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Summary: This report describes the design and results
of a controlled trial of anticoagulant drugs in the

treatment of patients admitted to hospital suffering from
acute myocardial infarction. A total of 1,427 patients were
allocated at random to therapy with high-dosage or low-
dosage anticoagulants. The high-dosage regimen was 36
hours of heparin administration and phenindione in doses
to maintain the thrombotest level between 10 and 20%.
The mean phenindione dosage was 72 mg./day. The
low-dosage regimen consisted of 1-mg. tablets of
phenindione. Therapy was continued for 28 days.
There was no significant reduction in the mortality in

the high-dosage group. Among the 712 patients allocated
to high dosage 115 (16-2%) died before the 29th day of
the trial. Of the 715 patients allocated to low dosage
129 (18%) died. This difference between these mortality
rates could have occurred by chance.
There was a significant reduction in the frequency of

clinically evident thromboembolic complications (systemic
artery occlusion, leg vein thrombosis, and pulmonary
embolism) among patients in the high-dosage group.
This did not, however, materially affect the difference in
mortality from all causes.

Introduction

The acute phase of myocardial infarction was one of the clinical
situations in which dicoumarol was first used. The rationale
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of this approach is that anticoagulant drugs might be expected
to prevent extension of thrombus in the coronary vessels,
deposition of mural thrombus and systemic arterial embolism,
deep venous thrombosis in the legs, and pulmonary embolism.
Evidence in favour of anticoagulant therapy was first reported
by the Committee for the Evaluation of Anticoagulants in the
Treatment of Coronary Thrombosis with Myocardial Infarction
appointed by the American Heart Association (Wright et al.,
1948). The results in the first 800 cases (432 on anticoagulants
and 368 controls) showed that by the sixth week the death rate
of 15% among those on anticoagulants was significantly below
the rate of 24% among the controls. There was also a reduction
in the incidence of thromboembolic complications from 36%
in the control group to 14% in the treated group. Although
the method of allocation of patients to groups treated either
with or without anticoagulants was not strictly random, the
conclusions were supported by numerous other reports of
similar trials-for example, Tulloch and Gilchrist (1950).
Doubt about the conclusions reached on the basis of these

trials was raised later by several authors (Eastman et al., 1957;
Honey and Truelove, 1957 ; Richards, 1958). Honey and
Truelove, for example, carried out a detailed but retrospective
analysis of the experience of 543 patients admitted to the
Radcliffe Infirmary, Oxford, over the period from 1940 to
1954. They concluded that any small difference in favour of
anticoagulant therapy could be attributed to reduction in
pulmonary embolism, a point previously stressed by Gilchrist
and Tulloch (1956). Despite these and other criticisms,
anticoagulant therapy was widely used in acute myocardial
infarction until 1961, when Hilden et al. (1961a) reported the
results of a large controlled trial of this therapy in acute
myocardial infarction. In this study the death rate from all
causes in the first five weeks was 25 % in the untreated and
23 % in the treated group, though there was a reduction in
thromboembolism diagnosed either clinically or at necropsy.
The evidence both for and against the value of anticoagulant

drugs was open to criticism. In the early trials the method
of allocation of patients to treatment and control groups was
not effectively random, and might have resulted in inadequate
matching of these groups in some important respects. The
comparison of results in small series was complicated by the
large differences in case fatality which could be produced by
varying selection of patients according to sex, age, and severity
of illness. On the other hand, retrospective reviews relied on
the historical comparison of death rates during periods when
changes in other aspects of treatment might have affected the
trend in case fatality rates. For these reasons, and because
of the rather small and transient benefits observed in the earlier
trials of the long-term use of anticoagulants, the Working Party
decided in 1962 to conduct a more strictly controlled trial of
the use of anticoagulant therapy in the acute phase of
myocardial infarction.
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Anticoagulant Administration after Cardiac Infarction

Design and Conduct of the Trial

The main intention was to study the influence on mortality
of anticoagulant therapy given for 28 days to patients who
had recently suffered an acute myocardial infarction. The
patients were admitted to the trial soon after arrival at the
hospital on the basis of a " clinical " diagnosis of myocardial
infarction. On admission to the trial they were randomly
allocated to either high or low anticoagulant dosage treatment
groups. Once entered in the trial the patient was retained in
hospital in the appropriate treatment group for the 28-day
period of the trial. Electrocardiographic and other proof of
infarction was sometimes not available or not complete at the
time of entry into the trial. The subsequent study of these
patients by serial electrocardiography, serum transaminase
estimations, estimations of sedimentation rates, and white cell
counts sometimes led to the conclusion that the patient had
suffered cardiac pain but not infarction. If it became clear
after admission to the trial that the correct diagnosis was other
than coronary artery disease-for example, pericarditis-then
a treatment change was made so that the patient received the
therapy considered appropriate by his physician. Observation,
however, was continued for the full 28-day period, and death,
if it occurred, was recorded.

Further, when the onset of complications such as haemor-
rhage or thromboembolism arose changes in anticoagulant
dosage were, for ethical reasons, accepted as inevitable.
Whether chances in treatment during this 28-day period
resulted from changes in diagnosis or from complications, the
patients were retained, in the analysis of results, in the group
to which they were originally allocated. This convention was

adopted for two reasons. In practice, the decision whether
or not to use anticoagulants is taken at the time of making the
provisional diagnosis of infarction; and a realistic comparison
between the two alternatives open at that time must take into
account any subsequent adverse consequences associated with
later changes in treatment. Moreover, any transfer of patients
suffering complications from one group to another inevitably
invalidates comparisons of the 28-day experience of the two
treatment groups since their clinical composition would no

longer be similar.
This trial was therefore designed to compare the subsequent

experience of patients presumed to have suffered myocardial
infarction and prescribed eithe: high or low doses of anti-
coagulants without regard to any changes in such treatment that
may have later become necessary.

