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La diminution de la fraction d'éjection après infarctus du myocarde est-elle 
suffisante pour justifier l'implantation prophylactique de défibrillateur ? 

Introduction: La diminution de la fraction d'éjection (FE) est un facteur prédictif majeur 
de mortalité cardiaque chez les patients avec ancien infarctus du myocarde (IM). Les 
plus récentes études, pour la plupart conduites à la fin des années 90, montrent une 
diminution de la mortalité post-hospitalière à 10 à 20% par année. Une amélioration de la 
survie par implantation prophylactique de défibrillateurs a été démontrée chez les 
patients avec dysfonction myocardique avancée après ancien IM dans la cadre de 
l'étude MADIT Il (Multicenter Automatic Defibrillator Implantation Trial) et est depuis lors, 
considérée comme une thérapie recommandée. 
Le bénéfice de l'implantation prophylactique de défibrillateurs en terme de nombre 
nécessaire de patients à traiter pour prévenir un évènement est d'un intérêt primordial en 
raison des complications potentielles liées à la procédure et l'appareillage, des 
implications psychologiques ainsi qu'en raison de l'analyse coût-efficacité. Le nombre de 
patients à traiter est corrélé au risque actuel de mortalité rythmique, probablement 
influencé par les récentes avancées thérapeutiques dans la prise en charge aigue de 
l'IM (notamment par angioplastie primaire) et de l'insuffisance cardiaque. Or, dans 
l'étude MADIT Il, le recrutement des patients était effectué entre 1997 et 2001 et 
l'intervalle moyen entre l'IM et le recrutement était de plus de 6 ans. Le but de l'étude 
était donc d'évaluer, dans la pratique générale, la mortalité actuelle de patients ayant 
survécu à un IM avec diminution consécutive significative de la FE. La stratification du 
risque sur la base des variables hospitalières a de même été explorée. 
Méthode: Une analyse de cohorte de patients avec infarctus aigu du myocarde admis 
de 1999 à 2000 a été effectuée dans 2 centres hospitaliers (un universitaire et un 
cantonal). Tous les dossiers cliniques des patients sortis d'hôpital avec FE documentée 
~ 0·40 ont été inclus. Les caractéristiques des patients, les procédures diagnostiques et 
thérapeutiques ainsi que la médication étaient reportées. La période de suivi débutait à 
la sortie d'hôpital. Les end-points primaires étaient la mortalité globale, la mortalité 
cardiaque et les morts subites. Une analyse bivariée et multivariée a été effectuée. 
Résultats: 165 patients ont été inclus. Durant un suivi médian de 30 mois (interquartile 
range 22-36), 18 patients sont décédés (5 morts classifiées comme cardiaques, 8 
comme subites, 5 de causes non cardiaques). Les taux de mortalité à un et deux ans 
selon analyse de Kaplan-Meier étaient de 6. 7 et 8.6%, respectivement. Les variables 
reflétant l'atteinte coronarienne et sa prise en charge (antécédent d'IM, reperfusion 
aigue, revascularisation complète) étaient plus significativement associées à la mortalité 
comparées aux variables reflétant la dysfonction myocardique (FE, classe Killip à 
l'admission). 
Conclusion : La mortalité des patients ayant survécu à un IM avec dysfonction 
myocardique avancée a diminué de façon substantielle depuis la fin des années 90. La 
diminution de la mortalité rythmique implique une augmentation proportionnelle du 
nombre de patients à traiter par implantation de défibrillateur pour prévenir un 
évènement. Par ailleurs, une stratification du risque après IM basée uniquement sur la 
FE semble être inappropriée au vu de son impact mineur sur la mortalité comparé aux 
autres facteurs de risque identifiés dans notre étude. Les patients sans antécédents 
d'infarctus et ceux ayant bénéficié d'une revascularisation aigue ou complète avait une 
mortalité cumulée à 2 ans de, respectivement, 2.5%, 3.9% et 2.3%. Pour ce type de 
patients à bas risque le bénéfice de l'implantation prophylactique de défibrillateur doit 
être remis en question. Au vu de cette étude, une stratification additionnelle du risque 
avant implantation de défibrillateur est à considérer. 
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Reduced Ejection Fraction After 
Myocardial lnfarction* 
ls lt Sufficient To Justify Implantation of a 
Defibrillator? 

