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RESUME 

Pronostic des patients avec cardiopathie ischémique sans infarctus du 

myocarde implantés d'un défibrillateur prophylactique; 

enseignements tirés du registre "Very-High-Rate". 

INTRODUCTION :   

Le défibrillateur automatique implantable (DAI) est indiqué en prévention primaire chez les 

patients porteurs d'une cardiopathie ischémique avec dysfonction systolique ventriculaire 

gauche. Il s'agit pour la grande majorité de patients en post-infarctus. L'objectif de ce travail 

était d'étudier le pronostic des patients implantés d'un défibrillateur en prévention primaire sur 

une cardiopathie ischémique sévère, et sans infarctus. 

 

METHODES : 

Tous les patients implantés d'un DAI en prévention primaire sur une cardiopathie ischémique 

entre 2006 et 2016, implantés ou suivis au CHRU de Tours ont été inclus rétrospectivement. 

Les patients resynchronisés étaient exclus. Les patients sans critère d'infarctus étaient appariés 

à des patients post-infarctus à l'aide d'un score de propensité. Les évènements recueillis au 

cours du suivi incluaient le décès, l'hospitalisation pour insuffisance cardiaque, la 

transplantation cardiaque et les thérapies appropriées sur des arythmies ventriculaires ≥220 

par minute. 

 

RESULTATS :  

Sur un total de 571 patients ischémiques consécutifs, 65 patients répondant aux critères sans 

infarctus ont été appariés (1:4) à 260 patients post-infarctus. Après un suivi moyen de 55 ± 36 

mois, 63 patients (24%) sont décédés dans le groupe infarctus et 18 (28%) dans le groupe sans 

infarctus (p=0,19). Les patients sans infarctus avaient en revanche significativement plus de 

thérapies appropriées (choc ou ATP) au-delà de 220 par minute (p=0,04). 

 

CONCLUSION : 

Les patients implantés d'un défibrillateur prophylactique pour une cardiopathie ischémique 

sévère sans critère traditionnel d'infarctus du myocarde ont un pronostic équivalent à ceux 

ayant un antécédent d'infarctus. La fraction d'éjection plus que le critère d'infarctus devrait 

motiver l'indication d'un défibrillateur en prévention primaire. 
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ABSTRACT 

 
 

INTRODUCTION: 

An implantable cardioverter defibrillator (ICD) is recommended in primary prevention for 

patients with an ischemic cardiomyopathy and a reduced left ventricular ejection fraction 

(LVEF). Most of them have a prior myocardial infarction (MI). The aim of this study was to 

compare the prognostic of ischemic patients implanted with a prophylactic ICD with and 

without prior MI. 

 

METHODS: 

All patients implanted with a prophylactic ICD for an ischemic cardiomyopathy between 

2006 and 2016 in the University Hospital Center of Tours (Very-High-Rate registry), were 

retrospectively included. Patients treated by cardiac resynchronization therapy were excluded. 

Patients without conventional criteria of myocardial infarction (MI−) were matched with post-

MI (MI+) patients using propensity score. During follow-up, the following events were 

collected: death, hospitalization for heart failure, cardiac transplantation, appropriated 

therapies on ventricular arrhythmia. 

 

RESULTS: 

Among a total 571 ischemic patients, 65 patients MI− were matched (1:4) to 260 MI+ 

patients. After a mean follow up of 55±36 months, 63 patients (24%) died in the MI+ group, 

18 (28%) in the MI− group (p=0.19). MI− group patients had significantly more appropriated 

therapies (shock or ATP) ≥220 beats per minute (p=0.04). 

 

CONCLUSIONS: 

Patients implanted with a prophylactic ICD for severe ischemic cardiomyopathy without 

conventional criteria of MI have similar outcomes to post-MI patients. LVEF, rather than  

etiology, should indicate ICD implantation in this population. 

 

 

Mis en forme : Anglais (États-Unis)

Mis en forme ...

Mis en forme ...

Mis en forme ...

