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We used gated SPECT to evaluate the impact of abciximab on
the efficacy of myocardial reperfusion in patients with acute
myocardial infarction undergoing infarct-related artery stenting.
Methods: The Abciximab and Carbostent Evaluation (ACE) trial
randomized 400 infarct patients to stenting alone or stenting
plus abciximab. One-month 99mTc-sestamibi gated SPECT was
planned in a subgroup of consecutive patients to evaluate in-
farct size, infarct severity, left ventricular volumes, and ejection
fraction. Results: The final study population included 182 pa-
tients (99 randomized to abciximab and 83 to stenting alone).
Gated SPECT revealed smaller infarcts in the abciximab group
than in the stenting-alone group (14.3% � 11.7% vs. 18.1% �
13%, P � 0.02), and lower infarct severity (minimum-to-maxi-
mum count ratio � 0.47 � 0.17 vs. 0.41 � 0.15, P � 0.02),
resulting in a smaller left ventricular end-diastolic volume index
(57.8 � 20.0 vs. 64.6 � 20.8 mL/m2, P � 0.03) and left ventric-
ular end-systolic volume index (31.7 � 17.4 vs. 37.5 � 18.6
mL/m2, P � 0.05) in the abciximab group. One-month left ven-
tricular ejection fraction was significantly higher in patients ran-
domized to abciximab (47.4% � 11.3% vs. 43.9% � 11.7%,
P � 0.05). Conclusion: The use of abciximab therapy as an
adjunct to infarct-related artery stenting leads to a reduction in
infarct size and severity, resulting in smaller 1-mo left ventricular
volumes and better left ventricular function. Gated SPECT ap-
pears to be an ideal tool for outcome assessment in infarct
patients undergoing different treatment strategies.
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Several studies comparing primary coronary angioplasty
with primary infarct artery stenting for acute myocardial
infarction have shown that primary stenting improves the
procedural success rate and clinical outcome (1–6). The
impact of abciximab therapy as an adjunct to stenting on the
efficacy of myocardial reperfusion and myocardial salvage
has not yet been defined, and completed randomized trials
comparing stenting alone with stenting plus abciximab have
not assessed the effect of abciximab treatment on the final
infarct size (6–9). The Abciximab and Carbostent Evalua-
tion (ACE) trial randomized 400 patients with acute myo-
cardial infarction to infarct artery stenting alone or stenting
plus abciximab (10). The ACE scintigraphic study sought to
determine the effect of abciximab treatment on myocardial
salvage by assessing infarct size and severity, together with
left ventricular function, by 1-mo 99mTc-sestamibi gated
SPECT in a subgroup of the ACE trial cohort.

MATERIALS AND METHODS

Study Protocol and Patient Population
Since 1995, primary percutaneous transluminal coronary angio-

plasty has been the systematic treatment at our institution for all
patients with acute myocardial infarction admitted within 6 h of
symptom onset or within 24 h in cases of ongoing ischemia,
without any restriction on age, sex, or clinical status at presenta-
tion. The details of the ACE trial, which was based on this premise,
have already been published (10). In brief, the enrollment criteria
were as follows: chest pain persisting more than 30 min and
associated with ST-segment elevation of at least 0.1 mV in 2 or
more contiguous electrocardiographic leads, and admission within
6 h of symptom onset or between 6 and 24 h if continuing ischemia
was evident. The exclusion criteria were previous administration
of fibrinolytic or abciximab therapy, a history of bleeding diathesis
or allergy to the study drug, major surgery within 15 d, active
bleeding, participation in another study, and inability to obtain
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informed consent. All patients with a vessel reference diameter of
at least 2.5 mm were eligible for stenting and randomization.

