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Time course of platelet a granule release in acute

myocardial infarction treated with streptokinase
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Abstract
Objective-To determine the time course
of platelet a granule release in patients
with acute myocardial infarction treated
with streptokinase.
Design-A prospective study.
Setting-Coronary care unit.
Patients-Nine with myocardial infarc-
tion treated with both streptokinase and
aspirin, and nine with acute chest pain
but without myocardial infarction, who
were treated with aspirin only.
Methods-All patients received 250 mg
aspirin on admission and 150 mg once
daily thereafter. All patients who fulfilled
the indications for streptokinase received
1-5 megaunits, in a single infusion. After
the initial medication, serial measure-
ments of plasma fp thromboglobulin and
plasma platelet factor 4 were performed
at fixed intervals after the onset of chest
pain. The primary endpoint sought was
the peak value of /1 thromboglobulin and
platelet factor 4 in each individual.
Results-The median peak plasma a
thromboglobulin in the infarction group
was substantially higher than in those
without infarction, at 37 (range 12 to 210) v
15 (9 to 36) mgllitre, P < 0-01. The corre-
sponding values for plasma platelet factor
4 were 4-6 (2.4 to 60.0) v 2-2 (< 2 to 8.5)
mgllitre, P < 0-01. Increased values were
seen only within the first 12 h after onset
of chest pain, and after 12 h there was no
difference between the patients with
myocardial infarction and those without.
Aspirin treatment did not abolish a gran-
ule release.
Conclusions-In patients with acute
myocardial infarction treated with strep-
tokinase the content of the a granules is
released within the first 12 h after the
onset of chest pain. Aspirin apparently
does not abolish this release.

(Heart 1996;75:141-144)
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There is some indication that streptokinase,
used in myocardial infarction primarily as a
fibrinolytic agent, can also induce release from
platelet granules.' 2 However, the published
evidence on this, and on the mooted capacity

of myocardial infarction alone to induce gran-
ule release,3-6 is conflicting, and muddied by
the uncertainty of what constitutes a reliable
index of platelet release and by dependence on
"before and after" samples taken at unstan-
dardised times.

In view of the important practical implica-
tions of platelet release, and in particular its
possible involvement in the development of
reocclusion after thrombolytic treatment7-9 we
have undertaken a detailed study of the time
course of the process in patients with acute
myocardial infarction treated with a single
infusion of streptokinase. The opportunity was
taken to make the study more definitive by
applying the stringent measurement criteria of
Kaplan and Owen,'01' who proposed that a
reliable index of granule release can only be
obtained by measuring the plasma levels of
both ,B thromboglobulin and platelet factor 4-
one alone will not do.

Methods
STUDY PROTOCOL
The study was approved by the local ethics
committee. All patients admitted with sus-
pected myocardial infarction from the first of
October 1992 and 10 weeks ahead were
included consecutively. Inclusion criteria
were: age over 18 years, chest pain for less
than 12 h, and informed consent. Patients
with serum creatine > 130 mmol/litre were
excluded. All patients received 250 mg aspirin
on admission, and 150 mg once daily there-
after. If streptokinase was indicated, the
patient received 1-5 megaunits over 1 h. The
diagnosis "myocardial infarction" was based
on an increase in the MB fraction of creatine
kinase above 10 units/litre. Ten healthy non-
smokers not using aspirin were used as con-
trols.

BLOOD SAMPLING AND LABORATORY
INVESTIGATIONS
Blood was always sampled after the treatment
had been instituted. Samples were taken 3, 6,
9, and 12 h and 1, 3, and 7 d after the onset of
chest pain. Because of practical limitations,
none of the patients was measured on all seven
occasions. The mean number of blood tests
per patient was three (range two to five).

Blood samples were drawn at the bedside
with a 21 gauge needle, using minimum stasis,
directly into Vacutainer tubes, which con-
tained theophylline, adenosine, and prosta-
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Age, sex, serum total creatine kinase, and serum creatine kinase MBfraction of the studj
groups

MI Non-MI Controls P

n 9 9 10

Age 59 63 61 NS
(range) (43-80) (50-88) (49-88)

Female/male 1/8 2/7 6/4 NS

CK (U/litre) 1190 83 P < 0 001
(range) (187-10 400) (36-229)

CK-MB (U/litre) 119 2 P < 0-001
(range) (27-406) (1-7)

All values are given as median and range except sex. CK, serum total creatine kinase; CK-M
serum creatine kinase MB fraction; MI, myocardial infarction; n, number of participants in ea
group; Non-MI, no evidence of myocardial infarction.

