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Part 2 Chapter 1 

Abstract 

We tested the hypothesis that an increase in spontaneous aggregability o f platelets 

in vitro predicts morta l i ty and coronary events in patients who have survived a 

recent myocardial infarct ion. A cohor t o f 149 survivors o f infarct ion entered our 

study three months after the index infarct ion and was fol lowed for five years. At 

entry and at intervals o f six months, spontaneous platelet aggregation (SPA) was 

tested and graded as positive (aggregation within 10 minutes), intermediate 

( a g g r e g a t ' o n after 10 to 20 minutes) , or negative (no aggregation wi th in 

20 minutes). 

Dur ing fo l low-up, 6.4% (6 o f 94) o f the patients in the SPA-negative group died, as 

compared wi th 10.3% (3 o f 29) in the SPA-intermediate group and 34.6% (9 o f 26) 

in the SPA-positive group. As compared with the SPA-negative group, the SPA-

intermediate group had a relative risk o f death o f 1.6 (95% CI, 0.5 to 5.5) and the 

SPA-positive group had a r i sko f5 .4 (95% CI, 2.2 to 13.4). A t least one cardiac event 

(cardiac death or recurrent nonfatal myocardial infarct ion) occurred in 14.9% (14 

o f 94 patients) o f the SPA-negative group, 24 .1% (7 o f 29) o f the SPA-intermediate 

group, and 46.2% (12 o f 26) o f the SPA-positive group. A positive test result 

cont inued to have prognostic value throughout the five-year study. 

We conclude that spontaneous platelet aggregation in vitro is a useful biologic 

marker for the predict ion o f coronary events and mortal i ty in this low-risk group o f 

survivors o f a myocardial infarct ion. A causal relation is suggested but not proved 

by our study. 

Introduction 

Platelets have an impor tan t role in atherosclerosis, and its compl icat ions, such as 

acute coronary ischemia.1"4 The pathophysiologic mechanism by which platelets 

contr ibute to the acute manifestations o f coronary artery disease is not fully 

understood. A causal role o f platelet hyperreactivity or o f local platelet activation in 

an acute coronary event has been suggested but never proved.5 Platelet products in 

plasma (be ta - th rombog lobu l i n , t h romboxane , and platelet factor 4) have 

been measured to determine platelet activation in patients with coronary artery 

disease.6"9 The results o f these tests remain controversial and di f f icul t to interpret. 

It has not yet been possible to select a platelet-function test that can be used to 

detect platelet act ivat ion in relation to the compl icat ions o f atherosclerosis. 
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Moreover, most o f these studies have been done in the setting o f an acute coronary 

event. 

Tof ler et a l . 1 0 have shown that increased platelet aggregability in the morn ing is 

concomi tant wi th an increased frequency o f myocardial infarction and sudden 

cardiac dea th , suggesting a causal re la t ion. Several cl inical studies have 

demonstrated that inhibi t ion o f platelet funct ion by drugs such as aspirin exerts a 

beneficial effect on the course o f coronary artery disease by reducing the risk o f 

sudden death, myocardial infarct ion, and unstable angina.1 1 '1 5 

In two case reports, a syndrome characterized by peripheral ischemia o f the fingers 

and toes has been described in patients wi th thrombocythemia and spontaneous 

platelet aggregation (SPA). Treatment wi th aspirin prevented the aggregation and 

the clinical signs o f ischemia, both o f which recurred after discont inuat ion o f the 

t reatment.1 6"1 7 

Finding a platelet-function test that is relevant to the prognosis o f patients wi th 

coronary artery disease could be a f irst step toward identifying patients who wou ld 

benefit f rom treatment wi th antiplatelet drugs. Therefore, we tested the hypothesis 

that increased platelet aggregability, as measured by SPA in vitro in patients w i th a 

recent myocardial infarct ion, is related to future mortal i ty and coronary events. To 

this end, we prospectively fol lowed a cohor t o f survivors o f myocardial infarct ion 

for five years. 

