
British Heart Journal, 1972, 34, 465-47I.

Platelet studies in patients with coronary artery
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Measurement of the platelet electrophoretic response to adenosine diphosphate (ADP) has been
used to study platelets from two groups of patients thought to have coronary artery disease, and

4 a group of relatives of men who had suffered myocardial infarctions before the age of 45.
Of 34 patients diagnosed by clinical, biochemical, and electrocardiographic criteria to have

had myocardial infarctions, 32 hadplatelets that were abnormally sensitive to ADP. The coronary
arteries of I2further patients with chest pain were assessed by angiography: of these, 8 werefound
to have coronary artery disease and 4 had normal coronary arteries. Seven of the 8 patients with
abnormal coronary arteries had platelets that were abnormally sensitive to ADP; one of the 4
patients with normal coronary arteries had abnormal platelets.
Of 29 relatives of young men with arterial disease, 17 had platelets that were abnormally

sensitive to ADP. Of I07 subjects studied in the course of other experiments, 3 were found to
have platelets that showed this abnormality.

Studies of platelet function have not so far been
of clinical value in the diagnosis of coronary

4 artery disease, nor have they been found use-
ful in the identification of individual subjects
destined to develop it. Platelet adhesiveness
(the sticking of platelets to a foreign surface
such as glass) is increased in patients with
coronary artery disease (McDonald and Edgill,
I957) but changes in platelet adhesiveness are
non-specific, and they have been observed in
a wide variety of other conditions. An increase

t- in platelet aggregation (the sticking of plate-
lets to each other) has also been described in
patients with coronary artery disease (O'Brien,
Heywood, and Heady, I966) but such a
change is also non-specific, for it occurs after

, surgical operations (Emmons and Mitchell,
I965); moreover, differences in platelet aggre-

, gation between healthy and ill subjects can
only be detected when groups are compared
because of the wide variation in platelet
aggregation.
Measurement of the changes in platelet

electrophoretic mobility induced by adenosine
' diphosphate (ADP) and noradrenaline has
been found more useful clinically, for the
platelets of patients who have had myocardial
infarction are unusually sensitive to ADP.
ADP and noradrenaline induce biphasic chan-
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ges in platelet mobility: the maximum mo-
bility that can be induced is about io per cent
above the control value and in healthy sub-
jects this increase is induced by oos5 ,ug/ml of
either ADP or noradrenaline (Hampton and
Mitchell, I966a). In patients with any sort of
acute illness the maximum increase in platelet
mobility is induced by o*oos ,tg/ml (or less)
ofADP or noradrenaline (Hampton and Mit-
chell, I966b). In patients with atheromatous
arterial disease platelet sensitivity to ADP is
increased so that maximum platelet mobility
is induced by ooos ,ug/ml, while the platelet
sensitivity to noradrenaline is normal (Hamp-
ton and Mitchell, I966c). In these patients
the change in platelet behaviour results from
a disturbance of the plasma lipids, the nature
of which has only partly been elucidated
(Bolton, Hampton, and Mitchell, I967). A
similar abnormality in the plasma lipids and
the platelets has been described in women
taking oral contraceptives (Bolton, Hampton,
and Mitchell, i968), but it appears to be
limited to these two situations. Pending the
final clarification of the plasma lipid abnor-
mality, observations of the platelet electro-
phoretic behaviour of patients with arterial
disease have been extended, and a group of
subjects whose coronary arteries were investi-
gated by angiography has been studied.
Observations have also been made of the
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platelet behaviour of a group of close relatives
of patients who developed myocardial infarc-
tions before the age of 45.

Methods
Blood was collected by clean venepuncture into
plastic syringes, and 9 ml aliquots were trans-
ferred to siliconized centrifuge tubes containing
I ml of 3-8 per cent (w/v) trisodium citrate.
Platelet-rich plasma and platelet-poor plasma
were prepared and the platelet-rich plasma was
diluted i in I0 with the platelet-poor plasma.
Measurements of platelet mobility were made in
a horizontal capillary apparatus with platinum
electrodes using the technique described by
Hampton and Mitchell (I966a). Adenosine di-
phosphate and noradrenaline (both from Sigma)
were dissolved in saline, and platelet mobilities
were measured before and after I0 minutes
incubation with ooos, o os, and o 5 ,ug/ml.

