Single-bolus tenecteplase compared with front-loaded alteplase in
acute myocardial infarction: the ASSENT-2 double-blind

randomised trial

Assessment of the Safety and Efficacy of a New Thrombolytic (ASSENT-2) Investigators™*

Summary

Background Bolus fibrinolytic therapy facilitates early
efficient institution of reperfusion therapy. Tenecteplase is a
genetically engineered variant of alteplase with slower
plasma clearance, better fibrin specificity, and high
resistance to plasminogen-activator inhibitor-1. We did a
double-blind, randomised, controlled trial to assess the
efficacy and safety of tenecteplase compared with alteplase.

Methods In 1021 hospitals, we randomly assigned 16 949
patients with acute myocardial infarction of less than 6 h
duration rapid infusion of alteplase (<100 mg) or single-
bolus injection of tenecteplase (30-50 mg according to
bodyweight). All patients received aspirin and heparin (target
activated partial thromboplastin time 50-75 s). The primary
outcome was equivalence in all-cause mortality at 30 days.

Findings Covariate-adjusted 30-day mortality rates were
almost identical for the two groups—6-18% for tenecteplase
and 6-15% for alteplase. The 95% one-sided upper
boundaries of the absolute and relative differences in 30-day
mortality were 0-61% and 10-00%, respectively, which met
the prespecified criteria of equivalence (1% absolute or 14%
relative difference in 30-day mortality, whichever difference
proved smaller). Rates of intracranial haemorrhage were
similar (0-93% for tenecteplase and 0-94% for alteplase), but
fewer non-cerebral bleeding complications (26-43 vs 28-95%,
p=0-0003) and less need for blood transfusion (4:25 vs
5-49%, p=0-0002) were seen with tenecteplase. The rate of
death or non-fatal stroke at 30 days was 7-11% with
tenecteplase and 7-04% with alteplase (relative risk 1-01
[95% CI 0-91-1-13]).

Interpretation Tenecteplase and alteplase were equivalent
for 30-day mortality. The ease of administration of
tenecteplase may facilitate more rapid treatment in and out
of hospital.
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Introduction

Rapid infusion of the tissue-plasminogen activator
alteplase in association with aspirin and heparin, is the
gold standard for pharmacological reperfusion in acute
myocardial infarction. No other fibrinolytic regimen has
been shown to be superior or equivalent to the
administration of 100 mg alteplase given initially as a
bolus followed by a step-down infusion over a period of
90 min (front-loaded approach) to lower 30-day
mortality.*

Because of the ease of administration, bolus fibrinolysis
facilitates rapid administration, including treatment
before admission to hospital, and may ensure complete
administration of the fibrinolytic agent, as well as a low
rate of medication errors. Double-bolus administration of
reteplase, a deletion mutant of alteplase with slower
plasma clearance, was the first third-generation
fibrinolytic. Apart from its ease of administration, the
Global Use of Strategies to Open Occluded Coronary
Arteries (GUSTO-III) trial> showed no efficacy or safety
advantage for reteplase over front-loaded alteplase.?

Tenecteplase is a triple-combination mutant of
alteplase developed to circumvent some of the limitations
of current fibrinolytic therapies. Tenecteplase has a longer
plasma half-life (20 vs 4 min), better fibrin specificity, and
higher resistance to inhibition by plasminogen-activator
inhibitor-1 than alteplase.® Efficacy for clot lysis of single-
bolus administration of tenecteplase was studied in the
Thrombolysis in Myocardial Infarction (TIMI) 10A and
TIMI 10B trials,** and safety was assessed in the
Assessment of the Safety of a New Thrombolytic
(ASSENT-1) study.® The results of these studies
suggested that a bodyweight-adjusted single bolus of
0-50-0-55 mg/kg tenecteplase would be equivalent to a
90 min regimen of alteplase for efficacy and safety. In this
double-blind, randomised, controlled study, we formally
tested this hypothesis.

Methods

Study population

We recruited patients from October, 1997, to November, 1998,
in 1021 hospitals in 29 countries. To be eligible, patients had to:
be aged 18 years or older; have onset of symptoms of acute
myocardial infarction within 6 h before randomisation; have ST-
segment elevations of 0-1 mV or more in two or more limb leads,
or 0-2 mV or more in two or more contiguous precordial leads; or
have left bundle-branch block. Exclusion criteria on admission
were: hypertension, defined as systolic blood pressure of
more than 180 mm Hg, diastolic blood pressure of more than
110 mm Hg, or both on repeated measurements; use of
abciximab or other glycoprotein Ilb/Illa antagonists within the
preceding 12 h; major surgery; biopsy of a parenchymal organ; or
substantial trauma within 2 months before admission; any major
head trauma and any other trauma occurring after onset of the
current myocardial infarction; any known history of stroke,
transient ischaemic attack, or dementia; any known structural
damage to the central nervous system; current therapy with oral
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Figure 1: Trial profile

anticoagulation, with an international normalised ratio of more
than 1.3; sustained cardiopulmonary resuscitation (more than 10
min) in the previous 2 weeks; pregnancy, lactation, or parturition
in the previous 30 days (women of childbearing potential had to
have a negative pregnancy test); any known active participation in
another investigative drug study or device protocol in the
previous 30 days; previous enrolment in this study; any other
disorder that the investigator judged would place the patient at
increased risk; and inability to follow the protocol and to comply
with the follow-up requirements.

Randomisation and study treatments

After giving informed consent, patients were randomly assigned,
through a central computerised telephone system, a bodyweight-
adjusted bolus of tenecteplase plus bolus and infusion of placebo,
or a bolus and infusion of alteplase plus bolus of placebo. We
gave each patient a unique study number that corresponded with
the number of a treatment kit.