Methods 

Patients 

The study cohor t consisted o f 149 survivors o f myocardial infarction less than 71 

years o f age, who were referred to an outpat ient unit o f the Academic Hospital o f 

the University o f Amsterdam after complet ing their clinical rehabi l i tat ion period. All 

were in New York Heart Association (NYHA) funct ional class I or II. 

Study Entry 

Since platelet funct ion may be affected by an acute ischemic event, the f irst 

aggregation study was performed three months after the index myocardial 

infarct ion. Base-line clinical characteristics relevant to prognosis were also recorded 

at that t ime. 
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Clinical Follow-up 

All patients were evaluated at regular intervals dur ing a five-year fo l low-up per iod. 

Since the use o f aspirin affects thrombocyte aggregation and leads to a uni formly 

negative test result,18"19 the patients were encouraged at each visit not to use any 

platelet- inhibi t ing drug. Test results in the patients who admit ted using such drugs 

in the week before testing for platelet aggregation were excluded. 

Dur ing the first year after myocardial in farct ion, all patients part icipated in a 

secondary prevention study (the Amsterdam Metoprolo l Tr ia l )2 0 in which they 

received metopro lo l (100 mg twice daily) or a placebo after randomizat ion. 

Treatment for angina pectoris, cardiac pump fai lure, and hypertension was given 

according to a predetermined protocol . 

End Points 

The data were analysed for two outcomes: death due to any cause and cardiac 

events. A cardiac event was defined as a nonfata l recurrent myocardial infarction or 

cardiac death; cardiac death was defined as death occurring in the hospital after a 

conf i rmed myocardial infarct ion, or as death occurr ing suddenly wi thout previous 

symptoms or wi th in 24 hours after the onset o f new symptoms o f heart disease. In 

the hierarchy o f events, death superseded any earlier event. Likewise, only the f irst 

recurrent nonfatal myocardial infarction was considered to be an event in patients 

who were alive after complet ing five years o f fo l low-up. 

Platelet Aggregation 

Aggregation studies were performed at entry and at six-month intervals. All 

venipunctures were performed between 9 and 10 a.m. Blood samples were drawn 

w i thou t stasis f rom an antecubital vein, w i th use o f a 21-gauge needle. Nine 

volumes o f b lood were collected in one volume o f 3.2% tr isodium citrate in plastic 

tubes. The b lood samples were left in capped plastic tubes for 15 minutes at room 

temperature and were centrifuged for 10 minutes at 100xg to obta in platelet-rich 

plasma. The remaining volume o f b lood was centrifuged further for 20 minutes at 

900xg to obta in platelet-poor plasma. The platelet count o f the platelet-rich 

plasma was determined. The plasma samples were left in capped plastic tubes at 

room temperature. Subsequently, aggregometry was performed at 37°C according 

to the method o f Born 2 1 with the use o f a Payton Dual Channel Aggregometer 

(Payton Ltd . , Scarborough, Ont., Canada). The aggregometer was adjusted before 

each test so that in each patient the value for l ight transmission for platelet-rich 

plasma was 0% and that for platelet-poor plasma was 100%. The occurrence o f 
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SPA in each sample was assessed one hour after venipuncture. After 0.4 ml o f 

platelet-rich plasma was stirred in the aggregometer at 450 rpm for 20 minutes, 

aggregation was measured; an increase o f 20% or more in the light transmission o f 

the platelet-rich plasma was considered to indicate SPA. No correction for platelet 

count was made. The interval between the start o f stirr ing and the deflect ion o f 

the aggregation curve was expressed in minutes. In contrast to the current 

pract ice,1 8"1 9 according to which SPA is described as positive or negative, we 

categorized SPA as positive, intermediate, or negative. Three types o f response 

were identi f ied and defined: SPA negative - no aggregation occurred wi th in 20 

minutes o f st irr ing; SPA intermediate - aggregation occurred between 10 and 20 

minutes o f st irr ing; and SPA positive - aggregation occurred wi th in 10 minutes o f 

st irr ing. 

