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ABSTRACT

Background In the setting of percutaneous coro-
nary revascularization, agents in the class known as
platelet glycoprotein llb/llla inhibitors have significant-
ly reduced the incidence of death or nonfatal myocar-
dial infarction at 30 days. We assessed whether there
are differences in safety or efficacy between two such
inhibitors, tirofiban and abciximab.

Methods Using a double-blind, double-dummy de-
sign at 149 hospitals in 18 countries, we randomly as-
signed patients to receive either tirofiban or abciximab
before undergoing percutaneous coronary revascular-
ization with the intent to perform stenting. The primary
end point was a composite of death, nonfatal myo-
cardial infarction, or urgent target-vessel revascular-
ization at 30 days. The trial was designed and statis-
tically powered to demonstrate the noninferiority of
tirofiban as compared with abciximab.

Results The primary end point occurred more fre-
quently among the 2398 patients in the tirofiban group
than among the 2411 patients in the abciximab group
(7.6 percent vs. 6.0 percent; hazard ratio, 1.26; one-
sided 95 percent confidence interval of 1.51, demon-
strating lack of equivalence, and two-sided 95 percent
confidence interval of 1.01 to 1.57, demonstrating the
superiority of abciximab over tirofiban; P=0.038). The
magnitude and the direction of the effect were similar
for each component of the composite end point (haz-
ard ratio for death, 1.21; hazard ratio for myocardial in-
farction, 1.27; and hazard ratio for urgent target-vessel
revascularization, 1.26), and the difference in the inci-
dence of myocardial infarction between the tirofiban
group and the abciximab group was significant (6.9
percent and 5.4 percent, respectively; P=0.04). The
relative benefit of abciximab was consistent regard-
less of age, sex, the presence or absence of diabetes,
or the presence or absence of pretreatment with clo-
pidogrel. There were no significant differences in the
rates of major bleeding complications or transfusions,
but tirofiban was associated with a lower rate of mi-
nor bleeding episodes and thrombocytopenia.

Conclusions Although the trial was intended to as-
sess the noninferiority of tirofiban as compared with
abciximab, the findings demonstrated that tirofiban of-
fered less protection from major ischemic events than
did abciximab. (N Engl J Med 2001;344:1888-94.)
Copyright © 2001 Massachusetts Medical Society.
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ERCUTANEOUS coronary revascularization

for atherosclerotic discase, most of which in-

cludes coronary stenting, is one of the most

frequent medical procedures, with more than
1.5 million procedures performed worldwide in 20001
Over the past decade seven large, randomized, pla-
cebo-controlled trials involving a total of 16,770 pa-
tients who underwent percutaneous interventions have
established that the overall reduction in the risk of
death or nonfatal myocardial infarction2® 30 days af-
ter adjunctive inhibition of platelet glycoprotein I1Ib/
I1Ia receptors is 38 percent. Three glycoprotein IIb/
IIIa inhibitors were assessed in these trials. Each agent
has distinctly different binding characteristics,!© spec-
ificity for the IIb/IIla integrin, and costs. However,
there has not been an assessment of whether there are
differences among agents in efficacy or safety. The
current trial was designed to test whether the small-
molecule inhibitor tirofiban (Aggrastat, Merck, West
Point, Pa.) was not inferior to the monoclonal anti-
body abciximab (ReoPro, Johnson and Johnson, Mal-
vern, Pa.) in patients who were expected to undergo
coronary stenting.

METHODS
Patients

The methods of the trial have been described previously.!! In
brief, the study was conducted at 149 hospitals in 18 countries (see
the Appendix), the protocol was approved by the institutional review
board of each hospital, and all patients gave written informed con-
sent. Patients were included if they were scheduled to undergo a cor-
onary stenting procedure of a newly stenotic or restenotic athero-
sclerotic lesion in a native vessel or a bypass graft. All lesions that
were judged to have stenosis of more than 70 percent on angiog-
raphy had to be amenable to stenting for the patient to qualify.
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Patients who were undergoing an elective procedure or one per-
formed urgently were eligible, but patients with cardiogenic shock
or an acute myocardial infarction with electrocardiographic evidence
of ST-segment elevation were not eligible. Patients were excluded
if their serum creatinine level was 2.5 mg per deciliter (221 pwmol
per liter) or higher and if they had ongoing bleeding or a bleeding
diathesis, including a platelet count of less than 120,000 per cubic
millimeter.

