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Background No data are available on the clinical efficacy of the early administration (b24 hours from onset of chest
pain) of angiotensin-converting enzyme inhibitors in non-thrombolysed patients with non–ST-elevation myocardial infarction
(NSTEMI). We have addressed this issue in a subgroup of NSTEMI patients enrolled in the SMILE trial.

Methods Of the overall population of 1556 patients, 526 (33.8%) had an anterior wall NSTEMI, defined as an ST
elevation b1 mm or an ST depression in at least two contiguous precordial leads with or without new abnormal Q waves. No
patient of the SMILE Study received thrombolytic therapy or was reperfused. Patients were randomized, double-blind, to
zofenopril (n = 253) or placebo (n = 273) for 6 weeks. The primary end point was the effect of treatment on the 6-week
combined occurrence of death and severe congestive heart failure (CHF). Secondary end points included the evaluation of
the 6-week rate of severe CHF as well as the 1-year mortality rate.

Results After 6 weeks of treatment, zofenopril significantly reduced both the incidence of the primary end point
(risk reduction 65%, 95% CI 20-80, 2P = .003) and the 6-week incidence of severe CHF (84%, 95% CI 33-97, 2P = .006)
in NSTEMI patients. One-year mortality was also significantly reduced by zofenopril treatment (43%, 95% CI 14-57,
2P = .036).

Conclusions Results of this post hoc analysis of the SMILE Study strongly suggest the benefit of the early administration
of zofenopril even in patients with an anterior wall NSTEMI. (Am Heart J 2006;152:47027.)
The outcome of patients with acute myocardial

infarction admitted to a coronary care unit has greatly

improved since the introduction in clinical practice of

therapeutic agents proven to be beneficial in large-scale

trials.1 Among the various therapeutic options, angio-

tensin-converting enzyme (ACE) inhibitors have dem-

onstrated the capacity to improve inhospital and long-

term survival in patients with acute myocardial infarc-

tion with or without overt left ventricular dysfunction

and/or congestive heart failure (CHF),2-4 particularly

when given in the early phase of the disease.2,5-7

According to this evidence, physicians are prescribing

ACE inhibitors in patients with acute myocardial

infarction particularly when there is evidence of CHF

and/or ST-elevation myocardial infarction.8
From the Department of Clinical Medicine, University of Bologna, Bologna, Italy.
aSee Appendix A.

Submitted September 7, 2005; accepted February 11, 2006.

Reprint requests: Claudio Borghi, Clinica Medica III, Policlinico S. Orsola, Via

Massarenti, 9, 40138 Bologna, Italy.

E-mail: claudio.borghi@unibo.it

0002-8703/$ - see front matter

n 2006, Mosby, Inc. All rights reserved.

doi:10.1016/j.ahj.2006.02.022
However, the efficacy of ACE inhibitors in patients

with non–ST-elevation myocardial infarction (NSTEMI),

that is, those regarded as at relatively lower risk,9 has

been poorly investigated due to the exclusion of such

patients from most clinical trials, although the clinical

benefit of the use of an ACE inhibitor in the early phase

of the acute coronary syndrome may be potentially

greater in these patients, who often receive less

aggressive medical care10,11 despite an inhospital mor-

tality and morbidity rate that is only slightly lower than

that observed for high-risk patients.12-14

Zofenopril calcium, a prodrug of the active com-

pound zofenoprilat, is an ACE inhibitor analogue of

captopril that has been successfully and safely used in

the treatment of acute myocardial infarction, heart

failure, and essential hypertension.15 The SMILE Study

showed that zofenopril, administered in the early phase

(within 24 hours) of an acute anterior myocardial

infarction and continued for 6 weeks, significantly

improved both short- and long-term (1 year) outcome

in patients.7

The objective of the present study was to assess the

efficacy of zofenopril in a subgroup of NSTEMI patients

enrolled in the SMILE Study.



