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BSTRACT

 

Background

 

Reteplase (recombinant plasminogen
activator), a mutant of alteplase tissue plasminogen
activator, has a longer half-life than its parent mole-
cule and produced superior angiographic results in
pilot studies of acute myocardial infarction. In this
large clinical trial, we compared the efficacy and
safety of these two thrombolytic agents.

 

Methods

 

A total of 15,059 patients from 807 hos-
pitals in 20 countries who presented within 6 hours
after the onset of symptoms with ST-segment eleva-
tion or bundle-branch block were randomly assigned
in a 2:1 ratio to receive reteplase, in two bolus doses
of 10 MU each given 30 minutes apart, or an accel-
erated infusion of alteplase, up to 100 mg infused
over a period of 90 minutes. The primary hypothesis
was that mortality at 30 days would be significantly
lower with reteplase.

 

Results

 

The mortality rate at 30 days was 7.47
percent for reteplase and 7.24 percent for alteplase
(adjusted P

 

�

 

0.54; odds ratio, 1.03; 95 percent confi-
dence interval, 0.91 to 1.18). The 95 percent confi-
dence interval for the absolute difference in mortal-
ity rates was 

 

�

 

1.1 to 0.66 percent. Stroke occurred in
1.64 percent of patients treated with reteplase and in
1.79 percent of those treated with alteplase (P

 

�

 

0.50). The respective rates of the combined end point
of death or nonfatal, disabling stroke were 7.89 per-
cent and 7.91 percent (P

 

�

 

0.97; odds ratio, 1.0; 95
percent confidence interval, 0.88 to 1.13).

 

Conclusions

 

As compared with an accelerated in-
fusion of alteplase, reteplase, although easier to
administer, did not provide any additional survival
benefit in the treatment of acute myocardial infarc-
tion. Other results, particularly for the combined end
point of death or nonfatal, disabling stroke, were re-
markably similar for the two plasminogen activators.
(N Engl J Med 1997;337:1118-23.)
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ECENT trials have confirmed the impor-
tance of achieving early, complete, and
sustained reperfusion after acute myocar-
dial infarction.
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 In the Global Utiliza-
tion of Streptokinase and Tissue Plasminogen Acti-
vator for Occluded Coronary Arteries (GUSTO I)
trial, an accelerated infusion of alteplase led to a rel-
ative reduction in 30-day mortality of 14.6 percent
as compared with streptokinase, the previous stand-
ard therapy.

 

1,2

 

 The reason for the enhanced survival
with tissue plasminogen activator (alteplase) proved
to be a higher rate of complete patency of the in-

R

 

farcted vessel 90 minutes after therapy, as deter-
mined angiographically, but this was achieved in
only 54 percent of patients.

 

3,4

 

 Accordingly, a major
goal of myocardial reperfusion therapy is to improve
this rate of early fibrinolysis.

Recombinant plasminogen activator (reteplase) is
a mutant of wild-type tissue plasminogen activator
that lacks the finger, epidermal growth factor, and
kringle-1 domains.
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 The slower clearance resulting
from these changes in the molecule allows reteplase
to be given as a bolus. In two angiographic trials, re-
teplase compared favorably with alteplase with re-
gard to enhanced patency of the infarct-related ves-
sel and the incidence of bleeding complications.

 

6,7

 

 In
a previous randomized comparison with streptoki-
nase, treatment with reteplase resulted in an absolute
0.5 percent reduction in mortality at 30 days and a
1.0 percent reduction at 6 months, which, although
not statistically significant, established the safety pro-
file of the drug.

 

8

 

 In the present trial, we tested the
primary hypothesis that the mortality rate 30 days
after acute infarction would be significantly lower
with reteplase than with alteplase.

 

METHODS

 

Patient Population

 

Patients of any age who presented after 30 minutes of contin-
uous symptoms but within 6 hours after the onset of symptoms
of acute myocardial infarction and who had, on the basis of 12-
lead electrocardiography, ST-segment elevation of at least 1 mm
in two or more limb leads, ST-segment elevation of at least 2 mm
in the precordial leads, or bundle-branch block were considered
eligible. The exclusion criteria included active bleeding, a history
of stroke or central nervous system damage, recent major surgery,
systolic blood pressure greater than 200 mm Hg or diastolic
blood pressure greater than 110 mm Hg at any time after arrival,
recent noncompressible vascular puncture, or concomitant use of
an oral anticoagulant with an international normalized ratio
greater than 2. All patients provided informed consent for partic-
ipation, and the protocol was approved by the institutional review
board at each hospital.