Statistical Analysis 

Univariate analysis o f the results o f platelet-function tests and clinical variables was 

performed; the analysis concentrated on the risk ratios for mortal i ty and the 

occurrence o f cardiac events. Cont inuous variables were divided into three classes -

low, medium, and high; the first class served as a reference category. The 95% CIs for 

the respective risk ratios were calculated according to the method o f Miett inen and 

Nurminen. 2 2 I f the 95% CI o f the risk ratio for mortal i ty exceeded 1.0, the association 

o f the respective variable wi th the risk o f dying within five years was statistically 

significant at the 5% level. Logistic mult iple regression analysis was performed wi th 

the BMDP statistical package23 to select the base-line variables capable o f being 

independently predictive. Indicator variables were used throughout; these variables 

have a value o f 1 i f the property under consideration is present, and 0 i f it is not. The 

advantage o f indicatorvariables is that each regression coefficient directly represents 

the log odds o f death when all the other variables in the model are control led. For 

continuous variables, the indicator variables for the categories o f medium and high 

risk were considered for inclusion in the model. The BMDP program settings were 

such that variables were included in the model i f they substantially improved the log 

likelihood (P<0.10); they were retained only i f their removal substantially decreased 

the log likelihood (P<0.15). P values were two-tai led. Survival curves were constructed 

according to the method described by Peto et a l . 2 4 
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Table 1. Characteristics of 

Characteristic 

age 

Sex (male) 

First infarction 

Infarct site 

Anterior wall 

Inferior wall 

NYHA functional class 

I 

II 

III or IV 

Smoking status 

Former smoker 

Current smoker 

Drug treatment 

Diuretics 

Digitalis 

Coumarins 

Antiarrhythmics 

Nitrates 

Metoprolol* 

Platelet count 

(platelet rich plasma) 

"Some patients were partic 

patients at entry 

Cohort 

(N = 149) 

55.6+8.7 

122(82) 

137(92) 

70(47) 

79(53) 

122(82) 

27(18) 

0 

111(75) 

31(21) 

37(25) 

14(9) 

65 (44) 

18(12) 

40(27) 

69(46) 

pating in a secondary 

negative 

(N-94) 

54.6±8.6 

79(84) 

89(95) 

44(47) 

50(53 

80(85) 

14(15) 

0 

67(71) 

20(21) 

20(21) 

5 (5 ) 

36(36) 

14(15) 

23(24) 

38(40) 

526 

SPA-Status group 

intermediate 

(N=29) 

Years (mean ±SD) 

No. 

cells 

56.7±9.5 

ofpatients(%) 

22(76) 

28(97) 

10(35) 

19(66) 

21 (72) 

8(28) 

0 

23(79) 

3(10) 

7(24) 

4(14) 

14(48) 

3(10) 

8(28) 

15(52) 

x W9/liter 

531 

intervention trial (see text). 

positive 

(N=26) 

57.8±7.6 

21(81) 

20(77) 

14(54) 

46(46) 

21 (81) 

5 (19) 

0 

21 (81) 

8 (31) 

10(38) 

5 (19) 

15(58) 

1 (4 ) 

9(35) 

16(62) 

495 
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Table 2. Clinical outcome according to SPA 

Outcome 

Mortality 

No. of patients (%) 

Relative risk (95% CI)* 

Cardiac events 

No of patients (%) 

Relative risk (95% CI)* 

Cohort 

(N-149) 

18(12.1) 

33(22.1) 

status group 

Negative 

(n -94 ) 

6(6.4) 

14(14.9) 

SPA-Status Group 

Intermediate 

(n-29) 

3 (10.3) 

1.6(0.5-5.5) 

7(24.1) 

1.6(0.7-3.5) 

Positive 

(n=26) 

9(34.6) 

5.2 (2.2-13.4) 