Patri'.zio Pascale, MD; Patrick Taffe, PhD; Claude Regamey, MD; 
tukas Kappenberger, MD; and Martin Fromer, MD 

. Background: Improved survival after prophylaetic implantation of a defibrillator in patients with 
reduced left ventricular ejection fraction (EF) after myocardial infarction (MI) has been 
demonstrated in patients who experienced remote Mis in the 1990s. The absolute survival benefit 
confcrred by this rccommendecl strategy must be rclated to the current risk of arrhythmic dcath, 
which is evolving. This stucly evaluates the mortality rate in survivors of MI with impaired left 
ventricular fonction and its relation to pre-hospital discharge baseline characteristics. 
Methods: The clinical records of patients who had sustained an acute MI between 1999 and 2000 
and had been clischarged from the hospital with an EF of ::5 40% were. includcd. Baseline 
characteristics, drug prescriptions, and invasive procedures were recordecl. Bivariate and 
multivariate analyses were performed using a primary end point of total mortality. 
Results: One hundrcd sixty-five patients were inclucled. During a mcclian follow-up period of 30 
months (interquartile range, 22 to 36 months) 18 patients clied. The 1-year and 2-year mortality 
rates were 6.7% and 8.6%, respectively. Variables reflecting coronary artery diseuse and its 

· management (ie, prior MI, acute reperfusion, and complete revascularization) had a greater 
impact on mortality than variables reflecting mechanical dysfonction (ie, EF and Killip class). 
Conclusions: The mortality rate among survivors of Mls with reduced EF was substantially lower 
than that reportecl in the 1990s. The strong decrease in the arrhythmic risk implies a proportional 

. increase in the number of patients necded to treat with a prophylactic defibrillator to prcvent one 
adverse event. The risk of an event may even be sufficiently low to limit the cletectable benefit of 
clefibrillators in patients with the prognostic features identified in our study. This argues for 
aclditional risk stratification prior to the prophylactic implantation of a clcfibrillator. 

(CHES1' 2005; 128:2626-2632) 

Key words: arrhythrnia thcrapy; artcry diseasc; cardiology; coronary artery; epidemiology; myocardial infarction 

Ab?rcviations: CABG = coronary artery bypass graft; EF = ejection fraction; !CD =implantation of a eardioverter 
delihrillator; IQR = interquartile range;. MADIT = Multicenter Automatic Defibrillator Implantation Trial; 
Ml= myoeardial infarction; NNT = nurnber of patients necded to treat; PCI = percutaneous coron<l!y intervention 

R educed ejection fraction (EF) is considered one 
of the major independent cleterminai1ts of car­

diac mortality amorig survivors of acute myocardial 
infarction (MI). 1-:3 However, EF does not discri.mi-

nate between modes of death or identif\· patients for 
whom cleath is more likely to be the result of 
arrhythmia. 4,5 The EF -mortality curve exhibits a 
hyperbolic trend with an upturn in mortality occur­
ring at EF values of < 40%.l.2 More recent stud­
ies3·6-10 evaluating post-hospital discharge mortality 
among patients with cardiac clysfunction, most of 
them conducted in the late 1990s, documented a 
trend toward a decrease in mortality but still re­
ported rates of 10 to > 20% at 1 year. More recent 
data are not available. 
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The Multicenter Automatic Defibrillator Implan­
tation Trial (MADIT) II showed that prophylactic 
implantation of a cardioverter defibrillator (ICD) in 
patients with advanced left ventricular dysfonction 

Clinical Investigations 



and remote MI sustained in the 1990s improves 
survival and shoulcl be considered as a recommended 
therapy. 11 Eligible patients were not ~equired to 
undergo any prior risk stratification, such as Holter 
recording or electrophysiologic testing. 

