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ST-Segment Analysis to Predict Infarct Size and Functional
Outcome in Acute Myocardial Infarction Treated With Primary

Coronary Intervention and Adjunctive Abciximab Therapy

Roberto Sciagrà, MDa,*, Guido Parodi, MD, PhDb, Angela Migliorini, MDb,
Renato Valenti, MDb, David Antoniucci, MDb, Barbara Sotgia, MDa, and Alberto Pupi, MDa

ST-segment resolution is used to classify the response to reperfusion therapy in acute
myocardial infarction, but the possibility to predict outcome in individual patients is
unclear, particularly in the setting of primary percutaneous coronary intervention
(PCI) and abciximab therapy. We studied 213 patients who underwent successful
revascularization with PCI. Maximal ST-segment elevation was measured before and
30 minutes after PCI. Patient outcome was defined on the basis of infarct size and left
ventricular ejection fraction (EF) as derived from gated single-photon emission
computed tomography that was acquired 1 month after infarction. Patients who had
>50% ST resolution showed a smaller infarct (15.1 � 13.6% vs 19.9 � 15.7%,
p <0.05) but not a higher left ventricular EF (48.7 � 12.3% vs 45.2 � 11.8%) than did
patients who had <50% resolution. According to cluster analysis of infarct size and
left ventricular EF, 132 patients had favorable outcome (central values: infarct size
7.5%, left ventricular EF 55%) and 81 did not (central values: infarct size 30%, left
ventricular EF 36%). Using receiver-operating characteristic curve analysis, the
optimal ST-resolution cutoff was >60%, with 77% sensitivity and 51% specificity for
predicting favorable outcome. ST-segment elevation <4.5 mV before PCI was 80%
sensitive and 48% specific, and ST-segment elevation <1 mV after PCI was 74%
sensitive and 60% specific for predicting favorable outcome. In conclusion, in the
setting of primary PCI and abciximab therapy, ST-segment elevation resolution
requires a high threshold (>60%) to effectively classify patients; the capability of
ST-segment analysis to predict patient outcome is limited, with ST-segment elevation
after PCI showing the best compromise between sensitivity and specificity. © 2006

Elsevier Inc. All rights reserved. (Am J Cardiol 2006;97:48–54)
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arly decrease of ST-segment elevation has been demon-
trated to be a marker of myocardial tissue level reperfusion
nd thus of revascularization success.1–4 The prognostic
mplications of this marker in patients who have acute
yocardial infarction are known.1–3,5 Other studies have

uggested a relation between ST-segment resolution and
nfarct size and/or postinfarction left ventricular function,
ut the usefulness of ST-segment changes for predicting
nfarct extent and severity in the patient population has been
uestioned.6–10 In recent years, important advances in the
reatment of infarction have been introduced and an aggres-
ive therapy, based on direct percutaneous coronary inter-
ention (PCI) with stenting plus abciximab administration,
s currently the most advanced approach to infarct treat-
ent.11–14 Although ST-segment resolution has been used to

est these new therapeutic strategies, its relation to objective
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arameters of treatment results in the patient population has
ot been examined. This study evaluated the accuracy of the
implest and quickest approach to ST-segment elevation
nalysis, i.e., single-lead analysis before and 30 minutes
fter PCI,4 in characterizing the outcome of patients with
cute myocardial infarction and who underwent early PCI
ith direct stenting and adjunctive abciximab therapy, using

s the reference 1-month scintigraphic infarct size and left
entricular ejection fraction (EF).

ethods
Study patients: Between January 2001 and September

004, 213 consecutive patients (155 men; mean 65 � 12
ears of age) who had acute myocardial infarction and
nderwent primary PCI with direct stenting and adjunctive
bciximab therapy were studied at 1 month after the index
nfarction for the assessment of myocardial perfusion and
eft ventricular function with gated single-photon emission
omputed tomography. Inclusion criteria were chest pain
hat persisted �30 minutes and was associated with ST-
egment elevation �0.1 mV in �2 contiguous electrocar-

iographic leads, admission within 6 hours of symptom

www.AJConline.org
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49Coronary Artery Disease/ST-Segment and Gated SPECT
nset, and successful revascularization (defined as restora-
ion of Thrombolysis In Myocardial Infarction15 grade 3
ow and residual stenosis �30%). Exclusion criteria were
revious myocardial infarction, conditions that precluded eval-
ation of ST-segment changes on electrocardiography, previ-
us administration of fibrinolytic or abciximab therapy, history
f bleeding diathesis or allergy to abciximab, major surgery
ithin 15 days, and inability to obtain informed consent.

