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Abstract

Background—In acute myocardial infarc-
tion patients who do not reperfuse their
infarct arteries shortly after thrombolytic
treatment have a high morbidity and
mortality. Management of this high risk
group remains problematic, especially in
centres without access to interventional
cardiology. Additional thrombolytic
treatment may result in reperfusion and
improved left ventricular function.
Methods—Failure of reperfusion was
assessed non-invasively as less than 25%
reduction of ST elevation in the electro-
cardiographic lead with maximum ST
shift on a pretreatment electrocardio-
gram. 37 patients with acute myocardial
infarction who showed electrocardio-
graphic evidence of failed reperfusion 30
minutes after 1-5 MU streptokinase over
60 minutes were randomly allocated to
receive either alteplase (tissue type plas-
minogen activator (rt-PA) 100 mg over
three hours) (19 patients) or placebo (18
patients). 43 patients with electrocardio-
graphic evidence of reperfusion after
streptokinase acted as controls. Qutcome
was assessed from the Selvester Q wave
score of a predischarge electrocardio-
gram and a nuclear gated scan for left
ventricular ejection fraction 4-6 weeks
after discharge.

Results—Among patients in whom ST
segment elevation was not reduced after
streptokinase, alteplase treatment resulted
in a significantly smaller electrocardio-
graphic infarct size (14% (8%) v 20% (9%),
P =0-03) and improved left ventricular
ejection fraction (44 (10%) v 34% (16%),
P = 0:04) compared with placebo. This
benefit was confined to patients who failed
fibrinogenolysis after streptokinase (fib-
rinogen > 1 g/l). In patients in whom ST
segment elevation was reduced after strep-
tokinase, infarct size and left ventricular
ejection fraction were not significantly dif-
ferent from those in patients treated with
additional alteplase.

Conclusion—Patients without electrocar-
diographic evidence of reperfusion after
streptokinase may benefit from further
thrombolysis with alteplase.

(Br Heart ¥ 1995;74:348-353)
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Patients with acute myocardial infarction in
whom coronary reperfusion does not occur
soon after thrombolysis have a high incidence
of impaired left ventricular function and high
mortality.! 2 Mechanical revascularisation may
be attempted in these patients (rescue percuta-
neous transluminal coronary angioplasty),’ but
as most myocardial infarctions are treated in
centres without immediate access to interven-
tional facilities, other therapeutic approaches
are needed. One possibility is to administer
additional lytic treatment. This approach
has been successful in patients with early
reocclusion after initially successful reper-
fusion.* Initial treatment with more than one
lytic agent has also been used in an attempt to
improve reperfusion rate and to maintain
patency.’® However, sequential lytic treatment
has not been tested in patients in whom reper-
fusion does not occur after a single agent. This
approach is attractive because only patients at
highest risk are exposed to the potential hazard
of a second lytic agent.

Coronary reperfusion after thrombolysis
can be assessed confidently only by acute
coronary angiography. However, non-invasive
markers of probable reperfusion have been
developed which may allow therapeutic deci-
sions to be made in centres without access to
invasive facilities. Multiple algorithms have
been developed to assess reperfusion non-
invasively, but in this trial we focused on fail-
ure of rapid reduction of ST segment
elevation.”® This has been shown to be a reli-
able sign of persistent coronary occlusion after
thrombolytic treatment,” which is readily avail-
able and interpretable without special equip-
ment or skills.

We hypothesised that in patients who do
not show reperfusion on electrocardiographic
criteria after streptokinase treatment, addi-
tional lytic therapy with tissue type plasmino-
gen activator (rt-PA, alteplase) may result in
reperfusion and improved left ventricular
function. One possible reason for failure of
reperfusion may be failed fibrinogenolysis.!°
Accordingly, a secondary hypothesis was that
adjuvant alteplase treatment would be most
beneficial in patients who did not show fib-
rinogenolysis after streptokinase. We report
the results of a prospective randomised trial of
alteplase in patients who on electrocardio-
graphic criteria failed to show reperfusion after
streptokinase.

Patients and methods
Patients were eligible for inclusion in this
study if they presented within six hours of the
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The trial protocol

onset of a first acute myocardial infarction.
This was defined as chest pain of more than 30
minutes’ duration unresponsive to glyceryl
trinitrate; electrocardiographic ST segment
elevation, either > 2 mm in at least two con-
tiguous leads V1-V6 or > 1 mm in at least
two contiguous limb leads; or ST depression
of at least 2 mm with tall R waves in leads
V1-V3 suggesting true posterior infarction.