Randomization

Patients who met the eligibility criteria were randomly assigned
with the use of a central interactive system. Randomization was
stratified according to the presence or absence of diabetes. Patients
could undergo randomization on the basis of prior angiographic
findings before the intervention was begun, but the protocol re-
stricted the intention-to-treat analysis to randomized patients who
had received the study drug.

Medications

On a double-blind, double-dummy basis, patients received the
study drug intravenously immediately before revascularization. Ti-
rofiban was given as a bolus dose of 10 ug per kilogram of body
weight, followed by an infusion of 0.15 ug per kilogram per minute
for 18 to 24 hours. Abciximab was given as a bolus dose of 0.25 mg
per kilogram, followed by an infusion of 0.125 ug per kilogram
per minute (maximum, 10 ug per minute) for 12 hours. All patients
received 250 to 500 mg of aspirin before the procedure and, when
possible, were to receive a loading dose of clopidogrel of 300 mg
two to six hours before the procedure. Both these oral antiplatelet
medications were continued throughout the 30-day study period at
a daily dose of 75 to 325 mg in the case of aspirin and 75 mg in
the case of clopidogrel. Heparin was administered at the start of the
procedure at a dose of no more than 70 U per kilogram; the tar-
get activated clotting time was 250 seconds. The activated clotting
time was assessed five minutes after the study drug was administered,
and heparin use was guided by a predefined nomogram.!!

End Points

The primary end point was a composite of death, nonfatal myo-
cardial infarction, or urgent target-vessel revascularization within 30
days after the index procedure. A new myocardial infarction was de-
fined as the finding of levels of the MB isoform of creatine kinase
that were at least three times the upper limit of the normal range in
two separate blood samples or by the finding of abnormal Q waves
in two or more contiguous leads. Plasma levels of creatine kinase
MB were measured at base line and every 6 hours after the proce-
dure for 24 hours (or at the time of hospital discharge if the patient
was discharged sooner than 24 hours). For patients with a recent
myocardial infarction who had had an elevated creatine kinase MB
level before the procedure, a value of more than three times the up-
per limit of normal and at least 50 percent above the last prepro-
cedural level was required to meet the definition. All patients with
the potential diagnosis of myocardial infarction, by virtue of elec-
trocardiographic changes, enzyme abnormalities, or clinical symp-
toms, and those who underwent urgent target-vessel revascular-
ization had their data reviewed by an adjudication committee of
cardiologists who were unaware of the patients’ treatment assign-
ments. Two cardiologists had to reach a consensus before an event
was counted; in the case of lack of concordance, the opinion of a
third reviewer was sought.

Secondary end points included each component of the compos-
ite end point and the effect of the study medications on prespecified
subgroups defined according to the presence or absence of diabe-
tes, sex, age (<65 years or =65 years), country in which the proce-
dure was performed (United States or other), and whether or not
clopidogrel had been given before the procedure. For an analysis of
safety, the end points of major and minor bleeding complications
were defined according to the criteria of the Thrombolysis in Myo-
cardial Infarction trials.!?
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Statistical Analysis

A total of 4300 patients were required for the study to have 88
percent power to determine whether tirofiban was not inferior to
abciximab, given a 5.3 percent rate of events in the abciximab group*
and a one-sided 95 percent confidence interval. On the basis of a
lower-than-expected rate of events at the time of the interim analysis,
the target sample was increased to 4750, in accordance with the pro-
tocol. Only patients who received any study drug were included in
the analysis. The trial data base was maintained in a blinded fashion
until the data on the primary end points were finalized and entered,
at which time the data base was locked. Data analysis was performed
jointly by investigators at Cleveland Clinic and Merck. The primary
end-point analysis was based on a Cox proportional-hazards model
that compared the treatment groups with respect to the time of a
patient’s first event. The primary hypothesis was that tirofiban would
not be inferior to abciximab in reducing the incidence of cardiac
ischemic events. The boundary was based on the outcome of the
Evaluation of Glycoprotein IIb/IIIa Platelet Inhibitor for Stenting
(EPISTENT) trial.# In order to meet the preset definition of equiv-
alence, the upper bound of the 95 percent confidence interval of the
hazard ratio for the comparison of tirofiban with abciximab had to
be less than 1.47, consistent with the preservation of a difference of
at least 50 percent in the effect of abciximab as compared with that
of placebo in the EPISTENT trial.* The upper bound of the one-
sided 95 percent confidence interval was determined to be 1.51.
Thus, the results did not achieve statistical significance. Since the
noninferiority of tirofiban as compared with abciximab was not
established, we could then assess whether it was superior to abcix-
imab without statistical penalty, an approach that was prespecified in
the protocol and supported by several biostatistical authorities.!3-16
We used a two-sided 95 percent confidence interval to assess wheth-
er tirofiban was superior to abciximab in terms of the primary end
point. Secondary end points were analyzed with use of a log-rank
test, and all univariate analyses of individual end points or subgroups
were assessed with use of the chi-square test. A P value of less than
0.05 was considered to indicate statistical significance.