PCI and patient treatment: Before catheterization, pa-
ients received 325 mg of aspirin orally or 250 mg intrave-
ously. All patients with a vessel reference diameter �2.5
m were eligible for stenting. Coronary stenting was per-

ormed directly or with predilation at the discretion of the
perator. After coronary angiography, patients received ab-
iximab immediately before the procedure as a bolus of
.25 mg/kg of body weight followed by a 12-hour infusion
t a rate of 0.125 �g/kg/min. Heparin was given as an initial
olus of 70 U/kg, and additional boluses were administered
uring the procedure to achieve an activated clotting time
f 200 to 300 seconds. Immediately after the procedure,
atients received 500 mg of ticlopidine or 300 mg of clo-
idogrel. Patients were routinely treated with aspirin
325 mg/day indefinitely) and with ticlopidine (500 mg/day
or 1 month) or clopidogrel (75 mg/day for 1 month).

Electrocardiographic analysis: Standard 12-lead elec-

able 1
aseline characteristics of the patient population

All Patients
(n � 213)

ge (yrs) 65 � 12
en 155 (73%)

ystemic hypertension 93 (44%)
otal serum cholesterol �200 mg/dl 71 (33%)
moker 73 (34%)
iabetes mellitus 28 (13%)
nterior wall acute myocardial infarction 89 (42%)
ardiogenic shock 6 (3%)
illip’s class (median) 1.3 � 0.8 (1)

able 2
ngiographic findings

All Patients
(n � 213)

ymptom onset to reperfusion (min) 180 � 110
nfarct-related coronary artery
Left anterior descending 89 (42%)
Right 95 (45%)
Left circumflex 28 (13%)
ultivessel coronary disease 104 (49%)

reprocedural TIMI grade flow
0–1 161 (76%)
2 34 (16%)
3 18 (8%)

TIMI � Thrombolysis In Myocardial Infarction.
rocardiograms were registered before PCI and within 30 (
inutes of the procedure using a speed of 25 mm/s and
mplitude of 10 mm/mV. An observer who was blinded to
he patients’ clinical data evaluated the electrocardiograms.
he single lead with the most prominent ST-segment ele-
ation before PCI was identified, and ST-segment elevation
as measured at 60 ms after the J point in 3 successive
RS-T complexes. Resolution in ST-segment elevation was
efined at 30 minutes after infarct artery recanalization.4

egree of resolution was prospectively categorized by 2
ifferent criteria. A dichotomous classification was per-
ormed with a �50% threshold to define ST-segment
levation resolution as present or absent.1,4 Alternatively,
esolution was defined as complete (�70% decrease in
T-segment elevation), partial (30% to 70%), or absent
�30%).3

Gated single-photon emission computed tomography:
ated single-photon emission computed tomographic (SPECT)
cquisition began 60 minutes after injection of technetium-
9m sestamibi (740 MBq) using a double-headed camera
hat was equipped with high-resolution collimators, 180°
otation arc, 32 projections, 8-frames/heart cycle, and 64 �
4 matrixes. Perfusion defects were quantified as percent
eft ventricular wall, with the defect threshold set at 60% of
eak uptake.16,17 Left ventricular end-diastolic and end-
ystolic volumes were calculated with the QGS program

Resolution �50%
(n � 171)

ST Resolution �50%
(n � 42)

p Value

69 � 14 64 � 12 �0.05
124 (73%) 31 (74%) NS

65 (38%) 28 (66%) NS
57 (33%) 14 (33%) NS
58 (34%) 15 (36%) NS
19 (11%) 9 (22%) NS
66 (39%) 23 (55%) 0.05
4 (2%) 2 (5%) NS

1.3 � 0.7 (1) 1.3 � 0.8 (1) NS

esolution �50%
(n � 171)

ST Resolution �50%
(n � 42)

p Value

174 � 96 208 � 154 NS

66 (39%) 23 (55%) 0.05
81 (47%) 14 (33%) NS
23 (14%) 5 (12%) NS
80 (47%) 24 (57%) NS

127 (74%) 34 (81%) NS
28 (17%) 6 (14%) NS
16 (9%) 2 (5%) NS
ST
ST R
Cedar Sinai Medical Center, Los Angeles, California) and
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F was calculated from left ventricular volumes according
o standard methods.18