Specific exclusion criteria were previous
Q wave myocardial infarction, previous
coronary surgery, pre-existing right or left
bundle branch block or fascicular block, and
left ventricular hypertrophy. Patients were also
excluded if they had any of the general con-
traindications to thrombolysis. These included
active gastrointestinal bleeding during the pre-
ceding three months, cerebrovascular accident
within the preceding six months, any history of
cerebral haemorrhage or cerebral aneurysm,
major surgery or trauma in the preceding 10
days (including prolonged cardiopulmonary
resuscitation), sustained hypotension (systolic
blood pressure less than 90 mm Hg) unre-
sponsive to volume expansion, uncontrolled
hypertension (systolic pressure persistently
greater than 200 mm Hg on repeated mea-
surement), proliferative diabetic retinopathy,
or any history of bleeding diathesis. There was
no upper age limit.

The study was approved by the Northern
Health Authority Ethics Committee. All
patients gave informed consent.

THROMBOLYTIC PROTOCOL

All patients received streptokinase (1-5 MU
intravenously over 60 minutes) followed by
heparin for at least 24 hours (fig 1). Aspirin
was given unless contraindicated and other
treatment was at the discretion of the responsi-
ble physician. Reperfusion was assessed non-
invasively from an electrocardiogram recorded
90 minutes after the start of the streptokinase
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infusion. Probable reperfusion was defined as
a reduction of ST segment elevation by 25%
or more in the lead with the maximum ST
shift on the admission electrocardiogram.
Patients with electrocardiographic evidence of
probable reperfusion received conventional
treatment alone. Patients with persistent ST
segment elevation (presumed failed reperfu-
sion) received either alteplase (Boehringer) or
an identical placebo in a double blind prospec-
tive trial. Assignment to treatment groups was
made wusing a minimisation programme
(Minim, supplied by Dr SJW Evans, depart-
ment of Clinical Epidemiology, London
Hospital Medical College) to ensure rough
consistency between treatment groups for age,
sex, and infarct site. Alteplase was adminis-
tered in the standard dosing regimen of 100
mg over three hours (10 mg as a slow bolus
injection followed by 50 mg over one hour and
then an infusion of 20 mg/h over the next
two hours).

COAGULATION STATE

Blood samples were taken in all patients
before and after streptokinase to assess plasma
fibrinogen concentration.!! The results of this
assay were not available at the time of ran-
domisation. Fibrinogenolysis was defined as a
fibrinogen concentration of < 1-0 g/l at the
end of the streptokinase infusion.

OUTCOME MEASUREMENTS

Electrocardiographic infarct size

Infarct size was estimated from electrocardio-
grams recorded on admission and at hospital
discharge. Predicted infarct size was estimated
from the admission electrocardiogram accord-
ing to the method of Clemmensen et al.'? In
this method, empirical formulas are used to
predict the proportion of the left ventricle at
risk of myocardial infarction from a pretreat-
ment electrocardiogram. For anterior myocar-
dial infarctions, defined as those with
maximum ST segment elevation in leads V1-
V3, the formula is:

Predicted % anterior infarct size = 3 (1-5 (No
of leads with ST elevation) — 0-4).

For inferior infarcts, defined as those with
either maximum ST segment elevation in
leads II, III, and a VF, or ST segment depres-
sion in leads V1-V3, the corresponding for-
mula is:

Predicted % inferior infarct size = 3 (0-6(ZST
segments in leads II, III, and aVF) + 2) + 3
(1-5(No of non-inferior leads with ST eleva-
tion) — 0-4).

Resultant QRS estimated infarct size was
estimated from the pre-discharge electrocar-
diogram by the Selvester QRS score.'* This
system contains 54 criteria and awards a maxi-
mum of 32 points. Each of these points repre-
sents about 3% of the left ventricle so, for
comparison with the predicted infarct size, the
Selvester score was multiplied by three to
yield a measure of the proportion of infarcted
left ventricle. The QRS score is of limited
value in assessing infarct size.!* We measured
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it solely for comparison with potential infarct
size (as assessed from the admission electro-
cardiogram), to assess non-invasively whether
myocardial salvage had occurred. Inter-
estingly, in our population Q wave score was
significantly correlated with ejection fraction
(r=0-63, P < 0-001) in contrast to the data of
Christian et al.'*

All electrocardiographs were scored by two
experienced cardiologists, each of whom were
unaware of treatment assignment or outcome.
ST elevation was measured to the nearest 0-5
mm in all leads except aVR.