Tenecteplase (or placebo) was administered over 5-10 s in a
dose according to bodyweight: 30 mg to patients who weighed
less than 60-0 kg, 35 mg to those who weighed 60-0-69-9 kg,
40mg to those who weighed 70-0-79-9 kg, 45 mg to patients who
weighed 80:0-89-9 kg, and 50 mg to patients who weighed
90-0 kg or more.

Alteplase (or placebo) was given as a 15 mg bolus followed
by a 075 mg/kg (up to 50 mg) infusion over 30 min and a
0-50 mg/kg (up to 35 mg) infusion over 60 min. All patients
received 150-325 mg aspirin orally and intravenous heparin

Characteristic Tenecteplase Alteplase
(n=8461) (n=8488)
Median age (years)* 61 (52-70) 61 (52-70)
Age >75 years 1047 (12-4%) 1070 (12-6%)
Female 1941 (22-9%) 1980 (23-3%)
Previous hypertension 3188 (37-7% 3268 (38-5%)
1329 (15:7%)

Current smoker 3747 (44-3%

Previous infarction

)

Diabetes 1384 (16-4%)
( )

1335 (15-8%)

(
Previous bypass surgery 461 (5-5%) 523 (6
Median systolic blood pressure (mm Hg)* 133 (120-150) 133 (119-150)
Median diastolic blood pressure (mm Hg)* 80 (70-90) 80 (70-90)
Median heart rate (beats/min)* 72 (62-85) 73 (62-85)
Location of infarction
Anterior 3335 (39-4%) 3409 (40-2%)

Inferior 4686 (55-4%) 4649 (54-8%)
Other 426 (5-0%) 411 (4-8%)
Killip class

[ 7428 (87-8%) 7465 (88-0%)

1l 887 (10-5%) 874 (10-3%)

1l 93 (1-1%) 98 (1-2%)

vV 35 (0-4%) 36 (0-4%)
Median time between onset of
symptoms and treatment (h)* 2.7 (1-9-3-8) 2-8(1-9-3-9)

Because of rounding, not all percentages total 100. *Median (IQR).
Table 1: Baseline characteristics of patients

Tenecteplase Alteplase
(n=8461) (n=8488)
Aspirin (<12 h) 973 97-5
Heparin
Bolus 94.5 94.4
Infusion 99:3 992
Intravenous nitrates 72-8 72:2
B-blockers 807 808
Angiotensin-converting-enzyme inhibitors 532 53.9
Angiotensin Il inhibitors 19 19
Other thrombolytics 2.7 2.3
Low-molecular-weight heparin 211 217
Glycoprotein llb/llla antagonists 7-6 76
Ticlopidine/clopidogrel 226 224
Statins 314 318

Table 2: Percentage of patients who received concomitant
medications given during stay in hospital

(bolus of 4000 U and infusion of 800 U/h for patients who
weighed 67 kg or less; 5000 U bolus and infusion of 1000 U/h for
patients who weighed more than 67 kg), adjusted to maintain an
activated partial thromboplastin time of 50-75 s for 48-72 h.
When a bedside monitor was used, the target activated partial
thromboplastin time was 60-85 s, which corresponds to the
50-75 s target obtained with standard laboratory reagents.

The primary endpoint was all-cause mortality at 30 days.
Secondary endpoints included net clinical benefit, defined as
absence of death or non-fatal stroke at 30 days, major non-fatal
cardiac events in hospital, and stroke. All stroke data were
reviewed by an independent stroke-assessment panel that
classified the stroke as primary haemorrhagic, ischaemic,
ischaemic with conversion to haemorrhage, or of unknown cause
(if no brain scans or necropsy results were available). Non-
cerebral bleeding episodes were classified as major (requiring
blood transfusion, intervention because of haemodynamic
compromise, or both) or minor.

Statistical analysis

We aimed to show therapeutic equivalence of single-bolus
tenecteplase compared with front-loaded alteplase. To show
equivalence or non-inferiority in all-cause mortality is judged to
be an appropriate study approach to establish that a variant of a
standard treatment achieves a clinical benefit similar to that of
the standard treatment, provided that appropriate criteria of
equivalence are prespecified.” We adopted a stringent definition
of equivalence and developed the null hypothesis that 30-day
mortality after tenecteplase would exceed 30-day mortality after
alteplase by more than 1% or that the relative risk in 30-day
mortality with tenecteplase compared with alteplase would
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Figure 2: Kaplan-Meier survival curves in the two treatment
groups
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Tenecteplase Alteplase Absolute difference Relative risk
(%) (%)
(90% Cl) p* (90% CI) p*
Primary analysis 6:179 6-151 0-028 (—0-554 to 0-609) 0-0059 1.004 (0:914 to 1-104) 0-0278
Unadjusted analysis 6-160 6-176 —0-016 (—0-624 to 0-592) 0-0060 0-997 (0-904 to 1-101) 0-0264
Logistic regression 6-089 6-140 —0-051 (—0-623 to 0-522) 0-0025 0-992 (0-903 to 1-089) 0-0147

*Based on test for equivalence.
Table 3: 30-day mortality

exceed 14%, whichever difference proved smallest. With the
assumption of a 30-day mortality rate with alteplase of 7-2% and
equal mortality with tenecteplase, a sample size of about 16 500
patients would provide 80% power to reject the null hypothesis
with a one-sided significance level of 5%.

Our primary analysis was a non-parametric, covariate-adjusted
analysis of all randomised patients according to intention to
treat.** Missing 30-day mortality data were imputed according to
the null hypothesis: 7-2% for alteplase and 8-2% for tenecteplase.
The baseline covariates were: age, Killip class, heart rate and
systolic blood pressure on admission, and infarct location. These
covariates contain 90% of the prognostic information of the
baseline clinical data.** Adjustment for small differences in
baseline covariates between the two treatment groups increased
the power of the study.

In addition to the primary analysis, we did an unadjusted
analysis (without covariates) and logistic regression of the
primary endpoint in the same study population. The same
analyses were repeated in the as-treated population.