Results
(a) Preliminary study: patients with
clinically-diagnosed coronary artery
disease Thirty-four patients, 28 men (aged
27-70) and 6 women (aged 34-77) were
studied. All but 2 had suffered myocardial
infarctions, diagnosed by clinical history and
signs, changes in the electrocardiogram, chan-
ges in plasma enzymes, and changes in the
peripheral white cell count and the red cell
sedimentation rate. Patients in whom the
diagnosis was in doubt were not studied. No
patient was studied within two weeks of a
myocardial infarction and no patient was
studied if he was suffering from any illness
that might lead to a nonspecific increase in
platelet sensitivity to both ADP and nor-
adrenaline. The two patients who were in-
cluded in this group but who had not suffered
myocardial infarctions had had severe exer-
tional chest pain which was characteristic of
angina pectoris; in both the electrocardio-
gram showed horizontal depression of the ST
segments in the anterior chest leads.

In the first 20 patients the platelets were
exposed to ADP and to noradrenaline and
matched control subjects were also studied:
the detailed results have been described previ-
ously (Hampton and Mitchell, I966c). The
platelets of the remaining I4 patients were
exposed only to ADP. Fig. i shows the effects
of ADP on the platelets of all 34 patients: the
interrupted line and stippled area show the
mean changes in mobility and their standard
deviations in 31 patients in whom the maxi-
mum platelet mobility was induced by o.oos
jig/ml of ADP, and the response curves of the
platelets from the other 3 patients are shown
by individual lines. In 2 of these patients the
platelets appeared normally sensitive to ADP,
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F I G. I Platelet mobility changes induced by
adenosine diphosphate in patients with clinically
diagnosed coronary artery disease. Interrupted
line represents mean mobilities of 31 subjects
and stippled area shows standard deviation;
continuous lines represent 3 individual-subjects.

maximum mobility being induced by o.os
,ug/ml. One patient had platelets which were
extremely sensitive to ADP, maximum plate-
let mobility being induced by o-ooo5 jig/ml.

(b) Patients with clinically-diagnosed
coronary artery disease who were
assessed by coronary angiography The
results from the preliminary study suggest
that platelet electrophoretic behaviour pro-
vides a method for discriminating patients
with myocardial infarctions from healthy
subjects. However, it has recently been sug-
gested that in many patients coronary artery
disease cannot confidently be diagnosed un-
less coronary angiography is performed. From
a large group of patients with sufficiently
severe chest pain to require investigation by
coronary angiography, Kemp, Elliott, and
Gorlin (I967) described 5o patients whose
coronary angiograms were normal. A similar
report was published by Likoff, Segal, and
Kasparian (I967), and patients have also been
described who had suffered myocardial in-
farctions well documented by the usual cri-
teria, but whose coronary arteries were sub-
sequently found to be entirely normal (Sidd,
Kemp, and Gorlin, I970). It is possible that
the two patients described above who appar-
ently had had myocardial infarctions but
whose platelets were normal did not have
diseased coronary arteries.

Platelet electrophoretic behaviour was
therefore studied in 12 patients with severe
chest pain in whom coronary angiography
was to be performed. The group included 8
men (aged 34-48) and 4 women (aged 42-56):
6 of these patients were thought to have had
previous myocardial infarctions, 5 had severe
exertional chest pain, and one had chest pain
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but investigation was performed primarily
because a bad family history of heart disease
had induced a severe anxiety state. In each
case the study of platelet electrophoretic
behaviour was performed before angiography
so as to avoid any changes in platelet be-
haviour that might result from the angiogra-
phic procedure, and so that measurements of
platelet mobility would not be biased by
knowledge of the state of the patient's coron-
ary arteries. The coronary angiograms were
performed by the technique of Sones and
Shirey (I962), and they were reviewed by an
experienced observer (Dr. H. G. Kemp) who
was unaware of the results of the platelet
studies. Disease of the right and left main
coronary arteries (and of the left anterior
descending and left circumflex branches) was
classified as complete occlusion, or severe
(75% or more), moderate (25-75%), or mild
(less than 25%) stenosis.