Allocation of Patients

The trial began in April 1963 and continued for three years;
12 hospital centres took part. For each centre a series of sealed,
numbered envelopes was prepared enclosing a card that
indicated the dosage group to which the patient was to be
allocated. The order of these allocations was determined by
using tables of random sampling numbers, and no attempt was

made to stratify by age or sex. As soon as possible after
admission to hospital and the making of a provisional diagnosis
of myocardial infarction, and provided no excluding condition
was present, the clinician opened the next envelope in the
series.

Criteria for Inclusion

Recent Infarction.-Patients were accepted into the trial if,
in the opinion of the clinician in charge: (a) available clinical
and electrocardiographic evidence suggested that myocardial
infarction had occurred within the preceding 14 days, and
(b) none of the excluding conditions specified below were

present. A history of myocardial infarction preceding the
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recent incident, or angina, did not exclude the patient from
the trial.

Age.-Patients of all ages and both sexes were admitted
to the trial.

Inpatient Management.-The trial was restricted to in-
patients, and the patients were treated in hospital for 28 days.

Grounds for Exclusion from the Trial

Other Treatments.-(a) Anticoagulant therapy during the
previous three months, and (b) likelihood of prolonged steroid
therapy during the succeeding four weeks.

Gastrointestinal.-(a) Haemorrhage from any site in the
alimentary tract (1) within the preceding six months, or
(2) recurrent. (b) Presence of a lesion that might give rise to
haemorrhage-for example, active peptic ulcer-clinical or
radiological diagnosis ; hiatus hernia. (c) Liver disease.

Cardiovascular.-(a) Malignant hypertension. (b) Valvular
heart disease (if the clinician considered this to be functionally
significant). (c) Previous cerebrovascular incident, whether
thought to be due to thrombosis or haemorrhage. (d) Clinical
suspicion of a dissecting aneurysm.

Haematological.-Haemoglobin less than 75%.

Therapeutic Regimens

Since the aim of the trial was to assess the value of the
anticoagulant drugs given in doses large enough to interfere
appreciably with the coagulation mechanism, one group of
patients was given heparin and phenindione for 36 hours; and
thereafter phenindione alone in sufficient dosage to give a

thrombotest result of 10-20% (ideally 15%). These patients
formed the high-dosage group. Since all patients were given
otherwise similar treatment in the same ward, some control was
essential of the possible psychological effect of receiving anti-
coagulant tablets. The second group of patients was given
apparently identical tablets containing only 1 mg. of phen-
indione (the low-dosage group). Within each hospital centre
both groups of patients received the same additional forms of
therapy. Congestive failure, shock, and other specific mani-
festations of myocardial infarction were treated according to
current practice.
The details of the anticoagulant treatment were as follows:
High-dosage Group.-(1) Intravenous heparin was adminis-

tered, 15,000 units initially followed by 10,000 units six-hourly
for five doses. The injections were given either by repeated
venepuncture or by the use of any type of indwelling device.
(2) Phenindione was given 12-hourly (6 a.m. and 6 p.m.) as

follows: 100 mg., 100 mg., 50 mg., then 25 mg. 12-hourly until
thrombotest results became available. Heparin was given for
36 hours to patients in the high-dosage group without regard
to the time interval between the onset of infarction and the
start of anticoagulant therapy. If hypersensitivity to phen-
indione developed, a coumarin derivative-for example, war-

farin sodium-was substituted, but no alternative indanedione
derivative was used.
Low-dosage Group.-(1) Heparin-none was given.

(2) Phenindione. This was given 12-hourly (6 a.m. and
6 p.m.) as follows: 2 mg., 2 mg., 1 mg., 1 mg., and then
0 5 mg. twice daily.

Laboratory Control

Heparin was given in accordance with the dosage schedule
already described without monitoring its effect on blood
coagulation.

336 8 February 1969
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The phenindione drug effect was measured by the thrombo-
test method of Owren (1959). The aim of therapy was to keep
the thrombotest level between the limits of 10 and 20% but
preferably at 15%. Starting 48 hours after the patient's entry
into the trial, the thrombotest level was estimated daily for five
days and thereafter at least three times each week. The test
could be carried out on either capillary or venous blood, but
nearly all the readings on the thrombotest were done on the
latter. If venous blood was used, the blood was collected and
stored in plastic syringes and containers which were centrally
supplied. The test was carried out on whole blood-that is,
on cells and plasma-not on separated plasma.
The thrombotest reagent was used in order to provide

uniformity of laboratory control. A subcommittee of the
Working Party had previously examined the use of this reagent
at five of the centres widely distributed throughout the United
Kingdom (7. clin. Path., 1964, 17, 531). This subcommittee
concluded that in the use of thrombotest, (a) properly collected
specimens can be examined centrally after postal transmission,
(b) the test can be readily reproduced in different centres,
and (c) since there was a single source of supply this allowed
standardization between centres. We hoped that adequate
standardization of technique and agreement in therapeutic level
would result in uniformity between hospitals in the mean
dosage of phenindione used and in the mean level of thrombo-
test value. These are set out in Table I, where it can be
seen that the mean dosage in different hospitals varied by at
the most 12% from the overall mean, though the variation in
thrombotest results was greater. The small numbers in some

centres and the differences in clinical and other characteristics
of the patients explain some of the variations. The mean

phenindione dosage was 72 mg./day and the mean thrombotest
value was 16%.