RESULTS

Enrollment began on December 30, 1999, and was
completed on August 25, 2000. A total of 5308 pa-
tients were enrolled: 2647 patients were randomly as-
signed to receive tirofiban, and 2661 to receive abcix-
imab. Of these, 4809 patients actually received the
study drug (2398 in the tirofiban group and 2411 in
the abciximab group) and 499 patients were excluded
from the analysis (249 in the tirofiban group and 250
in the abciximab group), as prespecified in the proto-
col, because they did not receive any study drug. Most
of the excluded patients did not undergo percutaneous
coronary revascularization, and no further data were
collected.

The base-line characteristics of the patients are pro-
vided in Table 1. In both groups, 95 percent of the
patients underwent stenting, with at least one stent
placed, and 95 percent of the lesions involved native
coronary arteries. Tirofiban was infused for a mean
(=SD) of 18.2%3.9 hours and abciximab for a mean
of 11.92+2.6 hours. The mean dose of heparin was
6327 U in the tirofiban group and 6372 U in the
abciximab group; the median peak activated clotting
times were 281 and 283 seconds, respectively.

The incidence of the primary end point was 7.6 per-
cent in the tirofiban group and 6.0 percent in the ab-
ciximab group (Fig. 1), a difference of 27 percent. The
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS.*

TIROFIBAN ABCIXIVAB

CHARACTERISTIC (N=2398) (N=2411)
Age (yr) 62.1*11 62.6x11
Male sex (%) 74 73
Weight (kg) 86.1 86.1
Diabetes (%) 23 23
Hypertension (%) 64 65
Smoker (%) 65 64
Medical history (%)

Coronary-artery bypass grafting 17 17

Percutaneous coronary revascularization 29 30

Myocardial infarction 40 39

Cerebrovascular accident 3 3
Primary target vessel (%)

Left anterior descending coronary artery 38 34

Right coronary artery 33 34

Left circumflex artery 22 25

Bypass graft 6 5

Restenotic vessel 5 5

*Plus—minus values are means *SD. Because of rounding, not all per-
centages total 100.

87 Tirofiban (N=2398)
I E IR
; " Abciximab (N=2411)
£ 4q:
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Figure 1. Incidence of the Primary End Point, a Composite of
Death, Nonfatal Myocardial Infarction, or Urgent Target-Vessel
Revascularization, in the First 30 Days after Enroliment.

After 30 days, the incidence of the primary end point was 7.6
percent in the tirofiban group and 6.0 percent in the abciximab
group (hazard ratio, 1.26; 95 percent confidence interval, 1.01 to
1.57; P=0.038).

results of the test for equivalence did not achieve sta-
tistical significance (one-sided 95 percent confidence
interval, 1.51), and the assessment of whether abcix-
imab was superior to tirofiban showed a significant
difference (hazard ratio, 1.26; 95 percent confidence
interval, 1.01 to 1.57; P=0.038). The absolute difter-
ence was largely the result of a significant difference
in the incidence of myocardial infarction (6.9 percent
in the tirofiban group and 5.4 percent in the abciximab
group, P=0.04). The difference in the incidence of
events emerged soon after the procedure (Fig. 1).
There was a consistent effect on each component of
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the composite end point in the comparison of tiro-
fiban with abciximab: hazard ratio for death, 1.21; haz-
ard ratio for myocardial infarction, 1.27; and hazard
ratio for urgent target-vessel revascularization, 1.26
(Fig. 2). The greater protective effect of abciximab was
particularly evident in larger infarctions, as shown in
Figure 3, with the extent of the benefit increasing in
concert with the increase in creatine kinase MB levels.