Mis en forme : Anglais (États-Unis)

Mis en forme ...
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ABBREVIATIONS 

ACE: Angiotensin converting enzyme  

ATP: antitachycardia pacing 

ARB: angiotensin-receptor blockers 

BMI: body mass index 

BPM: beats-per-minute 

CABG: coronary artery bypass graft surgery 

CMR: cardiovascular magnetic resonance imaging 

CRT: cardiac resynchronization therapy 

CTO: chronic total occlusion 

CVD: cardiovascular death 

HF: heart failure 

ICD: implantable cardioverter defibrillator 

IHD: ischemic heart disease 

LGE: late gadolinium enhancement 

LVEDD: Left Ventricular End Diastolic Diameter 

LVEF: left ventricular ejection fraction 

NSVT: non sustained ventricular tachycardia  

MI: myocardial infarction 

MRA: mineralocorticoid receptor antagonist 

MRI: magnetic resonance imaging 

PTA: percutaneous angioplasty 

PSM: propensity score matching 

SCD: sudden cardiac death 

STEMI: ST elevation myocardial infarction 

VF: ventricular fibrillation 

VT: ventricular tachycardia 

Mis en forme : Niveau 1, Interligne : 1.5 ligne

Mis en forme : Interligne : 1.5 ligne

Mis en forme : Interligne : Double
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INTRODUCTION 

Patients with an ischemic cardiomyopathy and reduced left ventricular ejection fraction 

(LVEF ≤35%) are at higher risk of heart failure (HF) and sudden cardiac death (SCD).  

Benefits of implantable cardioverter defibrillator (ICD) implantation in this population are 

well demonstrated1,2,3,4. A delay of at least 40 days before ICD implantation is required after a 

myocardial infarction (MI)5,6. 

In the latest ESC guidelines published in 2015, ICD therapy is recommended for NYHA class 

II or III patients with a LVEF ≤35%, at least 6 weeks post-MI, or 3 months after an optimal 

medical therapy including revascularization, when life expectancy is ≥1 year; stable NYHA 

class IV patients with a LVEF<35% are indicated only when listed for heart transplantation7. 

The more recent North-American guidelines (2017)8 do slightly differ. In NYHA class I 

patients with an ischemic heart disease, ICD is recommended if LVEF is 30% or less, at least 

40 days post-MI, and at least 90 days after revascularization (life expectancy ≥1 year). LVEF 

cutoff even rises up to 35% in NYHA class II or III patients. Finally, in post-MI primary 

prevention patients, ICD may be recommended if LVEF is 40% or less if an inducible 

sustained ventricular arrhythmia occurs during electrophysiological study. 

In these guidelines, as well as in MADIT II1 and SCD-HeFT studies2, ischemic heart disease 

(IHD) always appears connected to MI, and little is known about ICD in ischemic patients 

without true MI according to conventional definitions. 

The aim of this study was to assess the specific prognostic of patients implanted with a 

prophylactic ICD for an ischemic cardiomyopathy with reduced LVEF who do not meet the 

traditional criteria for previous MI. 
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METHODS 

Population 

Consecutive patients with an ischemic heart disease and a LVEF ≤35% implanted with an 

ICD in primary prevention of SCD from 2006 to 2016 in the University Hospital of Tours 

were retrospectively included. 

Ischemic heart disease was defined according to the criteria used in the SCD-HeFT study2. 

Myocardial infarction was defined according to the criteria used in the MADIT II study3. 

The MI+ group inclusion criteria were: (1) an acute ST segment elevation or presence of 

chronic abnormal Q waves on ECG; (2) evidence of obstructive coronary disease on 

angiography; (3) a LVEF of 35% or less at least 6 weeks after revascularization, as assessed 

by echocardiography; (4) a NYHA class II or III. 

The MI− group inclusion criteria were: (1) no evidence of myocardial infarction on ECG; (2) 

no obstructive coronary disease on angiography explaining the reduced LVEF; (3) at least 

75% narrowing of at least one of the three major coronary arteries (marked stenosis); (4) a 

LVEF of 35% or less at least 3 months after revascularization, as assessed by 

echocardiography; (5) a NYHA class II or III. 

Exclusion criteria were: an age <18 years; secondary prevention indication; absence of at least 

75% narrowing of at least one of the three major coronary arteries (marked stenosis) on 

angiography; a LVEF >35%; a NYHA class I or IV; indication of CRT implantation. 

Propensity score was used to match all MI− group patients in a 1:4 fashion with MI+ group 

patients. Propensity score parameters were: sex, age, LVEF, NHYA class, revascularization, 

beta-blocker and ACEi/ARB therapies, high blood pressure, diabetes mellitus, smoking 

(current or deprived), dyslipidemia, overweight (BMI ≥25 kg.m-2), and family history of 

cardiovascular disease. 
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Device implantation 

All patients had an echocardiography <48 hours before ICD implantation with an evaluation 

of the LVEF by the Simpson biplane method. 

Systems were manufactured by Biotronik, Medtronic, St Jude Medical, Guidant/Boston 

Scientific and Sorin/Livanova, and implanted according to the physicians' preferences. 