TABLE I

Hospital No. of Patients Mean Daily Mean
on High Dosage Dosage (mg./100 ml.) Thrombotest (%)

A 42 68-4 14-7
B 60 69-0 15-5
C 61 67-8 11-4
D 64 63-8 14-0
E 44 76-3 14-4
F 37 73 9 15-2
G 177 74-7 17-5
H 42 73-8 16-0
I 6 73-0 15-6
J 54 64-3 15-9
K 33 80-2 12-8
L 92 72-1 18-6

Total 712 71-6 16-0

In Table II is set down the percentage of the thrombotest
readings outside and inside the chosen thrombotest level of
10-20%. About one-half of the readings were within the
elected therapeutic range, while one-quarter were below and
one-quarter above this level.

TABLE II

Hospital

A
B
C

D
E
F
G
H

I
J

K
L

Total

Value of Thrombotest Expressed as Percentage of Normal

-10 110-20! 20+ 1-10 110-20! 20+ 1-10 110 20! 20+

Thrombotest Readings.
% Outside and Inside Optimum Range

Males Females

28 55 17 34 46 21
20 62 18 17 61 22
42 51 7 57 35 8
24 60 15 35 46 19
32 53 14 22 56 22
29 48 23 34 52 15
13 58 29 15 58 27
25 54 21 29 50 21
18 65 18
22 57 22 38 44 18
38 46 16 56 31 13
12 57 31 14 51 36

21 57 23 26 52 23

___-Total

29
19
46
27
28
30
13
25
18
24
40
12

22

53
62
47
56
54
49
58
54
65
55
44
56

55

18
19
7
16
17
21
29
21
18
21
16
32

23
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Completion of Records

The records included the following information:
Date and time of onset of major attack.
Presence or absence of pain or discomfort and its severity and

duration; site and distribution of pain.
Blood pressure on admission.
Presence or absence of pericardial friction.
Details of any arrhythmias.
Presence or absence of heart failure.
Maximum erythrocyte sedimentation rate.

Maximum leucocyte count.

Serum cholesterol.
Daily serum aspartate aminotransferase level for five days in

those patients admitted during the seven days since the onset of
infarction.

Electrocardiographic tracings were obtained on the day of
admission to the trial and at least three times in the succeeding
10 days-that is (1) day 1, (2) days 2-4, (3) days 5-7, (4) days
8-10. Fifteen leads were used on each occasion-three standard
limb leads, three augmented unipolar limb leads, and nine.unipolar
precordial leads Vi-V9.

Date and time of starting heparin (in the high-dosage group)
and the time interval between the onset of the incident and the
first injection of heparin.

Details of subsequent course: date started *to sit out of bed,
date started to walk, details of treatment of hypotension, evidence
of left ventricular failure or congestive cardiac failure developing
after entry into trial, thromboembolic and haemorrhagic incidents,
and deaths.

Criteria of Therapeutic Effect

Because the attending physician had to know the dosage of
anticoagulant being given in case of a sudden emergency, such
as haemorrhage or serious thromboembolic disorder, no double-
blind assessment procedure was practicable. Alteration in death
rate was therefore the decisive criterion of drug efficiency, but
other events such as reinfarction of the mypcardium, embolism
in a systemic artery, leg vein thrombosis, and pulmonary
embolism were taken into account in the analysis. When
thromboembolism or serious haemorrhage occurred the
clinician-in-charge was free to treat the patient as he wished.
A note was made of the time of onset of the incident.

Deaths

If death occurred a record was kept of the date and time,
and a note was made of the relevant clinical data. When a

necropsy was performed the details were kept on a standard
form. An effort was made to have a necropsy carried out in
all patients dying while in the trial. Where possible, at each
centre the same pathologist conducted all necropsies on trial
patients. The pathologist was not to be given information
about the treatment used, and he was asked to complete the
special necropsy report form before seeing the case records.

All deaths during the four-week period (including those
occurring after the onset of complications that had required
a major change in the anticoagulant regimen) were reported at
once to the secretary of the Working Party. A sequential pro-

cedure was followed so that the trial could be stopped at once

if a significant disparity in deaths appeared between the patients
divided according to the original treatment allocation. In the
event, however, sequential charts of deaths gave no clear
indication that one group was faring much worse than the
other, and the trial was continued for three years, by which
time 1,427 patients had been admitted. Since these charts add
nothing to the assessment of the results they are not included
in this report.
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Reinfarction of Myocardium and other Thromboembolic
Complications During Trial Period

A record was kept of the time of onset of the incident.
Thromboembolic complications were set out under the
following headings: (a) evidence of reinfarction of the myo-
cardium-this was investigated and documented in the same
way as for the original infarction; (b) occlusion (embolic or
thrombotic) in systemic artery; (c) leg vein thrombosis-this
was judged on the presence or absence of pain, tenderness,
fever, oedema, or Homans's sign; and (d) pulmonary embolism
with pulmonary infarction-this was diagnosed on the basis
of dyspnoea, chest pain, haemoptysis, and other clinical signs
such as pleural friction, radiological evidence, electrocardio-
graphic findings, enzyme studies, and serum bilirubin
estimations. ,
Haemorrhagic Incidents.-Clinical evidence of obvious

bleeding during the trial period was reported. The following
serious haemorrhagic incidents were recorded in detail:
(1) macroscopic haematuria, (2) gastrointestinal bleeding,
(3) haemorrhagic pericardial effusion, (4) pulmonary interstitial
haemorrhage, (5) cerebral haemorrhage or subdural haematoma,
and (6) cutaneous haemorrhagic necrosis.

