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In the last few years, primary percuta-
neous transluminal coronary angioplasty
(PPTCA) has been increasingly used for
the management of patients with ST-seg-
ment elevation acute myocardial infarction
(AMI). At present, a large body of evidence
demonstrates its superiority to systemic
thrombolysis in reducing the incidence of
mortality, non-fatal reinfarction, recurrent
ischemia, need for revascularization and
stroke1-3. However, heart failure (HF) still
remains the most important cause of death
following an extensive AMI4,5. Although
the theoretical concept of a more effective
myocardial salvage in patients undergoing
PPTCA supports the presumption of a bet-
ter preserved left ventricular function over
time, the occurrence of HF in these patients
has not been extensively evaluated in prog-
nostic studies. Thus, the effectiveness of

PPTCA in reducing the overall event rate
related to extensive myocardial damage is
not well defined. Moreover, few data are
available about the prognostic value of the
integrated evaluation of the clinical, ECG,
functional and angiographic variables rou-
tinely obtainable from the usual diagnostic
work-up, and about their incremental pow-
er in predicting the adverse outcome. 

The aim of this study was 2-fold: 1) to
assess the timing and incidence of cardiac
death and acute HF in patients with exten-
sive AMI (≥ 4 leads involved) undergoing
PPTCA; 2) to identify, among the more
common and easily obtainable clinical,
ECG, functional, and angiographic vari-
ables, the most powerful predictors of the
combined endpoint of death and acute HF
and to evaluate their incremental prognos-
tic value.
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Background. The incidence of late severe heart failure after primary angioplasty is not clear and
few data are available about the clinical prognostic predictors of this event. The aims of our study
were a) to evaluate the incidence of cardiac death and heart failure after an extensive acute myocar-
dial infarction treated with primary angioplasty, and b) to identify, among clinical, ECG, functional,
and angiographic variables, the outcome predictors and their incremental prognostic value.

Methods. Two hundred and thirty-three patients with ST-segment elevation in ≥ 4 leads, without car-
diogenic shock, underwent primary angioplasty within 12 hours of symptom onset and were prospec-
tively followed up for a median of 21 months for the combined endpoint of cardiac death and heart fail-
ure. The effects of clinical, ECG, functional, and angiographic data on the combined endpoint were eval-
uated using Cox’s analysis. Separate models were developed including all variables of a given model plus
significant variables of previous models to reproduce the usual clinical information flow. 

Results. Twelve (5%) deaths and 23 (10%) heart failures occurred. Diabetes (hazard ratio [HR]
6.46, 95% confidence interval [CI] 1.99-20.98) and peak creatine kinase-MB (HR 1.002, 95% CI
1.001-1.004 per unit increment), wall motion score index (HR 1.46, 95% CI 0.35-6.15 per 0.1 unit in-
crement), and TIMI flow grade < 3 after angioplasty (HR 5.35, 95% CI 2.04-14.02) were the only sig-
nificant and independent prognostic indicators. ECG information did not improve the model, whilst
functional and angiographic data provided incremental prognostic value over clinical information. 

Conclusions. At mid-term follow-up, extensive acute myocardial infarction patients undergoing
primary angioplasty have a moderate heart failure event rate. The integrated evaluation of data rou-
tinely available from diagnostic work-up allows accurate prediction of the outcome; functional and
angiographic data provide incremental prognostic information over clinical and ECG variables.

(Ital Heart J 2004; 5 (12): 912-918)



Methods

Patient population. The initial study population of
720 patients consecutively admitted to our Department
from January 1999 to June 2001 with an established di-
agnosis of ST-segment elevation AMI6 was considered
for inclusion using the following criteria: a) typical
characteristics of extensive AMI, identified by ST-seg-
ment elevation in ≥ 4 leads on the admission ECG)7; b)
PPTCA performed within 12 hours of symptom onset;
c) no cardiogenic shock; d) no severe comorbidity
(valvular or congenital heart disease, malignancy, se-
vere hepatic or renal failure, coagulation disorders).

On the basis of these criteria, 233 patients (32%)
were included in the study and underwent prospective
follow-up.

Coronary angiography and percutaneous translu-
minal coronary angioplasty. Coronary angiography
was performed in accordance with standard acquisition
guidelines. Multivessel disease was defined as ≥ 50%
stenosis in ≥ 2 major epicardial vessels. The blood flow
to the culprit vessel was evaluated and scored using the
Thrombolysis in Myocardial Infarction (TIMI) flow
grading scale8. 