Statistical analysis: Values are presented as mean � SD
r as median and range, as appropriate. In the case of
rdinal variables, the median is also indicated. Continuous
ariables were compared with 1-way analysis of variance
ith Tukey’s post hoc test for multiple comparisons. Ordi-
al variables were compared with Kruskal-Wallis analysis
f variance. Comparison of proportions was made with the
hi-square test and Yates’ correction, as appropriate. The
elation between the ST-segment parameters of infarct size

igure 1. Bar graph of infarct size (percent left ventricular wall) in patients
ho had �50% ST-segment elevation resolution versus that in those who
ad �50% ST-segment resolution and in those who had complete (�70%)
ersus partial (�70% and �30%) or absent (�30%) ST-segment elevation
esolution.

able 3
orrelations between ST-segment parameters and one-month gated single

T-segment elevation before PCI (mV)

T-segment elevation 30 min after PCI (mV)

T-segment elevation resolution (%)
nd left ventricular EF was made with Pearson’s correlation m
oefficient. To define outcome after reperfusion, scinti-
raphic infarct size and left ventricular EF were classified
nto 2 groups by using k-means cluster analysis. Patient
lassification after clustering was used as a reference for
eceiver-operating characteristic curve analysis of a ST seg-
ent and as a grouping factor for stepwise multivariate

iscriminant analysis of ST-segment parameters (ST eleva-
ion before and after PCI and ST-segment elevation resolu-
ion). A p value �0.05 was considered statistically significant.

esults
Electrocardiographic findings: Table 1 presents base-

ine characteristics of the patient population and Table 2
ists the main angiographic findings. Before PCI ST-seg-

igure 2. Scatterplot of infarct size (percent left ventricular wall) and left
entricular EF (LVEF) shows results of cluster analysis. Patients in cluster
(favorable outcome) are represented by triangles and those in cluster 2

unfavorable outcome) by squares. Within each cluster, the open symbols
ndicate patients with ST-segment elevation after PCI �1 mV and the solid
ymbols indicate patients with ST-segment elevation after PCI �1 mV.
enters of cluster 1 (�) and cluster 2 (�) are shown.

emission computed tomographic data

Infarct Size Left Ventricular EF

02x � 8.02 y � �1.99x � 56
3, p �0.000001 r � �0.38, p �0.0000001
13.3 SEE � 11.4

57x � 11.06 y � �3x � 52.3
9, p �0.0000001 r � �0.38, p �0.0000001
13.1 SEE � 11.4

0.14x � 25.3 y � 0.1x � 41.3
.28, p �0.00005 r � 0.23, p �0.001
13.6 SEE � 11.9
-photon

y � 2.
r � 0.3
SEE �
y � 3.
r � 0.3
SEE �
y � �
r � �0
ent elevation was 1 to 15 mV (median 3.5). On the
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51Coronary Artery Disease/ST-Segment and Gated SPECT
lectrocardiogram that was registered 30 minutes after PCI,
T-segment elevation was 0 to 9 mV (median 1), with a
T-segment elevation resolution of 68 � 29%. A resolution
50% was observed in 171 patients (80%). Complete res-

lution was registered in 107 patients (50%), partial in 89
42%), and absent in 17 (8%).

Gated SPECT findings and ST-segment resolution: On
he 1-month gated SPECT study, mean infarct size was
6 � 14% (range 0% to 63%) and mean left ventricular EF
as 48 � 12% (range 19% to 82%). ST-segment elevation
efore and after PCI and ST-segment elevation resolution
ere significantly correlated with infarct size and left ven-

ricular EF (Table 3). Patients who had �50% ST-segment
esolution showed a significantly smaller infarct (15.1 �
3.6% vs 19.9 � 15.7%, p �0.05; Figure 1) but not a
ignificantly higher left ventricular EF (48.7 � 12.3% vs
5.2 � 11.8%) than did patients who had �50% resolution.
onversely, patients who had complete ST-segment eleva-

ion resolution had a significantly smaller infarct (11.8 �
1.6%) than did patients who had partial (20.4 � 15.1%,
�0.00005) or absent (20.5 � 15.7%, p �0.05) ST-seg-
ent elevation resolution, whereas no significant difference
as registered between patients who had partial resolution

nd those who had absent resolution (Figure 1). Left ven-
ricular EF was significantly higher in patients who had
omplete ST-segment elevation resolution (51.1 � 12.1%)
han in those who had partial resolution (44.6 � 10.9%,
�0.0005), but, due to the large SD, this difference did not

each significance compared with patients who had absent
esolution (46.6 � 14.9%, p � 0.17). No difference was
resent between patients who had partial ST-segment ele-
ation resolution and those who had absent resolution.