Left ventricular ejection fraction

Left ventricular ejection fraction was assessed
by nuclear gated blood pool imaging four to
six weeks after hospital discharge. Global ejec-
tion fraction was estimated from the left ante-
rior oblique projection with a standard
computer software package. The left anterior
oblique angulation was selected for each
patient to achieve optimal separation of the
right and left ventricles.

DATA ANALYSIS

Student’s ¢ test and the y* test with Yates’s
correction when appropriate were used for
statistical analysis. Significance was assumed
to be P <0-05. Continuous variables are
quoted as means (SD). Statistical analysis
were performed using spss/PC. The sample
size (> 32 randomly allocated patients) was
calculated to detect an improvement in left
ventricular ejection fraction of 10 percentage
points, assuming ¢ to be 10%, a to be 0-05,
and f to be 0-2.

Table 1 Baseline patient characteristics. Values are means (SD) unless stated otherwise

<, L <, L <, i
only’ +nPA + plracebo
(n=43) m=19) m=18 P value*
Age (years) 63 (9) 63 (10) 63 (10) 09
No (%) of men 30 (70) 11 (58) 13 (72) 0-4
No (%) with infarct site:

Anterior 14 (32) 10 (53) 10 (56)

Inferior 28 (65) 8 (42) 6 (33)

Other 1(2) 1(5) 2 (11) 07
Time to streptokinase (h) 3-3(19) 3-4 (1'9) 4-3 (21) 0-2
Time to rt-PA (h) — 56 (1-9) 65 (2:2) 03
*For difference between rt-PA and placebo assessed by ¢ or x? test.

Table 2 Main outcome measures

Streptoki S ki Streptoki

only + rnPA + placebo

(n=43) (mn=19 m=18 P value*
Mean (SD) infarct size (%):

Predicted 21 (8) 26 (13) 25 (8) 09

Resultant 10 (9) 14 (8) 20 (9) 0-03
Ejection fraction (%) 49 (13) 44 (10) 34 (16) 0-04
*For difference between alteplase and placebo assessed by ¢ or x2 test.

Table 3 Lyrtic state

Streproki; only  Rand d group

(n =43, (n=37) P value
Mean (SD) fibrinogen (g/l):

Initially 36 (1-4) 3-8 (1:3) 05

60 minutes after streptokinase 1-0 (1-1) 1-3 (1-0) 0-2
No (%) of patients without fibrinogenolysis

60 minutes after streptokinase 17 (40) 24 (65) 0-01

Results

A total of 129 patients fulfilled the entry
requirements and were screened for inclusion
in the trial. Forty three patients (33:3%) did
not show a reduction in ST segment elevation
(presumed failed reperfusion); of these, 37
were randomly allocated to receive alteplase
(19 patients) or placebo (18 patients); the six
remaining patients did not give their consent.
Eighty six patients (66-6%) showed a reduc-
tion in ST segment elevation of >25%, 90
minutes after the initiation of streptokinase
(presumed reperfusion); 43 of them were
recruited into the control (streptokinase only)
group. Table 1 shows the baseline characteris-
tics of the patient cohort. Overall mean age
was 631 (9) years and 54 (68%) patients were
men. Randomised patients were well matched
for baseline infarct site, but there was a signifi-
cant excess of inferior infarcts among patients
with presumed reperfusion (65% (28) com-
pared with 38% (20) in the randomised group,
P =0-043). Mean time from the onset of
symptoms to initiation of thrombolysis was 3-6
(1-9) hours (range 0-6-10-25) overall; in ran-
domised patients the time from the onset of
symptoms to initiation of rt-PA or placebo was
6:0 (2-1) hours (range 2-1-10-8). There were
no systematic differences in time to treatment
between the treatment groups.