The magnitude of the effect of prophylactic 
ICD, expressed as the number of patients neecled 
to treat (NNT) to prevent one adverse event is of 
particular interest due to procedure-related and 
clevice-relatecl complications, the psychosocial 
impact of ICD therapy, and for cost-effectiveness 

· consiclerations. The NNT has to be relatecl to the 
risk of arrhythmic death, which is evolving. Sud­
den cardiac death risk is likely to have been 
recluced bv the cumulative effects of recent ad­
vances 1n 'the management of acute MI (ie, the 
timely restoration of blood flow in the infarct­
relat~d artery) and left ventricular dysfonction. 
Furtherrnore, the cumulative benefit resulting 
from recent therapeutic advances is likely to have 
moclified risk stratification among survivors of 
acute Ml. 

Therefore, the purpose of our study was to evalu­
ate,. in general practice, the current mortality and 
suclden death rates in srnvivors of acute MI who had 
a significant reduction in EF. We also explored the 
relationship behveen pre-hospital discharge baseline 
characteristics and subsequent outcomes. 

MATERIALS AND METHODS 

Patient Selection 

A eohort analysis of patients with acute MI who were admitted 
to the hospital betwcicn Janumy 1999 and Dccomber 2000 was 
eonductcd at two bospital centcrs (one univcrsity-bascd and one 
comrnunity-based). The universîty hospital provided facilities for 
ear<liae cathcte1ization and cardiac surgcry. The community 
hospital had neither. Patients who were discharged from the 
hospital alive with a pre-hospital discharge EF of ::; 40% were 
includcd for t\irthcr follow-up. Patients with a diagnosis of MI 

· were identified using the International Classification of Diseases, 
tenth rcvision, clatabasc. EF was obtained before hospital clis­
charge from the following sources (in preforrcd order): a left 
ventiiculogram; a radionuclide ventriculogram; or an echocardio­
gram. The diagnosis of acute MI was based on the repmt of the 
Amcrican Collcgc of Cardiology Task Force on Clinical Data 
Standards,iz including a typical rise and fa]] of biochcmical 
markcrs of rnyoeardial necrosis ( troponin and crcatine kinasc­
MB) with at least one of the following: ischemic syrnptoms; 
development of pathologie Q waves on the ECG; ECG changes 
indicative of ischernia (ie, ST-segment elcvation or dcprcssion); 
or cornnary artel)' intervention. We validated eligibility by spe­
eillcally reviewing the clinical records. 

Follow-up and End Points 

The follow-up period started at the tirne of hospittù discharge. 
At the end of the follow-up, data wcre obtained from the prirnary 
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eare physicians through a questionnaire. For patients whosc 
gencnù practitioner was unknown, a telcphone interview with the 
paticnt·was condueted by a staff physician. Supplcmentary data 
were then obtained from the patient's physician. Ail patients gave 
verbal informed consent. 

The primai')' end point was death frorn any cause. Secondary 
end points were death from a cardiac causC' and suddcn death. 
Sudden dcath was dcfincd either as occurring within l h of onsct 
of new symptoms (or in a patient with no ~ymptoms or stable 
syrnptoms) or as not witncssed within 24 h of the patient bcing 
known not to have· new symptorns. Othcr end points assessed 
were as f'ollows: Nelv York Heart Association lirnctional class nt 
last contact; nonfatal clinicallv doeumcntcd i'vlI: rcvascularization 
procedures; and ICD. ' 

Statfatical Analysis 

Quantitative parameters were given as the rnedian and intcr­
quartilc range (IQR) for continuous variables an<l pcrccntagc's for 
categoric variables. The bivariatc relatiônship between c:ategoric 
variables and mortality was explored by plotting the actunrial 
survival curves using the Kaplan-Meier mdhod, and significanec 
was estirnated by the log-rank test. Comparisons between con­
tinuons variables wcrc carricd out using the Cox rcgression 
analysis. Multivariate analysis was pcrforrncd using tbc Cox 
propo1tional hazards mode! to assess independent associations 
betwccn prognostic variables and rnortality. Possible interactions 
were asscssecl, and proportionality assumptions wcrç tcstcd. For 
continuous covariables, the appropriatc mathematical transfor­
mation was asscssed using fraetional polynornials. Statistical 
signiflcance was assurned for p values of < 0.05. Statistical 
arialysis was performed using a statistic·al software paekage 
(STATA, version 8; Stata Corp; Collugc Station, TX). 