 

Randomization and Drug Regimens

 

Investigators and study coordinators telephoned a central ran-
domization center to receive a patient’s treatment assignment. Pa-
tients were randomly assigned in a 2:1 ratio to receive reteplase

Copyright © 1997 Massachusetts Medical Society. All rights reserved. 
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(Boehringer Mannheim, Gaithersburg, Md., and Mannheim, Ger-
many), in two bolus doses of 10 MU given 30 minutes apart, or
an accelerated infusion of alteplase (Genentech, South San Fran-
cisco, Calif., and Boehringer Ingelheim, Ingelheim, Germany), in
a bolus dose of 15 mg, followed by the infusion of 0.75 mg per
kilogram of body weight over a 30-minute period (not to exceed
50 mg) and the infusion of 0.5 mg per kilogram (up to 35 mg)
over the next 60 minutes, on an open-label basis.

 

1

 

Aspirin (160 mg) was given as soon as possible and then in a
daily dose of 160 to 325 mg. With the assigned fibrinolytic ther-
apy, patients received a bolus dose of 5000 U of heparin given
intravenously, followed by an infusion of 1000 U per hour. The
initial rate of heparin infusion was reduced to 800 U per hour for
patients who weighed less than 80 kg and was adjusted to main-
tain an activated partial-thromboplastin time of 50 to 70 seconds
in all patients.

 

9

 

 Other medications, including beta-blockers and
nitrates, were given at the discretion of the investigator.

 

Study End Points

 

The primary end point was mortality at 30 days of follow-up.
Other prospectively defined secondary end points included net
clinical benefit, defined as freedom from death or disabling
stroke; death or nonfatal stroke; reinfarction; congestive heart
failure; and mortality at 24 hours. All focal neurologic signs were
evaluated by either computed tomographic or magnetic reso-
nance imaging. Clinical features, images, and available autopsy re-
sults were reviewed by a stroke committee that was unaware of
patients’ treatment assignments to classify whether the stroke was
hemorrhagic and whether it resulted in disability.

 

1

 

 Bleeding com-
plications were classified as severe or life-threatening if they result-
ed in substantial hemodynamic compromise requiring treatment.
Moderate bleeding was defined by the need for transfusion, and
minor bleeding was defined as bleeding that did not require
transfusion or cause hemodynamic compromise.

 

Data Management and Quality Assurance

 

Case-report forms were used to collect the primary data and
were forwarded to the coordinating centers (the Duke Clinical
Research Institute in Durham, N.C., or the Nottingham Clinical
Trials Data Centre in Nottingham, United Kingdom) so that the
data could be entered and missing or inconsistent data could be
identified. We used the methods of the GUSTO I trial to obtain
data on vital status.

 

1

 

 A random sample of 10 percent of the case-
report forms was verified against source medical records, includ-
ing at least one form at each enrolling site. The investigators had
no access to the data until the trial was complete and the specified
analyses had been performed by the two biostatisticians who co-
ordinated the data analyses. An independent data and safety mon-
itoring board reviewed the data after 7891 patients had been en-
rolled. The data reported herein are based on a 99.8 percent level
of completeness for 30-day mortality outcomes.

 

Statistical Analysis

 

The study design required the enrollment of 15,000 patients in
order to have at least 85 percent power to detect a 20 percent
relative reduction in mortality with reteplase as compared with al-
teplase. Continuous data are summarized as medians with 25th
and 75th percentiles unless otherwise stipulated. Selected base-
line characteristics and clinical outcomes were compared between
treatment groups by the chi-square test for discrete variables and
by nonparametric analysis of variance for continuous variables.
Mortality during the 30-day follow-up was characterized with
Kaplan–Meier curves. Odds ratios and 95 percent confidence in-
tervals were used to compare other major clinical outcomes be-
tween treatment groups. A logistic model that included adjust-
ment for covariates was used to incorporate into the primary
analysis base-line clinical predictors of mortality at 30 days: age,
systolic blood pressure, heart rate, and location of infarction.

 

10

 

The covariate-adjusted comparison of mortality in the two treat-

ment groups constituted the primary analysis, with the standard,
unadjusted treatment comparison also provided.