EFFECTS ON INFARCT SIZE AND EJECTION
FRACTION

Table 2 shows the effects of the three throm-
bolytic regimens on infarct size and ejection
fraction. Predicted infarct size, as estimated
from the admission electrocardiogram was
similar in all three groups. However, resultant
infarct size, estimated from the predischarge
electrocardiogram, was significantly smaller in
patients randomly allocated to alteplase com-
pared with those allocated placebo. Similarly,
patients randomly allocated to alteplase had
significantly higher ejection fractions at four to
six weeks than patients who received placebo.
Patients with presumed reperfusion after
streptokinase alone were not significantly dif-
ferent from patients without presumed reper-
fusion who received alteplase. One patient
from each of the three treatment arms died in
hospital and therefore did not have a gated
blood pool scanning (see below). Two further
patients refused to have gated scanning. Both
received active alteplase and neither had car-
diac failure on routine follow up. Their pre-
dicted pretreatment infarct sizes were 38%
and 26%; their predischarge QRS infarct sizes
were respectively 12% and 9%—thus both
showed electrocardiographic evidence of
myocardial salvage.

INFLUENCE OF FIBRINOGENOLYSIS

Table 3 shows fibrinogen concentrations in
control (streptokinase only) and randomised
patients. There were no significant differences
in mean concentrations initially or 60 minutes
after streptokinase. Overall 41 out of 80 (51%)
patients did not show fibrinogenolysis at 60
minutes. These included 24 out of 37 (65%)
patients who were later randomised and 17
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Table 4 Influence of fibrinogenolysis. Values are means (SD) unless stated otherwise

S b1 N L Q, L
only + alteplase + placebo P value*
Fibrinogen <1 g/l 60 after streptoki;
No of patients 26 7 6
Infarct size (%):
Predicted 21 (7) 29 (19) 25 (8) 06
Resultant 11 (8) 15 (7) 17 (6) 06
Ejection fraction (%) 49 (13) 46 (12) 41 (13) 0-6
Fibrinogen >1 g/l 60 affter streproki)
No of patients 17 12 12
Infarct size (%):
Predicted 22 (10) 23 (9) 25 (9) 06
Resultant 9 (11) 13 (8) 21 (10) 0-04
Ejection fraction (%) 47 (16) 44 (10) 30 (17) 0-04

*For difference between alteplase and placebo assessed by ¢ test.

out of 43 (40%) control (streptokinase only)
patients. The proportion of patients who did
not show fibrinogenolysis was significantly
higher among those later randomised—that is,
those who presumably failed to reperfuse—
than among controls—that is those who
presumably reperfused (65% compared with
40%, P = 0-01). Among randomised patients,
seven of the 19 (37%) who received alteplase
and six of the 18 (33%) who received placebo
showed fibrinogenolysis after streptokinase
P =09).

Table 4 summarises the effect of fib-
rinogenolysis after streptokinase on infarct size
and ejection fraction. In patients who showed
neither reperfusion nor fibrinogenolysis after
streptokinase, infarct size was significantly
smaller and ejection fraction better preserved
among those who received active alteplase
than among those who received placebo;
patients who received alteplase were not sig-
nificantly different from those with presumed
reperfusion after streptokinase alone. By con-
trast, in the group who did not show reperfu-
sion but showed fibrinogenolysis after
streptokinase there was no significant differ-
ence in either resultant infarct size or ejection
fraction between alteplase and placebo groups.
Likewise, among these patients, neither group
was significantly different from patients with
presumed reperfusion and fibrinogenolysis
after streptokinase alone. In patients with pre-
sumed reperfusion after streptokinase alone
outcome was similar regardless of fibrinogen
concentration; fibrinogenolysis was not pre-
dictive of outcome.

MORTALITY AND COMPLICATIONS

Mortality at six weeks was 3:75%. Three
patients died, one from each of the three treat-
ment arms. There were five episodes of bleed-
ing, only one of which, a gastrointestinal
haemorrhage, required transfusion. This
occurred in a patient randomly allocated
placebo. Minor bleeds included two haemop-
tyses, one epistaxis, and one rectal bleed.
There were no cerebral haemorrhages.

Discussion

In this prospective study we found that
patients with acute myocardial infarction
whose ST segment elevation did not reduce by
25% or more 90 minutes after initiation of
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streptokinase and who received additional lytic
treatment with alteplase had improved left
ventricular function and smaller Q wave scores
than patients who received placebo. A pre-
specified subgroup analysis suggested that the
improvement in outcome was confined to
patients who also did not show fibrino-
genolysis—that is, fibrinogen concentration
was > 1-0 g/l after streptokinase. In the small
group of patients without reduction in ST seg-
ment elevation 90 minutes after streptokinase
and fibrinogen concentrations < 1-0 g/l, adju-
vant alteplase conferred no extra benefit.