After coronary angiography, which was performed as previ-
ously described, patients were randomly assigned to stenting alone
or stenting plus abciximab. Patients randomized to abciximab
received the drug immediately before the procedure as a bolus of
0.25 mg/kg of body weight followed by a 12-h infusion at a rate of
0.125 �g/kg/min. Heparin was given as an initial bolus of 70 U/kg,
and additional boluses were administered during the procedure to
achieve an activated clotting time of 200–300 s in patients as-
signed to abciximab or at least 300 s in patients assigned to
stenting alone. In the group assigned to stenting alone, crossover to
abciximab was strongly discouraged. Immediately after the proce-
dure, patients received 500 mg of ticlopidine or 300 mg of clopi-
dogrel. Patients were routinely treated with aspirin (325 mg/d
indefinitely) and with ticlopidine (500 mg/d for 1 mo) or clopi-
dogrel (75 mg/d for 1 mo).

Coronary angiography was analyzed with consideration of the
Thrombolysis In Myocardial Infarction (TIMI) grade flow, cor-
rected TIMI frame count, diameter of the reference infarct artery,
and minimum lumen diameter. These quantitative angiographic
parameters were assessed as previously described (10–13).

During the acute phase after admission, 12-lead electrocardiog-
raphy was repeatedly performed to assess the ST segment, and
early resolution in ST-segment elevation was defined as a decrease
by at least 50% in ST-segment elevation at 30 min after infarct
artery recanalization (14). Creatine kinase was systematically mea-
sured on admission, every 3 h for the subsequent 24 h, and then
every 12 h for 2 d.

Resting 99mTc-sestamibi SPECT had been planned 1 mo after
index infarction for the determination of infarct size in a prespeci-
fied subgroup of the first 250 consecutive patients enrolled in the
centers with nuclear medicine facilities: 130 patients were random-
ized to stenting plus abciximab and 120 to stenting alone. Of them,
8 died during hospitalization (2 of the abciximab and 6 of the
stenting-alone group), and 12 (6 of each randomization group)
dropped out of the study before the 1-mo follow-up. Of the
remaining 230 patients who underwent SPECT at 1 mo, 15 (7 of
the abciximab group) were enrolled in a center without the capa-
bility of acquiring SPECT with electrocardiographic gating and 9
(5 of the abciximab group) could not studied because of technical
problems or severe arrhythmia preventing gating. Finally, 24 pa-
tients (11 of the abciximab group) had had a previous myocardial
infarction precluding evaluation of the index infarct size. Thus, the
final study population with complete gated SPECT data included
182 patients (99 randomized to abciximab and 83 to stenting
alone).

Gated SPECT
Gated SPECT acquisition began 60 min after 99mTc-sestamibi

injection (740 MBq), using a double-head camera equipped with
high-resolution collimators, a 180° rotation arc, 34 projections,
60 s per projection, 8 frames per heart cycle, and 64 � 64 matrices.
The studies were reconstructed using filtered backprojection with-
out attenuation or scatter correction and realigned along the heart
axis. Perfusion defects were quantified as percentage of left ven-
tricular wall, with the defect threshold set at 60% of peak uptake
(15). Infarct severity was defined as the lowest ratio of minimal to
maximal counts in the short-axis slices evaluated for infarct size
(16,17). Left ventricular end-diastolic volume and end-systolic
volume and ejection fraction were measured by an automated and

validated method (18). Volumetric data were corrected for body
surface area and expressed as indexes.

Statistical Analysis
Results are expressed as mean value � SD. Groups were

compared with the Student t test for unpaired samples. Proportions
were compared using the �2 test. A P value of less than 0.05 was
considered statistically significant.

RESULTS

General Findings
Table 1 summarizes the baseline characteristics of the

patients. The baseline characteristics of the scintigraphic
study patients were similar to those of the general study
patient cohort (10). The 2 groups of patients of the scinti-
graphic study were similar in all baseline characteristics,
and there was a trend toward a higher incidence of elderly
patients in the abciximab group.

Table 2 summarizes the details and the results of the
percutaneous procedure. All patients randomized to abcix-
imab did receive abciximab treatment, and crossover to
abciximab occurred in 8% of patients of the stenting-alone
group because of procedural complications or suboptimal
angioplasty results.