Ethics 

P
0

roced11res were ail conducted in accordance with the ethical 
standard of the Hospital Ethics Committee. 

RESULTS 

Patients' Characteristics and Procedures 

Eight hundred twenty-eight patients were identi­
fied, of whom 169 patients (20%) had no assessment 
of left ventricular EF during their hospital stay and 
446 (54%) hacl an EF of> 40%. Of the 213 patients 
(26%) with an EF of :5 40%, 37 died in the hospital 
and 176 were dischargecl from the hospital alive. Of 
these, I 70 patients were eligible as 6 did not folfill 
the definition criteria of acute MI based on the 
American College of Carcliology clinical data stan­
dards.12 Five patients were subsequently excluded 
frotn the study because they were not resident in the 
country. Follow-up data were obtained for 164 pa­
tients. One patient was lost to follow-up. The base­
line characteristics, clinical presentation, and ECG 
findings for the 164 patients are presented in Table 
I. Men accounted for 75% of the population, and the 
median age was 6<5 years (IQR, 60 to 75 years). The 
proportion of patients who sustainecl at least one 
previous documented MI was 29%. There was ST-
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Table 1-Baseline Characteristics of tlte 164 Patients* 

Charnctc1istics Values 

Flaseline 
Median age, t yr 68 (60-75) 
Male sex, % 75 
Previous lvll, % 27 
Previous PC!, % 15 
Previous CABG surgery, % 7 
Diabetes, % 19 
Hypertension, % 48 

Clinical prescntation 
Killip class ~ 2, % 38 
Not available 12 

ECG f'indings, % 
ECG changes 

ST-segment elevation 79 
l'ion-ST-segment elevation 13 
Left B B B/paced rhytbm/not available 7 

Location of EC:G changes 
Anterior 64 
Laternl 4 
Infe1ior 21 
Posterior 2 
Left BBB/paced rhythm/not availnble 11 

QHS duration 
< 0.12 s 86 
~0.12s 11 
Paced rhythm ;3 

Q waves on follow-up ECG (new or preexistent),f % 92 
Rhythm at hospital discharge 

Sinus rhythm 94 
Atrial fibrillation 4 
Paced rhythm 2 

---------~----- ------
*BBB = lmndle branch block. 
f Values in parentheses are the IQH. 
tAnyQ wave in leads VI through V3 ~ 30 ms in leads I, Il, aVL, aVF, 
\14, \15, and \16 (witb two contiguous leads and è! 1 rnm in depth). 12 

segment elevation (ie, :2: 1 m~n in two or more 
contiguous leads) in 79% of patients. The location of 
ECG change was anterior in 64% of patients. 

The cardiac procedures and medications adminis­
tered at last contact are presented in Table 2 .. Acute 
reperfusion therapy was performed in 49% of pa­
tients. Thrombolysis and primary angioplasty were 
carried out in .34% and 15% of patients, respectively. 
These two procedures were used equally in the 
hospital with percutaneous coronmy inteivention 
(PCI) facilities (20% vs 2.3%, respectively). The 
rnedian EF was 35% (IQR, .30 to 40%), with 62% of 
patients having an EF of :s 35%. Coronaiy angiog­
raphy during the hospital stay was perforrned in 81 % 
of cases. PCI \vas performed in 55% of the patients, 
and coronary arteiy bypass graft (CABG) surgery in 
15% of patients. · 

