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Abstract
Objective-To evaluate the influence of
pretreatment streptokinase resistance
titre and the concentration of IgG antibodies to streptokinase on the efficacy of
thrombolytic drugs containing streptokinase in restoring coronary patency in
acute myocardial infarction.
Design-Comparative observational study.
Setting-City general hospital.
Patients-One hundred and twenty four
previously unexposed patients presenting
within six hours of onset of acute
myocardial infarction.
Interventions-Streptokinase, 1P5 MIU as
intravenous infusion over 60 minutes (60
patients), or anistreplase, 30 units as
intravenous injection over five minutes
(64 patients).
Main outcome measures-Pretreatment
streptokinase resistance titre and concentration of IgG antibodies to streptokinase were measured in 96 and 124
patients respectively and coronary
patency assessed angiographically at 90
minutes and 24 hours.
Results-Pretreatment streptokinase resistance titre and concentrations of IgG
antibodies to streptokinase were low and
skewed towards higher values. Those
patients with coronary occlusion at 24
hours had a significantly higher median
streptokinase resistance titre (100 v 50
streptokinase IU ml-, P = 0.02). There
were trends towards a higher streptokinase resistance titre in those patients
with coronary occlusion at 90 minutes (50
v 20 streptokinase IU ml-, P = 0.06) and
higher concentrations of IgG antibodies
to streptokinase in those with coronary
occlusion at both 90 minutes and 24 hours
(1.53 v 0'925, P = 0-03; 1-65 v 1'04 ug
streptokinase binding ml-', P = 0.06).
Coronary patency rates were similar in
the two treatment groups.
Conclusions-In the range measured in
previously unexposed patients the streptokinase resistance titre has a small, but
significant, negative influence on the efficacy of streptokinase and anistreplase.
This effect should be considered if
retreatment with streptokinase or
anistreplase is proposed.
(Br Heart J 1994;72:222-225)
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Thrombolytic agents are the standard treatment for acute myocardial infarction. Their
efficacy for this indication is well documented

in terms of achieving coronary patency,'-3 preserving left ventricular function,45 and
improving survival rates.67 Streptokinase is of
proved efficacy for first treatment8 9 and
anistreplase has the advantage of allowing
easy administration outside the hospital by
bolus dosing.'0 The thrombolytic effects of
these two drugs are mediated by the activation
of plasminogen by a streptokinase-activator
complex, in the case of streptokinase after
combining streptokinase with circulating plasmin(ogen),"1 and of anistreplase after the rate
limiting hydrolysis of the compound in the
circulation liberating streptokinase-lys-plasminogen.12
In some patients, however, successful
thrombolysis is not achieved. It has been suggested that high levels of resistance to streptokinase, probably acquired by previous
exposure to streptococci, can compromise the
therapeutic response to streptokinase. 3'4 To
overcome this, the "standard" dose of 1-5
MIU of streptokinase aims to achieve a lytic
state in a high proportion of patients. A dose
of 1 25 MIU has been shown to achieve a lytic
state in 97% of patients.'5 Previous clinical
studies, however, have not shown any relation
between the pretreatment concentrations of
IgG antibodies to streptokinase and efficacy
as assessed by reperfusion rate or time to
reperfusion with streptokinase or anistreplase.'6 17
Thrombolytic drugs containing streptokinase cause an antibody response that persists
in the circulation for at least 4 years.'819
Although it has been suggested that high antibody concentrations are associated with a loss
of efficacy"3 14 and a higher risk of anaphylactoid reactions,20 the evidence for this is inconclusive. In the light of the increasing use of
streptokinase for acute myocardial infarction,
and therefore the increasing likelihood of
repeat administration of thrombolytic treatment, it is important that the role of these
antibodies is better understood.
This study extends previous work by examining the relation between the streptokinase
resistance titre and the concentration of specific IgG antibody to streptokinase, and the
therapeutic response to the thrombolytic
drugs containing streptokinase-that is, streptokinase and anistreplase-assessed by coronary angiography. The streptokinase
resistance titre is a measure of the total
inhibitory capacity of the patient's plasma to
streptokinase, and reflects not only the contribution of antibodies to streptokinase, but also
the effects of circulating plasma inhibitors
such as ao antiplasmin and macroglobulins.
It is influenced by changes in other plasma

Br Heart J: first published as 10.1136/hrt.72.3.222 on 1 September 1994. Downloaded from http://heart.bmj.com/ on December 5, 2022 by guest. Protected by copyright.