PPTCA was performed with the conventional tech-
nique, and coronary stents were used without restric-
tions. The infarct-related artery was the only target of
the procedure; however, further procedures were per-
formed in case of severe proximal lesions. The decision
to administer platelet glycoprotein IIb/IIIa receptor in-
hibitors was taken by the treating cardiologist. Intra-
aortic counterpulsation was performed in case of hemo-
dynamic instability. 

Electrocardiographic and echocardiographic exam-
ination. Standard 12-lead ECG was recorded in the
emergency room and 90 min after PPTCA. AMI was
classified as anterior, lateral and inferior accordingly.
QRS distorsion was defined as a J point ≥ 50% R-wave
voltage in leads with a QR pattern or as the absence of
the S-wave in leads with an RS pattern9. Post-PPTCA
ST-segment resolution was defined as a reduction
> 50% in the summative ST-segment elevation in com-
parison with the basal ECG10.

Standard echocardiographic images were obtained
at the time of admission. Left ventricular volumes were
derived using the Simpson’s rule. For semiquantitative
assessment, the left ventricular wall was divided into 16
segments11 and scored using a 4-point scale (where 1 =
normal, 2 = hypokinetic, 3 = akinetic, and 4 = dyski-
netic); a wall motion score index, representing the ratio
between the sum of the scores and the number of visu-
alized segments, was calculated.

Follow-up. Follow-up information was obtained by
prospectively determined visits at our outpatient clin-

ic, from discharge reports of other hospitals in case of
emergency admission and by telephone interview with
the patient, his/her close relative or referring physi-
cian. The study combined endpoints were cardiac
death and acute HF requiring new hospital admission
and defined as systemic volume-overload HF, acute
pulmonary edema, and low-output HF syndrome12.
Death was defined as cardiac if strictly related to
proven cardiac causes (fatal reinfarction, acute HF or
malignant arrhythmias) or if sudden and unexpected
when occurring outside the hospital. Patients undergo-
ing revascularization were censored at the time of the
procedure.

Statistical analysis. Continuous variables are ex-
pressed as means ± SD and categorical variables as per-
centages. Differences between the groups with and
without the combined endpoint were compared using
the Student’s t-test or �2 test, as appropriate. The effects
of clinical (age, history of diabetes, hypertension, coro-
nary artery disease, prodromic syndrome, leukocyte
count, heart rate and Killip class on admission, and
symptom-to-hospital time), ECG (AMI location, num-
ber of ST-segment elevation leads, maximal ST-seg-
ment elevation, QRS distorsion, resolution of ST-seg-
ment elevation), functional (peak creatine kinase-MB
mass, and echocardiographic left ventricular volumes,
wall motion score index and ejection fraction), angio-
graphic (multivessel disease, pre- [0 vs 1-3] and post-
[0-2 vs 3] PTCA TIMI flow grade), and procedural (use
of platelet glycoprotein IIb/IIIa receptor inhibitors,
stenting, symptom-to-balloon time) variables on the
combined endpoint were evaluated using Cox’s propor-
tional-hazard regression analysis according to a step-
wise forward procedure13. Four separate prognostic
models were developed including clinical, ECG, func-
tional and angiographic plus procedural variables re-
spectively. Cox’s analysis was performed with all vari-
ables of a given model plus all variables from the an-
tecedent model identified as independent, with each
model reflecting the total accumulation of information
available to the clinician at that point. At each step a
significance of 0.1 was required for the variable to be
entered into the model. The �2 value was calculated
from the log likelihood ratio. A significant increase in
the global �2 value of the model after the addition of
further variables indicated an incremental prognostic
value. 

The area under the receiver-operating-characteristic
curve method14 was used to select the cut-off value of
the continuous variables providing the most accurate
prediction of event-free survival.

The log-rank test was used to compare the Kaplan-
Meier event-free survival curves. Statistical signifi-
cance was settled at a p value < 0.05. The SPSS statis-
tical package (release 10.0 for Microsoft Windows,
SPSS Inc., Chicago, IL, USA) was used.
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Results

Baseline characteristics. The principal clinical, ECG,
functional, and angiographic data of the study popula-
tion are shown in table I.