' Patients with abnormal coronary angiograms
Eight of the patients studied were found to
have diseased coronary arteries. Of these, 7
had platelets which were abnormally sensitive
to ADP but normally sensitive to noradrena-
line. In 6 of these patients the maximum

* platelet mobility was induced by o.oos ,ug/ml
of ADP, and in the other maximum mobility
was induced by o ooos [ug/ml. The platelets of
the eighth patient showed normal sensitivity
to ADP, maximum mobility being induced
by o.os ,ug/ml. In Fig. 2 the stippled area
includes the mobility responses to ADP of
the 6 patients in whom maximum platelet
mobility was induced by ooos pug/ml; the

FFIG. 2 Platelet mobility changes induced by
adenosine diphosphate in 8 patients with
abnormal coronary arteriograms.
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other two response curves are shown separ-
ately.
The 6 patients in whom maximum platelet

mobility was induced by ooos jig/ml of
ADP were all men; 5 of them had previously
been admitted to hospital with myocardial
infarctions. Two of these 5 patients had
disease of the right coronary artery, the left
anterior descending branch, and the left
circumflex branch; one had complete occlu-
sion of the left anterior descending branch
and severe stenosis of the right coronary
artery; one had severe stenosis of the right
coronary artery; and one had moderate steno-
sis only of the right coronary artery. Two of
these 5 patients had abnormal blood lipids,
with the pattern characterized by Fredrickson
and Lees (I965) as Type IV. The sixth patient
in this group had severe exertional chest pain
but he was not thought to have had a myo-
cardial infarction: angiography revealed com-
plete occlusion of both the right coronary
artery and the left circumflex branch, and
severe stenosis of the left anterior descending
branch.
The patient in whom maximum platelet

mobility was induced by o-ooo5 ,ug/ml of
ADP was also thought to have angina, but
he did not appear to have had a myocardial
infarction. Angiography showed regions of
moderate stenosis in the left anterior descend-
ing branch, and two such regions in the right
coronary artery.
The only patient whose platelets were nor-

mal but whose coronary angiograms were ab-
normal was a woman aged 49: her left coron-
ary system was entirely normal but her right
coronary artery showed mild irregularities.

Patients with normal coronary angiograms
Fig. 3 shows the platelet response to ADP of
4 patients whose coronary angiograms were
normal. In 3 of these patients the platelet
response was normal, maximum mobility
being induced by oo5 ,ug/ml; the stippled
area in Fig. 3 includes the mobility curves of
these patients. One patient with normal coron-
ary angiograms had platelets that were abnor-
mally sensitive to ADP and the response of
these platelets is shown separately.

Table i shows the numbers of patients with
normal and abnormal platelet behaviour in
the group of patients diagnosed to have coron-
ary artery disease by clinical and electrocardio-
graphic criteria, and in the group studied with
coronary angiography.

(c) Relatives of young patients with
0 0.0005 0.005 0 05 arterial disease The abnormalities in

,ug/ml ADP platelet behaviour described could precede or
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O 116 The 29 relatives comprised one father, I7
>_ children, 6 sibs, and 5 children of these sibs.

The presence of vascular disease in these sub-
E jects was excluded as far as possible by history,
108s clinical examination, and electrocardiography.

Whenever possible, fasting serum samples
were taken for cholesterol, triglyceride, and
lipoprotein electrophoresis measurements.
The effects of ° °°5 and ° °5 .tg/ml ofADP

on platelet mobility were studied in each case.
Whenever possible the effects of noradrena-
line were also determined, but the difficulty
of obtaining sufficient blood prevented this in

9 2 several of the children. In all cases care was
taken to avoid studying any subject who was

0 O0oa0C 0.005 0.05 ill in any way, so as to avoid the changes in
pg/ml ADP platelet behaviour caused by acute illness.

FIG. 3 Platelet mobility changes induced by The response of the platelets of each sub-
adenosine diphosphate in 4 patients with nor- ject was classified as 'normal' if o0os ,ug/ml
mal coronary arteriograms. of ADP induced a greater increase in mobility

than did 0o005osg/ml and 'abnormal' if 0o005
-,g/ml induced a greater increase than o0os