ST-segment changes and patient outcome: Cluster
nalysis of infarct size and left ventricular EF identified

clusters. The first cluster, which corresponded to a
avorable PCI outcome, had as central values an infarct

igure 3. Receiver-operating characteristic curves of ST-segment resolut
onstructed using patient classification according to cluster analysis as ref
ize of 7.5% and a left ventricular EF of 55%. The second (
luster had as central values an infarct size of 30% and a
eft ventricular EF of 36% and indicated an unfavorable
utcome. One hundred thirty-two patients were included
n the first cluster and 81 in the second (Figure 2). Using
his patient classification as a reference for receiver-
perating characteristic curve analysis of percent ST-
egment elevation resolution, the area under the curve
as 0.69 (SE � 0.036; Figure 3). The optimal cut-off
alue of ST-segment elevation resolution was �60%,
ith 77% sensitivity and 51% specificity for predicting a

avorable PCI outcome as defined by the result of cluster
nalysis. A ST-segment elevation �4.5 mV before PCI
as 80% sensitive and 48% specific for predicting a

avorable outcome, with an area under the curve of 0.72

and ST-segment elevation before PCI (B) and after PCI (C) that were

igure 4. Scatterplot shows the relation between ST-segment resolution
nd ST-segment elevation after PCI in patients who had favorable outcome
asterisks) and those who had unfavorable outcome (diamonds) according
o cluster analysis; the discriminant function (line) is shown.
ion (A)
SE � 0.036; Figure 3). Similarly, a ST-segment eleva-
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ion �1 mV after PCI was 74% sensitive and 60% spe-
ific, with an area under the curve of 0.75 (SE � 0.034;
igure 3).

Multivariate stepwise discriminant analysis selected ST
levation after PCI (F � 11.4, p �0.001, standardized
oefficient 0.68) and ST elevation before PCI (F � 4.1,
�0.05, standardized coefficient 0.42) as variables to in-

lude in the discriminant function, which had a highly
ignificant canonical correlation (canonical R � 0.43,
�0.000001). The derived classification matrix after jack-

nife cross validation correctly classified 107 of 132 pa-
ients in cluster 1 (81% sensitivity for a favorable outcome)
nd 42 of 81 in cluster 2 (52% specificity; Figure 4).

iscussion

n the thrombolytic era, ST-segment elevation resolution
as considered a sign of successful recanalization, with
25% of patients achieving complete resolution using

treptokinase19 and up to 40% using tissue plasminogen
ctivator.20 Patients who had complete ST-segment eleva-
ion resolution had �90% likelihood of having a patent
nfarct-related artery.21,22 However, a large number of pa-
ients who had absent or partial ST-segment elevation res-
lution also had a patent infarct-related artery.21,22 In these
atients, electrocardiographic findings depicted the status of
icrovascular perfusion because persistent ST-segment el-

vation indicates impaired microvascular perfusion in pa-
ients who have normal epicardial blood flow.23,24 In the
urrent era of primary PCI for acute myocardial infarction,
ecanalization of the infarct-related artery is directly estab-
ished, so the main role of analysis of ST-segment changes
s to provide additional data about revascularization results
n terms of effective reperfusion at the tissue level and of
atient outcome.1,4

The easiest approach to ST-segment analysis is to clas-
ify ST-segment elevation in broad categories and to in-
lude the patient in 1 of these. ST-segment resolution has
requently been classified as present or absent, with 50% as
he cut-off value,1,4,9 but the possibility that this categori-
ation is insufficient in patients who undergo PCI has been
uggested.5 The results of our study confirm that, in the
etting of direct PCI with abciximab therapy, this classifi-
ation is no longer optimal. The proportion of patients who
ad �50% resolution was similar to or even larger than that
n previous studies,1,4 which was expected because success-
ul coronary recanalization was always achieved and effec-
ive myocardial reperfusion was highly likely.5 Neverthe-
ess, the 50% cutoff did not effectively classify patient
utcome because, in addition to a just borderline significant
ifference in infarct size, the 2 groups did not differ signif-
cantly in terms of left ventricular EF. With regard to the
ther widely used classification of complete, partial, or
bsent ST-segment elevation resolution, with 70% and 30%