Myocardial Perfusion
One-month gated SPECT revealed significantly smaller

infarcts in the abciximab group than in the stenting-alone
group: 14.3% � 11.7% versus 18.1% � 13%, P � 0.02
(Fig. 1). The infarcts in the abciximab group were also less
severe, with a significantly higher count ratio: 0.47 � 0.17
versus 0.41 � 0.15, P � 0.02 (Fig. 2).

Left Ventricular Functional Data
Both left ventricular volumes were significantly smaller

in the abciximab group than in the stenting-alone group: the
end-diastolic volume index was 57.8 � 20.0 versus 64.6 �
20.8 mL/m2, P � 0.03, and the end-systolic volume index
was 31.7 � 17.4 versus 37.5 � 18.6 mL/m2, P � 0.05 (Fig.
3). Consequently, the left ventricular ejection fraction was
significantly higher in the abciximab group than in the
stenting-alone group: 47.4% � 11.3% versus 43.9% �
11.7%, P � 0.05 (Fig. 4).

DISCUSSION

The ACE Trial
The ACE trial has shown that abciximab provides a better

clinical outcome than does stenting alone in patients who
have acute myocardial infarction with ST-segment eleva-
tion. In the general patient cohort, the use of abciximab
reduced the rate of the 1-mo composite of death, reinfarc-
tion, target vessel revascularization, and stroke. At 6 mo, the
reduction in mortality increased, resulting in a significant
reduction in the composite of death and reinfarction (10). At
1 y, the survival and event-free survival rates were higher in
patients randomized to abciximab (19).
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The results of the scintigraphic study suggest that the link
between abciximab treatment and improvement in short-
and long-term clinical outcome might be, at least in part, a
more effective reperfusion resulting in increased myocardial
salvage. Patients with a first acute myocardial infarction
randomized to abciximab treatment had a final smaller
infarct size and lower infarct severity. Furthermore, accord-
ing to the functional data derived from the gated SPECT
evaluation, left ventricular volume indexes were signifi-
cantly smaller and the ejection fraction significantly higher
in the abciximab group than in the stenting-alone group.
These results are consistent with those of the ADMIRAL
trial (9). The relationship of the more favorable outcome to

more effective reperfusion at the tissue level in abciximab-
treated patients was confirmed by their higher rate of early
ST-segment resolution, which is a robust marker of the
effectiveness of reperfusion and relates directly to the extent
of myocardial salvage (20). Moreover, this parameter is
known to correlate inversely with infarct size (14,21). The
faster creatine kinase release from the infarcted tissue in the
abciximab group supports, as well, the hypothesis of a more
effective reperfusion in these patients (22).

Previous Trials
Three trials comparing abciximab plus stenting with

stenting alone did not assess directly the effectiveness of

TABLE 1
Baseline Characteristics of Patients

Characteristic Stenting alone (n � 83) Stenting plus abciximab (n � 99) P

Age (y) 60 � 13 64 � 12 NS
Male 72 (87) 75 (76) NS
Hypertension 30 (36) 43 (43) NS
Hypercholesterolemia 23 (28) 33 (33) NS
History of smoking 38 (46) 34 (34) NS
Diabetes mellitus 9 (11) 13 (13) NS
Prior coronary angioplasty 0 0 NS
Prior coronary surgery 1 (1) 0 NS
Anterior acute myocardial infarction 37 (45) 37 (37) NS
Cardiogenic shock 7 (8) 3 (3) NS
Patient not at low risk* 51 (61) 60 (61) NS
Symptom onset to reperfusion (h) 3.9 � 1.2 3.7 � 0.4 NS
Infarct artery NS

Left anterior descending coronary artery 37 (45) 36 (36)
Right coronary artery 35 (42) 45 (45)
Left circumflex artery 11 (13) 17 (17)
Left main coronary artery 0 1 (1)

Multivessel disease 37 (45) 46 (46) NS

*Age � 70 y, anterior acute myocardial infarction, heart rate � 100 beats per minute.
NS � not statistically significant.
Numbers in parentheses are percentages.