result from arterial disease, or they could ,tg/ml. These definitions are of necessity
merely occur in parallel with it. One method artificial, for the maximum mobility might be
of determining whether platelet abnormalities induced by an intermediate concentration of
occur before the development of arterial ADP. Fig. 4 shows the response to ADP and
disease is to study groups of subjects who are noradrenaline of the 22-year-old daughter of
known to be more liable to develop it than the a man who died of a myocardial infarction at
general population. Patients with hyperlipi- the age of 45: 0o05o tg/ml of noradrenaline
daemia are known to have a high risk of myo- increased platelet mobility to i6 per cent
cardial infarction, and such patients do have above the initial level, which approximates to
platelets that are abnormally sensitive to ADP the maximum mobility that would be expected
(Hampton and Mitchell, I966c). Another (Hampton and Mitchell, I966d). Incubation
group of subjects at risk are the relatives of with o-oos and o0os ,ug/ml of ADP induced a
young patients with myocardial infarctions 2 per cent and a 4 per cent increase, respec-
(Deutscher, Ostrander, and Epstein, I970). tively, so by definition the response of the

Platelet electrophoretic behaviour was platelets to ADP was normal: but it seems
therefore investigated in 29 close relatives of likely that the maximum mobility would have
I4 patients who had developed clinical mani- been induced by a concentration of ADP
festations of arterial disease before the age of somewhere between o oos and 0o05 jig/ml, as
45. Of these 14 patients, I3 had had well- indicated by the dotted line in Fig. 4. How-
documented myocardial infarctions, and one ever, because of the technical problems of
had severe peripheral vascular disease. No testing intermediate concentrations we de-
attempt was made to study the platelets of cided to accept the restrictions imposed by
the patients themselves, as some had died and these definitions of 'normality' and 'abnor-
others were acutely ill. mality'.

Of the 29 subjects studied, 17 had platelets
that were abnormally sensitive to ADP. Of

TABLEi Platelet electrophoretic response to these 17, i i were male and 6 were female;
ADP in patients with chest pain their mean age was 25 years (SD I4 years).

Platelt sensitivity of the 12 subjects with normal platelet sensi-
to ADP tivity to ADP, 7 were male and 5 were female;

the mean age of this group was i6 years (SD
Normal Abnormal 8 years). Of the children studied who were

Patients with clinically diag- aged 14 or less, 6 had normal platelets and
nosed coronary artery disease 2 32 one (aged i i) had abnormal platelets.

Patients with abnormal Of the I7 subjects with abnormal platelet
coronary angiograms I 7 behaviour, the relationships to the patients

Patients with normal coronar with arterial disease were as follows: one was
angiograms 3 I

the 53-year-old father of a man who had a

I
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F IG. 4 Platelet mobility changes induced by
adenosine diphosphate and noradrenaline in a
Iwomnan aged 22 whose father died of a
myocardial infarction (see text).

myocardial infarction at the age of 27; 5 were
sibs (4 male and i female); 9 were children;
and 2 were children of sibs whose platelets
were abnormal. Of the I2 subjects whose
platelets were normal, one was a sib (male),

,8 were children, and 3 were children of sibs
whose platelets were abnormal.

- Table 2 shows that there were no significant
differences between the subjects with normal
and abnormal platelets in terms of serum
levels of cholesterol or triglycerides; there
were also no differences in the frequency of
<,abnormal lipoprotein electrophoresis. Two of
the children studied were of particular interest

TABLE 2 Platelet electrophoretic response to
ADP and plasma lipids in relatives ofyoung
men with arterial disease

Platelet sensitivity to ADP

Normal Abnormal

Mean cholesterol
(mg/ioo ml+ SEM) I94± 20 219 ± I0

Mean triglycerides
(mg/ioo ml+ SEM) 156 + 30 I57 ± 24

with respect to their blood lipids. These were
the I9 and I7-year-old sons of a patient who
had sustained three myocardial infarctions by
the age of 45. The family had been studied
five years previously, and several members
with hyperlipidaemia had been identified. At
that time the serum cholesterol levels of these
boys (then aged 14 and I2) were 295 and 310
mg/ioo ml, respectively. They had been
treated by dietary modification and the diet
had been adhered to rigorously; at the time
their platelets were studied their serum
cholesterol levels were both I95 mg/Ioo ml,
and yet both of them showed abnormal plate-
let behaviour.