Results

The success of the allocation procedure in ensuring equality
between the two groups was first tested, as shown in Table III,
by comparing the age and sex distribution of the patients
randomly allocated to the two series. Inspection of the figures
in Table III shows that the differences found are small and
within the limits of sampling variation. In Table IV two

TABLE III.-Age and Sex Distribution of Comparative Series

High Dosage Low Dosage

Age Male Female Male Female

20-29 2 - 2 -

30-39 22 2 20 3
40-49 107 17 107 14
50-59 212 45 200 43
60-69 157 62 162 68
70-79 43 35 50 34
80-89 6 2 6 5

Not known I1

Total 549 163 547 168

TABLE IV.-Comparison of Previous History and Severity in Patients
Allocated to Low-dosage and High-dosage Regimens

Total . .

Previous
infarcts . .

Severe infarcts
Mild infarcts

High-dosage Patients

Males Females Total

No. % |% No. %

549 163 712 -

77 14 17 10 94 13

269 49 96 59 365 51

280 51 67 41 347 49

Low-dosage Patients

Males Females Total

N. % No. % No. %

547 1 168 1715

78 14 24 14 102 14
258 47 89 53 347 49
289 53 79 47 368 51

BynisH
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other aspects are compared-the previous infarction history-
of the two groups where stated and the severity of the incident.
The classification into mild and severe was made centrally
and arbitrarily on the basis of the recorded data on hypotension
(systolic blood pressure less than 100 mm. Hg), arrhythmia,
and heart failure. If one or more of these were present the
infarction was considered severe. In these two respects also the
two groups are very similar.
The patients were entered in the trial as soon as they came

into hospital and a working diagnosis of myocardial infarction
had been made. After all the required data had been collected
-serial electrocardiography, changes in serum transaminase,
erythrocyte sedimentation rate, and white cell count-the
clinician was asked to state on the trial records his final con-
clusion on the diagnosis-that is, whether recent infarction
was (a) certain, (b) probable, (c) improbable, or whether
(d) evidence was insufficient.- The percentage of patients
classified as having " certain or probable " infarcts were as
follows: high-dosage group 92-2%, low-dosage group 92-7%.
In the analysis, however, all patients entered in the trial were
included. The two groups were also similar in respect of
the time interval between onset of infarction and entry into
the trial. The relevant data are shown in Table XIII. After
entry into the trial the rate of mobilization of patients was
very similar in the two groups (see Table V).

TABLE V.-Sitting out of Bed

High Dosage Low Dosage

-7 days 26 23
-14 days .75 89
-21 days .179 157
-28 days .228 235
28+ days 82 70
Deaths 115 129
Not stated .7 12

Total .. .. 712 715

Mean No. of days from entry into
trial until sitting out of bed
(excluding deaths) .. .. 21-1 20-9

Some possible major sources of variation in outcome have
thus been taken into account and comparison between the two
series can therefore be made directly.

Deaths

Table VI shows the deaths and death rates in total and in
sex and 10-year age groups. Over all, there is no significant
difference between the number of deaths in the two groups

(X2=0-771; 0-30<P<0 50). The number of deaths among
females is higher in the high-dosage group, but this does not
obscure a major advantage among men on the same regimen,
for application of Cochran's (1954) test shows that when a

weighted combination of the differences in fatality rates in
each male age group is made over the whole age range the
difference in total death rates is shown to be small enough
to have readily occurred by chance (0-10<P<0-20). Further,

TABLE VI.-Case Fatality Rates by Age-in Decades

High Dosage

Age Males Females Males

Patients Deaths C.F.R./100 Patients Deaths C.F.R./100 Patients Deaths

25- 10
35- 61
45- 140
55- 246
65- 71
75- 20
85-89 1

Not stated ..

Total .. 549

2 3-3 6
14 100 27 6

29 11-8 68 17

22 31-0 51 14

6 30-0 11 5

0

4-2

73 13-3 163 42

0

22-2
25-0
27-5
45-5

25-8

Low Dosage

C.F.R./100 Patients

7 - 0 2

64 3 4-7 7

161 15 9 3 27

200 35 17-5 58

91 23 25-3 54
24 15 62-5 19

- - 1

547 91 16-6 - 168

Females

Deaths C.F.R./100
0

2 28-6
3 11-1
7 12-1
18 33-3
7 36-8

1 100-0
38 22-6

C.F.R. = Case fatality rate.
Total mortality: High dosage, 115 deaths in 712 patients (death rate= 16-2%). Low dosage, 129 deaths in 715 patients (death rate= 18-0%).

338 8 February 1969 Anticoagulant Administration after Cardiac Infarction

..-_~~~~~~~

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5640.335 on 8 F
ebruary 1969. D

ow
nloaded from

 

http://www.bmj.com/


a similar test for homogeneity in these differences in successive
age groups showed that there is no significant tendency-for
example, for a beneficial effect among younger patients to be
obscured by an opposite effect among older men.

Table VII shows that among men, but not among women,
there is a suggestion that there may be an initial advantage to
the high-dosage group, but it is reduced by the end of the
fourth week. There may be a difference also in the mode of
dying in the two groups (Table VIII) in that sudden death
in men is more frequent in the low-dosage series. Though
these excess deaths largely occurred in the first week (Table IX),
neither of these disparities between the treatment groups in
timing or in mode of dying is greater than could be attributed
to chance.