We chose a reduction in ST segment eleva-
tion of 25% or more as the non-invasive
indicator of probable reperfusion. We pre-
viously found that this sign is highly sensitive
(> 95%) but non-specific (43%) for coronary
reperfusion when assessed angiographically
90 minutes after treatment with anisoylated
streptokinase plasminogen activator complex.’
Hogg et al reported a high sensitivity (93%) for
a fall in ST segment elevation of 50%, but
their post thrombolytic electrograms were
recorded much later than in our study (at 302
(141) minutes).'* When the criterion of Hogg
et al was applied to a population with angio-
graphically proved reperfusion at 90 minutes,
sensitivity for reperfusion fell to only 68%.’

Frequent (every 5-10 minutes) measure-
ment of ST segment height is a more sensitive
indicator of reperfusion than sampling at two
fixed points. Shah et al showed that compari-
son of a single pretreatment electrocardiogram
with one taken at 90 minutes failed to detect
impending reperfusion in more than 10% of
patients.'” If we had sampled ST segments
more frequently, fewer patients may have
received adjuvant thrombolysis. However, we
wanted to identify failed reperfusion and to
maximise the potential impact of alteplase in
the patients who needed it—and this argued
for treatment to be given as early as possible.
Inevitably an arbitrary time limit must be
applied in this situation and we chose 90 min-
utes after the initiation of streptokinase. A
secondary consideration in the use of electro-
cardiographic assessment at fixed time points
was a desire to test the efficacy of a manage-
ment strategy which could be widely applied.
Continuous ST segment monitoring requires
more nursing time than is usually available in a
busy coronary care unit. Relief of chest pain
was not used in the current study because,
although it is a sensitive sign of timing of
reperfusion when followed sequentially,"’ its
assessment at a fixed time point is difficult,
especially if it is not concordant with the elec-
trocardiographic results.

Adjuvant thrombolysis was administered
when the patency of the infarcted artery would
be expected to be 50-60% (thrombolysis
in myocardial infarction (TIMI) grade II or
III).! Patencies after streptokinase treatment
improve to about 75% at three hours,' so if
probable reperfusion status had been assessed
at this stage the proportion of patients requiring
additional lytic treatment would have been
reduced. In the event, although the anticipated
persistent occlusion rate was 40-50% at the
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time of assessment, only 33% of our patients
met the electrocardiographic criteria for per-
sistent occlusion.

A fall in ST segment elevation of 25% or
more is of limited value in predicting coronary
patency—that is, the specificity is low—but,
after single agent thrombolysis, patients who
have such a fall but no angiographic evidence
of reperfusion have well preserved left ventric-
ular function.” The converse electrocardio-
graphic sign—persistent ST segment elevation
after thrombolysis—is highly predictive of per-
sistent coronary occlusion and impaired left
ventricular function.” In our previous study
ejection fraction was as low as 28% in this
group, compared with 47% in patients with
reduced ST segment elevation of 25% or
more.

The thrombolytic action of streptokinase is
associated with a systemic lytic state; failure to
achieve fibrinogenolysis 90 minutes after initia-
tion of lytic treatment is associated with persis-
tent coronary occlusion.!® We found that when
fibrinogen concentrations were measured at
60 minutes patients with presumed reperfu-
sion—that is, those with reduced ST segment
elevation—had an overall good outcome
regardless of whether they showed fib-
rinogenolysis. Among the 40% of these who
did not show fibrinogenolysis the favourable
outcome may possibly be attributed to late fib-
rinogenolysis with subsequent clot lysis or to
the presence of a preformed collateral circula-
tion. In patients with presumed failed reperfu-
sion—that is, persistent ST segment
elevation—alteplase improved outcome only
in the 65% with failed fibrinogenolysis—that
is, fibrinogen concentration > 1 g/l. In those
with fibrinogenolysis, outcome was good and
not improved by rt-PA. A possible explanation
of this is that, although streptokinase did not
cause reperfusion it reduced plasma viscosity
and so improved peri-infarct microcirculation
sufficiently to limit infarct size.'®*'® The strep-
tokinase induced reduction in plasma viscosity
closely parallels fibrinogen concentrations and
so will not occur in patients who do not show
defibrination. Alternatively, these patients may
have been destined to show reperfusion late
with streptokinase alone, alteplase thus being
of no further benefit.