The protocol specified the following categories for subgroup
analysis: age, location of infarction, systolic blood pressure, heart
rate, length of time from onset of symptoms to randomization,
and site of enrollment (United States vs. elsewhere). All tests of
significance were two-tailed, and treatments were compared ac-
cording to the intention-to-treat principle.

 

RESULTS

 

A total of 15,059 patients were enrolled in 807
hospitals in 20 countries (see the Appendix) from
October 13, 1995, to January 13, 1997. Both treat-
ment groups had a very high rate of compliance:
97.3 percent with respect to the inclusion and exclu-
sion criteria and 98.1 percent with respect to the ini-
tiation of study drug. Treatment with the study drug
was terminated early in 0.8 percent of the patients
treated with reteplase and 1.9 percent of those treat-
ed with alteplase, primarily because of early death or
bleeding events. As expected, the base-line charac-
teristics did not differ significantly between groups
(Table 1).

The mortality rate at 30 days was 7.47 percent in
the reteplase group and 7.24 percent in the alteplase
group (odds ratio, 1.03; 95 percent confidence in-

 

*Values in parentheses are the 25th and 75th percentiles. 

†Because of rounding, not all percentages total 100.
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10,138)
A

 

LTEPLASE

 

 
(N

 

�

 

4921)

 

Median age — yr 62.9 (53, 71) 63.0 (53, 72)

Age 

 

�

 

75 yr — % 13.6 13.5

Female sex — % 27.5 27.2

Prior hypertension — % 39.5 39.1

Diabetes — % 15.5 15.9

Current smoker — % 41.3 41.4

Hypercholesterolemia — % 34.4 34.8

Prior infarction — % 18.4 18.4

Prior bypass surgery — % 3.9 3.9

Median systolic blood pressure 
— mm Hg

135 (119, 150) 134 (119, 150)

Median diastolic blood pressure 
— mm Hg

80 (70, 90) 80 (70, 90)

Median heart rate — beats/min 73 (62, 86) 73 (62, 86)

Location of infarction — %†
Anterior
Inferior
Other
None

47.4
48.6

3.3
0.7

47.7
48.2

3.3
0.9

Killip class — %†
1
2
3
4

85.8
12.2
1.5
0.6

85.4
12.8
1.3
0.6

Median interval between onset of 
symptoms and treatment
— hr

2.7 (1.8, 3.8) 2.7 (1.9, 3.9)

Copyright © 1997 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 3, 2009 . For personal use only. No other uses without permission. 



 

1120

 

�

 

October 16, 1997

 

The New England Journal  of  Medicine

 

terval, 0.91 to 1.18; unadjusted P

 

�

 

0.61; covariate-
adjusted P

 

�

 

0.54) (Fig. 1). At 24 hours, the mortal-
ity rate was 3.03 percent with reteplase and 2.72
percent with alteplase (odds ratio, 1.12; 95 percent
confidence interval, 0.91 to 1.37). The 95 percent
confidence interval for the absolute difference in 30-

day mortality was 

 

�

 

1.11 to 0.66 percent. The simi-
larity in the overall mortality data remained consis-
tent across subgroups (Fig. 2). The patients who
were at highest risk, such as elderly patients or those
with anterior infarction, had a slightly higher mor-
tality rate with reteplase than with alteplase. Only in
the subgroup of patients who received treatment
more than four hours after the onset of symptoms
did the difference in mortality rates approach signif-
icance (P

 

�

 

0.07) (Fig. 2). However, there was a sig-
nificant interaction between treatment assignment
and time to treatment (adjusted P

 

�

 

0.02).
The rate of any stroke or hemorrhagic stroke was

similar in the two treatment groups (Table 2), with
a slightly but not significantly higher rate of hemor-
rhagic stroke after treatment with reteplase among
patients over the age of 75 (2.5 percent vs. 1.7 per-
cent; odds ratio, 1.55; P

 

�

 

0.21).
The overall incidence of death or disabling stroke

was 7.89 percent with reteplase and 7.91 percent
with alteplase (odds ratio, 1.0). Figure 3 shows the
point estimates and 95 percent confidence intervals
for the differences between the thrombolytic agents
with respect to the primary and secondary end points
of the trial. Serious or life-threatening bleeding was
infrequent in the trial, occurring in 0.95 percent of
the patients treated with reteplase and in 1.20 per-
cent of the patients treated with alteplase. The rates
of moderate bleeding were also similar (6.9 percent
and 6.8 percent, respectively). Blood was transfused
in 5.9 percent of the patients treated with reteplase,
as compared with 6.2 percent of the patients treated
with alteplase. The incidences of reinfarction, con-
gestive heart failure, and arrhythmias were similar in
the two groups (Table 3). Medication use was also
similar in the two groups. Finally, the use of angiog-
raphy, angioplasty, bypass surgery, and other major
procedures did not differ significantly between the
groups.