TABLE VII.-Distibution of Deaths by Week of Occurrence

Week from Entry
;__ 1_ _|_ _2_|_ _3|j

Males (High dosage 38 18 9 8 73Fml (Low dosage 52 22 12 5 91
Females -High dosage 31 7 2 2 42

WLow dosage 25 9 3 1 38

BsrrsSH
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(Table XI) ; Table XII confirms that there was no important
coincidental change in the fatality rates in the two groups.

TABLE X.-Distribution of Cases by Mild and Severe Classification
Case Fatality Rates

High Dosage Low Dosage
Males Females Total Males Females Total

Mild:
Cases
Deaths
C.F.R.

Severe:
Cases
Deaths
C.F.R.

280
15
5-4

269
58
21-6

67
10
14-9

96
32
33-3

347
25
7-2

365
90
24-7

289
24
8-3

258
67
26-0

79
14
17-7

89
24
27-0

368
38
10-3

347
91
25-2

TABLE XI.-Percentage of Severe Cases by Year of Entry (I, II, III)

Total .(High dosage 69 25 11 10 115(Low dosage 77 31 15 6 129

TABLE VIII.-Mode of Death

High Dosage Low Dosage

Males Females Total Males Females Total

Sudden- 34 23 57 53 16 69
C.C.F., L.V.F. 13 4 17 15 5 20
Hypotension 21 14 35 19 14 33
Other .. 5 1 6 4 2 6
Not stated - - - - 1 1

Total .. 73 42 115 91 38 129

Mode of death coded on clinical information only and without knowledge of
treatment group into the above categories. Each death assigned to one mode only.
Where more than one mode mentioned, death was coded to the predominant one.

C.C.F. = Congestive cardiac failure. L.V.F. = Left ventricular failure.

TABLE IX.-Mode of Death by Week of Occurrence-From Entry

High Dosage

Males Females Total

Week 1:

Sudden .. .. 11 16 27

C.C.F. or L.V.F. . . 5 4 9

Hypotension . 20 10 30

Other .. .. 2 1 3

Males

28
11
12
1

Low Dosage

Females Total

11 39
3 14
10 22
1* 2

Total .. .. 38 31 69 52 25 77

Week 2:
Sudden 13 5 18 16 4 20
C.C.F. or L.V.F. .. 3 - 3 1 1 2
Hypotension - 2 2 4 3 7
Other .. . 2 - 2 1 1 2

Total .. .. 18 7 25 22 9

Week 3:

Sudden .. 7 2 9 6 1
C.C.F. or L.V.F. 1 3 1

Hypotension .. 1 1 1
Other .. .. -_ 2 1

Total.. ..' 9 2 1 1 12 3

Week 4:

Sudden . 3 - 3 3
C.C.F. or L.V.F. 4 4
Hypotension - 2 2 2 1
Other .. .. 10

Total.. 8 10 5 1

31

7
4
1
3

15

3

3

6

TABLE XII.-Deaths and Death Rates in the Three Years April 1963 to
March 1964, April 1964 to March 1965, and April 1965 to March
1966

Males:
High

dosage
Low

dosage
Females:
High

dosage
Low

dosage

Total:
High

dosage
Low

dosage

Year I

Deaths
Patients Patients

No. /O

220 23 10-5 189

221

72

77

292

298

42

22

20

19-0

30 6

26 0

185

47

50

Year II Year III

Deaths Deaths
s

No. %
Patients

No.~ | ° No. |%

28 14-8 139 22 15-8

25 13-5 138 24 17-4

9 19-1

10 200

43

41
-

45 15-4

62 20-8

236

235

37 15-7

35 14-9

182

179

11

8

33

32

25-6

19-5

18-1

17-9

In Table XIII death rates are recorded according to the
time interval from infarction to entry to trial. There is no
suggestion in this Table that the time of beginning high-dosage
therapy-that is, the time interval between infarction and entry
into the trial-had any material effect on the difference between
dosage groups in fatality rates.

TABLE XIII.-Death Rates per 100 According to Interval from Infarction
to Entry to Trial

Interval
High Dosage

No. of Cases Rate

Low Dosage
No. of CasesI Rate

Same day . 306 19 9 321 21-8
1 day .. 200 14-0 194 15-5
2 days . 74 16-2 78 15-4
3+4 days . . 67 119 63 11-1
5 + days . . 62 9 7 58 17-2
Not stated . 3 1.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Total . . 712 715

* Mode of death not known.

Table X gives the case fatality rates in patients classified
according to the severity of the infarction in the two groups.
It shows that in each severity category there is no major
difference in fatality rate between the two treatment groups.
During the three years of the trial there was a decline in the
intake, but, apart from a fall in the proportion of " severe "
patients in the low-dosage group in the third year, there was
little change in the clinical character of those admitted
C

Reinfarction of the Myocardium
The frequency of presumed reinfarction (whether fatal or not)

in the two series is compared in Table XIV. No patient
suffered more than one recognized reinfarction. Although there
is a lower rate for all reinfarctions in the high-dosage patients
in the two sexes taken together, the difference in favour of
the high-dosage group falls short of technical levels of
significance (x2=3 575; OO5<P<O1); and when only
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340 8 February 1969 Anticoagulant Administration after Cardiac Infarction

"ecertain and probable " cases are considered the differece ig
even smaller. This apparent benefit was restricted to the male
patients.