The effects were consistent among a wide variety
of subgroups (Fig. 4), except in the subgroup of pa-
tients who underwent stenting for reasons other than
an acute coronary syndrome. This was not a prespec-
ified subgroup, but there was a statistically significant
interaction between the study drug and the clinical
indication. Among patients recorded by investigators
as having an acute coronary syndrome, the primary
end point occurred in 9.3 percent of those in the ti-
rofiban group, as compared with 6.3 percent of those
in the abciximab group (hazard ratio, 1.49; 95 per-
cent confidence interval, 1.15 to 1.93). On the other
hand, among patients who underwent stenting for rea-
sons other than an acute coronary syndrome, the pri-
mary end point occurred in 4.5 percent of those in
the tirofiban group and 5.6 percent of those in the
abciximab group (hazard ratio, 0.82; 95 percent con-
fidence interval, 0.54 to 1.24). The P value for the in-
teraction was 0.016 in this subgroup. There was also
a geographic difference in the magnitude of the ben-
efit of abciximab treatment. Among patients treated
in the United States, 7.7 percent of those in the tiro-
fiban group reached the end point, as compared with
6.7 percent of those in the abciximab group (hazard
ratio, 1.15; 95 percent confidence interval, 0.91 to
1.45). Among patients treated in other countries, the
respective rates were 6.9 percent and 2.9 percent (haz-
ard ratio, 2.42; 95 percent confidence interval, 1.27
to 4.63). Both treatment groups appeared to benefit
from receiving clopidogrel before the stenting pro-
cedure.

There was no significant difference in the rates of
major bleeding complications between the groups (Ta-
ble 2); the overall rate was low (0.8 percent). Tirofi-
ban therapy was associated with a lower rate of minor
bleeding episodes and thrombocytopenia, but the
rates of platelet and red-cell transfusions were similar
in the two groups (Table 2).

DISCUSSION

We conducted a trial comparing two inhibitors of
platelet glycoprotein 1Ib/IlIa, a group of agents that
has been extensively investigated in the past decade in
placebo-controlled clinical trials of both percutaneous
coronary revascularization and the treatment of acute
coronary syndromes (unstable angina and myocardial
infarction without ST-segment elevation). Although
the primary hypothesis of the trial was that tirofiban
would not be inferior to abciximab, we found that ti-
rofiban provided significantly less protection from ma-
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END PoINT P VALUE  HAzARD RATIO TIROFIBAN  ABCIXIMAB
1.26 %
Composite 0.038 —— 7.6 6.0
1.21 2.80
Death 0.66 i = 05 0.4
Nonfatal myocardial 127
infarction 0.04 —+— 69 54
Death or nonfatal 0.04 1'|26 79 5.7
myocardial infarction ’ ' '
1.26 2.43
Urgent targe_t-vqssel 0.49 I - 0.8 0.7
revascularization
I T T 1
0.0 0.5 1.0 1.5 2.0
Tirofiban Abciximab
Better Better
Figure 2. Hazard Ratios for the Individual End Points.
The horizontal lines indicate 95 percent confidence intervals.
VARIABLE Risk RATIO TIROFIBAN  ABCIXIMAB
Creatine kinase MB level 0.86 %
3-5 times normal —— 1.7 1.9
1.26 2.02
6-10 times normal } - 20 1.3
1.47 2.83
>10 times normal ] = 09 0.6
1.66 3.02
Abnormal Q wave i - 1.2 0.7
I T T 1
0.0 0.5 1.0 1.5 2.0
Tirofiban Abciximab
Better Better

Figure 3. Effect of Tirofiban and Abciximab on the S

ize of the Myocardial Infarction, as Reflected by

the Creatine Kinase MB Level or by the Occurrence of New Abnormal Q-Waves in Two or More Con-

tiguous Leads.

The horizontal lines indicate 95 percent confidence intervals. For each patient, only the first new my-

ocardial infarction was included in the analysis.

jor ischemic events, as reflected by the incidence of the
composite end point of death, nonfatal myocardial in-
farction, or urgent target-vessel revascularization and
by the incidence of the individual end points. Most
of the absolute benefit of abciximab was attributable
to the lower rate of myocardial infarction with this
therapy, particularly large infarctions. The efficacy ad-
vantage for abciximab was not accompanied by a high
rate of major bleeding complications, which occurred
in only 0.8 percent of the patients in the trial. Tiro-
fiban was associated with a lower rate of minor bleed-
ing episodes and thrombocytopenia.