12(46.2) 

3.1 (1.6-5.8) 

*CI= confidence interval 

Results 

Clinical End Points 

The characteristics o f the patients at the t ime o f entry into the study are shown in 

Table 1. All patients were fol lowed for five years. The relation between the features 

o f platelet aggregation at entry and the clinical outcome during five-year fo l low-up 

is shown in Table 2. Eighteen patients died (death was due to cardiac causes in 15 

and to carcinoma in 3). When the two groups o f patients wi th any SPA were 

compared wi th the group wi thout SPA, the relative risk o f dying was 1.6 (95% CI, 

0.5 to 5.5) in the group wi th intermediate SPA and 5.4 (95% CI, 2.2 to 13.4) in the 

group wi th positive SPA. At least one cardiac event occurred in 33 patients. The 

relative risk o f a cardiac event in intermediate-SPA group was 1.6 (95% CI , 0.7 to 

3.5) and 3.1 in the SPA-positive group (95% CI, 1.6 to 5.8), as compared wi th the 

SPA-negative group. For both outcomes (morta l i ty and cardiac events), the relative 

risk increased wi th increasing aggregability. 

Table 3 shows the clinical characteristics at study entry in relation to the total 

mortal i ty and cardiac events. A significantly increased relative risk o f death was 

observed in patients who had a peak creatine kinase MB fraction o f > 80 U per liter 

and in patients who were taking diuretics, digitalis, or metopro lo l . The relative risk 

o f cardiac events was increased in patients who had had an infarction or who were 

taking digitalis. 
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Table 3. Clinical outcome according to ch 

Characteristic 

(No. of patients) 

All patients (149) 
Sex 

Female (27) 
Male (122) 

Age 

<50yr(37) 
50-60 yr (63) 
>60yr(49) 

Smoking status 
Former smoker 

No (38) 
Yes (111) 

Current smoker 
No (118) 
Yes (31) 

First infarction 
Yes (137) 
No (12) 

PeakCK-MB 
<40 U/l (54) 

40-80 U/l (51) 
>80 U/l (44) 

Drug Treatment 

Diuretics 
No(112) 
Yes (37) 

Digitalis 
No (135) 
Yes (14) 

Coumarins 
No (84) 

Yes(65) 
Antiarrhythmics 

No (131) 
Yes (18) 

Nitrates 
No (109) 
Yes(40) 

Metoprolol 
No (80) 
Yes(69) 

*RR=relative risk; CI=con 

aracteristics at entry* 

Mortality 

No. (%) 

18(12.1) 

2 (7.4) 

16(13.1) 

4(10.8) 
8 (12.7) 
6(12.2) 

6(15.8) 
12(10.8) 

15 (12.7) 
3(9.7) 

15(10.9) 
3 (25.0) 

3(5.6) 
7(13.7) 
8(18.2) 

10(8.9) 
8(21.6) 

13(9.6) 
5(35.7) 

7(8.3) 
11 (16.9) 

15(11.5) 
3(16.7) 

14(12.8) 
4(10.0) 

5(6.3) 
13(18.8) 

fidence interval 

RR(95%CI) 

1.8(0.5-6.8) 

1.2(0.4-3.5) 
1.1 (03-3.6) 

0.7(0.3-1.7) 

0.8(0.2-2.4) 

2.3(0.7-5.8) 

2.5 (0.7-8.5) 
3.3(1.0-11.0) 

2.4(13-5.5) 

3.7(1.5-8.1) 

2.0 (0.9-4.8) 

1.5 (0.5-4.0) 

0.8(0.3-2.1) 

3.0(1.2-7.8) 

Cardiac 

No. (%) 

33 (22.1) 

4(14.8) 
29 (23.8) 

7(18.9) 
12(19.0) 
14(28.6) 

9(23.7) 
24(21.6) 

25(21.2) 
8(25.8) 

27(19.7) 
6(50.0) 

11 (20.4) 