Pre-dosing antibody levels and efficacy of
thrombolytic drugs containing streptokinase

223

Efficacy of thrombolytic drugs containing streptokinase

Patients and methods
One hundred and twenty eight consecutive
patients were recruited who had presented
within six hours of the onset of symptoms of
myocardial infarction. They had had chest
pain for at least 30 minutes, and did not have
any of the standard contraindications to
thrombolytic treatment2l or coronary angiography; evaluable data were obtained in 124
patients. All patients had at least 1 mm of ST
elevation in two limb leads, or at least 2 mm
ST elevation in two precordial leads. Patients
older than 70 years, or those who had had a
previous myocardial infarction in the same
anatomical distribution, or who had previously received thrombolytic treatment, were
excluded. After discussion with the patient
and attending relatives, written informed consent was obtained.
The mean (SD) age of our patients was
55-6 (8 3) years, with a range of 31-70 years.
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The mean (SD) time from onset of symptoms
to the start of thrombolytic treatment was 204
(79) minutes. There were 101 men and 27
women. Patients were treated with either 1P5
MIU streptokinase (60 patients) as a continuous intravenous infusion over 60 minutes or
30 units of anistreplase (64 patients) as a five
minute intravenous injection in a double
blind, randomised design using matching
placebo "streptokinase"/"anistreplase" for
each patient to maintain observer blinding.
All patients received 2 mg/h isosorbide dinitrate as a continuous intravenous infusion for
at least 30 minutes before the start of thrombolytic treatmnent.
Coronary angiography was performed from
the femoral route by Judkins' method, at 90
minutes and 24 (18-30) hours after treatment. The infarct related artery indicated by
the admission electrocardiogram was injected
first. Coronary perfusion was scored on the
Thrombolysis in Myocardial Infarction
(TIMI) scale2' by an independent, experienced cardiologist, blinded to the study protocol.
Venous blood samples were collected
before the administration of thrombolytic
treatmnent. In 124 patients (60 streptokinase,
64 anistreplase) specific antibodies to streptokinase of the IgG class were assayed using a
specific microradioimmunoassay which has
been described previously.22 In 96 of these
patients (48 streptokinase, 48 anistreplase)
streptokinase resistance titres were measured
by standard methods.23 The remaining 28
were not sampled owing to technical problems. The time to treatment and patency rates
were similar in all sampling groups.
The data were analysed using non-parametric descriptive statistics and tests of location (Mann-Whitney), complying with the
conventional level of significance (P < 0 05).
Patency rates were compared by the x2 test.
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Results
In our study group neither streptokinase resistance titre nor concentrations of IgG antibodies to streptokinase were normally distributed,
with marked skewing towards higher values
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Frequency histograms of (A) pretreatment streptokinase resistance titre (SKRT) and (B)
concentrations ofIgG antibodies to streptokinase (SK).

(figure).
Details of the study group and coronary
patency rates in the treatment groups have
been published previously.24 In summary, the
mean age in the two treatment groups was
similar (55-8 (streptokinase) v 55-3 years) as
was the time to treatment (209 (streptokinase) v 199 minutes). A patency rate of 53% at
90 minutes and 87-5% at 24 hours was
achieved in the streptokinase group, and a
patency of 55% and 81% respectively in the
anistreplase group. There was no significant
difference between the patency rates of the
two treatment groups at either time point.
There was a significantly higher streptokinase resistance titre in those patients with an
occluded artery (TIMI grades 0 and 1) at 24
hours (median 100 v 50 streptokinase IU
ml-', P = 0-02; table 1). In addition, there
were non-significant trends towards a higher
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proteins such as fibrinogen and plasminogen,
which show large changes after myocardial
infarction and thrombolytic treatment. The
concentration of IgG antibodies to streptokinase is a direct measure of the immune
response, reflecting previous exposure to
streptococcal protein, and is independent of
circulating non-specific inhibitors.
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Table 1 Median streptokinase resistance titre values (streptokinase IU mtV) according to
Thrombolysis in Myocardial Infarction (TIMI) grading
Time of angiogram