TABLE 2
Procedural Details and Results

Detail/result Stenting alone (n � 83) Stenting plus abciximab (n � 99) P

Infarct artery stenting 83 (100) 98 (99) NS
Multiple stents 18 (22) 13 (11) NS
Abciximab administration 7 (8) 99 (100) �0.005
Intraaortic balloon counterpulsation 6 (7) 3 (3) NS
Final TIMI grade 3 flow 82 (99) 98 (99) NS
Final minimal lumen diameter (mm) 2.9 � 0.5 2.8 � 0.6 NS
Corrected TIMI frame count (25 frames/s) 27.2 � 10.7 25.6 � 9.5 NS
Early ST-segment elevation resolution 58 (73) 88 (89) �0.001
Peak creatine kinase 2,570 � 1,762 2,144 � 1,989 NS
Time to peak creatine kinase (h) 13 � 4 10 � 3 �0.001

NS � not statistically significant.
Numbers in parentheses are percentages.
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myocardial reperfusion and salvage (6,8,9). The results of
these studies were negative, or showed that the benefit of
abciximab was mainly due to the protection against early
failure of infarct-related artery recanalization. In contrast, a
randomized trial from the Munich investigator group dem-
onstrated that patients randomized to abciximab had more
improved microcirculatory function, assessed by coronary
Doppler velocity measurements, and a higher angiographic
left ventricular ejection fraction than did patients random-
ized to placebo (7). This study showed that abciximab better
protects the coronary microcirculation, which in turn is the
prerequisite for increased myocardial salvage and left ven-
tricular functional recovery.

The Effects of Abciximab on Reperfusion
It has been hypothesized that abciximab, beyond the

antithrombotic effects on platelet aggregates, may interact
with receptors other than the glycoprotein IIb/IIIa receptor
and inhibit the complex inflammatory cascade that contrib-
utes to the obstruction and disruption of the microvessel
network after reperfusion (23,24). These inhibitory effects
yield a more complete myocardial reperfusion and myocar-
dial salvage, with the potential for increased survival. Pre-
vious studies, using ST-segment resolution or coronary flow
velocity measurements as markers of reperfusion, could
reveal only indirectly the higher efficacy of reperfusion
provided by abciximab (7,25). The ACE scintigraphic

FIGURE 1. Bar graph showing difference in infarct size be-
tween patients treated with stenting plus abciximab and those
treated with stenting alone.

FIGURE 2. Bar graph showing difference in infarct severity
(ratio of minimum over maximum counts within infarct) between
patients treated with stenting plus abciximab and those treated
with stenting alone.

FIGURE 3. Bar graph showing difference in left ventricular
volume indexes between patients treated with stenting plus
abciximab and those treated with stenting alone. End-diastolic
volume � white bars; end-systolic volume � black bars.

FIGURE 4. Bar graph showing difference in left ventricular
ejection fraction between patients treated with stenting plus
abciximab and those treated with stenting alone. EF � ejection
fraction.
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study, by finding smaller and less severe infarcts in abcix-
imab-treated patients, suggests that the “peripheral” effect
of the drug might be a major determinant of the improved
outcome as revealed by randomized and nonrandomized
studies (8,9,19,26–28). This peripheral effect may remain
clinically masked in patients with small infarcts (6). Con-
versely, the effect of abciximab may be clearly expanded in
patients with a large area at risk.