TABLE XIV.-Reinfarctions

High Dosage Low Dosage

Males Females Total Males Females Total

Total . 49 20 69 68 25 93

Certain . .. 16 5 21 25 4 29
Probable . .. 16 9 25 21 10 31
Improbable . .. 11 4 15 14 4 18
Insufficient evidence .. 6. 2 8 8 7 15

Reinfarction Rate! 100 Patients
Certain and probable f 5-8 8-6 6-5 8-4 8-3 8-4

Total . .. 8-9 12-3 97 12-4 14-9 13-0

This table includes non-fatal and fatal reinfarctions.

No patient suffered more than one recognized reinfarction.

The time distribution of reinfarctions (" certain and prob-
able ") is set out in Table XV. The rate of reinfarction is
higher in the low-dosage groups in the first week but the trend
reverses thereafter.

TABLE XV.-Disrriburions of Reinfarctions (Certain and Probable) by
Week of Occurrence

Week from Entry- Total
11 2 3 4

Males:
High dosage .. 12 11 8 1 32
Low dosage 28 11 6 1 46

Females:
High dosage .. 3 7 1 3 14
Low dosage .. 9 4 1 - 14

Total:I
High dosage .. 15 18 9 4 46
Low dosage .. 37 15 7 1 60

Other Thromboembolic Incidents

Table XVI shows that other thromboembolic incidents
(systemic artery occlusion, leg vein thrombosis, and pulmonary
embolism) were reported twice as frequently in the low-dosage
group ; and this was a significant excess over the rate for
patients on high dosage (X2 with correction factor 18-4,
P<0.01).

TABLE XVI.-Throtmboensboliw Incidents

Type of Incident Hfigh Dosage Low Dosage

Occlusion of systemic artery ..9 24
Leg vein thrombosis 11 30
Pulmonary embolism 16 40
No. of patients with thromboembolism 34 79
Total No. of patients 712 715
Thromboembolism rate 4-8 11.0

group and 113/100 M.M.E. among the low-dosage patients.
The details of these incidents are given in Tables XVII and
XVIII. Though haemorrhage was more frequent in the high-
dosage group, no deaths resulted.

TABLE XVII.-Haemarrhages

High Dosage

Males IFemales ITottal

Low Dosage

Males IFemales Total

Recorded on trial:
Yes . 24 12 36 6 3 9
No. . 525 151 676 541 165 706

Total . .. 549 163 712 547 168 715

Recorded on P.M.
report:

Haemopericardium 5 3 8 10 5 15
Infarct haemorrhagic 20 15 35 24 12 36
Subineimnal haemnor-

rhage . .. 12 3 15 12 3 15
Cerebral haemnorrhage 1 - 1 1 1
Haemothorax .. 1 - 1 3 - 3
Others . .. 2 - 2 2 3 5

Total .. 41 21 62 51 24 75

TotalP.M.s . .. 46 28 74 70 I24 ~I94

TABLE XVII.-Haemorrhagic Incidents

High Dosage Low Dosage

Haemoptysis.8 1
Haemnatemnesis and/or melaen'a . 10 1
Positive faecal occult blood.5 2
Rectal bleeding.1 2
Haematuria.6 2
Bleeding from venepuncture site ..2
Bleeding from skin haemangsomna .
Bruising-spontaneous or at injection site 2
Epistaxis1
Bleeding from shaving cut1

Total 36 9

Treatment Changes
Reinfarction as well as the development of other thrombo-

embolic phenomena-that is, systemic artery occlusion, leg vein
thrombosis, and pulmonary emnbolism-caused treatment to be
changed in the low-dosage group. Changes in the high-dosage
group were made because haemorrhage or the risk of haemor-
rhage prompted the withdrawal of anticoagulant drugs.
A change of diagnosis and various non-medical reasons

occasionally required cessation of anticoagulant treatment. The
oral anticoagulant drug was changed if sensitivity. to phenin-
dione appeared. The frequency and causes of all changes in
treatment are given in Table XIX. Because these treatment
changes were dependent on alteration in the patient's condition
and were not randomly assigned as in a controlled trial, no just
comparison can be made between the experience of these
patients and those continuing at the same anticoagulant
dosage.

Of the nine incidents of systemic artery occlusion in the
high-dosage group, eight had a cerebrovascular lesion and one
an occlusion of a lower-limb artery ; four patients had residual
hemiparesis. In the low-dosage group the 24 incidents of
occlusion of a systemic artery were: 18 involving the cerebral
circulation, 5 in a lower-limb artery, and 1 in the mesenteric
vessels , eight patients had residual hemiparesis and one
required an amputation.

HaemorrhagicIndnt
The incidence of clinically obvious haemorrhage was 5-1/

100 M.M.E. (man months of exposure) in the high-dosage

TABLE XIX.-Treaemestu Changes
High Dosage

.kntcoaglant Haemorrhage or risk of haemorrhagestnpeiauat Other medical reasons-e.g., change in diagnosis (6)
stopped LOther non-medical reasons-eg.,. self-discharge

Changes toohrfFollowing sensitization
anticoaguan 1 Following possible sensitization

Anticoaguatstiled off before 28 days
Total

Lows Dosage
Changedto

r Reinfarction
Change-dtos Occlusion of systemic artery, leg vein throm-
high-osagela1ts bosis, pulmonary embolism
antioaglans LOther medical reasons

Low-douge Medicalreasons,includiig change in diagn osis (3)
anticoagulants Non-medical reasons-eg., self-discharge
stopped Total

*In two cases heparin only stopped.

Bzn~m
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20*
14
5
5
11
2

57*

19

48
3

12
3
85
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Post-mortem Studies

Necropsies were carried out on 168 of the 244 patients who
died. The pathologists carrying out those examinations were
unaware of the treatment regimen in 63 out of 73 necropsies
in the high-dosage group and in 83 out of 89 in the low-dosage
group. Six records did not state whether the pathologist knew
the treatment allocation.