(d) Platelet electrophoretic behaviour in
an unselected population No attempt has
been made to study as a control group the
healthy relatives of subjects without arterial
disease, largely because of the difficulty of
obtaining sufficiently large blood samples
from children. However, during the course
of other experiments, the effects of ADP
ooos and o0os ,ug/ml on platelet mobility
have been studied in I07 subjects who were
expected to have normal platelets. Of these,
45 were healthy volunteers (mainly medical
and laboratory staff, medical students, and
nurses) and 62 were hospital inpatients who
were not acutely ill but who had a very wide
variety of nonvascular conditions. A total of
I04 of these subjects had platelets which be-
haved normally, o0os ,tg/ml of ADP inducing
a larger increase in mobility than o oos5 ,g/ml.
Three subjects had platelets which were ab-
normally sensitive to ADP, ooo5 pg/mI induc-
ing a larger increase in mobility than o0os
,ug/ml. Each of these subjects was studied
on at least three occasions, and the platelets
were found to be abnormally sensitive to ADP
each time. On at least one occasion the platelet
sensitivity to noradrenaline was investigated
and shown to be normal, thus excluding the
possibility of the nonspecific increase in
platelet sensitivity characteristic of any acute
illness. Two of these subjects (a 28-year-old
physician and a 22-year-old medical student)
were apparently completely healthy; the third
(a 48-year-old ambulance driver) was ad-
mitted to hospital with a peptic ulcer. None
of these 3 had a family history of premature
vascular disease.

Discussion
Most patients with coronary artery disease
appear to have platelets that are abnormally
sensitive to adenosine diphosphate in terms
of their electrophoretic behaviour; many of
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the relatives of young patients with arterial
disease show the same abnormality, and it
is tempting to speculate that the platelet
abnormality may precede and possibly even
lead to the development of arterial disease.
If this is true, then investigation of an
individual subject's platelet electrophoretic
behaviour can only be of limited value as a
diagnostic aid for the investigation of vascular
disease, for the finding of abnormal platelet
behaviour would not indicate how far arterial
disease had advanced. However, we intend to
study the platelets of more patients under-
going coronary arteriography to find out
whether normal platelet behaviour can be
used as an indication of the lack of arterial
disease; ultimately it may be possible to re-
duce the need for angiography in the relatively
large number of patients who have chest pain
that requires investigation but who are found
to have normal coronary arteries.

It seems unlikely that all the relatives of
patients with myocardial infarctions whose
platelets were found to be abnormally sensi-
tive to ADP will develop arterial disease early
in life, and the value of platelet electrophoretic
behaviour in the identification of individual
subjects particularly at risk can only be deter-
mined by following for a prolonged period
subjects whose platelets have been studied. If
the platelet abnormality does precede the
development of arterial disease then it might
be expected that individuals with abnormal
platelets would sometimes be encountered
unexpectedly: in fact this occurred 3 times in
I07 subjects whose platelets were expected to
be normal and who were being studied for
other purposes. A much larger group must
be studied before the frequency of 'abnormal'
platelet behaviour can be established, but it
does seem that 'abnormal' platelets are found
more often in the close relatives of young men
with myocardial infarctions than in the general
population (Table 3).

Observations of platelet electrophoretic
behaviour appear to provide better discrimin-
ation between patients with arterial disease
and healthy subjects than do measurements

TABLE 3 Platelet electrophoretic response to
ADP in relatives ofyoung men with arterial
disease and in unselected population

Platelet sensitivity to ADP

Normal Abnormal

Relatives I2 17
Unselected group I04 3

of platelet adhesiveness or platelet aggrega-
tion, but the main limitation to the clinical
application of platelet electrophoresis lies in
the need to separate 'normal' and 'abnormal'
platelet behaviour according to the mobility
change induced by o-oos and o0os tug/ml of
ADP. Though it is possible that there are two
populations, one in which maximum platelet
mobility is induced by ADP 005oLg/ml ('nor-
mal') and another in which maximum mo-
bility is induced by ADP o.oos ,ug/ml
('abnormal'), it seems much more likely that
there is a continuous variation in the concen-
tration of ADP required to induce maximum
platelet mobility within the total population.
It is not practicable to construct for each
individual detailed mobility response curves
with many concentrations of ADP and nor-
adrenaline, because the technique is tedious
and time-consuming, and relatively large
volumes of blood are required. Clarification
of the lipid abnormality responsible for the
increased platelet sensitivity to ADP may lead
to a simpler and more quantitative technique
for the study of larger groups of subjects, and
experiments to this end are in progress.
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