11 (21.6) 
11 (25.0) 

21 (18.8) 
12(32.4) 

27(20.0) 

6(42.9) 

20(23.8) 
13(20.0) 

28(21.4) 

5(27.8) 

25 (22.9) 
8(20.0) 

14(17.5) 
19 (27.5) 

Events 

RR(95%CI) 

1.6(0.7-4.2) 

1.0(0.5-2.3) 
1.5(0.7-3.4) 

0.9(0.5-1.8) 

1.2 (0.6-2.5) 

2.5(1.2-4.5) 

1.1 (0.5-2.2) 
1.2(0.6-2.5) 

1.7 (0.9-3.0) 

2.1 (1.0-3.9) 

0.8 (03-1.5) 

1.3 (0.6-2.7) 

0.9(0.4-1.7) 

1.6(0.9-2.9) 
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Table 4. Logistic multiple regression analysis of mortality d 

Variable No. of 

patients 

Cohort 149 

SPA-positive status 26 

Digitalis 14 

Variable 

SPA-positive status Digitalis 

Yes Yes 

Yes No 

No Yes 

No No 

*After the variable was included in 

Coefficient 

-0.5 

1.8 

1.4 

Observec 

Patients at risk 

5 

21 

9 

114 

the model in the 

SE 

0.7 

0.6 

0.7 

mortal 

uring 

[y 
Patients c 

order sh 

3 

6 

2 

7 

own. 

five 

ead 

years of follow-up\ 

Log P value 

Likelihood* 

-54.9 

-49.0 0.001 

-47.0 0.048 

Predicted mortality 

% 
60 

29 

22 

6 

The variables shown in Tables 2 and 3 were also used in logistic mult iple regression 

analysis. For the risk o f death wi th in 5 years, a positive SPA status, digitalis therapy, 

and metoprolo l t reatment were the only independent predictive variables. Including 

metoprolo l t reatment in the regression analysis increased the log l ikel ihood only 

marginally (p = 0.08). The influence o f metoprolo l - i f any - was hard to explain, and 

we believed that the effect observed in this study was spurious. Therefore, we 

l imited ourselves to including SPA positivity and digitalis therapy in the regression 

model (Table 4) . SPA positivity was the most powerful predictor; it increased the 

predicted five-year mortal i ty rate f rom 6% to 29% among the patients who were not 

taking digitalis at entry and f rom 22% to 60% among those who were. 

The percentage o f patients who had no end-point events (death or recurrent 

myocardial infarct ion) dur ing the fo l low-up period after the myocardial infarction 

is shown in Figure 1. Seventy-nine o f the 94 patients in the SPA-negative group 

(84%), 22 o f the 29 in the SPA-intermediate group (76%), and 1 2 o f the 26 in the 

SPA-positive group (46%) were event-free at 60 months. 

Platelet-Aggregation Studies during Follow-up 

Figure 2 shows the results o f platelet-aggregation studies performed at intervals o f 6 

or 12 months during the five-year fol low-up period, according to the SPA index 

determined at entry. In the group o f patients who were SPA-negative at entry, more 
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Figure 1. Event-free survival during 5 years of follow-up, according to SPA status 

at entry 

100 

T5 90 
> 

IS) 

.Ü Qi 

SO 

70 

c 
> 60 

§ 50 

53 40 

30 _ 
10 20 30 40 

Months after Myocardial infarction 

50 60 

94 
29 
26 

92 
28 
25 

89 
27 
23 

85 
23 
21 

84 
22 
19 

81 
22 
16 

79 
22 
12 

Survival is shown in the groups that were SPA-negative (A), SPA-intermediate (B), and SPA-

positive (C) at study entry three months after myocardial infarction. Events included noncardiac 

deaths, cardiac deaths, and recurrent myocardial infarction. 

than 90% o f the tests performed during fol low-up were negative. In the group o f 

patients who were SPA-positive at entry, more than 50% o f the tests were positive and 

less than 20% were negative during the first three years o f fol low-up. Patients in the 

SPA-intermediate group at entry occasionally had positive tests during fol low-up; 

more of ten, their tests either continued to be SPA-intermediate or were SPA-negative. 