For the primary endpoint, we report two-sided 90%
boundaries and p values testing for equivalence. For all other
exploratory analyses two-sided 95% CI and p values are given.

Safety data, especially bleeding complications and stroke rates
in the two groups, were reported monthly to the data and safety

monitoring committee. Because of consistent and potentially
relevant differences in non-cerebral bleeding complications,
which emerged when the safety data of 13 620 patients became
available, the committee requested that treatment status be
revealed to them. After analysis of these data, the committee
recommended that the trial be continued as planned. The
committee also recommended that the total sample size be
increased to compensate for randomised but non-treated
patients. No mortality data were reported to the committee
during the course of the trial. It was agreed that mortality data
would be provided only if the 95% boundaries of 30-day
mortality in the total population became more than 9% or less
than 5%, or if the lower boundary of the difference between the
two treatment groups exceeded 2%. We checked these criteria
with an automatic computer program when 4000, 8000, and
12 000 patients had been randomised, but they were never met
during the course of the trial.

Data were entered with the use of Oracle Clinical (version
3.0.3.5) and electronically transferred to the central database in
Leuven, Belgium. Quality of the data was ensured by double data
entering and by verification of collected data against medical
records in at least 10% of patients and in at least one patient per
site. Furthermore, we monitored all patients with a stroke or a
serious unexpected drug-related adverse event.

Proportion of patients Tenecteplase Alteplase Relative risk p

in category (%)* (n=8461) (n=8488) (95% CI)
Age (years)
<75 87-4 4.6 4.3 1.063 (0-915-1-235) 0-425
>75 12:5 17-4 19-3 0-903 (0-754-1-081) 0-286
Sex
Male 76.8 5.0 4.8 1.039 (0-894-1-209) 0-627
Female 231 10-0 10-6 0943 (0-784-1-134) 0-563
Age and sex
<75, male 70-0 39 37 1-058 (0-883-1-268) 0-566
<75, female 17:5 71 6-6 1.084 (0-831-1-415) 0-561
>75, male 6-8 16-1 16-1 1.003 (0-771-1-305) 1.000
>75, female 57 189 231 0-819 (0-640-1-048) 0-114
Time to treatment (h)
0-2 300 5.0 4.9 1.017 (0:799-1-296) 0-897
>2-4 46-8 6-3 55 1-157 (0:970-1-379) 0-106
>4 22:4 7-0 92 0-766 (0-617-0-952) 0-018
Infarct location
Anterior 39.8 8.0 82 0-975 (0-830-1:146) 0-789
Other 60-0 5.0 4.8 1.026 (0-865-1-218) 0-783
Previous myocardial infarction
Yes 15.9 9-8 86 1.137 (0-897-1-441) 0-318
No 839 55 5.7 0-965 (0-843-1.105) 0-609
Killip class
| 87-8 4.7 4.8 0-983 (0-851-1:134) 0-818
1l 10-4 135 13-4 1.011 (0-797-1-281) 0-944
1l 11 29:0 24.5 1.185 (0-740-1-899) 0-516
\% 0-4 514 61-1 0-842 (0-556-1-273) 0-477
Hypertension
Yes 381 80 76 1.050 (0-888-1-241) 0-578
No 61.7 5.0 52 0962 (0-816-1:135) 0-657
Diabetes
Yes 16-0 88 87 1-002 (0-786-1-278) 1-000
No 83-8 56 5.7 0-993 (0-868-1-136) 0-942
Previous CABG
Yes 39 98 77 1.280 (0:776-2:111) 0-406
No 95-9 6-0 6-1 0-987 (0-875-1-115) 0-844

CABG=coronary-artery bypass graft.
*Percentages do not total 100% for all categories because of missing data.

Table 4: 30-day mortality in subgroups
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Complication Frequency (%) Relative risk p
Tenecteplase Alteplase (95% C1)
(n=8461) (n=8488)
Reinfarction 4.1 38 1.078 0-325
(0:929-1-250)
Recurrent angina 194 195 0.995 0877
(0-935-1-058)
Sustained hypotension 159 16-1 0-988 0737
(0:921-1-058)
Cardiogenic shock 39 4.0 0965 0-664
(0-832-1-119)
Major arrhythmias 205 212 0-968 0-281
(0-913-1-027)
Pericarditis 3.0 26 1.124 0-209
(0:941-1-343)
Invasive cardiac procedures
PTCA 24.0 239 1.006 0-843
(0:953-1:061)
Stent placement 19-0 197 0-968 0-302
(0:910-1-029)
CABG 55 62 0-884 0-049
(0-783-0:999)
IABP 2:6 2.7 0-968 0-736
(0-805-1:163)
Killip class >1 6-1 7-0 0-991 0-026
(0-982-0-999)
Tamponade or cardiac 06 07 0-816 0:332
rupture (0-558-1-193)
Acute mitral regurgitation 0-6 07 0-886 0571
(0-613-1-281)
Ventricular septum defect 03 03 0-817 0-568
(0-466-1-434)
Anaphylaxis 01 02 0376 0052
(0-147-0-961)
Pulmonary embolism 0-09 0-04 2.675 0-145

(0:710-10-080)

PTCA=Percutaneous transluminal coronary angioplasty; CABG=coronary-artery bypass
graft; IABP=lIntra-aortic balloon pump.

Table 5: Frequency of in-hospital cardiac events and
procedures

Results

16 949 patients were randomised between October, 1997,
and November, 1998, of whom 16 504 received study
medication (figure 1). In 445 patients (209 assigned
tenecteplase, 236 assigned alteplase), no study medication
was administered because of: detection of exclusion
criteria after randomisation (135 patients), technical
reasons, such as broken vials (49), death or adverse event
immediately after randomisation (23), or other reasons
(238), of which primary angioplasty (46), administration
of open-label thrombolytics (80), or both (17), were the
most frequent.

All results presented are based on the intention-to-treat
analyses. The analysis of the as-treated population,
which should also be considered in an equivalence
study,” provided nearly identical results with similar
significance.