 

DISCUSSION

 

The chief finding of this trial is that reteplase is
not superior to alteplase for the treatment of acute
myocardial infarction. However, in terms of 30-day
mortality, hemorrhagic stroke, the combined end
point of death and stroke (be it nonfatal or dis-
abling), and bleeding complications, the results of
reteplase therapy were similar to those of alteplase
therapy. Furthermore, because the long half-life of
reteplase allows for bolus therapy, it is easier to ad-
minister. The results of the trial nonetheless raise
questions about the reasons for the lack of superior-
ity, the definition of equivalence in trials of reperfu-
sion therapies, and the potential lack of meaningful
progress in reducing key adverse end points since the
early 1990s.

Our finding of the similar efficacy of reteplase and
alteplase differs from the results of angiographic

 

Figure 1.

 

 Kaplan–Meier Estimate of Mortality at 30 Days, Ac-
cording to Treatment Group.
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Figure 2.

 

 Odds Ratios and 95 Percent Confidence Intervals for
Death within 30 Days, According to Age, Location of Infarction,
Site of Enrollment, and Time from Onset of Symptoms to
Treatment.
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studies

 

6,7

 

 that preceded the current trial. Although
the rate of patency of the infarct-related vessel at 90
minutes had been shown to be higher with reteplase
than with an accelerated infusion of alteplase, with a
30 percent increase in the incidence of complete re-
perfusion, patency at 30 minutes in a subgroup of
patients who underwent very early angiography was
lower with reteplase (27 percent, vs. 39 percent with
accelerated alteplase).

 

7

 

 Furthermore, reteplase lacks
the finger and kringle-1 domains, characteristics of
wild-type tissue plasminogen activator that confer fi-
brin binding. Fibrin specificity may be a desirable
feature of a plasminogen activator, and the potential-
ly slower rate of initial lysis with reteplase may reflect
its reduced fibrin affinity. Nonthrombolytic effects
of reteplase, a protease with reduced fibrin specifici-
ty, may also account for its lack of an incremental
mortality benefit. Other possible explanations for
the difference in clinical and angiographic results in-
clude an overestimate of the patency advantage in
the previous trial,

 

7

 

 differences in the rates of reoc-
clusion, an underestimate of the survival benefit in
the current trial, or simply the play of chance.

The absolute difference in mortality at 30 days be-
tween reteplase and alteplase was 0.23 percent, with
a 95 percent confidence interval of 

 

�

 

1.11 percent to
0.66 percent. In a trial of 6010 patients, designed to
assess the equivalence of reteplase and streptoki-
nase,

 

8

 

 the absolute difference in mortality at 30 days
was 0.5 percent in favor of reteplase, with a 95 per-
cent confidence interval of 

 

�

 

1.98 percent to 0.96
percent. The results of these two trials raise the
question of an appropriate boundary for the defini-
tion of equivalence. In the earlier trial, this was stip-
ulated as an absolute difference of 1 percent, but 90

percent rather than 95 percent confidence intervals
were used. This absolute difference of 1 percent,
however, is the same as that between an accelerated
infusion of alteplase and streptokinase,

 

1

 

 and the use
of alteplase would be associated with the prevention
of one of every seven deaths that would otherwise

 

*Values are point estimates. CI denotes confidence interval.

†A total of 8760 patients in the reteplase group and 4257 patients in
the alteplase group were 75 years of age or younger.

‡A total of 1378 patients in the reteplase group and 664 patients in the
alteplase group were over 75 years of age.
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1.64 (1.39–1.89)
0.91 (0.73–1.09)
0.60 (0.45–0.75)

1.79 (1.42–2.16)
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Figure 3.