Table 5 shows the clinical outcomes in the groups in relation to the results o f 

platelet- aggregation tests performed at different intervals after the index 

myocardial in farct ion. The platelet-aggregation tests performed dur ing fo l low-up 

consistently showed the same relation to subsequent mortal i ty and cardiac events 
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Table 5. Clinical outcome 

SPA status 

3 Months 

Total 

SPA-negative 

SPA-in termed iate 

SPA-positive 

6 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

12 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

18 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

24 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

30 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

36 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

48 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

according to SPA status 

No. of patients 

149 

94 

29 

26 

129 

81 

31 

17 

113 

79 

19 

15 

106 

69 

19 

18 

101 

77 

14 

10 

82 

54 

16 

12 

109 

81 

12 

16 

79 

65 

7 

7 

during follow 

Mortality 

No. 

18 

6(6.4) 

3(10.3) 

9(34.6) 

14 

4(4 .9) 

3(9.8) 

7(41.2) 

12 

3(3.8) 

1(5.3) 

8(53.3) 

11 

3 (4.4) 

1(5.3) 

7(38.9) 

9 

5(6.5) 

0 

4(40.0) 

6 

1(1.9) 

1 (6.3) 

4(33.3) 

3 

2(2.5) 

0 

1 (6.3) 

2 

1(1.5) 

0 

1 (14.3) 

up 

Cardiac events 

of patients (%) 

33 

14(14.9) 

7(24.1) 

12(46.2) 

30 

16(19.8) 

5(16.1) 

8(47.1) 

33 

10(12.7) 

4(21.1) 

9(60.0) 

21 

7(10.2) 

5(26.3) 

9(50.0) 

18 

8(10.4) 

5(35.7) 

5 (50.0) 

11 

5(9.3) 

2(12.5) 

4(33.3) 

9 

6(7.4) 

1 (8.3) 

2(12.5) 

4 

3(4.6) 

0 

1(14.3) 
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as, the tests performed at entry. The rate o f mortal i ty and cardiac events was lowest 

in the SPA-negative group, highest in the SPA-positive group, and intermediate in 

the SPA-intermediate group. 

Discussion 

This study found a positive association between, platelet hyperreactivity in v i t ro and 

both mor ta l i ty and cardiac events in survivors o f myocardial infarct ion. Dur ing a 

fo l low-up period o f five years, the relative risk o f death was 5.4 times higher in the 

group wi th SPA wi th in 10 minutes (the SPA-positive group) than in the group 

w i thou t this characteristic (the SPA negative group). The 95% CI lies between 2.2 

and 13.4, indicat ing that the risk o f death in the SPA-positive group was at least 2.2 

but possibly even 13.4 times as high as in the SPA-negative group. The f ind ing that 

6.4% (6 o f 94) o f patients died in the SPA-negative group, 10.3% (3 o f 29) in the 

SPA-intermediate group, and 34.6% (9 o f 26) in the SPA-positive group illustrates 

the clinical relevance o f this association. 

Since the deaths o f 1 5 o f the 18 patients who died were due to cardiac causes, it is 

likely that platelet hyperaggregability is associated wi th the development o f 

compl icat ions o f atherosclerotic heart disease. This is corroborated by the f ind ing 

that the relative risk o f cardiac events (cardiac death or recurrent nonfatal 

myocardial infarct ion) was 3.1 times as high (95% CI, 1.6 to 5.8) in the SPA-positive 

group as in the SPA-negative group. 