Frequency (%) Relative risk p
Tenecteplase  Alteplase (95% C1)
(n=8461) (n=8488)
Total strokes 1.78 1.66 1.074 0-555
(0-856-1-349)
Intracranial haemorrhage  0-93 094 0-991 1-000
(0-727-1-350)
Ischaemic stroke™ 0-72 0-64 1.133 0-514
(0-787-1-632)
Haemorrhagic conversion  0-07 0:09 0752 0:790
(0-261-2-168)
Unclassified 0-13 0-08 1.576 0-358

(0-611-4.065)

Five patients had more than one type of stroke.
*Including haemorrhagic conversion.

Table 6: Frequency of strokes

Tenecteplase Alteplase p
(n=8461) (n=8488)
Bleeding episodes
Total 26.43 28-95 0-0003
Major 466 5.94 0-0002
Minor 21.76 2299 0-0553
Units transfused blood
Any 4.25 5-49 0-0002
1-2 259 324
>2 1.66 2:24

Table 7: Non-cerebral bleeding complications

The baseline characteristics were similar in the two
groups (table 1). Overall, the study populations were
similar to those of previous trials on thrombolytic therapy.
In particular, the median time from symptom onset to
treatment was 2-8 h.

The first bolus (tenecteplase or placebo) was given to
97-1%, the second bolus (alteplase or placebo) to 97-1%,
and the infusion (alteplase or placebo) to 96:8% of
randomised patients. More than 96-0% of patients in the
two groups received 95-105% of the planned weight-
adjusted dose of tenecteplase (or placebo); more than
97:0% of patients received 95-105% of the planned dose
of alteplase (or placebo). Compliance with antithrombotic
cotherapy was more than 94% in all patients for heparin
bolus and more than 99% for heparin infusion. Aspirin
was given to more than 97-0% of patients. Other
concomitant medications are listed in table 2. High
proportions of patients received B-blockers, angiotensin-
converting-enzyme  inhibitors,  low-molecular-weight
heparins, and statins.

Vital status at 30 days was unknown in six patients
(tenecteplase three, alteplase three). Total mortality at 30
days was almost identical in the two groups (table 3) and
the Kaplan-Meier survival curves were superimposable
(figure 2). The one-sided 95% CI of the absolute and
relative differences in 30-day mortality fulfilled the
prespecified criteria of equivalence (table 3).

Mortality rates in the prespecified subgroups are given
in table 4. The two treatments did not differ significantly
except for a lower mortality with tenecteplase in patients
asigned treatment after 4 h.

Non-fatal in-hospital cardiac events and the use of
procedures are shown in table 5. Although the differences
were small, significantly fewer patients in the tenecteplase
group than in the alteplase group were in a Killip class
higher than I or underwent bypass surgery. No other
significant differences were seen.

In 18 patients who had stroke, no brain imaging or
necropsy could be done. The rate of haemorrhagic stroke was
similar in the two treatment goups (0-93% for tenecteplase,
0-94% for alteplase) with a slightly, but not significantly,
higher rate of ischaemic and total stroke after treatment with
tenecteplase (table 6). The overall rate of death or non-fatal
stroke was 7-11% with tenecteplase and 7-04% with alteplase
(relative risk 1-01 [95% CI1 0-91-1-13]).

Non-cerebral bleeding complications are shown in table
7. Significantly fewer bleeding complications were found
in the tenecteplase group (26-1 vs 28:4%, p<0-0003),
resulting in a significantly lower need for blood
transfusion in this group (4-3 vs 5-5%, p=0-0002).

Discussion

Single-bolus tenecteplase was equivalent to front-loaded
alteplase in the effect on 30-day mortality. The upper
boundaries (0-61% and 10:00%) were well below the
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prespecified upper confidence limits of equivalence of 1%
or 14%.

There was no particular subgroup of patients in whom
tenecteplase or alteplase was significantly better, with the
exception of patients treated after 4 h; this group had a
better outcome with tenecteplase, with a significant
absolute 2% difference in 30-day mortality. As with
alteplase, which was compared with streptokinase in the
TIMI-1 study,* the higher fibrin specificity of tenecteplase
probably leads to better dissolution of the older fibrin clot
and, therefore, to a better clinical outcome. A similar
observation was made in the GUSTO-III trial.? In that
study, the more fibrin-specific agent alteplase was
associated with a better outcome in late-treated patients
than the less fibrin-specific agent reteplase.

The 30-day mortality rates seen in our trial were the
lowest reported in a large trial of thrombolytic therapy.
Comparisons between trials are difficult to make but the
demographic and baseline haemodynamic features of the
patients in this trial seem similar to those of other large
trials such as GUSTO-I and GUSTO-III.>* The low
mortality we saw may be explained by the use of effective
fibrinolytics and probably by the use of effective
concomitant medications such as [-blockers and
angiotensin-converting-enzyme inhibitors in a large
proportion of patients. Futhermore, the use of low-
molecular-weight ~ heparins,  glycoprotein lib/llla
inhibitors, ticlopidine, or clopidogrel and statins in
substantial numbers of patients may have contributed to
the favourable clinical outcomes.

Fewer non-cerebral bleeding complications were seen
and fewer blood transfusions were required in the
tenecteplase group than in the alteplase group. The higher
fibrin specificity is probably also responsible for this
clinical advantage. In previous large comparative trials,
such as the GISSI-2/International* and the GUSTO-I
trial,® fewer non-cerebral bleeding complications were
seen with the more fibrin-specific agent alteplase than
with streptokinase.