Figure 1 Individual peak
plasma fi thromboglobulin
and plasma platelet factor
4 levels in the myocardial
infarction group, the group
ofpatients with no
infarction, and the healthy
controls. Bars show
medians. AMI,
myocardial infarction
group; B-TG, ft
thromboglobulin; Non-
AMI, patients without
myocardial infarction;
PF-4, platelet factor 4.
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Figure 2 The natural logarithm ofplasma/,thromboglobulin as afunction oJ

elapsed after chest pain. @, individual patients in the myocardial infarction gr
patients in the group without infarction; ( ) mean ofmeasurements
myocardial infarction group; (- - - - - - -) mean of measurements for the grog
patients without infarction.

v glandin PGE, to stop any in vitro a granule
release. The first 5 ml were discarded.
Samples were placed on ice for 15-60 min and
centrifuged for 60 min at 4°C and 3000 g. The
mid-third of the supernatant was collected in
cryotubes and stored at - 80°C until analysis.
Plasma ,B thromboglobulin was measured
using a standard radioimmunoassay, sensitiv-
ity 9 mg/litre (Amersham Denmark). Plasma
platelet factor 4 was measured using a stan-
dard enzyme linked immunosorbent assay,
sensitivity 2 mg/litre (Hoechst Denmark). All

LB, other blood tests were by standard laboratory
ch methods. To reduce in vitro contamination we

used a highly standardised procedure, and all
measurements were performed by the same
staff member. If the plasma platelet factor 4
value amounted to more than one third of the
plasma /3 thromboglobulin value, the sample
was considered to have been contaminated in
vitro and was excluded.'01' Only one sample
was excluded on this basis.

60

STATISTICAL ANALYSES
50 All continuous data are presented as median

and range. The peak value for each patient is
defined as the single highest reading of ,B

40 thromboglobulin and platelet factor 4 reached
during the 7 d of investigation. To calculate
the significance of difference between the

30 medians of the peak values of the two groups
we used the Wilcoxon-Pratt test, and for dif-
ference between proportions, the X2 test. All P

20 values are two tailed. A P value below 0 05
was considered significant.

10

Results
_ Twenty four patients were invited to join the

U study. Four declined, leaving 20 patients, 1 1
with myocardial infarction and nine without.

C Two myocardial infarction patients did not0
O receive streptokinase and were later excluded.

None of the patients without infarction
received streptokinase. The myocardial infarc-
tion group comprised three anterior, five infe-
rior, and one infero-lateral infarctions. Among
the nine patients without myocardial infarc-
tion, three had ischaemic heart disease with
angina pectoris, but none of the three had
ECG evidence of infarction. Six patients had
no evidence of ischaemic heart disease on the
basis of a negative exercise ECG.
The table shows the age, sex, and creatine

kinase values of the two study groups.
Leucocytes were significantly increased in the
myocardial infarction group compared with
the group of patients without infarction (l 1 8
x 1012 v 7.9 x 1012 per litre, P = 0.01)
whereas haemoglobin, platelets, serum

Detection sodium, serum potassium, and serum creatine
were not different in the two groups, P > 0 05.lmit The median peak plasma /3 thromboglobu-
lin in the myocardial infarction group was 37
(12 to 210) mg/litre, substantially higher than
in the group of patients without infarction,

ftime who peaked at 15 (9 to 36) mg/litre (P <
oup; h, 0.01), fig 1. The median peak plasma platelet
for the factor 4 concentration in the myocardialUP Of

infarction group was 4-6 (2-4 to 60 0) mg/litre,
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Figure 3 The natural logarithm ofplasma platelet factor 4 as a function of time elapsed
after chest pain. *, individual patients in the myocardial infarction group; 0, patients in
the group without infarction; ( ) mean of measurements for the myocardial
infarction group; (- - - - - - -) mean of measurements for the group ofpatients without
infarction.