Follow-up End Points 

During a median follow-up d 30 months (IQR, 22 
to 36 rnonths), 18 patients died (ail-cause mortality 
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Table 2-Cardiac Proceditres During Index 
Hospitalization and Medications at Last Contact* 

Cardiac Procedures 

Admissions to hospitals without PCI facilities, % 
Acute reperfusion, % 

Thromholysis (no PC! faci\itios vs PC! 
facilities) 

Primmy angioplasty (no PCI facilities vs PC! 
facilities) 

Meclian EF, f % 
C:ardiac cathetetization, % 
Vessels with stenosis of~ .50%, % 

None 
One 
Two 
Three 

PCI, % 
LAD 
LCx 
RCA. 
Two vessels 

CABG surgery, % 
Autoir1atic deflbrillator implantation, % 
Meclications at lnst contact, % 

Ai1tiplatelet thernpy 
Anticoagulation 
Antiplatelet therapy or anticoagulation 
ACE inhibitor or AT 1 receptor blocker 

13-blocker 
Diuretic 

Cholesterol-lowering drugs 

Digitalis 

·Values 

,52 

3.J (47 VS 20) 

],) (6 l'S 2,'J) 

,3,5 (30-40) 
81 

:3 
38 
29 
29 
5.) 
ïl 

17 
12 
J.5 
1 

rm 
37 
85 
84 
61 
:)9 

68 
9 

*LAD = le/'t ant~1ior descending coronary artery; LCx = lcft rir­
cumflex coronary aite1y; HCA = tight coronmy mtery; ACE = angio­
tensin-converting enzyme; AT = angiotensin. 

tValues cited are the last om•s obtained before hospital disc:lrnrge. 
Values in parentheses are the IQR. · 

rate, l.1..0%). Five deaths were classified as cardiac 
(progressive heart failure, four patients'; Ml, one 
patient), eight deaths were classified as sudden, 
and five werè classified as noncardiac. By Kaplan­
Meier analysis, the overnll 1-vear and 2-vear 
rnortalitv rates were 6.7% and 8:6%, respecti;1elv. 
Kaplan:~1eier estimates of ail-cause mortality a;e 
shown in Figure l. 

Progression to markecl symptomatic heart failure, 
classified as a New York Heart Association fonction al 
class of :2: :3 occurred in 20% of patients. Six percent 
of patients had experiencecl at Ieast one clinically 
documented nonfatal MI during the follow-up pe­
riod. Revascularization procedures were perforrned 
in 16% of patients (PGI, 12%; CABG surgery, 4%). 
Automatic defibrillator implantation was perfonned 
in one patient with asymptcimatic, unsustained ven­
tricular tachycarclia. 

Bivariate Analysis 

An analvsis of the associations between the char­
acteristics, of selected patients and outcorne during 
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the follow-up period is shown in Table 3. The factors 
that showed the rnost signiflcant associations with 
ail-cause mortality were as follows: age; duration of 
QRS of 2: 0.12 s; and the variables that reflected 
coronary artery disease and its management (ie, 
presence of a previous documentecl MI, timely 
restoration of blood flow in the infarct-relatecl coro­
nary artei)' [tbrombolysis or primat)' angioplasty]; 
and docurnented complete revascularization) [Fig l]. 
In contrast, the variables reflecting mechanical car­
diac dysfonction (ie, Killip class and left ventricular 
EF) clid not significantly discriminate bet\veen those 
patients who survived and those \vho died. 

Multivariate Analysis 

M ultivariate analysis dernonstrated an indepen­
dent relation to all-cause death for the clinical 
variable previous MI. \Vith regard to corona1)' artet)' 
disease and its management, acute reperfusion and, 
to a lesser extent, documented complete revascuhtriza­
tion were of independent predictive value (Table 4). 