Total stroke rates were a little higher in the tenecteplase
group because of a slightly higher rate of ischaemic stroke
after tenecteplase.The stroke rates seen in this trial were
similar to those seen in the previous large thrombolysis
trial GUSTO-III.? Despite a lower dose of concomitant
heparin, rates of intracranial haemorrhage with front-
loaded alteplase in this trial and in GUSTO-III were
higher than in GUSTO-I. This finding can be explained
by the inclusion of more patients at risk of haemorrhagic
stroke (eg, elderly, women) and by the more frequent
brain imaging. The nearly identical rates of intracranial
haemorrhage with tenecteplase and alteplase in this trial
suggest that, by contrast with non-cerebral bleeding
complications, greater fibrin specificity does not lower the
risk of cerebral bleeding.

Single-bolus, weight-adjusted tenecteplase is the first
fibrinolytic regimen shown to be equivalent to front-
loaded alteplase in terms of 30-day mortality. The similar
rates of intracranial haemorrhage and the lower risk of
non-cerebral bleedings show that tenecteplase is also safer
than front-loaded alteplase. These features, together with
the ease of administration, make it an attractive
fibrinolytic regimen that may further facilitate the
institution of early reperfusion therapy in patients with an
acute myocardial infarction. Whichever agent is used,
shorter time to treatment increases the benefit of
reperfusion. Given the persistent delay in starting

reperfusion therapy after symptom onset, prehospital
thrombolysis with single-bolus tenecteplase seems to be
an approach worth testing.

Assent-2 trial investigators and committee members

Writing and steering committee—F Van de Werf (chairman), J Adgey,
D Ardissino, P W Armstrong, Ph Aylward, G Barbash, A Betriu,

A S Binbrek, R Califf, R Diaz, R Fanebust, K Fox, C Granger, J Heikkila,
S Husted, P Jansky, A Langer, E Lupi, A Maseri, J Meyer, J Miczoch,
D Mocceti, D Myburgh, A Oto, E Paolasso, K Pehrsson,

R Seabra-Gomes, L Soares-Piegas, D Sugrue, M Tendera, E Topol,
P Toutouzas, A Vahanian, F Verheugt, L Wallentin, H White.
Operational committee—S Berioli, E Bluhmki, R Brower, T Danays,
N L Fox, C Girault, G Goetz, K Houbracken, H Jakob, J Kaye,

H Sarelin, F Wang Clow.

Stroke panel—W Hacke, L von Kummer.

Statistical analysis—E Lesaffre, E Bluhmki, K Bogaerts, K Munster,

| Scheys, M Truyen, F Wang Clow.

Data and safety monitoring board—K A A Fox (chairman), R Brower,
A Hallstrom, D Jones, A Maggioni, D Weaver.

Data coordinating centres

Global—Leuven Coordinating Centre: K Houbracken (project
coordinator), K Broos, R Brower, L Celis, E De Prins, L D’hoore,

C Luys, A Luyten, M Moreira, S Pislaru, C Schovaerts, B Segers,

P Sinnaeve, D Van Moll, P Wouters.

Regional—Duke Clinical Research Institute: C Granger, J Alexander,
B Donohue; Estudios Cardiologicos Latino-America: A Pascual;
University of Alberta (Edmonton): B Maeland.

Principal investigators and study coordinators

Argentina (303 patients)—A Ahuadguerrero, H Alimenti, R J Balado,

C Bassani Arrieta, R Bastianelli, A Caccavo, A Cagnolatti, H Casto,

R Castellanos, L Descalzo, A Fernandez, E Ferro Queirel, A J Gambarte,
M A Garcia, R Garcia Duran, C Girino, E Hasbani, J A Hidalgo,

A Hrabar, A Fernandez, J Leiva, L Lobo Marquez, J Lowestein,

S M Macin, R Manzur, G Martino, M Meneghetti, R Nordaby,

C Olivello, O A Perrino, A Piombo, G Quijano, E San Martin,

H T Torre, G Uceda, J C Vergottini, G Zapata, D Zavatti.

Australia (871 patients)—A Appelbe, G Aroney, P E Aylward, N Bett,
M Brown, P Carroll, J Counsell, S Coverdale, F Federman, P Garrahy,
R Hendricks, J Hung, D Hunt, | Jeffery, R Lehman, J Leitch, R Newman,
D Owensby, D Ramsay, M Rowe, J Sampson, B Singh, A Thomson,

J Woods.

Austria (118 patients)—J Borkenstein, H Drexel, W Erd, G G Gaul,

H Goldsteiner, W K Klein, P Lechleitner, H Mayr, J Mlczoch,

G Niessner, H Pall, I Pretsch, G Roeggla, E Schaflinger, J Slany,

O Traindl, S W Weber, G Z Zenker.

Belgium (770 patients)—I Bekaert, D Bladt, K Bultynck, B Carlier,

J Carpentier, T Castelain, J Claessens, D Clement, C Convens, F Cools,
L Crochelet, P Dejaegher, F De Man, L Dermauw, F De Vlieghere,

L De Wolf, M Detollenaere, G Dhooghe, D EI Allaf, C Emmerechts,

G Fautsch, R Gilles, M Gysbrechts, V Hamoir, L Hermans, M Herssens,
H Jacobs, M Jottrand, G Jouret, D Koentges, Y Kremer, J Lalmand,

M Laurent, H Lesseliers, H Lignian, D Mertens, M Nannan, G Odent,
N Picart, R Popeye, M Quinonez, H Robijns, R Roelandt, J Salembier,
A Shita, W Smoulders, T Sottiaux, R Stroobandt, D Stroobants,

J Trouerbach, H Ulrichts, J Van Besien, H Van Brabandt,

J L Vandenbossche, A Van Dorpe, B Vanhauwaert, E VVan Houwe,

P Van Iseghem, L Vanneste, U Van Walleghem, J Vanwelden,

W Verhiest, J Vermylen, G Verstreken, P Vo Ngoc, P Willems,

B Wollaert.