The cumulative morta l i ty o f 12.1% over a period o f five years in this cohor t is low 

but not surprising. Evaluation of the patients' characteristics at entry showed a high 

prevalence o f f irst myocardial infarctions, the absence o f angina pectoris o f NYHA 

classes III and IV, and a low prevalence o f symptomatic heart failure as reflected by 

the low rate o f the use o f diuretics or digitalis. In fact, 82% o f our patients were in 

NYHA funct ional class I at entry. Al though none o f our patients underwent 

coronary angiography or studies o f left ventricular funct ion at entry, we are 

conf ident that the clinical criteria mentioned above indicated that the patients were 

at low risk.25"27 This has two implications. First, the results o f our study cannot be 

generalized to all survivors o f myocardial infarct ion. Second, platelet aggregability 

as a risk factor apparently has an impor tan t role when the prevalence o f other 

known risk factors for coronary events occurr ing after myocardial infarct ion is low. 

No conclusions can be drawn from this study about the role o f platelet aggregability 

in patients wi th a high risk o f dying after myocardial infarct ion. We do not know 
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whether the effects o f platelet aggregability would be fundamental ly different in 

such patients. Univariate analysis o f the clinical features at entry showed that only 

infarct size, the need for diuretics or digitalis, and the use o f metopro lo l increased 

the risk o f death during fo l low-up (Table 3). The association between the use o f 

metoprolo l dur ing the first year o f the study (administered in double bl ind fashion 

according to a concurrent research protocol) and an increased risk o f death at the 

end o f five years o f fo l low-up is not clear. There is some controversy about the 

secondary preventive effect o f metopro lo l .2 8 "2 9 It is highly unlikely that the adverse 

effects encountered in our study were due to a rebound effect30 when metoprolo l 

was discontinued after one year at the end o f the trial o f secondary prevention. 

Figure 2. Changes in SPA status during Follow-up, according to SPA status at entry 
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O f the 13 patients who took metoprolol at entry and died dur ing fo l low-up, none 

died wi th in three months after withdrawal o f the drug. 

It is o f interest that smoking did no t seem to influence the clinical outcomes in our 

cohor t . This may be due to its small size. When the variables in the univariate 

analysis were used in multivariate analysis, SPA remained a powerful predictor o f 

five-year mor ta l i ty and cardiac events in this cohor t at low risk. A positive SPA value, 

in combina t ion w i th the use o f digitalis as an indirect indicator o f decreased cardiac 

func t ion , increased the estimated morta l i ty risk to 60%. 

It is unlikely tha t our results are based on a chance f ind ing made three months after 

in farct ion, as shown by the data in Table 5. Figure 2 also illustrates that this is not 

the case, because the patients with a negative test for platelet aggregation at entry 

had a very low chance o f having positive tests (black bars) dur ing fol low-up. Also, 

the patients wi th positive tests at entry had a chance o f more than 50% o f 

cont inu ing to have positive tests dur ing the f irst three years o f fo l low-up. 

This study demonstrates that SPA is a useful biologic marker for predicting future 

coronary events and morta l i ty in a subset o f patients who have had a myocardial 

in farct ion. As yet, it cannot be concluded that this relation is causal. Also, the 

pathophysiologic importance of ou r results is uncertain. SPA may be the result o f 

change in th rombocyte funct ion, o r it may be caused by a factor related to extensive 

atherosclerotic vascular damage or factors related to abnormal endothelial 

funct ion. Our results, showing a strong association between a positive SPA status 

and an adverse prognosis, together wi th the presence o f a biologic gradient,5 

strongly suggest a relat ion between thrombocyte funct ion and the complicat ions o f 

coronary artery disease. The results o f other platelet-aggregation studies4"9 support 

this concept. Treatment w i th aspirin has been shown to have a beneficial effect in 

patients wi th unstable angina.11"14 Because spontaneous thrombocyte aggregation 

has not been measured in these studies, further studies o f interventions in patients 

wi th atherosclerotic heart disease and spontaneous thrombocyte aggregation are 

needed to prove a causal relation. The results o f our study provide a basis for further 

intervention studies wi th antiplatelet drugs in survivors o f myocardial infarct ion. 
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