Table I. Baseline characteristics of study population

Placebo
(n = 273)

Zofenopril
(n = 253)

Age (y, mean F SD) 66 F 9 66 F 10
Gender ratio (male/female, %) 76/24 69/31
Body weight (kg, mean F SD) 74 F 10 72 F 10
Current smokers (%) 60 61
Diabetes mellitus (%) 21 22
Previous myocardial infarction (%) 18 17
Hypertension (%) 42 41
Medication (%)

Antiplatelet agents 44 45
Calcium-channel blockers 15 17
h-Blockers 44 45
Diuretics 8 10
Nitrates 41 42

Hours to randomization (% of patients)
b6 42 44
6-12 30 28
N12 28 29

Hours to randomization (mean F SD) 2 F 1 2 F 1
Hours to treatment (mean F SD) 3 F 1 3 F 1
Killip class on admission N1 (%) 12 12
Peak CK (IU � 10�3) 1 F 1 2 F 1
SBP (mm Hg, mean F SD) 138 F 20 137 F 20
DBP (mm Hg, mean F SD) 84 F 11 85 F 12
HR (mm Hg, mean F SD) 80 F 14 80 F 14

CK, Creatinine kinase; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HR, heart rate.
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Material
Subjects

The SMILE Study included 1556 patients admitted to 154

Italian coronary care units who were randomized to study

treatment with an ACE inhibitor or placebo in addition to

recommended pharmacological treatment. Details of the study

protocol have been published elsewhere.7 Main SMILE Study

inclusion criteria were the following: (1) male or female sex,

(2) age 18 to 80 years, (3) admittance to the intensive care unit

within 24 hours of the onset of chest pain typically associated

with electrocardiographic signs of myocardial infarction of the

anterior wall (progressive changes in ST segments or T waves

in at least two contiguous precordial leads with or without new

abnormal Q waves), (4) no eligibility for thrombolytic therapy

because of late admission to the intensive care unit or

individual contraindications to systemic fibrinolysis.

In the present post hoc analysis, only the subgroup of

NSTEMI patients was selected.

Non–ST-elevation myocardial infarction was considered to

have occurred if the electrocardiogram showed an ST elevation

b1 mm or an ST depression in at least two contiguous precordial

leads with or without new abnormal Q waves. Patients were

excluded from the study if they had the following: (1)

cardiogenic shock (Killip class 4) on admission, (2) systolic

blood pressure on admission below 100 mm Hg (measured with

the patient in the supine position), (3) serum creatinine

concentration N2.5 mg/dL (221 mmol/L), (4) history of CHF,

(5) current treatment with an ACE inhibitor, (6) contraindica-

tions to the use of ACE inhibitors, or (7) they were unable or

unwilling to give informed consent. All potentially eligible

patients received standard therapy including analgesic agents,

h-blockers, nitrates, calcium antagonists, aspirin, inotropic

drugs, diuretic agents, and anticoagulants as indicated.

Study design
The study was a randomized, double-blind, placebo-con-

trolled trial. Patients were enrolled between January 1991 and

November 1992 and were randomly allocated according to

fixed blocks to receive zofenopril or placebo orally. The initial

dose of study medication was 7.5 mg and was repeated after 12

hours and progressively doubled up to the final dose of 30 mg

twice daily if systolic blood pressure remained N100 mm Hg

and there were no signs or symptoms of hypotension. Patients

who were unable to tolerate the dose of 7.5 mg were

withdrawn from the study but included in the intention-to-treat

analysis. Patients were seen while they were in the hospital

(7-15 days), after 4 weeks, and at the end of the treatment

period (6 weeks), during which time they could be treated

with any other drug except ACE inhibitors. On completion of

the 6 week double-blind period, the patients stopped taking

the study medications but continued treatment in an open-label

fashion for approximately 11 months, and their vital status was

then blindly evaluated. Vital status was determined by means of

a questionnaire or by consulting family members, medical

personnel, and registry offices. The study was conducted in

accordance with the Declaration of Helsinki and was approved

by the Institutional Review Board of the University of Bologna

as well as by the local ethics committees when required. All

patients provided written informed consent before inclusion in

the study.
Study end points
The primary study end point was the combined occurrence

of death or severe CHF during the 6 weeks of treatment with

zofenopril or placebo, both given in addition to conventional

treatment. Death or presence of severe CHF was considered as

a single event for each patient and their prevalence was

calculated according to whichever occurred first.

Secondary end points were the 6 week occurrence of severe

CHF, mild-to-moderate heart failure, nonfatal recurrent myo-

cardial infarction and angina, and cumulative 1-year mortality.

All deaths occurring during the trial were separately classified

as due to cardiac or noncardiac causes.