 

 Point Estimates and 95 Percent Confidence Intervals
for the Risk of Death within 30 Days, Stroke, and Net Clinical
Benefit, Defined as Freedom from Death or Disabling Stroke.
With the use of a 1 percent lower boundary, reteplase was not
equivalent to alteplase with respect to mortality at 30 days. For
the end point of death or disabling stroke, the two treatments
were equivalent.
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10,138)
A

 

LTEPLASE

 

(N
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4921)

 

percent

 

Reinfarction 4.2 4.2

Recurrent ischemia 28.5 29.4

Congestive heart failure 17.2 17.5

Hypotension requiring therapy 20.6 19.5

Cardiogenic shock 4.6 4.4

Electromechanical dissociation 2.4 2.2

Tamponade or cardiac rupture 0.8 0.9

Second-degree atrioventricular block 2.3 2.2

Third-degree atrioventricular block 3.5 3.1

Atrial fibrillation 7.3 7.2

Asystole 4.2 4.2

Sustained ventricular tachycardia 4.0 4.1

Acute mitral regurgitation 0.6 0.4

Ventricular septal defect 0.2 0.3

Anaphylaxis 0.05 0.06

Pulmonary embolism 0.1 0.1

Copyright © 1997 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 3, 2009 . For personal use only. No other uses without permission. 



 

1122

 

�

 

October 16, 1997

 

The New England Journal  of  Medicine

 

have occurred with the established therapy. We used
95 percent confidence intervals, which exceed a def-
inition of equivalence requiring a difference of less
than 1 percent. Moreover, our study was not de-
signed to assess equivalence, nor did it have ade-
quate power to do so. Notwithstanding, for the sec-
ondary end point of death or disabling stroke,
because the 95 percent confidence intervals are less
than 1 percent, the equivalency of alteplase and re-
teplase is supported. As new approaches to reperfu-
sion are attempted, we should be concerned that
acceptance of broad statistical definitions of equiva-
lence may compromise previously established bench-
marks of therapy. Accordingly, the boundaries for
equivalence deserve careful scrutiny with respect to
the new plasminogen activators under development,
including lanoteplase, recombinant staphylokinase,
and TNK–tissue plasminogen activator.

 

9

 

The types of patients who participate in thrombo-
lytic trials have changed over the years (Table 4). For
instance, in the GUSTO trials, there has been an in-
crease in the numbers of elderly patients, with pa-
tients over 75 years of age accounting for nearly 14
percent of all patients in the current trial. There has
also been increased representation of women and
patients with hypertension. An important and unset-
tling finding is the lack of any reduction in the time
to treatment during this extended period. After ad-
justment of the mortality and stroke models

 

10,11

 

 for
differences in base-line features, including the in-
creased proportion of anterior-wall infarctions, there
has been no true increase in either the death rate or
the rate of hemorrhagic stroke. However, an alterna-
tive interpretation is that mortality and stroke have
not been reduced substantially during this period, as
shown by longitudinal assessment of these successive

trials performed by the same network of investiga-
tors. The apparent increase in the incidence of hem-
orrhagic stroke in the current trial may be related to
a more complete acquisition of data, through tech-
niques such as the centralized, systematic review of
all computed tomographic scans of the head and
hospital-discharge summaries.

The search for more effective therapies for myo-
cardial reperfusion will continue. The superior re-
sults of catheter-based strategies of reperfusion, as
compared with thrombolytic therapy, although not
entirely durable over the long term,

 

12

 

 most likely re-
late to the fact that there is earlier and more com-
plete restoration of myocardial blood flow than
occurs with thrombolytic agents. For future throm-
bolytic strategies to have a clear survival advantage
over established ones, substantial increases in the
speed, quality, and persistence of reperfusion will be
required. Such advances may rely not only on plas-
minogen activators, which until now have resulted in
complete patency in less than 60 percent of patients
(within 60 to 90 minutes after therapy), but also on
better adjunctive agents such as direct antithrom-
bins, which have markedly improved the results ob-
tained with streptokinase,

 

13,14

 

 or inhibitors of platelet
glycoprotein IIb/IIIa.

 

15,16

 

 It is equally as important
to reduce the time to treatment, which remains con-
siderably higher than the ideal of 30 minutes or less
once the patient arrives at the hospital.

 

Supported by a grant from Boehringer Mannheim Therapeutics, Mann-
heim, Germany, and Gaithersburg, Md.