Tirofiban and abciximab differ significantly in the
way in which they antagonize glycoprotein IIb/IIIa

N Engl ] Me

receptors, and this difference may account for our find-
ings. Tirofiban is a small, nonpeptide molecule, with a
short half-life and marked specificity for the glycopro-
tein IIb/IIIa receptor. Abciximab is a large monoclon-
al antibody directed against 3, integrin, has a pro-
longed half-life, and also binds to the « 3, integrin
(vitronectin) receptor (found on endothelial and
smooth-muscle cells) and to white-cell a3, integrin
receptors. Thus, only abciximab has the potential to
influence the adhesion of platelets and endothelial cells
and of platelets and white cells, as demonstrated in
several studies,1720 whereas both agents are highly ef-
fective in blocking interactions between platelets in
the final common pathway of platelet aggregation.

d, Vol. 344, No. 25 - June 21,2001 - www.negjm.org - 1891

Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

VARIABLE
Age
<65 yr
=65 yr
Sex
Male
Female
Diabetes
Yes
No

Clopidogrel given
before procedure

Yes
No

No. oF PATIENTS

2708
2101

3534
1275

1117
3692

4477
332

Location of treatment center

United States
Other

Indication for stent

3910
899

Acute coronary syndrome 3025

Other

1784

HazARD RATIO

TIROFIBAN  ABCIXIMAB
1.45 %

- 6.6 4.6

8.8 7.8

—
1.10
. 1.86 2.89 7:2 6.5
L
1.16

» 8.7 4.7
6.3 5.4
7.9 6.2
1.29
1.24
1.50 2.68
L = 125 8.3
1.14
—.— 7.7 6.7
4.63
>~ 6.9 2.9
2.42
1.49

—— 9.3 6.3

— 45 5.6

0.0

Tirofiban Better

TABLE 2. INCIDENCE OF BLEEDING
AND THROMBOCYTOPENIA. *

VARIABLE

Major bleeding

Minor bleeding

Thrombocytopenia
<100,000 platelets/mm3
<50,000 platelets/mm3
<20,000 platelets/mm3

Red-cell transfusion

Platelet transfusion

TIROFIBAN ABCIXIMAB
(N=2398) (N=2411)
percent
0.9 0.7
2.8 4.3t
0.5 2.41
0.1 0.9t
0.0 0.3t
1.2 1.5
0.4 0.5

*Major bleeding and minor bleeding were defined accord-
ing to standard Thrombolysis in Myocardial Infarction crite-

ria.
1P<0.001.
1P=0.006.
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T T
1.0 1.5 2.0 2.5
Abciximab Better

Figure 4. Hazard Ratios for the Composite End Point in Various Subgroups.
The horizontal lines indicate 95 percent confidence intervals.

Long-term follow-up of the patients in the current
trial is under way, and the findings may ultimately be
helpful in determining whether there are differences
between the groups in terms of survival and benefits
in patients with diabetes, such as a reduced need for
repeated procedures. Should differences in these end
points emerge, they may be due in part to the endo-
thelial-cell and white-cell (nonplatelet) effects of ab-
ciximab.

An equally plausible explanation for our findings
is that the dose of tirofiban we used did not provide
a level of platelet-aggregation inhibition similar to that
induced by abciximab. The dose of tirofiban we used
has been studied previously and was shown in ex vivo
experiments using light-transmission aggregometry to
inhibit more than 90 percent of platelet aggregation
five minutes and two hours after the bolus and at the
end of the infusion in response to 5 uM adenosine
diphosphate.?! Furthermore, using the rapid platelet-
function assay?2 in a substudy of 66 patients, we ob-
tained similar results. However, it is possible that at
a critical point after vascular injury and embolism of
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atherosclerotic material,?® the degree of platelet in-
hibition induced by tirofiban was not optimal. The
lower rate of minor bleeding episodes in the tirofiban
group may reflect the lack of parity in the degree of
platelet inhibition. Moreover, certain aspects of the
studies used to determine the effects of tirofiban, such
as the low concentration of the agonist adenosine di-
phosphate or the use of the rapid platelet-function
assay, may not be as valid as the use of stimulation
with 20 uM adenosine diphosphate or conventional
light-transmission aggregometry.