Patients were considered to have severe CHF if after

randomization they had at least three of the following: (1) third

heart sound, (2) bilateral pulmonary rales, (3) radiological

evidence of pulmonary congestion (above grade II on the scale

of Madsen),16 or (4) peripheral edema, despite the concomitant

administration of digoxin, diuretics, and vasodilators other than

ACE inhibitors and requiring open-label treatment with an ACE

inhibitor. Clinical signs of mild-to-moderate heart failure were

categorized according to the New York Heart Association

functional classification (I through IV).17

Further details on classification of events may be found in the

main SMILE publication.7

Statistical analysis
The present study is a post hoc analysis carried out on

NSTEMI patients enrolled in the SMILE Study. The baseline

characteristics and the distribution of the various parameters



Figure 1

Combined occurrence of death and severe heart failure at 6 weeks (A) and cumulative incidence during the treatment period (B) in NSTEMI
patients treated with placebo or zofenopril.

Figure 2

Occurrence of severe CHF at 6 weeks (A) and cumulative incidence of severe CHF during the treatment period (B) in NSTEMI patients treated with
placebo or zofenopril.
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for the placebo and active treatment groups were compared

using a m2 test for categorical variables (with Yates continuity

correction where appropriate) and standard normal t test for

continuous variables. Risk reductions and corresponding 95%
CIs were calculated. The m2 analysis was applied to data with

the Mantel-Haenszel extension for the comparisons between

the two treatment groups. Time-to-event curves for mortality

were drawn using Kaplan-Meier estimates and the survival



Figure 3

Mortality at 1 year (A) and Kaplan-Meier survival curves during the 1-year follow-up (B) in NSTEMI patients treated with placebo or zofenopril.

Table II. Prevalence of secondary study end points in the
placebo and zofenopril group

Placebo Zofenopril
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analysis was performed according to the Lee-Desu statistic for

group comparisons.

All analyses were performed on an intention-to-treat basis

and all P values are 2-tailed.

(n = 273) (n = 253)

2Pn (%) n (%)

6 wk
Mild-to-moderate heart failure 9 (3.3) 10 (4.0) .688
Recurrent myocardial infarction 0 (0.0) 1 (0.4) .317
Angina 50 (18.3) 47 (18.6) .938
Cardiac death 20 (7.3) 10 (4.0) .093
Noncardiac death 0 (0.0) 1 (0.4) .317

1 y
Cardiac death 41 (15.0) 18 (7.1) .025
Noncardiac death 2 (0.7) 2 (0.8) .939
Results
Patients

A total of 526 (33.8%) of the 1556 patients included

in the main SMILE Study had NSTEMI with chest pain.

Mean treatment duration was 5.1 F 0.4 weeks

(median 5.4 weeks), whereas average follow-up time

was 52 F 2 weeks.

The number of NSTEMI patients was well balanced

between the two treatment arms: 273 patients (51.9% of

the NSTEMI patients) were assigned to placebo and 253

(48.1%) to zofenopril. As reported in Table I, the two

treatment groups were homogeneous for baseline

clinical characteristics.

Primary outcome measures
During the 6 weeks of treatment, death or severe CHF

occurred in 28 (10.3%) of the 273 patients randomized

to placebo and in 9 (3.6%) of the 253 patients

randomized to zofenopril (Figure 1). The relative risk

reduction of a major cardiovascular event under

zofenopril was 65% (95% CI 20%-80%, 2P = .003).

Cumulative incidence of combined death and severe

CHF in the course of the 6 weeks of treatment was

significantly ( P = .017) greater under placebo than

under zofenopril (Figure 1).
Secondary outcome measures
Occurrence of severe CHF at 6 weeks was significantly

lower (2P = .006) in the zofenopril (0.4%) than in the

placebo group (4.0%) with a relative risk reduction of

84% (95% CI 33%-97%) (Figure 2).

The 1-year mortality rates for all patients according to

their original treatment assignments are shown in

Figure 3. Patients who received zofenopril for 6 weeks

were significantly more likely to survive than patients

given placebo. During the 1 year of observation, 43

(15.8%) of the 273 patients in the placebo group died, as

compared with 20 (7.9%) of the 253 patients in the

zofenopril group, this difference accounting for a

significant (2P = .036) reduction in the risk of death

(43%, 95% CI 14%-57%, 2P = .036).



Figure 4

Changes in supine systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) after 6 weeks of treatment with placebo (open
bars, n = 273) or zofenopril (full bars, n = 253) in NSTEMI patients.