and this was significantly higher than the val-
ues from the patients without infarction, who
reached 2 2 (< 2 to 8 5) mg/litre, P < 0 01, fig
1. As displayed in figs 2 and 3, the increased
release of plasma ,B thromboglobulin and
plasma platelet factor 4 was only present during
the first 12 h after pain onset.
Median peak plasma ,B thromboglobulin in

healthy individuals was 10 (9 to 23) mg/litre,
and lower than the group of patients without
infarction, P = 0-01. The peak median plasma
platelet factor 4 for healthy controls was 2 1 (2
to 2 6) mg/litre; this was not different from the
patients without infarction, P = 0-46.

Discussion
The data from the present study indicate that in
patients with acute myocardial infarction
treated with streptokinase, a substantial
release from the platelet a granules takes
place. We also provide for the first time a

detailed account of its time course: release was
well sustained over the period from three
hours after chest pain began, at which time the
first measurements were made, until nine
hours later; at this point it peaked slightly and
then declined steeply, so that the increase in /3

thromboglobulin and platelet factor 4 had vir-
tually vanished by 24 hours. The precise time at
which the two release factors fell to control
values cannot be placed more exactly than
within the range 12 to 24 hours after pain
onset. In seeking to define any enhanced
thrombosis hazard arising from granule
release, our findings indicate that the main risk
period would be from pain onset until about
12 hours later.
We must, however, be cautious about this

conclusion, since we had no control group of
patients with myocardial infarction who did
not receive streptokinase. The observations
therefore do not settle whether it is the
myocardial infarction, the streptokinase treat-

ment, or a combination of both, that caused
platelet release in our infarction group, and it
is difficult to conceive of a controlled trial that
would separate the two components while
being ethically acceptable. Despite many stud-
ies in myocardial infarction, the evidence that
it can, by itself, induce granule release is sug-
gestive rather than conclusive.6 The same can
be said of streptokinase.' 212

However, accepting that streptokinase is
capable of provoking a granule release, does
this necessarily intensify the risk of thrombo-
sis? The question is pertinent to the arterial
reocclusion which occurs in a proportion of
patients successfully treated with thrombolytic
agents.7-9 Other things being equal, the answer
would be yes, since the classical role of platelet
release substances is to enhance the throm-
botic process. However, other things are far
from equal: at the same time that streptoki-
nase activates platelet release, it also causes
platelet aggregability to decrease. In a recent
clinical study of acute myocardial infarction,
streptokinase caused substantial platelet
release while markedly diminishing aggregabil-
ity.' It is legitimate to question the clinical
relevance of any in vitro aggregability mea-
surement. However, Sylven and coworkers
found that plasma fibrinogen was virtually
abolished by streptokinase treatment' and sug-
gested that lowered aggregation in throm-
bolytic treatment is the result of a lack of
available fibrinogen, a hypothesis which has
immediate relevance to any suspected throm-
bogenic potential of streptokinase (and other
fibrinolytic agents). It may well be that all the
actions of streptokinase have, even now, not
been revealed, and it would be rash to excul-
pate the drug in arterial reocclusion simply on
the grounds of reduced aggregability; indirect
effects on the local circulation could also be
involved. However, there seem equally to be
no positive reasons for suspecting that throm-
bolytic agents are likely to increase the risk of
thrombosis.

Another important finding in our study is
the fact that a granule release occurred while
the patients were taking aspirin. This result is
in agreement with those of Carrieri et al.'3 Our
result can be explained by the fact that there
are many bypassing pathways, causing a
release reaction even when the cyclo-oxyge-
nase pathway is blocked. There was, however,
no non-aspirin control group, so some damp-
ing down of release cannot be excluded.

Attention should be drawn to the wide
range of a granule release levels in different
individuals (fig 1). As we have been acutely
aware from the outset of the technical and
handling problems involved in assessing
platelet release, and have taken the most strin-
gent precautions to minimise error (see
Methods), we are confident that the wide
range of responses indicates genuine variation,
and not technical error. One can only specu-
late that the wide spread of results reflects dif-
ferences in the site or extent of the infarction, or
in a variable impact of streptokinase, or that it
is simply an inbuilt variation of response to the
thrombotic event.
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