Combination thrombolysis using streptoki-
nase and rt-PA results in a superior patency
rate (TIMI grade II or III) at 90 minutes when
compared with either rt-PA or streptokinase
given as monotherapy in conventional regi-
mens.’® In the GUSTO (global utilisation of
streptokinase and alteplase for occluded coro-
nary arteries) trial this improvement in
patency did not translate to an improve-
ment in either left ventricular function or mor-
tality®—only accelerated alteplase was superior
to the other regimens in this respect.' Also in
the GUSTO trial—and presumably also in the
general population of patients with infarc-
tion—flow of TIMI grade III at 90 minutes
achieved by whatever regimen was the best
predictor of outcome. Left ventricular func-
tion was identical in the groups with flow of
TIMI grades 0, I, and II at 90 minutes. Our

data are not strictly comparable with either
those of the GUSTO® or KAMIT (Kentucky
acute myocardial infarction)’ trials. We stud-
ied patients treated initially with streptokinase,
presumably with flow of TIMI grade 0 or I
flow at 90 minutes and found an improved
outcome after additional, delayed rt-PA treat-
ment. A high risk population was selected for
intervention and, by the surrogate end point of
left ventricular function, an improvement was
observed. This improvement was similar in
magnitude to that observed in the ISAM
(intravenous streptokinase in acute myocardial
infarction) trial of streptokinase and placebo,?
but it was much larger than that observed early
after infarction in the TAMI (thrombolysis
and angioplasty in myocardial infarction) and
TIMI (thrombolysis in acute myocardial
infarction) trials.?' 22 The value of left ventricu-
lar function as a surrogate end point in trials of
lytic treatment has been questioned.??* In the
general population of patients with infarction
ejection fraction is about 50% in both throm-
bolytic and placebo groups.?® We observed a
greater ejection fraction in the treatment
group probably because the study population
was confined to high risk patients with persis-
tently occluded arteries. These patients had
most left ventricle to gain, or lose. A larger
trial would be needed to determine whether
the improvement in left ventricular function
we observed would translate into a mortality
benefit.

Rescue angioplasty has been advocated for
patients with persistent coronary occlusion or
early recurrent ischaemia after thrombolysis.?
Repeat thrombolysis is beneficial in patients
with early recurrent ischaemia after myocar-
dial infarction.* Our data suggest that addi-
tional lytic treatment may also be beneficial in
patients with evidence of persistent coronary
occlusion after thrombolysis. Most cardiac
centres do not have access to immediate
angioplasty; our data suggest that additional
thrombolysis may be substituted with benefit
to the patient.

Combination thrombolysis results in a sig-
nificant excess of haemorrhagic strokes over
single agent thrombolysis in all regimens so far
tested. In GUSTO the haemorrhagic stroke
rate for combination treatment was 0-94%,°
which is almost double the rate for streptoki-
nase alone, 0-49-0-54%. We did not set up
our study to test formally the safety profile of
combination thrombolytic treatment in persis-
tent coronary occlusion, but the absence of
treatment related complications suggests that
serious haemorrhage rates greatly in excess of
those seen in GUSTO are unlikely.

In conclusion, among patients with acute
myocardial infarction in whom streptokinase
does not reduce ST segment elevation by 25%
or more after 90 minutes, further thrombolysis
with rt-PA resulted in significantly better left
ventricular function and a smaller resultant
electrocardiographic infarct size when com-
pared with placebo. This improvement in
infarct size and left ventricular function
was confined to patients who did not show
fibrinogenolysis  (fibrinogen concentration
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> 1g/l) after streptokinase. These findings
need to be confirmed in a larger, preferably
multicentre, trial. Our data suggest, however,
that in acute myocardial infarction treatment
with an additional thrombolytic agent should
be considered if ST segment elevation fails to
resolve and if plasma fibrinogen concentration
remains above 1-0 g/l.

We acknowledge the expert help of Dr D Appleton, depart-
ment of medical statistics, University of Newcastle upon Tyne,
in both the planning and the analysis of this trial. We acknowl-
edge the gift of alteplase and identical placebo from Boehringer
Ingelheim.
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