survival 
than those patients operated acutely; the operative mortality was similar 
to that for stable angina pectoris. Thus, it appears that in unstable 
angina pectoris, intensive medical therapy should be initially ~iven, 
and if the patient remains Class LII or IV with angina, the pat1ent 
should have surgery later. 104 

Thus, certain groups have a better survival with surgery. Those 
groups which have a better survival with surgery include main left 
coronary lesions, three vessel coronary artery disease, two vessel 
coronary artery disease with a proximal LAD lesion, greater than 1.5 mm 
ST-segment depression on exercise test, and the VA high risk tercile. 
The VA low risk tercile and unstable angina (at least initially) have a 
better survival with medical therapy. 
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RISK FACTOR MODIFICATION 

Hypertension 

There have been three studies that demonstrated that prognosis was 
worse after myocardial infarction in hypertensive patients who were 
untreated, poorly treated, and treated. Hence, it appears that treat­
ment of hypertension decreases risk . However, no prospective randomized 
trials have been performed, and most feel that it would be unethical to 
perform such studies. 105-107 
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Smoking 

Cessation of smoking has been shown in several studies to reduce 
subsequent mortality after myocardial infarction. The reduction in 
mortality has been in the 40- 60% range with cessation of smoking. 
Even by multivariate analysis cessation of smoking is a major~determinant 
of later risk . It is obvious that a prospective randomized trial is 
impossible. 108 - 116 
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Cholesterol 

A recent study of cholesterol by the Lipid Research Clinics Program 
revealed that reducing cholesterol reduced risk. Patients with and 
without symptomatic heart disease and who had high cholesterols were 
placed on a low atherogenic diet, then randomized to cholestyramine or 
placebo. This study showed that cholestyramine lowered total choles­
terol by 8.5% as compared to placebo. With this reduction in choles­
terol there was a 24% reduction in cardiovascular mortality and a 19% 
reduction in reinfarction (all statistically significant). There was 
also a tendency for less progression of coronary artery disease on 
angiography though this was not significant. 117-119 
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Exercise 

Exercise programs after myocardial infarction have been evaluated 
in 2019 patients. There has been a tendency toward lower mortality in 
those pa tients who exercise after myocardial infarction, bu t t he number 
of patients is inadequate to prove statistical significance . Wil helmsen 
reported a 22.3% mortality in the control ~roup and a 17. 5% mortality in 
the train ing group (a 22% reduction). 12o- 24 
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Summary 

The fo llowing tables summarize our current knowledge of pro1onga­
tion of l ife in ischemic heart disease. 

Beta Adrenergic Blocking Agents 

Post-MI reduction in mortality 
P·ost-m r educti on in rei nfa.rction 
Reduct ion in mortality in angina 
Recuc tion in mortality in asymptomatic 
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Defini te 
Defini te 
Possible-unknown 
Unknovm 



Aspirin 

Post-MI reudction in mortality 
Post-MI reduction in reinfarction 
Reduction in mortality in angina 
Recuction in mortality in asymptomatic 

Anticoagulation 

Post-MI reduction in mortality 
Post-MI reduction in mortality 

excluding complications 
Post-MI reduction in reinfarction 
Reduction in mortality in angina 
Reduction in mortality in asymptomatic 

Antiarrhythmic Agents 
(Excluding First Five Days) 

Post-MI reduction in mortality 
Complex arrhythmias 
Simple arrhythmias 

Probable 
Probable 
Possible-unknown 
Possible-unknown 

Questionable-no 
Probable 

Probable 
Doubtful-unknown 
No 

Possible-unknown 
Probable 
Possible-unknown 

Calcium Channel Blocking Agents 

Possible effects 

Surgery ( CABG) 

Left main coronary disease 
All three vessel CAD 

High risk three vessel CAD 
Two vessel CAD 
Two vessel CAD-high risk 
Two vessel CAD + proximal LAD 
One vessel CAD 
Low risk patients 
Unstable angina pectoris 
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Unknown 

Definite 
Probable (asympto-

matic unknown) 
Definite 
No 
Probable 
Probable (low) 
No 
No-possible 
No early 



Hypertension 

Post-MI reduction in mortality 
Reduction in mortality in angina 
Reduction in mortality in asymptomatic 

Smoking 

Post-MI reduction in mortality 
Reduction in mortality in angina 
Reduction in mortality in asymptomatic 

Cholestero l 

Post MI reduction in mortality 
Reduction in mortality in angina 
Reduction in mortality in asymptomatic 

Exercise 

Post-MI reduction in mortality 
Reduction in mortality in angina 
Reduction i n mortality in asymptomatic 

Prolong human life only 

when you can shorten its misery 

Probable 
Probable 
Probable 

Probable 
Probable 
Probable 

Probable-not proven 
Probable-not proven 
Probable 

Possible-probable 
Unknown 
Probable-possible 

Stanislaw Jerzy Lee 
More Unkempt Thoughts, 1962 
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