Methodologic Issues
From the methodologic point of view, the most interest-

ing feature of the present study was the use of gated SPECT
to assess patient outcome and to compare different treat-
ment strategies in acute myocardial infarction. Ideally, the
acquisition of 2 perfusion studies, one showing the perfu-
sion pattern before intervention and the other the treatment
result, would be preferable (20,29,30). However, previous
studies convincingly demonstrated that the scintigraphic
estimate of infarct size could be a valuable surrogate end-
point for studies on treatment effectiveness in acute myo-
cardial infarction (31). Also, infarct severity is important in
predicting patient outcome in acute myocardial infarction
(32). Most of this importance is related to the connection of
infarct severity with infarct viability and to the prediction of
left ventricular remodeling (33), underlining the major role
of parameters characterizing left ventricular functional sta-
tus in establishing prognosis (34). Therefore, the possibility
of comprehensively characterizing both myocardial perfu-
sion and left ventricular function using a single examination
is a major strength of perfusion-gated SPECT in the current
diagnostic arena. To our knowledge, this was one of the first
studies in which gated SPECT could demonstrate not only
less severe myocardial damage but also a significantly better
functional outcome in patients with acute myocardial in-
farction treated by 2 different therapeutic strategies. Unfor-
tunately, we were unable to assemble, in this scintigraphic
substudy, a patient population large enough to permit a
reasonable analysis of the relationship between gated
SPECT data and prognosis, as was recently done for salvage
index (30). Nevertheless, it is worth mentioning that the 1-y
overall mortality in our patient population was 2% (4
deaths), with 1 patient in the abciximab group (group mor-
tality, 1%) and 3 in the stenting-alone group (group mor-
tality, 4%).

Study Limitations
We already mentioned the lack of perfusion data before

intervention. Patients who underwent 99mTc-sestamibi gated
SPECT were not randomized separately from the entire trial
population. This limitation has, in theory, the potential for
biasing the scintigraphic study cohort. However, the scinti-
graphic study population arose from consecutive patients
randomized in the trial centers with nuclear medicine facil-
ities. A large part of the numeric difference between the 2
groups could be explained by the initial planned random-
ization scheme (130 patients treated with abciximab vs. 120
treated with stenting alone) and, most important, by the

higher number of in-hospital deaths in the stenting-alone
group (6 vs. 2). Moreover, the 2 groups of patients with a
first acute myocardial infarction were similar, and the scin-
tigraphic patient cohort was comparable in all baseline
characteristics to the overall study population.

CONCLUSION

The data of the present study support the general conclu-
sion of the ACE trial, indicating a better outcome for
patients with acute myocardial infarction treated with pri-
mary stenting plus abciximab than for those treated with
stenting alone (10,19). In particular, the perfusion indicators
of myocardial damage, such as infarct size and infarct
severity, were significantly better in the abciximab group
than in the stenting-alone group. Furthermore, taking ad-
vantage of the gated SPECT acquisition, we could demon-
strate that in the abciximab group the left ventricular func-
tional parameters, such as volumes and ejection fraction,
were significantly better as well.
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29. Santoro GM, Bisi G, Sciagrà R, Leoncini M, Fazzini PF, Meldolesi U. Single
photon emission computed tomography with technetium-99m hexakis 2-me-
thoxyisobutyl isonitrile in acute myocardial infarction before and after thrombo-
lytic treatment: assessment of salvaged myocardium and prediction of late func-
tional recovery. J Am Coll Cardiol. 1990;15:301–314.

30. Ndrepepa G, Mehilli J, Schwaiger M, et al. Prognostic value of myocardial
salvage achieved by reperfusion therapy in patients with acute myocardial in-
farction. J Nucl Med. 2004;45:725–729.

31. Gibbons RJ, Christian TF, Hopfenspringer M, Hodge DO, Bailey KR. Myocar-
dium at risk and infarct size after thrombolytic therapy for acute myocardial
infarction: implications for the design of randomized trial of acute interventions.
J Am Coll Cardiol. 1994;24:616–623.

32. Christian TF, Berger PB, O’Connor MK, Hodge DO, Gibbons RJ. Threshold
values for preserved viability with a noninvasive measurement of collateral blood
flow during acute myocardial infarction treated by direct coronary angioplasty.
Circulation. 1999;100:2392–2395.

33. Bolognese L, Cerisano G, Buonamici P, et al. Influence of infarct-zone viability
on left ventricular remodeling after acute myocardial infarction. Circulation.
1997;96:3353–3359.

34. Touboul P, Andre-Fouet X, Leizorovicz A, et al. Risk stratification after
myocardial infarction: a reappraisal in the era of thrombolysis. The Groupe
d’Etude du Pronostic de l’Infarctus du Myocarde (GREPI). Eur Heart J.
1997;18:99 –107.

ABCIXIMAB IN ACUTE MYOCARDIAL INFARCTION • Sciagrà et al. 727