Follow-up. Follow-up information (Table II) was avail-
able for 230/233 (99%) patients. During a median fol-
low-up of 21 months (range 0-40 months, interquartile
range 16-30 months), the combined endpoint of death
and acute HF was observed in 33 (14%) patients. In
particular, 12 (5%) died and 23 (10%) were hospital-
ized because of acute HF (systemic volume-overload
HF in 11, acute pulmonary edema in 10, and low-out-
put HF syndrome in 2 patients). Among the latter, 2
died. 

Death occurred during the initial hospitalization in
6 (50%) and after discharge in the remaining 6 patients;
in 9 of 12 (75%) cases it occurred within 6 months of
the index acute event. Causes of death were cardiogenic
shock (6 patients, 50%), low-output HF syndrome ne-
cessitating hospitalization (2 cases, 17%) and sudden
death (4 patients, 33%). 

HF occurred during the first 6 months in 15 (65%)
and after the first year in the remaining 8 (35%) pa-
tients. 

Death or HF was associated with reinfarction in 6
(18%) cases. In addition, among the patients without
the endpoint, 4 (2%) presented with non-fatal reinfarc-
tion and 36 (15%) underwent revascularization proce-
dures (bypass surgery in 5, angioplasty in 26 and both
in 5).

Outcome prediction and survival analysis. The pa-
tients with and without the combined endpoint of death
and acute HF differed with regard to age, diabetes his-
tory, anterior infarct location, heart rate, and Killip
class > 1 on admission, peak creatine kinase-MB level,
left ventricular volumes, ejection fraction and wall mo-
tion score index, symptom-to-balloon time > 4 hours,
and post-PTCA TIMI flow grade < 3 (Table III).

However, after adjusting for the most significant co-
variate, diabetes (hazard ratio [HR] 6.46, 95% confi-
dence interval [CI] 1.99-20.98), peak creatine kinase-
MB levels (HR 1.0021, 95% CI 1.001-1.004 per unit in-
crement), wall motion score index (HR 1.46, 95% CI
0.35-6.15 per 0.1 unit increment), and final TIMI flow
< 3 (HR 5.35, 95% CI 2.04-14.02) were the only inde-
pendent predictors of outcome at multivariate analysis
(Table IV). 

Receiver-operating-characteristic curve analysis in-
dicated 289 �g/l and 1.94 as the cut-off values of crea-
tine kinase-MB levels and wall motion score index as
being predictive of the cumulative endpoint of death
and acute HF with the best sensitivity and specificity
(sensitivity 59 and 72%, specificity 73 and 71% re-
spectively). 

The relative power of the four prognostic models in
predicting outcome is shown in figure 1: the addition of
the ECG to the clinical variables did not significantly
add power, whilst the functional and angiographic vari-
ables provided an incremental prognostic value (�2 in-
crement +71 and +108%, respectively).

The overall and event-free survival in the study pop-
ulation is reported in figure 2. In addition, the event-
free survival according to the multivariate predictors of
outcome is reported in figure 3. Clinical, functional and
angiographic data may help to distinguish low-risk sub-
jects, who have an excellent event-free survival, from
those at higher risk.

Discussion

The results of this study demonstrate that at the
medium-term follow-up patients with an extensive
AMI and no cardiogenic shock undergoing PPTCA
have a low cardiac mortality and a moderate incidence
of rehospitalization because of acute HF. Diabetes, the
markers of extensive necrosis and functional impair-
ment, and a postprocedural TIMI flow < 3 in the in-
farct-related vessel are independent predictors of the
combined endpoint of death and HF in these patients.
Finally, functional and angiographic data provide in-
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Table I. Baseline characteristics of the patient population.

Age (years) 59 ± 12
Age > 75 years 24 (10%)
Sex (M/F) 185 (79%)/48 (21%)
Diabetes 36 (15%)
Hypertension 103 (44%)
Prior myocardial infarction 36 (15%)
Prior coronary artery bypass graft 8 (3%)
Prior PTCA 19 (8%)
Anterior AMI location 161 (69%)
Killip class 2-3 45 (19%)
No. leads with ST-segment elevation 5.2 ± 1.7
Post-PTCA resolution of ST-segment

elevation > 50% 165 (71%)
Symptom-to-admission time (min) 144 ± 167
Symptom-to-balloon time (min) 272 ± 185
Multivessel coronary disease 118 (51%)
Left ventricular ejection fraction (%) 42.9 ± 9.70

AMI = acute myocardial infarction; PTCA = percutaneous trans-
luminal coronary angioplasty.