Table XX shows the post-mortem findings on coronary
thrombi in the two groups. The proportion of patients found
at necropsy to have coronary thrombi was higher (but not
significantly so-x2 with correction 3 04, 005<P<0 10) in
the low-dosage group. In only one patient, found at necropsy
to have suffered pulmonary embolism, was the diagnosis made
before death. Since, however, only those who died can be
included in the post-mortem results the apparent disagreement
between these and the clinical reports in Table XVI may be
less than this discrepancy suggests.

TABLE XX.-Post-mortem Findings on Coronary Thrombi and Other
Thromboembolism

1 High Dosage Low Dosage

Total No. of necropsies 74 94
Coronary thrombi .55 81
Cerebral thrombosis or embolism .. 3 7
Embolism of other systemic artery (renal,

splenic, limb) .. .. .. 7 16
Leg vein thrombosis . .. 4 2
Pulmonary embolism and/or infarction 9 5
No. of post-mortem patients with thrombo-
embolism (excluding coronary thrombi) 17 19

Thromboembolism rate (excluding coronary
thrombi) .23-0 20-0

Haemopericardium was no more frequent in the high-dosage
group, and cerebral haemorrhage was observed at necropsy in
one patient in each treatment group. In neither case was it
thought to be the cause of death (see Table XVII).
Haemorrhagic infarctions and subintimal haemorrhages in

coronary arteries (see Table XVII) were found relatively more
often in necropsies on patients who had been in the high-
dosage group. These small differences could, however, have
arisen by chance.

Discussion

Most of the previous trials have indicated that anticoagulant
therapy in the acute phase of myocardial infarction results
in a reduction by 50% in the case fatality rate (Douglas, 1962).
The Working Party therefore designed this trial so that it
would have a reasonable chance of detecting a therapeutic effect
of this order. The sequential design mentioned above was set
up so that a difference of this size could be immediately appre-
ciated and the trial stopped as soon as the results could be
expressed with the confidence associated with the 1%
significance level. At no time, however, did this situation
arise.
The results in this trial indicate that for all ages and both

sexes combined there is little difference in the case fatality rates.
Indeed, while there is a small reduction in the male group, this
is in some measure counterbalanced by a corresponding relative
increase in the mortality in females. In neither sex nor in any
specific age category is there a technically significant difference
between the high- and low-dosage groups; nor is there any
consistent age pattern in these differences that might suggest
a therapeutic effect which was especially obvious in, for example,
either young or old patients.
There was a significant reduction in the frequency of

clinically manifest thromboembolic incidents (occlusion of
systemic artery, leg vein thrombosis, and pulmonary embolism)
among the patients given high-dosage phenindione, though the
number of such events found at necropsy was similar in the
two groups. There was some reduction in the frequency of
clinically reported reinfarction in the high-dosage group.

Despite these reductions in the frequency of clinically detcr-
mined reinfarctions and other thrombotic events in the high-
dosage group, no significant reduction in case fatality rates
resulted. Haemorrhage was not a serious complication and no
deaths were attributed to this cause.

If death from all causes in the first four weeks of anti-
coagulant treatment in hospital for myocardial infarction be
taken as the prime criterion, this trial has failed to confirm the
50% reduction in mortality reported in some earlier trials.
Taken over all age groups and both sexes, the death rate in the
high-dosage group is, at 16-2%, only 1-8% lower than the rate
in the low-dosage series; a difference of this order could occur
by chance about once in every three such trials. Even with the
relatively large numbers of cases involved, however, it is impos-
sible to deny that some difference may truly exist. Though
the best estimate we can make of the difference in fatality rate
is 2%, this estimate is subject to chance variation associated
with the limited numbers in the two series on which it is based.
In technical terms the standard error of this difference is also
about 2 %. Thus the true difference may lie between the limits
of 2%/ plus or minus 4%, and could be as much as 6%.
On the other hand, it could equally well be a difference of
2 % in favour of the low-dosage group.
We conclude, therefore, that although a small reduction in

the fatality rate may result from the high-dosage anticoagulant
used in the circumstances of this trial, it is unlikely to be
greater than 6%-a reduction of at most one-third of the
18% mortality rate observed in the low-dosage group. It is
most unlikely to be as large as a 50% reduction in case fatality
rate. The possibility that certain subgroups of patients may
derive benefit has also been explored. It should be pointed out,
however, that, although comparisons have been made only
where there were good a priori reasons for t-upecting differences
in response to therapy, the conventional levels of statistical
significance used may not be sufficiently stringent. Even at
these levels, however, no significant differences between various
subgroups in the response to treatment were detected.
Comparison with the results of previous trials is not readily

practicable, since these differ both between themselves and from
this trial in many important respects. In the American Heart
Association trial, for example, deviations fiom strictly random
allocation were admitted (Wright et al., 1948, 1954). The
design of the Danish trial (Hilden et at., 1961a, 1961b) sought
to avoid treating patients in an obviously different manner in
the same hospital ward. For two years patients were admitted
either to two medical departments where anticoagulants were
used or to two others where they were not. At the end of
this period the treatment regimens were changed over in the
two sets of departments and observation was continued for
another two years. This rather unorthodox allocation pro-
cedure appeared to give reasonably comparable groups; but
though 1,404 patients were admitted to the four departments
only 800 of these were included in the analysis. The patients
excluded were those in whom the diagnosis had been made at
necropsy or 72 or more hours after the infarction and deaths
occurring in the first 48 hours. These differences in design
made direct comparison with our results impracticable.
Drug dosage levels in the current trial may well have differed