Table III. Distribution of concomitant treatment at 6 weeks and
after 1 year of follow-up

6 wk 1 y

Placebo Zofenopril Placebo Zofenopril

Antiplatelet
agents (%)

88 83 86 84

ACE inhibitors (%) – – 24 25
h-Blockers (%) 35 30* 43 35*
Calcium-channel

blockers (%)
13 11 14 11*

Diuretics (%) 11 11 22 14*
Nitrates (%) 26 24 32 32

Asterisks refer to the statistical significance of difference between placebo and
zofenopril (*P b .05).
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Rate of occurrence of 6-week mild-to-moderate heart

failure, recurrent myocardial infarction, and angina was

the same in the placebo and zofenopril group (Table II).

Number of noncardiac deaths was small both during the

randomized treatment period and during the 1 year of

follow-up (Table II). As expected, rate of cardiac deaths

was much greater than that of noncardiac deaths and

more frequent in the placebo than in the zofenopril

group ( P = .025 for cardiac mortality at 1 year) (Table II).

Blood pressure profile
At the end of the 6-week treatment period, supine

systolic blood pressure changes were not significantly

different between the two groups, while a slightly but

significantly ( P b .05) greater diastolic blood pressure
reduction was observed in patients treated with zofe-

nopril (Figure 4). Heart rate was reduced in both groups,

and changes were comparable between zofenopril

and placebo.

Concomitant therapies
During the 6 weeks of double-blind therapy, the

concomitant pharmacological treatment was compara-

ble in the two treatment groups. Only the use of

h-blockers was lesser among patients taking zofenopril

(Table III). At 1-year follow-up, in addition to h-blockers,

use of calcium-channel blockers and diuretics was also

less frequent in the zofenopril treatment group. The rate

of patients taking open-label ACE inhibitors was small

and similar between the two original randomization

groups (Table III).

Discussion
The results of this post hoc analysis of the SMILE

Study7 demonstrate that a 6-week treatment period with

zofenopril is effective in reducing death and severe

refractory CHF in non-thrombolysed NSTEMI patients9

and represent the first evidence of a prognostic benefit

of early ACE inhibition in these patients. In addition to

these clinically relevant observations, our study high-

lights the beneficial effect of short-term treatment with

zofenopril on long-term survival after withdrawal of

treatment in this subgroup of patients.

The reduction in morbidity and mortality achieved

with zofenopril was largely independent from systolic

blood pressure reduction, suggesting that the drug may
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affect patients’ prognosis beyond and in addition to its

hemodynamic effect. Zofenopril may have a cardiopro-

tective effect preventing the increased risk of infarct

expansion and left ventricular remodeling that follows

myocardial infarction.18,19 It may also provide a prompt

blockade of the deleterious effects of neurohumoral

activation,20,21 which is observed in patients with acute

myocardial infarction and is involved in the develop-

ment of coronary vasoconstriction, endothelial dysfunc-

tion, and myocardial ischemia.15

In this post hoc study, the relative risk reduction in the

composite end point of overall mortality or severe CHF

observed after 6 weeks in patients treated with zofeno-

pril (�65%) as well as the reduction in mortality (�43%)

exceeded that observed in the overall population of the

SMILE trial, which included patients with ST-elevation

anterior myocardial infarction, and was greater than that

observed in NSTEMI subgroups of previous randomized

studies with ACE inhibitors.5,6,22 This may suggest that

patients with NSTEMI may have particular advantages

from early administration of an ACE inhibitor. The

cardioprotective role of zofenopril was also confirmed

by the significantly lower number of cardiac deaths at

1 year of follow-up. However, owing to limited study

sample size, no significant between-groups difference

was observed in the rate of mild-to-moderate heart

failure, recurrent myocardial infarction, and angina after

6 weeks of treatment. This does not allow us, however,

to conclude that early ACE inhibition of NSTEMI patients

has a specific anti-ischemic activity as suggested in

preliminary studies in humans and animals.19,23-25

Further randomized studies in larger populations would

be needed to prove this.