Table II. Clinical follow-up (median 21 months).

Follow-up completed 230 (99%)
Combined endpoint 33 (14%)
Death 12 (5%)

During hospitalization 6 (2.5%)
During follow-up 6 (2.5%)

Acute heart failure 23 (10%)
Reinfarction 10 (4%)
Target vessel revascularization 36 (15%)



cremental prognostic information over clinical and
ECG variables.

Comparison with previous studies. An overall mor-
tality ranging from 6.2 to 12.6% has been reported in
studies with 1- to 3-year follow-up after PPTCA15-17. In

keeping with the results of the majority of previous
studies, even in the present study the mortality rate was
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Table III. Characteristics of the patients with and without events at follow-up.

Events No events p
(n=33) (n=200)

Clinical variables
Age (years) 63.3 ± 12.1 58.1 ± 12.1 < 0.05
Age > 75 years 7 (21%) 17 (8%) NS
Female sex 8 (24%) 40 (20%) NS
Diabetes 10 (30%) 26 (13%) < 0.05
Hypertension 14 (42%) 89 (45%) NS
Prodromic syndrome 15 (45%) 70 (35%) NS
Previous AMI 5 (15%) 31 (15%) NS
Previous coronary artery bypass graft 1 (3%) 7 (4%) NS
Heart rate on admission (b/min) 90 ± 17 78 ± 16 < 0.001
Killip class > 1 15 (45%) 30 (15%) < 0.001
Leukocyte count 12 383 ± 4744 11 644 ± 4403 NS
Symptom-to-admission time (min) 195 ± 158 136 ± 198 NS

ECG variables
Anterior AMI 28 (85%) 133 (67%) < 0.05
No. ST-segment elevation leads 5.8 ± 1.9 5.1 ± 1.7 NS
Maximal ST-segment elevation (mm) 6.2 ± 3.8 5.5 ± 3.2 NS
QRS distorsion on the admission ECG 17 (57%) 74 (39%) NS
Post-PTCA resolution ST-segment elevation > 50% 21 (63%) 144 (72%) NS

Functional variables
Wall motion score index 2.1 ± 0.4 1.8 ± 0.3 < 0.0001
Left ventricular end-diastolic volume (ml) 123 ± 39 105 ± 29 < 0.02
Left ventricular end-systolic volume (ml) 80 ± 33 59 ± 22 < 0.0005
Left ventricular ejection fraction (%) 37.4 ± 9.1 44 ± 9 < 0.0005
Peak creatine kinase-MB (�g/l) 431 ± 366 264 ± 296 < 0.01

Angiographic and procedural variables
Multivessel disease 20 (60%) 98 (49%) NS
Pre-PTCA TIMI flow grade 0 25 (81%) 142 (72%) NS
Post-PTCA TIMI flow grade < 3 16 (53%) 40 (20%) < 0.0005
Symptom-to-balloon time (min) 345 ± 204 261 ± 181 < 0.05
Symptom-to-balloon time > 4 hours 19 (59%) 72 (36%) < 0.05
Stenting 27 (83%) 182 (91%) NS
Platelet glycoprotein IIb/IIIa inhibitors 17 (52%) 136 (68%) NS

AMI = acute myocardial infarction; PTCA = percutaneous transluminal coronary angioplasty.

Table IV. Significant outcome predictors at multivariate analysis.

HR p
(95% CI for OR)

Diabetes 6.46 0.002
(1.99-20.98)

Peak CK-MB 1.0021* 0.001
(1.001-1.004)

WMSI 1.46** 0.001
(0.35-6.15)

Final TIMI flow < 3 5.35 0.001
(2.04-14.02)

CI = confidence interval; CK = creatine kinase; HR = hazard ra-
tio; OR = odds ratio; WMSI = wall motion score index. * per unit
increment; ** per 0.1 unit increment.