 

Programming 

Patients, as primary prevention patients, were all included in the Very-High-Rate registry9,10. 

Tachycardia settings were standardized: a monitoring zone starting at a rate of 170 beats per 

minute (bpm) or above, and a ventricular fibrillation zone at 220 bpm or above, with nominal 

settings for the number of detection intervals, according to the manufacturer. Shock therapies 

were programmed at maximum output and antitachycardia pacing (ATP) before or during 

charging, when available. 

 

Follow-up 

Patients were followed at least once a year with a clinical examination, an ECG, and the 

device interrogation. 

Events collected were: death and the cause of death (sudden cardiac, cardiac, or non-cardiac), 

hospitalization for heart failure (HF), cardiac transplantation, appropriate therapies (either 

shock or ATP). Follow-up ended with death, cardiac transplantation, or system extraction 

without reimplantation. 

 

Statistical Analyses 

All analyses were performed using JMP software version 9.0 (SAS Inc, Cary, NC, USA). 

Quantitative variables were compared with a T-test and qualitative variables with a Chi-
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square test. Survival was evaluated using Cox proportional hazards analysis, providing 

Kaplan-Meier curves and 95% confidence intervals. Statistical significance was defined by p 

<0.05. 
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RESULTS 

Population 

A total of 571 consecutive patients with an IHD and implanted with a prophylactic ICD were 

screened. We excluded 190 patients implanted with a CRT device11. Among the 381 non-

CRT patients, 65 met the criteria of the MI− group. The MI+ group consisted of 260 

propensity score matched (1:4) post-MI patients (Figure 1). 

The mean age was 64 ±8 years, LVEF 27 ±7%, 269 (83%) patients were NYHA class II. 

Baseline patients' characteristics are reported in the Table 1 and Table 2. MI− patients' 

characteristics are reported in Table 3. 

 

Outcomes 

During a mean follow up of 55±36 months (median 51), 63 (24%) patients in the MI+ group 

and 18 (28%) in the MI− group died (p=0.19) (Figure 2). 

HF hospitalization or cardiac transplantation occurred in 68 (26%) patients in the MI+ group, 

and 21 (32%) in the MI− group (p=0.10) (Figure 3). 

There was no significant difference between both groups regarding the composite endpoint 

(no event such as death of any cause, HF hospitalization or cardiac transplantation) (p=0.07) 

(Figure 4). 

Appropriate therapies (ATP and/or shock over 220 bpm) occurred in 29 (11%) patients in the 

MI+ group and 12 (18%) patients in the MI− group  (p=0.04) (Figure 5). 

 

NYHA II patients 

In the NYHA class II subgroup of patients, incidences of HF hospitalization or heart 

transplantation, and of appropriate therapies, were significantly higher in the MI− group than 

in the MI+ group (p=0.009 and p=0.03, respectively) (Figure 6).  
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DISCUSSION 

This study shows for the first time that: (1) up to 1 patient out of 6 with an ischemic heart 

disease and narrow QRS complexes implanted with a prophylactic ICD does not meet the 

criteria of MI as defined in the initial ICD studies; (2) these ischemic patients are at least as 

severe regarding mortality, HF hospitalizations and ventricular arrhythmias as post-MI 

patients. 

 

A definition issue 

The designation "MI" should be used in case of evidence of myocardial injury (elevation of 

cardiac troponin) in the setting of myocardial ischemia12. MI remains difficult to precisely 

define, according to whether clinical, electrocardiographic, biological, imaging or 

angiographic criteria are used, alone or in combination. The third Universal Definition of 

Myocardial Infarction for instance retains up to 5 different types of MI13. To recommend the 

implantation of a prophylactic ICD, the European guidelines use the designation "ischemic 

etiology (at least 6 weeks after MI)", and thus clearly imply an equivalence between ischemic 

and post-MI patients. The latest North-American guidelines8 use the designation "ischemic 

heart disease" and recommend an ICD implantation "at least 40 days post-MI and at least 90 

days postrevascularization" in the guidelines table, but "MI <40 days and/or revascularization 

<90 days" in the associated figure. 

These guidelines on ischemic patients actually both rely solely on 2 large randomized studies: 

MADIT-II and SCD-HeFT. In MADIT-II, which included only post-MI patients, MI was 

defined as the finding of "an abnormal Q wave on electrocardiography, elevated cardiac-

enzyme levels on laboratory testing during hospitalization for suspected myocardial 

infarction, a fixed defect on thallium scanning, or localized akinesis on ventriculography with 

evidence of obstructive coronary disease on angiography". In the SCD-HeFT trial, eligible 
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ischemic patients were patients "with at least 75 percent narrowing of at least one of the three 

major coronary arteries (marked stenosis) or a documented history of a myocardial 

infarction". However, no distinction was made for analysis in the ischemic group between 

patients with marked stenosis without MI and post-MI patients. 