An interesting paradox has occurred as a result of
the trials of glycoprotein IIb/IIla inhibitors for two
indications — percutaneous coronary revascularization
and acute coronary syndromes. Recently, the Global
Utilization of Strategies to Open Arteries 4 trial dem-
onstrated that abciximab showed no evidence of ef-
ficacy as a primary medical therapy (without percu-
taneous coronary revascularization) for patients with
unstable angina or myocardial infarction without ST-
segment clevation.2* On the other hand, tirofiban has
been shown in two separate trials to have a significant
effect in patients with acute coronary syndromes.25:26
In patients with elevated troponin T levels in one of
these trials, there was a 75 percent reduction in the
rate of death.?” Possible explanations for this paradox
include differences in the timing (precise vs. ambig-
uous) of the event, characteristics of the injury (man-
made vs. spontaneous), or the value of pretreatment,
with consequent stabilization of the diseased segment.
Whatever the mechanism, both tirofiban and abcix-
imab have a place in treating patients with ischemic
heart disease, depending on the clinical indication.
There are as yet no published data to support switch-
ing from the use of tirofiban for the medical therapy
of unstable angina to the use of abciximab at the time
of stenting.

Finally, the issue of cost must be addressed, since
our trial was aimed at validating the use of a less ex-
pensive agent for percutaneous coronary revascular-
ization. At most institutions in the United States, the
cost of treating a 75-kg patient with abciximab is ap-
proximately $1,350, as compared with a cost of $350
with tirofiban. This difference in cost fueled the hope
that the efficacy of the two agents would be similar.
Although this did not prove to be the case, efforts to
develop more effective and less costly strategies are
vital. In our trial, which reflects current practices with
third-generation stents, state-of-the-art anticoagula-
tion, and adjunctive therapy with oral antiplatelet
agents, the rate of events of 6 percent in the abciximab
group at 30 days provides evidence of the need for
even better strategies. Devices that protect against em-
boli, new anticoagulants, improved dosing schedules
for glycoprotein IIb/I1la inhibitors, and the use of an-
tiinflammatory agents are all being pursued to achieve
the goal of eliminating ischemic events at an afford-
able cost.
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Herrmann, D. Tardiff, C. Kowal, M. Geda, E. Powers, L. Snyder, C.
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Jackman, M. Stocks, J. Margolis, A. Demoss, D. Senior, P. Adkisson, G.
Stone, M. Astakie, M. Midei, M. Griffin, W. Bachinsky, A. Todd, K. Shaef-
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D. Berger, D. Shelstad, R. Low, D. Oman, R. Nair, L. Hickel, R. Laurel,
R. Stine, S. Lunow, E Boucek, A. Wilson, A. Kugelmass, J. Wells, V. Van
Hooser, M. Cohen, B. Connor, J. Traverse, D. Chose, J. Martin, C. Pensyl,
D. Fish, M. Harlan, J. Zidar, J. Hillier, T. Amidon, W. Toy, D. Rubin, P.
Wanetick, J. Haluka, C. Hirsch, K. Sayles, P. Casale, K. Knepper, N. Lak-
kis, S. Runchey, T. Hern, J. Blankenship, M. Kleman, M. Buchbinder, V.
Nassar, Z. Ghazzal, P. Hyde, M. Rosenberg, E. Matuga, M. Ghali, M.
O’Brien, K. Parr, J. Jackson, T. Isaacs, M. Remetz, C. Roberts, K. Bunger,
M. Shah, L. Hines, R. Bajaj, J. Marden, J. Zerfas, B. Lachterman, M. Bitt-