hresholds,3 in our series, the first group showed a clearly f
etter outcome than did the other 2, which in turn did not
iffer significantly from each other. In practice, this implies
hat, in the setting of direct PCI with abciximab therapy
artial ST-segment elevation resolution should be regarded
ore as a marker of unsuccessful myocardial reperfusion

han as a sign of an intermediate result.
We also considered the possibility of using ST-segment

ata to predict patient outcome. Several studies consistently
ssociated a more complete ST resolution with smaller
nfarct and increased left ventricular function.1,6–10,25 How-
ver, scanty data exist about the capability of ST-segment
nalysis to estimate the extent of myocardial damage in a
atient. In 1 study that used scintigraphic infarct size as ob-
ained with positron emission tomography in a small patient
opulation that had been treated with thrombolysis or PCI, the
esults were rather disappointing, independently from the em-
loyed electrocardiographic criteria.10 Further, no data exist
bout the value of ST-segment analysis for predicting out-
ome of patients who undergo stenting and abciximab ad-
unctive therapy. The latter approach is associated with
mproved ST-segment resolution, probably because of in-
reased microvascular and tissue level perfusion.26,27

In the present study, we used 1-month gated single-
hoton emission computed tomography to objectively dem-
nstrate patient outcome according to infarct size and left
entricular EF. We found a relatively low correlation be-
ween the ST-segment parameters, the infarct size, and the
eft ventricular EF. This precluded the use of electrocardio-
raphic findings to estimate infarct size or left ventricular
unction. Therefore, ST-segment evaluation can be used just
o categorize outcome as favorable or unfavorable.

To clarify whether the use of proper thresholding would
ncrease the value of ST-segment analysis for this purpose
ver that of previously mentioned predefined arbitrary cat-
gories, we defined 2 groups of patients according to cluster
nalysis of infarct size and left ventricular EF; 1 group
onsisted of patients who had a favorable outcome (small
nfarct and normal left ventricular EF) and 1 consisted of
hose who had an ineffective revascularization result. Using
his reference classification, we found that the optimal thresh-
ld value for ST-segment elevation resolution was �60%,
ith a good sensitivity but a limited specificity for predict-

ng effective revascularization.
We extended our analysis to other easily achievable

T-segment parameters, such as maximal ST-segment ele-
ation in the lead that was used to explore the infarction
efore and after PCI.5,28,29 Although the value before PCI
as even less specific than ST-segment elevation resolu-

ion, a postprocedural ST-segment elevation �1 mm was
lightly less sensitive but much more specific than ST-
egment resolution because it produced the largest area
nder the receiver-operating characteristic curve. Therefore,
high degree of ST-segment elevation resolution (and pos-

ibly a complete resolution) remains a valuable predictor of
ffective reperfusion but does not exclude a relatively un-

avorable outcome in terms of infarct size and left ventric-
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53Coronary Artery Disease/ST-Segment and Gated SPECT
lar EF. In contrast, maximal postprocedural ST-segment
levation seems to be a very accurate and easily measurable
T marker of favorable PCI outcome with small infarct and
reserved left ventricular EF, as demonstrated in previous
tudies in patients who were treated with thrombolysis.28,29

he combined use of pre- and postprocedural ST-segment
levation, as suggested by multivariate discriminant analy-
is, achieves good sensitivity but is still affected by poor
pecificity.

Different limitations of the present study must be con-
idered. Patient outcome was defined on the basis of 1 gated
PECT study after PCI. Lack of data about the initial risk
rea before PCI does not allow differentiating between a
ery successful reperfusion of a large infarction and a small
nfarction with limited PCI success because either will re-
ult in a final infarct size of limited extent.7 This could
xplain, at least in part, the low specificity of decreased
T-segment elevation and the relatively good performance
f postprocedural ST-segment elevation. Further, the defi-
ition of favorable outcome with 1-month gated single-
hoton emission computed tomography can be criticized
ecause each infarct size threshold (with the exception of a
ormal perfusion) is somewhat arbitrary. Similarly, normal
eft ventricular EF does not exclude some degree of func-
ional impairment in a particular patient because no data
ere available about functional status before infarction, and
e did not assess functional recovery.4,8 We used a very

imple method to analyze ST-segment changes and more
efined (and demanding) methods could have produced dif-
erent results. However, the single-lead method has been
xtensively used and validated.4,5,28,29 Further, the use of a
ery early time point for postprocedural evaluation offers
dvantages in terms of decision making. Moreover, previ-
us comparative studies failed to demonstrate a convincing
uperiority of more complex measurements.5,10,28,29
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