*Values in parentheses are the 25th and 75th percentiles.

†Only data on patients treated with thrombolytic agents are given.
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ABLE 4. CHANGES IN DEMOGRAPHICS AND MAJOR OUTCOMES IN THE GUSTO TRIALS 
OVER A SEVEN-YEAR PERIOD.*

CHARACTERISTIC GUSTO I GUSTO II† GUSTO III

Years of the trial 1990–1993 1993–1995 1995–1997

No. of patients 41,021 3053 15,059

Median age — yr 62 (52, 70) 62.5 (53, 71) 63 (53, 71)

Age �75 years — % 10.5 11.8 13.6

Female sex — % 25.2 22.4 27.4

Median systolic blood pressure — mm Hg 130 (112, 144) 130 (115, 148) 135 (119, 150)

Median interval between onset of symp-
toms and treatment — hr

2.7 (1.9, 3.9) 2.8 (1.8, 4.2) 2.7 (1.8, 3.8)

Anterior infarction — % 39.1 40.9 47.5

Median length of hospitalization — days 9 (7, 13) 9 (6, 13) 7 (5, 12)

30-day mortality — % 7.0 6.2 7.4

All strokes — %
Hemorrhagic strokes — %

1.4
0.6

1.2
0.6

1.7
0.9
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European Coordinating Center: Nottingham Clinical Trials Data Centre,
Nottingham, U.K.:  Director: A. Skene; Project Management: A. Foxley;
Investigators: United States — East (1131 patients): A. Doorey,
R. O’Connor, G. Miller, B. Zakhary, T. Nygaard, C. Moore, R. Bahr,
M. Avington, W. Schrading, M. Drossner, J. Twonmon, Gottlieb, S. Nolan,
D. Hammer, P. DiLorenzo, A. Magee, T. Boyek, H. Dale, M. Heller, J. Lash,
J. VanGuilder, B. Morrice, D. Heldman, J. Gregory, J. Banas, A. Hulyalkar,
B. Ashley, H. Modi, J. Schutzman, R. Josephson, E. Topol, T. Firestone,
R. Gajobwski, A. Rosenblat, R. Goulah; Northeast (1098 patients):
K. Salzsieder, J. Layden, H. Zarren, L. Block, C. Levick, K. Deloge, W. An-
drias, R. Korn, W. Shine, S. Sheikh, R. Parkes, B. Lindenberg, J. Desantis,
T. Rocco, D. McCord, D. Urbach, A. Binder, B. Gitler, T. Keltz, N. Jamal,
N. Mercadante, J. Modica, R. Bishop, M. Thompson, H. Seidenstein,
P. Zwerner, J. Dicola, A. Rashkow, J. Alexander, D. Copen; Central (935
patients): S. Clark, W. Hession, A. Camp, E. Papasifakis, M. Rasak, F. Fer-
rigni, R. Genovese, L. Swenson, E. Harlamert, D. Besley, C. Henderson,
M. Lojek, R. Grove, T. Zimmerman, P. Schmidt, H. Chandna, G. Albin,
R. Verant, B. Abramowitz, L. Kreplick, R. Millsaps, Z. Baber, J. Kazmierski;
West (799 patients): J. Chappell, M. Hart, R. Swenson, L. Lancaster,
P. Browne, M. Stern, P. Lai, A. Newton, M. Nallasivan, S. Raskin, D. Peizner,
G. Fehrenbacher, J. Svinarich, K. Ryman, J. Chappell, W. Rowe, P. Banitt,
T. Glatter, D. Hill; South (781 patients): H. Morse, R. Ferguson, N. Trask
III, J. Hunter, P. Goodfield, W. Maddox, J. White, M. Silver, R. Iwaoka,
R. Sinyard Jr., P. Campbell, J. Schrank, D. Williams, S. Sherman, V. Baga,
R. Schneider, C. Beasley; Canada (2018 patients): M. Gupta, R. Zadra,
S. Roth, A. Morris, C. Lefkowitz, J. Goode, V. Gebhardt, D. Roth, M. Turek,
R. Bhargava, S. Vizel, J. Blakely, B. Quinn, Z. Lakhani, M. Curtis, Y. Chan,
S. Chiu, G. Kuruvilla, W. Tymchak, B. Lubelsky, M. Khouri, G. Wisenberg,
E. Teitelbaum, J. Kornder, R. Trifts, T. To, J. McDowell, B. Rose, M. Labi-
naz, J. Tallon, K. Finnie, A. Weeks, N. Chan, A. Zawadowski, T. Ashton,
A. Mandal, B. Burke, J. Fulop; United Kingdom (1408 patients): R. Wil-
cox, J. Rowley, J. Swan, E. Rodrigues, D. Banks, R. Watson, R. Smith,
R. Boyle, J. Davis, J. Dwight, C. Travill, P. Wilkinson, P. Siklos, G. Reynolds,
R. Thomas, M. Murray, P. Weissberg, G. Sutton, J. Rodger, J. Stephens,
A. Rozkovec, G. Tait, G. Tildesley, M. Coupe, A. Lahiri, R. Bailey, M. James,
M. Joy, T. Kemp, J. Fowler; Germany (1243 patients): P. Wacker, S. Hoff-
mann, W. Doering, H. Topp, T. Horacek, R. Bethien, H. Kreft, F. Forycki,
A. Gartemann, H. Hoffmeister, C. Jebens, C. Bode, W. Kaschner, F. Hölter-
mann, F. Meier, K. Schlotterbeck, D. Hey, E. Chorianopoulos, U. Schmitz-
Hübner, P. Overbeck, V. Hossmann, A. Kaulhausen, F. Schneider, H. Nebel-
sieck; Australia (1088 patients): P. Tideman, J. Woods, A. Appelbe,
D. Hunt, D. Cross, P. Carroll, A. Tonkin, J. Leitch, J. Counsell, R. Hen-
dricks, J. Healey, R. Lehman, A. Thompson, R. Newman, B. Singh, M. Fitz-
patrick, G. Aroney, P. Garrahy, I. Jeffery, J. Horowitz, D. Ramsay; Sweden
(1041 patients): O. Hansen, C. Wettervik, S. Bandh, L. Malmquist,
P. Eriksson, H. Emanuelsson, M. Risenfors, S. Falk, O. Ohlsson, U. Näslund,
G. Ahlberg, T. Molund, A. Stjerna, B. Ryttberg, U. Ahremark, B. Friberg,
B. Möller; Poland (625 patients): W. Grodzki, K. Zawilska, E. Czesto-
chowska, J. Górski, E. Nartowicz, A. Malinski, K. Wrabec, G. Swiatecka,
K. Loboz-Grudzien, J. Stepinska, Z. Kornacewicz-Jach, A. Cieslinski; New
Zealand (563 patients): H. Ikram, M. Williams, H. Hart, J. French, P. Les-
lie, S. Mann, D. Jardine, G. Wilkins, H. Patel, A. Hammer, G. Chia, G. Lewis,
R. Rankin, D. Durham; Italy (510 patients): G. Corsini, S. Savonitto,
D. Ardissino, D. Bracchetti, M. Orlandi, N. Mininni, F. Casazza, A. Politi,