DISCUSSION 

Our study shows that the 1-year and 2-year mor­
tality rates among patients discharged from the 
hospital after experiencing an acute MI with an EF 
of:::;; 40% have decreased markedly compared to the 
rates cited in more recent studies evaluating post­
hospital discharge mortality among patients with 
cardiac dysfonction, with reported rates. of 10 to 
> 20% at 1 year.3 .r;-rn This is all the more signiflcant 
because most prior studies were interventional trials 
enrolling patients with numerous exclusion criteria, 

Table 3-Bfoariate Analysis of the Associations Among 
Selected Variables and All-Cause Mortalit.y* 

No Yes 
Ail-Cause Death (n = 146) (n = 18) p Value 

Age, yr 66 .. 5 (58-73) 76 . .5 (67-80) 0.0001 
1vlale sex 75 78 0.7042 
Dinbetes 18 33 0.0964 
Left ventricular EF 35 (30--40) 33.7.5 (28.125-37 .. 5) 0.1864 
Left ventlicular EF 28 :39 0.330.5 

:S :30% 
Killip class ?: 2 41 61 0.1132 
QRS ;?; 0.12 s 8 3.5 0.0004 
Previons MI 24 61 0.0003 
Acute reperfusion .5:3 17 0.0048 

(thrombolysis or 

ptimmy angioplasty) 
Documented complete .57 lï 0.0007 

revasc11larimtîon 
(a eu te or not) 

*Values are given as median (IQR) or%, unless otherwise indicated. · 
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Table 4-Multivariate Analysis of the Associations 
Among Selected Variables and All-Cause iYlortality* 

Ail-Cause Death 

Age 

Male sex 
Left ventticular EF 
Previous Ml 
Acute reperfusion 
Documented cornplete 

revasc:ularization 
(acute or not) 

HR (9.5% CI) 

1.067 (0.897-1.142) 
2.076 (0.6.52--6.610) 
IJJ20 (0.939-1.108) 
3.632 (l.3.56-9.728) 
0.267 (0.072-0.(l\12) 

0.279 (0.07·1-I .0.50\ 

p Value 

ll.059 
0.2 ](i 

0.634 
0:010 
0.0118 
0.0.59 

*HR = hazard rntio; CI = confidence interval. 

including age, and with participating physicians more 
prone to apply new therapies. 13 In contrast, in our 
study patients were retrospectively iclentifled, 
thereby avoicling interference with the usual prac­
tice. 

Our studv shows that todav's patients are at a 
lower risk tl1an patients treated for acute Ml in the 
1990s, such as those in the MADIT Il studv. 11 In 
that trial, recruitment was performecl betwee~ 1997 
and 2001, and the mean interval betweén the most 
recent MI was > 6 years (2:: 15 years in 10%). 14 

Our analysis suggests that, in a population with 
recluced EF after experiencing an MI, a QRS clura­
tion of 2:: 0.12 s, and factors reflecting coronary 
artery disease and its management have more impact 
on mortality than EF. Namely, for a given EF, the 
subsequent risk of an arrhythrnic event will cliffer 
greatly bet\veen patients whether acute reperfusion 
has been pe1formed or not, in the presence of a prior 
MI, and, probably to a lesser extent; if cornplete 
revascularization has been performecl. 

Our data are concordant with the reportecl obser­
vations that arrhvthmic mortality (andall-cause mor­
tality) can be affected indepen~1ently of rnyocardial 
salvage (or left ventricular fonction preservation). 
This is illustrated by the results of several random­
ized trials of acute reperfusion therapy in patients 
who experienced acute MI showing enhanced sur­
vival despite similar pre-hospital discharge EFs. l.0-1 7 

One of the mechanisms involved may be increasecl 
electrical stability. Clinical evidence. suggests that 
thrombolysis and patency of the infarct-related 
artel)' significantly reduce the incidence of late 
potentials 18- 21 and the inducibility of ventricular 
tachycardia, and improve arrhythmic outcome22.2:1 

independently of left ventricular fonction. 
Documented complete revascularization before 

hospital discharge was associated with a better prog­
nosis. In our study, reperfusion, when not performecl 
acutely, was perfül'med rnostly in the early post-lvII 
period. There is clinical evidence that late reperfu­
sion (ie, > 24 h after MI) after substantial myocar-
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