In spite of its relevant findings, the present study also

has some limitations. First of all, it is based on a post hoc

analysis of the SMILE Study, including one third of the

overall study population. However, given the amount of

risk reduction for the primary and secondary end points

observed, the results of our study are in agreement with

the extent of cardiovascular protection achieved with

other drugs (eg, h-blockers) in patients with acute

NSTEMI.26 Second, this post hoc analysis was retro-

spective in nature. However, because no prospective

studies on the benefit of ACE inhibition in non-

thrombolysed NSTEMI patients are available, we must

rely on evidence provided by the retrospective data,

which are the only data available for analysis. Third, it

might be argued that the slightly greater diastolic blood

pressure reduction (2 F 1 mm Hg) achieved with

zofenopril as compared with placebo might have

contributed to reducing the event rate in patients under

active drug treatment. However, when the data were

adjusted according to differences in blood pressure

control between treatments, the benefit of zofenopril

was unchanged (data not shown). Moreover, the systolic

blood pressure decrease was comparable between the
two treatment groups and we know that in a multivar-

iate approach, systolic blood pressure is the strongest

determinant of CV risk.27

In conclusion, results of this post hoc analysis of the

SMILE Study strongly support the choice of zofenopril

as first-line therapy in the early phase of anterior

wall NSTEMI.

We thank Dr Giacomo Mordenti for his valuable

statistical support for data analysis and Dr Stefano

Omboni for helping in preparing the manuscript.
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Appendix A

SMILE Study

The following people have participated in the SMILE Study

(in places that had more than one study center, the number of

study centers are given in parentheses):

Albano Laziale: G Ruggeri, L Giamundo; Alessandria: Ravazzi,

G Taverno, MC Ferrara; Ancona (two centers): E Paciaroni, A

Purcaro; Arienzo: V Zucconelli; Avellino: D Rotiroti; Bari: L

Colonna, C D’Agostino, F Bovenzi; Barletta: D Messina, G

Deluca; Battipaglia: G Mondillo; Belluno: P Pellegrini, A Da

Rold, G Soravia; Benevento: S Lombardi; Bologna (three

centers): D Bracchetti, PC Pavesi, M Mezzetti, A Branzi, G

Melandri, G Di Biase; Borgosesia: M Gronda, V Magnano; Breno:

G Straneo, AC Tosin; Brescia: C Rusconi, A Gardini; Broni: L

Corradi, B Albonico, R Scabrosetti; Brindisi: A Verrienti, A

Storelli; Busto Arsizio: V De Petra, E Cecchetti; Cagliari: A

Cherchi, C Lai, E Orani; Caltanisetta: C Amico, A Federico, F

Vancheri; Camposanpiero: A Pantaleoni; Carpi: A Merighi;

Caserta: E Correale, C Chieffo, M Catanzaro; Castelfranco

Veneto: C Cernetti, GL Suzzi, F Canel; Castel Nuovo nè Monti:

U Guiducci, D Molinari; Castellamare di Stabia: G Pepe, E

Murena, L De Vivo; Castrovillari: L Vigna, C Caluelli; Catania

(four centers): A Circo, S Raciti, R Bosco, F Platania, F Casaccio,

A Galassi, R Coco, M Franco, S Mangiameli; Catanzaro: M

Primerano; Cava dei Tirreni: R Della Monica; Cento: P Alboni, F

Ippolito, M Ribani; Cesena: P Acito, D Capelletti; Chiari: C

Bellet, G Beghelli; Cinisello Balsamo: GC Maggi; Cittadella: P

Maiolino, U Di Lio, A Calvanese; Codigoro: L Suriani, V Di

Chiara; Colleferro: S Sonnino; Como: G Ferrari; Copertino: G

De Rinaldis; Correggio: S Signorelli, L Lusetti; Cuneo: E

Uslenghi, F Margaria; Desenzano del Garda: B Lomanto, A Rossi;

Desio: D Riva, G Iacuitti, G Cattò; Domodossola: G Tirella;

Eboli: F Giovine; Faenza: A Maresta, L Pirazzini, F Tani; Fano: F

Pupita; Ferrara: L Codecà; Fidenza: L Andreoli, A Varacca;

Firenze: F Marchi, P Battelli, L Sabatini; Foggia: D De Matteis, G

Maulucci; Foligno: L Tini Brunozzi, R Liberati, C Pag notta;

Forlı̀: F Rusticali, C Simoni; Fossano: M Radogna, M Tallone, R

Conte, A Airaldi; Fucecchio: A Ieri, G Fradella, A Ferreri;

Genova (two centers): F Basso, R Del?no, E Oldoino, GL Secchi,

S Caponnetto, MP Masperone, T Carazza; Grosseto: T Lanzetta,

A Cresti; Imola: C Parchi; Lanciano: L Di Guglielmo, G
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