Brazil (280 patients)—C P Albuquerque, D C Albuquerque,

A R Alves-Junior, A C Amaral, A Avezum, A R Azevedo, J C F Braga,

J C V Braga, A C Carvalho, W Cirillo, O R Coelho, E E R da Silva,

E Daminello, E Dancini, R Esporcate, J P Esteves, R K Filho,

A Labrunie, M O Lima-Filho, E R Manenti, M Marcondes, R L Marino,
R Mattar-Junior, J A M Neto, L C Passos, W Rabelo, R F Ramos,

J M Rossi, J F K Saraiva, L A Silva, S K O Soderberg, J E M R Sousa,

E Tanaka, A Timerman, R C Vaz.

Canada (1106 patients)—D Alexander, A Bharmal, T Bhesania, B Burke,
P Carter, M T Cheung, S Chiu, D DaBreo, T Davies, P De Young,

K Finnie, D Fitchett, V Gebhardt, P Greenwood, M Gupta, N Habib,
F Halperin, R Hatheway, A Hess, T Huynh, M Irvine, G Jablonsky,

J Kornder, S Kouz, G Kuruvilla, C Lai, R Leader, C Lefkowitz,

J F Lopez, B Mackenzie, A B Mandal, C Morgan, B Murat, M O’Reilly,
M Parmar, Y Pesant, A Quellet, G D Ravi, R Roux, Z Sasson, M Sauve,
M Senaratne, S N Sinha, V Sluzar, G Smith, R St Hilaire, M Strauss,

T To, M A Turek, W Tymchak, A Van Walraven, S Vizel, A Weeks,

G Wisenberg, K Woo, R Zadra, A Zawadowski.

Czech Republic (39 patients)—P Jansky.

Denmark (288 patients)—J R Andersen, K Egstrup, T Haghfelt,

S Husted, G Jenssen, N Kragh-Thomsen, F Roemer, A Thomassen,

C Torp-Pedersien, H Ulriksen, P Wiggers.

Finland (139 patients)—M Aeaerynen, T Haemaelaeinen, J Hartikainen,
M Huttunen, T Jaeaeskelaeinen, J Juvonen, H Kivelae, E Koskela,

J Mustonen, V Naukkarinen.
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France (355 patients)—S Allam, G Allard-Latour, P Attali, P Balansard,
J P Bassand, P Bazin, G Bessede, J L Bonnet, B Carette, J M Coudray,
P Dambrine, JJ Dujardin, S Elhadad, J Fruchaud, P Goldstein,

G Hanania, K Khalife, P Lagorce, Y Lambert, H Lardoux, F Latour,

O Leroy, J Letournel, G Mehu, D Mery, R Mossaz, A Page, M Parisot,
F Petit, G Raffalli, M Rauscher, J Y Thisse, X Tran Thanh, D Vilarem,
B Vitoux, P Webert.

Germany (771 patients)—W Achatz, | Assmann, G Autenrieth,

H B Bechtold, G Berg, M Bermes, H D Bethge, K P Bethge,

J B Boeckenfoerde, K Borisch, G Cieslinski, J Cyran, C Diehm,

T E Erchinger, H Fabel, S Felix, F F Forycki, E Friede, A G Garteman,
B Grosch, K D Grosser, D Gruneklee, W Habscheid, K T Haerten,

K Hahn, M Hanheide, R Hauschild, H P Helwing, F Hoeltermann,

M H Hoffmeister, E Holz, R Hopf, D Huebner, J | Isbary, W Jansen,
SJung, H Kahles, F Kersting, R Klocke, H Koch, M Kochs, B Kohler,
W Landgraf, G Liebau, G Lockert, H Loellgen, G Ludger, J Lock,

M Manz, H Meyer-Hofmann, K Meyne, N D Mihanovic, W Moshage,
W M Motz, M M Maéckel, H Neuss, C A Nienaber, P C Ostendorf,

R Pilgrim, M Rejmann, W Runkel, E Sauer, A Schmidt,

V Schmitz-Hubner, K P Schueren, K Seitz, M Sigmund, U Solzbach,
G S Sterzel, W S Swobodnik, B T Tiedke, H Topp, N Treese,

W Urbaszek, G Utz, A Van de Loo, M von Eiff, C Von Wissmann,

G Vossbeck, K Weber, L Weber, T Welte, P Wirtz, J Zippel.

Greece (380 patientsy—P Antonatos, T Apostolou, C Chalkidis,

D Cokkinos, S Foussas, P Geleris, S Karras, K Karydis, M Kourtmeridis,
M Kiyriakidis, G Louridas, A Manolis, S Panagiotis E Papasteriadis,

D Sideris, A Tirologos, P Toutouzas, P Vardas, G Vrouchos,

A Zacharoulis.

Ireland (121 patients)—J Barton, K Daly, W Fennell, M O’Reilly,

C Quigley, P Quigley, D Sugrue, P Sullivan, M Walsh.

Israel (1557 patients)—E Abinader, J Balkin, A Battler, D David,

N Freedberg, S Gottlieb, H Hammerman, Y Hasin, H Hod, R Leor,

E Maisuls, A Marmor, Y Nahum, M Omary, B Pelled, L Reisin,

N Roguin, A Roth, L Rudnik, S Sclarovsky, Z Vered, T Weiss, T Zuabi.
Italy (1075 patients)—F Arrugo, F Bacca, G Baduini, E Bellone,

D Bertoli, R Bevilacqua, G Binaghi, A Boccalatte, D Bonaduce,

G Borello, E Borgo, D Bracchetti, C Brunelli, G Bruno, P P Campa,

S Caponetto, A Capucci, F Casazza, A Castello, C Cernigliaro,

F Chiarella, F Chiesa, N Ciampani, E Cicioni, G Corsini, C Cuccia,

S Dalla Volta, F M De Luca, | De Luca, C De Vita, G Di Pasquale,

O Durin, R Fanelli, F Fedele, G Ferrari, A Finardi, C Fiorentini,

P Fioretti, F Gaita, P Giani, M Giasi, L Gibertoni, E Giovannini,

L P Greco, U Guiducci, A leri, S llicoto, G Lavezzaro, A Liguori,

F Marchi, A Maresta, C Maruoni, A Maseri, F Matta, G Mattioli,

F Mauri, N Mininni, E Murena, A Mussini, F Naccarella, M Negrini,
A Notaristefano, M Orlandi, A Palamara, A Pezzano, A Politi, A Purcaro,
A Ravazzi, A Ravera, G Rigatelli, S Romano, G Rovelli, F Rusticali,