Figure 1. Global �2 analysis of the four prognostic models. The addition
of functional and angiographic variables adds incremental prognostic
value (�2 increases 71 and 108%, respectively).



low. On the other hand, comparison is more difficult
when dealing with HF, due to relevant differences in
terms of the population characteristics, endpoint defin-
ition and treatment. HF after myocardial infarction is
reported to occur in 14 to 51% of patients and to be as-
sociated with up to a 5-fold increase in the 1-year mor-
tality following AMI4. Generally, it is secondary to re-
current ischemia or reinfarction and/or extensive left
ventricular dysfunction. PPTCA proved to achieve a
relevant reduction in the incidence of reinfarction1-3

and a greater myocardial salvage18-21 as compared to

systemic thrombolysis. Therefore, it is expected to as-
sure a better preservation of the left ventricular function
over time. However, the occurrence of HF has been un-
derscored in prognostic studies addressing the use of
PPTCA. Bolognese et al.21,22 recently reported a 7-8%
cardiac mortality and a 5% rehospitalization rate due to
HF during a 5-year follow-up after PPTCA. Zijlstra et
al.23 found a lower 5-year mortality (13 vs 24%) and HF
(7 vs 20%) rate among patients undergoing PPTCA as
compared to those receiving intravenous streptokinase.
In the study by Waldecker et al.24 5% of patients died of
cardiac causes whilst 1.5% of them were in NYHA
class IV within 3 years of PPTCA. However, only
Bolognese considered HF as a primary endpoint.

Different clinical, functional and angiographic
prognostic indicators were identified in previous stud-
ies addressing PPTCA15-17,21-26. Bolognese et al.21,22

found age, left ventricular end-diastolic volume and
microvascular dysfunction as being predictive of the
long-term cumulative endpoint of death, HF and rein-
farction. Other studies, where only subgroups of pa-
tients had undergone PPTCA, identified age, female
gender, diabetes, hypertension, history of coronary
artery disease, anterior AMI, left bundle branch block,
peak creatine kinase-MB levels, heart rate on admis-
sion, and a reduced ejection fraction as being predictive
of HF4,5,27. 
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Figure 2. Overall and event-free survival in the study population.

Figure 3. Event-free survival according to the multivariate predictors of outcome. CI = confidence interval; CK = creatine kinase; HR = hazard ratio;
WMSI = wall motion score index.



However, important methodological differences
among these studies render them difficult to compare.
Distinguishing points of our study are the inclusion of
patients with features of increased risk (such as an ex-
tensive AMI, a high prevalence of the anterior location
and multivessel disease, a late presentation, and a sub-
optimal PPTCA result) but no cardiogenic shock at ad-
mission, a strict definition of HF (minimizing the like-
lihood of incorrect endpoint classification), and the fre-
quent use of coronary stenting and platelet glycoprotein
IIb/IIIa inhibitors. These issues are of pivotal impor-
tance in defining the clinical setting where the addi-
tional prognostic yield of PPTCA is expected to be
most rewarding.

Outcome prediction. Diabetes, markers of myocardial
and functional damage, and unsuccessful recanaliza-
tion were independent predictors of outcome in this
study, thus demonstrating an important prognostic in-
teraction among the different and complementary fea-
tures of the patient’s profile. Moreover, the stepwise
prognostic model allowed us to evaluate whether incre-
mental information could be obtained by the addition
of each individual block of variables. In particular, the
addition of ECG data failed to improve the predictive
capability of the model. Conversely, functional as well
as angiographic information was able to achieve further
prognostic discrimination. 

The fact that in the present study age was not an in-
dependent predictor of an adverse outcome is probably
due to the low number of patients aged ≥ 75 years: the
presence of severe comorbidities and a significant de-
lay (> 12 hours) in hospital admission were the main
reasons for exclusion from PPTCA at our Institution.

We found that ECG data did not have a significant
prognostic power: this could be explained by our selec-
tion criteria that included only patients with ST-seg-
ment elevation in ≥ 4 leads, by the possible undereval-
uation of ST-segment elevation resolution in patients
with a longer symptom-to-balloon time and by the def-
inition of ST-segment resolution (resolution > 50%). 

In our study, the symptom-to-balloon time was not
an independent outcome predictor; we believe that this
was probably due to the stronger prognostic power con-
veyed by different but related variables, such as mark-
ers of myocardial necrosis and functional damage. 

In conclusion, despite an acceptably low early and
late cardiac mortality, patients with an extensive AMI
undergoing PPTCA have a not negligible incidence of
acute HF during follow-up. An early integrated evalua-
tion of clinical, functional and angiographic data may
permit us to distinguish low-risk subjects (who have an
excellent event-free survival), from those at higher risk,
for whom close follow-up surveillance, continuous op-
timization and titration of the pharmacological treat-
ment and/or alternative therapies and revascularization
strategies are warranted.
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