Finally, some so-called "non-ischemic" patients could be included in the DANISH14 trial 

"even if they had one or two coronary arteries with stenosis, if  the extent of coronary artery 

disease was not considered to be sufficient to account for the reduced left ventricular systolic 

function". Hence it is reasonable to suspect an overlap between DANISH "non-ischemic" 

patients and SCD-HeFT "ischemic" patients. 

All these subtle differences regarding ischemic and post-MI patients' definitions make both 

the interpretation of the initial studies and the current guidelines unclear. Although the 

implantation of a prophylactic ICD in ischemic patients with a reduced ejection fraction, and 

without evidence of MI, is routinely performed, specific risk of sudden cardiac death and 

benefits of prophylactic ICD in this population remain unknown. We show for the first time in 

this study that ischemic patients, as included in SCD-HeFT, without an MI as defined in the 

MADIT-II trial, have a similar prognosis to post-MI patients regarding heart failure, very 

rapid ventricular arrhythmia and mortality. It will be advisable in the future guidelines to be 

more precise regarding the criteria to be fulfilled for prophylactic ICD implantation, beyond 

the simplistic ischemic versus non-ischemic binary model commonly used. 

 

A heterogeneous population 

Since the design of MADIT-II and SCD-HeFT trials in the late 90s and early 2000s, new tools 

have been developed, especially cardiac magnetic resonance imaging (CMR). MI might now 

be defined as the presence of late gadolinium enhancement (LGE) with a vascular 

distribution15. 
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MI− patients, i.e. patients with a an ejection fraction ≤35% and ≥1 coronary artery marked 

stenosis, may be classified in 4 groups: (1) MI type 2 patients, i.e. patients with myocardial 

injury with necrosis where a condition other than coronary artery disease contributes to an 

imbalance between myocardial oxygen supply and/or demand, who usually present with a 

NSTEMI without coronary occlusion; (2) patients with a coronary microvascular disease 

associated with at least one coronary artery stenosis16,17,18; (3) patients with at least one 

chronic total occlusion (usually on the right coronary artery) which cannot explain alone the 

reduced LVEF below 35%; (4) patients with a true non-ischemic etiology for low ejection 

fraction (idiopathic, toxic, inflammatory or arrhythmia-induced) and an associated silent 

coronary artery disease diagnosed fortuitously. 

Group 1 may now be accurately diagnosed as MIs on CMR, although the etiology may remain 

unclear in more particular cases. 

In group 3, hypokinetic segments are also found in myocardial territories that are not 

vascularized by the chronically occluded or stenotic artery. Some studies reported that 

percutaneous coronary intervention of chronic total occlusion in these patients may improve 

LVEF19,20, and thus prevent ICD implantation21. 

Group 4 may be difficult to classify as ischemic or non-ischemic. Non-ischemic patients, as 

some were included in the DANISH trial, may present with at least one occluded or stenotic 

coronary artery, while echocardiography usually displays global hypokinesia. There is most 

likely a various range of presentations in this group with unclear boundaries between an 

ischemic and a non-ischemic etiology. 

Patients with non-obstructive coronary arteries22,23,24, because of a coronary artery 

thromboembolism, transient spasm25, no significant stenosis, or dissection responsible for 

significant necrosis, without obvious signs of MI, who may present with chronic HF and low 

LVEF are also of major interest. These true ischemic patients were actually excluded from the 
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MI− group in this study because of a less than 75% stenosis in at least one major coronary 

artery. These patients may display a specific pattern of LGE, but a significant proportion of 

patients with MINOCA have no evidence of LGE, myocardial oedema, or wall motion 

abnormalities on CMR22. Prognosis differs according to the stenosis: mild coronary artery 

stenosis (between 30 and 50%) in the 3 vessels or the left main stem is associated with a poor 

outcome.26 

To complexify this wide but fuzzy spectrum, risk factors such as diabetes, high blood 

pressure, and obesity may favor both obstructive and non-obstructive coronary artery 

disease16,17,18. 

 

Limitations 

As this study is retrospective, CMR was not systematically performed before ICD 

implantation, especially during the first years of recruitment (which began in 2006). The 

distinction between MI+ and MI− patients may have been more accurate using CMR, 

although some cases may still remain difficult to classify. It is important to remind that 

current guidelines rely on initial studies that did not use CMR for inclusion. 