R Sala, M Santini, C Schirinzi, S Severi, G Slavich, P Stritoni, N Svetoni,
P Terrosu, M Traina, R Valentini, F Vallagussa, S Vatola, P Zonzin.
Mexico (137 patients)—L Alcocer, J C Buenfil, A Cruz,

H Gonzalez Pacheco, | Hernandez Santamaria, M Hills, M Ibarra,

J Martinez Sanchez, M Mendoza, A Moguel, J Navarro, R Olvera,

J M Portos, M A Ramos.

New Zealand (249 patients)}—D Friedlander, H lkram, D Jardine,

K Logan, S Mann, H Patel, M Simmonds, H D White.

Norway (236 patients)—R Fanebust, T Gundersen, E H Hall, E Hauge,
H Hellemann, T Hole, T V Holm, H Janniche, K A Langergd,

K T Lappegérd, J Lyng, H Schartum-Hansen, N Walde.

Poland (436 patients)}—J Adamus, L Ceremuzynski, A Cieslinski,

B Halawa, J Kuzniar, W Piotrowski, W Piwowarska, W Pluta,

W Ruminski, A Rynkiewicz, K Wrabec, H Wysocki.

Portugal (261 patients)}—J Almeida, F Caetona, R Caires, M O Carrageta,
J L Carvalho, D L Cunha, A Ferreira, M L Ferreira, R Ferreira,

R S Gomes, C Lemos, L Providencia, A Prudencio, V G Ribeiro,

J Santos, J Soares Da Costa.

South Africa (230 patients)—A A Aboo, E Baig, S Cassim,

P J Commerford, M P Dean, A J De Kock, J M Engelbrecht,

S W Hardcastle, M M Harvey, J G Kilian, J Laubscher, J H Louw,

F J Maritz, J D Marx, D P Myburgh, J H Mynhardt, D P Schutte,

D Stickells, F Theron, A L Van den Berg.

Spain (752 patients)}—R Abizanda, A A Artigas, J Blanco, J B Bruguera,
J C Carpintero, J Caturla, E Civeira, F Colomina, J M Cruz-Fernandez,
G De La Pena, F F Fernandez-Aviles, J F Figueras, M Fiol, J Froufe,

| Gonzalez-Maqueda, M G Heras, G Hernando, C K Kallmeyer,

J Larrazabal, A Loma-Osorio, R M Masia, E M Mira, A Monton,

M Natalio, A Rodriguez, M Ruano, F S Sabate, J S Sanjose, M Santalo,
J Torres, V Valentin, A Vera.

Sweden (1070 patients)—C A Abjorn, G A Ahlberg, P A Ahlstrom,

U A Ahremark, G A Andersson, S B Bandh, A B Bellinetto, P O Bengtsson,
J C Carlsater, A D Dahlberg, M D Dellborg, S E Ekdahl, J E Ellstrom,
M E Eriksson, S A Falk, M H Hartford, J H Hulting, U H Hurtig,

S JJensen, T K Kahan, B K Karlson, J E Karlsson, B L Lindahl,

O L Lovheim, B M Malmros, H N Nilsson, H O Ohlin, K P Pehrsson,
G P Perers, H P Perner, T P Pettersson, G R Rasmanis, M R Risenfors,
S R Ryden, B R Ryttberg, L S Sandstedt, B S Sinnerstad, S S Soderberg,
C S Stafberg, E S Swahn, S T Thorsen, H P Tygesen, P E Vasko.

Switzerland (121 patients)—O Bertel, G Buhler, F Follath, T Mocetti,

M Pfisterer.

Netherlands (852 patients)—A G Boehmer, L Cozijnsen, M C Daniels,
JJ De Graaf, ] G Engbers, A J Funke Kupper, D P Hertzberger,

W J Hoogenboom, H Kragten, A H Maas, H R Michels, A Oomen,

H J Penn, L Relik-Van Wely, L C Slegers, R M Tjon Joe Gin,

E Van de Berg, C J Van den Berg, W A Van Ekelen, P M Van Kalmthout,
E Van Nes, P Van Rossum, F W Verheugt A J Withagen.

Turkey (103 patients)—R Enar, A Oktay, M A Oto, B Timuralp.

United Arab Emirates (218 patients)—S Abdulali, S Binbrek.

UK (451 patients)—A J Adgey, K E Berkin, R Best, | Cooper, R Cowell,
M Dancy, C Davidson, M Farrer, J D Gemmill, G Greenwood,

P S Lewis, P Ludman, P Menninm, J Metcalfe, A J Moriarty, P Nee,

W J Penny, M Shahi, J Silas, C J Welsh.

USA (3660 patients)—B Abramowitz, L Adler, V Agvino, M Alam,

J Alexander, H Alimadadian, D Anderson, C Andrias, M Arsenian,

B Ashley, D Avington, M Ayres, Z Baber, R Bach, V Baga, C Ballard,

A Baran, A Bartel, E Bates, J K Baugh, J Becker, R Becker, W Beckwith,
A Belber, B Bellamy, W Benge, J R Bengtson, P Berman, T Berndt,

A Berrick, C Bersin, R Bersin, R Bhalla, R Bishop, A Blaker, R Bleiberg,
R Blonder, C Bokesch, A Bouchard, T Boyek, J Briggs, G Brodell,

G Broderick, G Brown, M Brown, D Burkey, J Burks, J Butler, M Butler,
R Cadigan, J Cahn, A Cammilleri, P Campbell, ] D Cannon, B Carducci,
P Cawley, P Chalasani, R Chambers, A B Chandler, M Chang,