from those used in earlier trials in acute myocardial infarction
-for example, Tulloch and Gilchrist (1950). It was appre-
ciated at the start of this trial that a thrombotest level of
10-20% was not an intense anticoagulant effect; but this was
the therapeutic level recommended by the originators of the
test method at that time. This degree of anticoagulant effect
was likely to be associated with a low incidence of abnormal
haemorrhage. In the study of the role of anticoagulant therapy
in the prevention of venous thrombosis and pulmonary
embolism in middle-aged and elderly injured patients, Sevitt
and Innes (1964) reported that the degree of anticoagulant
effect was critical. Failure to prevent venous thrombosis and
pulmonary embolism did not occur with a thrombotest level of
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5-10% but was sometimes found when the level was 10-25%.
Though relating to a different therapeutic problem their results
may be relevant. The average daily dose of 72 mg. of phen-
indione in this trial was less than the mean daily dose of
108 mg. used in the M.R.C. long-term anticoagulant trial
(Report to Medical Research Council, 1959, 1964). The
moderate anticoagulant effect might explain the low rate of
haemorrhage in this trial, which is lower than that in the
Danish trial or in the American Heart Associationr trial (Wright
et at., 1948 ; Hilden et al., 1961a). The occurrence of haemor-
rhage in the low-dosage group in this trial was also lower than
in the control group in the American Heart Association trial,
so that differences in reporting levels may also be suspected.

Since this trial was designed to compare the results of alloca-
tion at an early stage of the investigation of the case, our series
contained about 8% of patients in whom the, diagnosis was
not later confirmed, but they were equally distributed between
high- and low-dosage groups. In some of these patients, and
in others where complications such as haemorrhage or thrombo-
embolism supervened, changes in treatment were made; 8%
of the high-dosage group and 12% of the other group were
thus affected. About 90% of the patients in each group were
thus maintained on the same anticoagulant regimen throughout
the 28 days of their stay in hospital.

In this trial there was a low case fatality rate (18%) in
the low-dosage group in comparison with the usual reported
experience of 30% death rate in patients with myocardial
infarction admitted to hospital. Possibly important was the
exclusion from the trial of patients suffering, for example, from
severe hypertension or giving a history of previous cerebro-
vascular accident. It should be noted that a small proportion

of patients (see Table XIII) were admitted to the trial 48 hours
or longer after the onset of the incident of infarction when
the fatality rate is lower than during the first 24 to 48 hours.
An important difference between this and earlier trials may lie
in the major changes that have taken place in the treatment
of acute myocardial infarction. Any reduction in the risk
of thromboembolism attributable to earlier mobilization, for
example, may well diminish the potential contribution of anti-
coagulant drugs to the prevention of such complications of
myocardial infarction. It should be emphasized, therefore, that
our conclusions relate specifically to the degree of anticoagulant
effect produced in the patients selected on the criteria stipulated
and in the context of the ancillary forms of treatment prevailing
while this trial was in progress.
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Foetal Blood Sampling. Practical Approach to Management of
Foetal Distress

T. M. COLTART,*t M.B., PH.D.; N. R. A. TRICKEY,*t F.R.C.S.; R. W. BEARD,t§ M.B., M.R.C.O.G.

Brit. med. J., 1969, 1, 342-346

Summary: The practical application of foetal blood
sampling in the routine management of patients in

labour has been reviewed in a six-month survey, during
which time 1,668 patients were delivered at Queen
Charlotte's Hospital.

Foetal acidaemia (pH 7 25 or less) occurred in 45 of the
295 patients who showed clinical signs of foetal distress.
Foetal tachycardia was the presenting sign in 33 of these
45 patients, underlining the importance of this physical
sign. Foetal acidaemia in association with clinical foetal
distress occurred twice as often in patients who had
complications of pregnancy and who were therefore
regarded as obstetrically " at risk" as it did in patients
who were obstetrically "' normal." No cases of acidaemia
were detected in any of the foetal blood samples per-
formed routinely on " at-risk " patients in the absence of
clinical foetal distress.

*Resident Medical Officer, Queen Charlotte's Hospital, London W.6.
t Senior Lecturer, Queen Charlotte's Hospital, London W.6.
t Present address: Chelsea' Hospital for Women, London S.W.3.
S Present address: King's College Hospital, London S.E.5.

Introduction

Foetal blood sampling has been proved valuable in assessment
of the condition of the foetus during labour (Salings 1965;
Beard, Morris, and Clayton, 1966; Kubli, 1966). The clinician
may, by determining the pH of the foetal blood, obtain a more
specific index of hypoxia than the subjective evidence provided
by the customary clinical signs of foetal distress. Nevertheless
it is important to realize that these two methods of foetal diag-
nosis are complementary to one another. Alterations in the
foetal heart rate and meconium in the liquor provide an indi-
cation to collect a foetal blood sample, and in return the know-
ledge of the foetal acid-base status provides insight into the
significance of these signs.
From the practical point of view foetal Ablood sampling

imposes an added work-load on the medical and nursing staff.
In order to achieve maximum economy of effort it is essential
to have a precise knowledge of the clinical conditions which
are most commonly associated with foetal acidaemia during
labour. This study has been undertaken to investigate which
patients may benefit most from being monitored during labour
by foetal blood sampling. Furthermore, an attempt has been
made to describe how the knowledge of foetal pH has rational-
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