A. Capucci, P. Zardini, F. Sartori, G. Borello; France (453 patients): X. Tran
Thanhl, D. Barreau, J. Wolf, Boschat, Elhadad, Machecourt, J. Quiret, Sla-
ma, Coisne, A. Cohen, Furber, J. Dewilde, A. Vahanian Cazaux; Hungary
(261 patients): I. Sárosi, S. Timár, K. Simon, L. Rudas, A. Katona, L. Ván-
dor; Spain (236 patients): A. Betriu, A. Loma-Osorio, J. Bayón, J. Figueras,
L. Bescos, X. Sabater; South Africa (215 patients): N. Ranjith, S. Cassim,
G. Cassel, M. Baig, D. Duncan, J. Bennett; Portugal (159 patients):
M. Carrageta, F. Caetano, R. Ferreira, C. dos Santos; Finland (149 pa-
tients): K. Pietilä, J. Melin, R. Kala, A. Kesäniemi, H. Koskivirta; Belgium
(148 patients): H. Van den Bosch, D. El Allaf, P. Dejaegher, D. Koentges;
Argentina (121 patients): L. Girotti, A. Sinisi, J. Badaraco; Austria
(31 patients): J. Miczoch, K. Steinbach; Switzerland (31 patients):
U. Münch, M. Vogt; the Netherlands (15 patients): P. Kalmthout,
J. ten Kate.
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