All patients
TIMI O and l
TIMI 2 and3
P value
TIMI 0-2
TIMI 3
P value
Patients treated with streptokinase
TIMI O and l
TIM4I2and3
P value
TIMI 0-2
TIMI 3
P value
Patients treated with anistreplase
TIMIO and l
TIMI2 and 3
P value
TIMI 0-2
TIMI 3
P value

Median

No ofpatients

Median No of patients

50
20
0-06
50
20
0 45

39
47

100
50
0-02
50
50
0-56

12
75

20
20
0-29
20
20
0-74

18
25

20
20
0-53
20
20
0 90

5
39

50
50
0-15
50
20
0-32

21
22

50
50
0-27
50
50
0-24

7
36

55
31

25
18

30
13

37
50

20
24

17
26

streptokinase resistance titre in those patients
with an occluded index coronary artery at 90
minutes (median 50 v 20 streptokinase IU
ml1-, P = 0 06; table 1) and towards a higher
concentration of IgG antibodies to streptokinase in those with an occluded artery at both
90 minutes and 24 hours, (1 53 v 0-925, P =
0 03; 1 65 v 1 04 ,ug streptokinase binding
ml-', P = 0'06; table 2).
Analysis of the streptokinase and anistreplase treated groups separately showed consistent trends towards higher concentrations of
IgG antibodies to streptokinase and minor
trends towards a higher streptokinase resistance titre in those patients with persistent
coronary occlusion.
Further analysis of TIMI grade 3 compared
with TIMI grades 0-2 at the two time points,
as suggested by other studies,25 showed similar trends towards a higher streptokinase resistance titre and concentrations of IgG
antibodies to streptokinase in those patients

Table 2 Median concentrations of IgG antibodies to streptokinase (jig streptokinase
binding ml-') according to Thrombolysis in Myocardial Infarction (TIMI) grading
Time of angiogram

All patients
TIMI O and 1
TIMI2 and3
P value
TIMI 0-2
TIMI 3
P value
Patients treated with streptolinase
TIMI 0 and 1
TIMI 2 and 3
P value
TIMI 0-2
TIMI 3
P value
Patients treated with anistreplase
TIMIOand 1