man, M. Mick, C. Maniaci, P. Leimgruber, E. Godfrey, K. Stroh, M.
Schweiger, D. Warwick, P. Teirstein, K. Duff, M. Zenni, M. Baker, Y. Sha-
lev, L. Henry, W. Schmidt, D. Lobacz, E Leya, L. Wrona, J. Resar, K. Cit-
ro, A. Gradman, D. Stapleton, H. White, C. Walters, E. Enger, S. Graham,
A. Villa, P. Terry, G. Chapman, D. Alred, G. Yates, A. Moreyra, S. Krieger,
E Feit, B. Gostomsky, F. Millhouse, M. Murphy, G. Paik, D. Gobin, R.
Smalling, C. Underwood, C. Carter, A. Yeung, C. McWard, M. Sanz, C.
Cole, S. Seides, M. Burgett, G. Beauchamp, P. Eikenberry, M. Gibson, J.
Madden, A. Chu, J. Beck, B. Samuels, S. Schauer, D. Wortham, M. Shatley,
S. Ramee, T. Piller, S. Grittin, T. Hanning, M. Weiss, J. Rainaldi, J. Popma,
A. Lanina, A. Chowdry, D. Arani, M. Swenson, A. Ali, C. Trevino, J. Grif-
fin, D. Zinno, A. Mundorf-Brown, P. Farrat, R. Shiroff, T. Belinski, B. Wil-
son, G. Scwarz, M. Whitney, A. Seals, J. Hartley, S. Sharma, G. Manzanilla,
S. Katz, M. Berry, L. Clausen, R. Lange, S. Daly, J. Schumacher, C. Wim-
mer, E. Mason, M. Reisman, R. Foster; Spain (225 patients): A. Cequier,
M. Gomez, M. Minguez, C. Martorell, J. Goicolea, M. Alonso, C. Macaya,
M. Capote, T. Achutegui, C. Moris, J. Torre, A. Albarran, E. Mendez, J.
Angel, I. Vila, A. Betriu, T. Martorell, T. Colman, E. Fernandez; Germany
(122 patients): M. Weber, W. Bauernfeind, S. Beil, E William, H. Stemp-
fle, V. Klauss, T. Schiele, C. Werner, H. Engel, C. Hegeler, M. Guha, H.
Klein, J. Molling, S. Brucks, A. Auricchio, W. Rutsch, U. Sechtem, G.
Wehr, A. Arbogast, M. Honold, G. Hauf, A. Buttner, M. Haney, W. Motz,
V. Bohlscheid, E Szigat, H. Drexler, D. Hausmann, G. Mayer, A. Schaefer,
E Schroder, H. Schunkert, B. Benesch, S. Fredersdorf, E-J. Neumann, G.
Pogatsa-Murray, E. Fleck, J. Hug, P. Pfautsch, C. Hamm, M. Rau, T. Hen-
nig, E. Muno; Canada (97 patients): E. Cohen, L. Balleza, R. Gallo, N.
Gendron, J.-E Marquis, J. Jelley, M. Dallaire, A. Barolet, J. Richards; Aus-
tralia (87 patients): N. Jepson, C. Friend, P. Harris, C. McNally, C. Aron-
ey, P. Cleave, I. Meredith, J. Plunkett, J. Kealey, L. Mahar, S. Conlon;
United Kingdom (70 patients): A. Chauhan, C. Davies, S. Garg, C.
Bucknall, P. Lambiase, S. Karani, M. Rothman, C. Davis, M. Preston, A.
Gershlick, A. Stephens-Lloyd, K. Lathan, J. Hussain; Switzerland (54 pa-
tients): E Eberli, D. Pfiffner, M. Pfisterer, D. Keller, P. Urban, W. Amann,
A. Bossard; Italy (51 patients): D. Ardissino, L. Favaro, P. Stritoni, C.
Cavallini, E. Bramucci, A. Repetto; France (30 patients): J.-P. Bassand,
D. Pales; Mexico (30 patients): A. Garcia, J. Pena, M. Velez, L. Jaimes;
Belgium (24 patients): M. Vrolix, M. Schafer, J. Boland, P. Baumans, C.
Hanet, D. Huyberechts; Austria (22 patients): K. Huber, F. Weidinger,
H. Huegel; Denmark (21 patients): S. Kristensen, D. Frydensberg; Swe-
den (16 patients): B. Lagerqvist, G. Alsjo, C. Henriksson, E. Svensson,
E. Swahn, E. Logander, A. Bostrom, M. Allared, K. Jonsson; Greece (14
patients): D. Sionis, G. Triantis; Portugal (14 patients): R. Seabra-
Gomes, P. Simoes, B. Costa; Netherlands (13 patients): H. Plokker, J. Mil-
hous, G. Veen; Norway (9 patients): H. Vik-Mo, A. Ervik, T. Rohmen,
A. Gilde, K. Hegborn, R. Wiseth, M. Slette, P. Molstad, A.-B. Stokstlod;
Cleveland Clinic Cardiovascular Coordinating Center — L. Borzi, A.
Castellano, S. Chase, D. Chew, J. Cross, M. Drabik, J. MacKrell, T. Rosso,
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