 

CONCLUSIONS 

Patients with IHD and without documented MI implanted with a prophylactic ICD for 

reduced LVEF display a risk of HF hospitalization, rapid ventricular arrhythmia and overall 

mortality similar to that of post-MI patients. More attention to details regarding MI definition 

in the guidelines is awaited. 
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TABLES 

 

Table 1. Baseline patients' characteristics. 

 

 
ALL PATIENTS 

(N=325) 

Male gender (%) 280 (86%) 

Age (years) 64 ± 8 

LVEF (%) 27 ± 7 

LVEDD (mm) 62 ± 7 

NYHA Class II / III (%) 269 (83%) 56 (17%) 

Acute coronary syndrome 231 (71%) 

Revascularization (%) 

Complete (%) 

PTA / CABG (%) 

254 (78%) 

203 (62%) 

204 (71%) 

Beta-blocker (%) 319 (98%) 

ACEi/ARB (%) 324 (99%) 

High blood pressure (%) 159 (49%) 

Diabetes mellitus (%) 97 (30%) 

Smoking (%) 178 (55%) 

Dyslipidemia 152 (47%) 

Overweight (BMI >25 kg.m-2) (%) 155 (48%) 

Family history of CVD (%) 63 (19%) 
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Table 2.  Baseline groups' characteristics. 

 

 
MI+ 

(N=260) 

MI− 

(N=65) 

p 

Male gender (%) 225 (87) 55 (85) 0.69* 

Age (years) 63 ±8 65 ±10 0.15* 

LVEF (%) 27 ±6 27 ±8 0.54* 

LVEDD (mm) 62 ±7 63 ±7 0.25 

NYHA Class II / III (%) 217 (83) / 43 (17) 52 (80) / 13 (20) 0.51* 

Acute coronary syndrome 226 (87) 5 (8) <0.0001 

Revascularization (%) 

        Complete (%) 

        PTA / CABG (%) 

205 (79) 

162 (62) 

168 (65) / 56 (22) 

49 (75) 

41 (63) 

36 (55) / 15 (23) 

0.55 

0.91 

0.26 

Beta-blocker (%) 255 (98) 64 (98) 0.83* 

ACEi/ARB (%) 260 (100) 64 (98) 0.07* 

High blood pressure (%) 122 (47) 37 (57) 0.15* 

Diabetes mellitus (%) 74 (28) 23 (35) 0.28* 

Smoking (%) 139 (53) 39 (60) 0.34* 

Dyslipidemia 121 (47) 31 (48) 0.87* 

Overweight (BMI >25 kg.m-2) (%) 130 (50) 25 (38) 0.09* 

Family history of CVD (%) 55 (21) 8 (12) 0.09 

 

* Propensity score matched characteristics. 

 

MI+: (1) STEMI or abnormal Q wave on ECG; (2) evidence of obstructive coronary disease on 
angiography; (3) an ejection fraction of 0.35 at least 6 weeks after revascularization, as assessed by 

echocardiography. 
MI−: (1) no evidence of myocardial infarction on ECG or angiography; (2) at least 75 percent 

narrowing of at least one of the three major coronary arteries (marked stenosis); (3) an ejection 

fraction of 0.35 or less at least three months after revascularization, as assessed by echocardiography. 
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Table 3.  MI− group' characteristics. 

 

 

 MI− group (N=65) 

Available CMR data (%) 11 (17) 

Available LGE+ (%) 10 (91) 

MI type 2 patients (%) 2 (3) 

CTO (%) 12 (18) 

Associated non-ischemic etiology (%) 18 (28) 

 
CMR= cardiovascular magnetic resonance imaging; LGE= late gadolinium enhancement;  
CTO= chronic total occlusion 
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FIGURES 

 

Figure 1. Study flow chart. 
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Figure 2. Survival from death of any cause. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  27 

Figure 3. Survival from heart failure hospitalization or cardiac transplantation. 
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Figure 4. Survival from heart failure hospitalization or cardiac transplantation or death of any 

cause. 
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Figure 5. Survival from appropriate therapy (ATP and/or shock) on ventricular arrhythmia 

≥220 bpm. 
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Figure 6. Survival from heart failure hospitalization or cardiac transplantation in the 

subgroup of NYHA class II patients. 
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Figure 7. Survival from appropriate therapy (ATP and/or shock) on ventricular arrhythmia 

≥220 bpm in the subgroup of NYHA class II patients. 
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