J Chappell, M Charlet, M Chelliah, N Chelliah, T Cheng, R Chernoff,

G Chilazi, J Chin, W Chin, S Chivukula, L Christie, D Church, J Cirbus,
L Clickman, M Codini, B Cohen, J Cohen, P Coleman, J Comazzi,

W Comly, J Conzalaz, J Cook, R Cornell, L Coulis, D Courtade,

V Covalesky, D Cragg, S Dadkhah, J Danzell, R Davidson, W R Davis,

S Dawson, D Deguia, W Deluccia, G Dennish, K Desai, J Desantis,

M Dharawat, M Dicarli, D Dixon, D Drenning, R Dunkelberg,

D Durbeck, W Duvernoy, S David, R Dvorkin, G Dykstra, L W Eaton,
A Edin, A Edmiston, D Eich, D Eisenberg, J Eisenberg, P Eisenberg,

M Ellestad, W Ellison, B Ellzey, B Eslami, W Espar, M Fletcher,

D Fagen, M Falkoff, A Fass, P Fattel, B Fazia, G Fehrenbacher,

B Feldman, R Ferguson, D Ferrari, D Ferri, F Ferrigni, R Fields,

A Fireman, T Fish, R Fishberg, M Fletcher, R D Foremen, G Foster,

R Freireich, J Funai, B Gabelman, P Gainey, L G Gehl, J Gelormini,

R Genovese, S Georgeson, E Gerber, H Ghandna, T Kirch, F Ghazi,

| Gilchrist, S Ginn, B Gitler, R Godishala, M Goldberg, M Gonzalez,

R Goulah, M Graham, S Grainer, C Granger, R Grodman, R Grove,

D Gupta, G Gustavo, W S Haaz, T Hack, J Hall, R Hampel,

W Hampton, F Handel, R Happel, E A Harlamert, M Hart, M Hashimi,
A Hassett, B P Hearon, S Hecht, S Hedge, F Heinemann, J A Heinsimer,
J Henderson, J Hilgard, D Hill, J Hipskind, W Hiser, J Hooes, G Hui,

A Hulyalkar, R Ingram, N Jaffe, N Jamal, D Janicke, S Jenkins,

C F Jennings, C Jesse, K Johnson, T Johnson, M Jule, N Kaforey,

L Karagounis, J Kaufman, J Kazmierski, D Kesireddy, P Kile, R King,

K Klein, K Kloss, R Kolecki, H Dale, A Koransky, P Kovack, A Kumar,
H Kwee, P Lai, J L Lamothe, L Lancaster, D Landa, S Larsen, M Laver,
S Laviola, J Layden, A Lazar, M Woodward, A Lee, D Lee, T Lee,

L V I Lefkovic, P Leimgruber, C Levick, B Lewis, S Lewis, A Lieberman,
H P Liebert, B Lindenberg, D Lindenstruth, G Litman, T Lombardo,

T Long, M Lopez, A Lopez-Candales, D Loss, T Love, R Low, M Lurie,
M Lyons, G MacDonald, W Maddox, A Maglione, K Mahrer, P Mahrer,
R Makam, G Marais, W Markson, M Marmulstein, D Marsch,

D McCord, F Mcgrew, M Mcivor, J Meisner, N Mercadante, S Meress,
D G Meyers, P Micale, G Miller, J Miller, K Miller, A Millman, M Mills,
R D Millsaps, S Minor, M Mirro, J Modica, K Mohan, C Monroe,

A Mooss, J Moreland, L Morris, N Moskovits, M Motta, J Muhlestein,
R Mulingtapang, C Munroe, M Murnana, R Murty, A Muyot, H Myers,
S Myla, K Nakamoto, M Nallasivan, K Narahara, M Neahring,

R Neches, T Nguyen, W Noble, D O’Dea, R Oatfield, M Ogle, K Oken,
J Okner, Y Ong, F Orth, R Oskoni, B Owens, W Owens, J Packer,

G Paik, F Palermo, S Pamfilis, K Pamulapati, E Papasifakis, W Park,

H G Parker, R Parkes, N Patel, P Patel, R Patel, L Petrovich,

D Pfefferkorn, N Pidikiti, A Piracha, J Piriz, S Pollock, E Pope,

A Popkave, L Popky, P Popper, K Prewitt, G Price, J Puma, H Punatar,
C Purushothaman, K Rabi, G Ramalanjaona, A Rao, A Rashkow,

S Raskin, A Razavi, C Reddy, B Remington, E Rivera, T Rocco,

R Rodriguez, W Roehill, F Rogers, A Rosenfeld, D Ross, M Rossman,

R Rothschild, W Rowe, S Rubi, P Ryan, K Ryman, T Sacchi, M Sada,

K Salzsieder, J K Samaha, R Samuel, J Sandhu, M Sands, R Sarma,

R Savage, W Savage, R Schlant, P Schmidt, R Schneider, J P Schrank,

R Seagle, J Seaworth, H Seidenstein, E Selsky, F Shalom, N Shammas,

S Sharkey, S Sharma, P Shea, R Shehane, K Sheikh, S Sheikh,

S Sherman, D Shonkoff, S Shurmur, D Sihau, M Silver, S Silver,

N Sivack, J Smith, B Solomon, M Solovay, J Spellman, N Srivastava,

M Staggers, H Staniloff, M Stark, D Steiman, S Stenstrom, F Stewart,
W Stoever, R Stomel, H Storch, N Strahan, W Stuck, S Sudarshan,

R Suneja, J T Svinarich, L Swenson, T Talkin, D Talley, K Tamboli,

S Tang, E Terry, G Thomas, | Thomas, M Thompson, A Tilkian,

G Timmis, R Tober, R Torre, S Torre, N Trask, S L Traub, M Turner,
G Uhl, D Urbach, J Van Gilder, J Vankirk, R Verant, F Visco,
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