TIMI2and3
P value
TIMI O-2
TIMI 3
P value

90 minutes

24 hours

Median No ofpatients

Median No ofpatients
1-65

16
96

1-53
0-925
0-03

50
62

1-245

70
42

1-65
0-92
0 03

44
68

1-84
0-92
0-03
1-49
1-07
0-46

23
31

1-53
1-12
0-62
1-57
0-92
0 50

6
48

1-14
093
0-36
1-06
0.91
0-29

27
31

1-85
0-98
0 03
1-70
0.91
0-02

10
48

0-985
0-23

31
23

39
19

1-040
0-06

23
31

21
37

Discussion
The exact prevalence of antibodies to streptococcal protein and resistance to streptokinase
in the community remains largely undefined.
It has been suggested"'34 that high levels of
resistance to streptokinase may negate the
efficacy of streptokinase administered to
establish a lytic state for the treatment of disorders such as myocardial infarction. With
increasing administration, and possible repeat
administration, of thrombolytic treatment for
this indication, it is important to define the
relevance of resistance to thrombolytic drugs
containing streptokinase.
The most commonly prescribed thrombolytic drug in the United Kingdom is streptokinase, and therapeutic administration of
this drug and anistreplase is known to stimulate the development of antibodies to the
streptokinase moiety,'826 which to date have
been shown to persist in the circulation for at
least 4 years.'9 The relevance of this response
remains undefined.
In this study we examined the influence of
IgG antibodies to streptokinase and the functionally based assay of streptokinase resistance
titres on the ability of thrombolytic drugs containing streptokinase to achieve coronary
patency after acute myocardial infarction, a
potential marker for mortality.25 The streptokinase resistance titre is a well established
functional assay used to assess global in vivo
resistance to streptokinase. The specific assay
for IgG antibodies to streptokinase is relatively new, and the exact relevance of this
antibody to the mechanism of acquired resistance to streptokinase remains to be established. It is expected that it is a reliable marker
of previous exposure to streptococcal protein.
There is a wide range of values of streptokinase resistance titre and concentrations of
IgG antibodies to streptokinase in this study
group presenting with acute myocardial
infarction, who have not previously been
exposed to drugs containing streptokinase.
The distribution of these variables is markedly
skewed, with most of this group having a low
resistance to streptokinase. Data collected on
this same group show that the median
streptokinase resistance titre 30 months after
treatment with the thrombolytic drugs containing streptokinase is about twice that
before treatment.'8 Although it is difficult to
extrapolate from these data to the clinical
context of repeat administration of thrombolytic drugs containing streptokinase, concerns about lack of efficacy and the higher risk
of anaphylactoid reactions preclude the reexposure of patients with recurrent myocardial infarction to second doses of these drugs
on ethical grounds. Also such a study would
be inherently flawed by difficulties in knowing
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24 hours

90 minutes

with less complete perfusion. These trends
achieved conventional levels of significance
when concentrations of IgG antibodies to
streptokinase were compared in those patients
with TIMI grades 0-2 and TIMI grade 3 perfusion at 24 hours (1-65 v 0-92, P = 0-03).
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in a small study, by streptokinase resistance
titre when intracoronary streptokinase was
given.27 Increased streptokinase resistance
after streptokinase administration has been
shown in the absence of an increase in the
concentration of IgG antibodies to streptoki-

nase.28

In the light of the Global Utilization of
Streptokinase and t-PA for Occluded Arteries
(GUSTO) study,25 which suggested that

TIMI grade 3 perfusion was a better marker
for survival, we analysed the data by comparing
TIMI grade 3 with TIMI grades 0-2. There
were consistent trends towards those patients
with TIMI grade 3 patency having lower pretreatment values of streptokinase resistance
titre and concentrations of IgG antibodies to

streptokinase, but statistical significance was

only achieved in one subgroup. This may
reflect the small sample sizes of the groups.
In the absence of an unequivocal effect of
the concentration of IgG antibodies to streptokinase on efficacy, the role of other classes
of immunoglobulin antibodies to streptokinase and non-specific inhibitors contributing
to the streptokinase resistance titre requires
further investigation. It remains important to
document the influence of higher levels of
resistance which are found after previous
treatment with streptokinase, and the time
course of these immunological reactions.
Such studies may allow the development of
flexible dosing regimens of thrombolytic
drugs aimed at saturating the patient's resistance to streptokinase or may justify the use of
non-immunogenic thrombolytic drugs.
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the coronary anatomy before the second event.
Withinthe range of these measured variables, the streptokinase resistance titre has a
small, but demonstrable, influence on the efficacy of the thrombolytic drugs containing
streptokinase. There was a significantly higher
streptokinase resistance titre in patients with
TIMI grades 0 and 1 at 24 hours, and trends
towards higher streptokinase resistance titres
in the comparable group for TIMI grades 0
and 1 at 90 minutes. There were also trends
towards higher concentrations of IgG antibodies to streptokinase in these groups.
The differences are relatively minor and
consistent with some previous studies which
concluded that the efficacy of these drugs is
not substantially influenced by the concentration of IgG antibodies to streptokinase,1617 or,

