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ABSTRACT

Background: Besides implantation of an implantable cardioverter-defibrillator 

(ICD), a proportion of patients with left ventricular (LV) dysfunction due to ischemic 

cardiomyopathy are potential candidates for surgical LV reconstruction (Dor pro-

cedure), which changes LV ejection fraction (LVEF) considerably. In these patients, 

LVEF as selection criterium for ICD implantation may be difficult. This study aimed 

to determine the value of LVEF as criterium for ICD implantation in heart failure 

patients undergoing surgical LV reconstruction.

Methods: Consecutive patients with end-stage heart failure who underwent ICD 

implantation and LV reconstruction were evaluated. During admission, two-dimen-

sional (2D) echocardiography (LV volumes and LVEF) was performed before surgery 

and was repeated at 3 months after surgery. Over a median follow-up of 18 months, 

the incidence of ICD therapy was evaluated.

Results: The study population consisted of 37 patients (59 ± 11 years). At baseline, 

mean LVEF was 23 ± 5%. Mean left ventricular end-systolic volume (LVESV) and left 

ventricular end-diastolic volume (LVEDV) were 175 ± 73 mL and 225 ± 88 mL, respec-

tively. At 3-month follow-up, mean LVEF was 41 ± 9%(P < 0.0001 vs. baseline), and 

mean LVESV and LVEDV were 108 ± 65 mL and 176 ± 73 mL, respectively (P < 0.0001 

vs. baseline). During 18-month follow-up, 12 (32%) patients had ventricular arrhyth-

mias, resulting in appropriate ICD therapy. No significant relations existed between 

baseline LVEF (P = 0.77), LVEF at 3-month follow-up (P = 0.34), change in LVEF from 

baseline to 3-month follow-up (P = 0.28), and the occurrence of ICD therapy during 

18-month follow-up.

Conclusion: LVEF before and after surgical LV reconstruction is of limited use as 

criterium for ICD implantation in patients with end-stage heart failure. (PACE 2009; 

32:913–917)

Keywords: implantable cardioverter-defibrillator, ischemic cardiomyopathy, left 

ventricular reconstruction, left ventricular ejection fraction, heart failure, echocar-

diography



117

Left Ventricular Ejection Fraction as Criterion for Implantation of an Implantable Cardioverter

INTRODUCTION

Randomized trials demonstrated im-proved survival with implantable cardioverter-

defibrillator (ICD) therapy in high-risk patients with left ventricular (LV) dysfunc-

tion due to ischemic cardiomyopathy.1–6 In the second Multicenter Automatic 

Defibrillator Implantation Trial (MADIT II), a relative risk reduction in mortality 

of 31% was achieved by ICD implanta-tion in patients with previous infarction and 

LV dysfunction (LV ejection fraction [LVEF] ≤30%) without evidence of ventricular 

arrhythmias.2 This subsequently resulted in a class I indication for prophylactic 

ICD implantation in patients meeting the MADIT II criteria (AHA/ACC/NASPE 

Guidelines), with an exponential growth in the ICD implantation rate.7 On the other 

hand, recent analysis of the MADIT II population revealed that only 35% of patients 

who received an ICD developed ventricular arrhythmias requiring ICD shocks over 

a 3-year follow-up period.8 As a consequence, there has been considerable debate 

about the value of LVEF as a major selection criterium for patient selection in need 

of ICD implantation.9

A substantial number of patients with ischemic cardiomyopathy, LVEF ≤30–40%, and 

previous anterior myocardial infarction will present with an apical LV aneurysm.10 

These patients are candidates for ICD implantation according to the MADIT II cri-

teria. In addition, some of these patients may eventually be referred for surgical LV 

reconstruction (Dor procedure), which may result in improvement of the LVEF.11–13 

Particularly in these patients, the LVEF as selection cri-terium for ICD implantation 

may be difficult.

In the current study, 41 consecutive patients were evaluated who underwent ICD 

implantation (based on the MADIT II criteria) and LV reconstruction (Dor procedure). 

LVEF was obtained before surgery and 3 months after surgery. Over a median follow-

up of 18 months after surgery, the prevalence of ICD therapy was evaluated.

METHODS

Patients and Study Protocol
For this study, 41 consecutive patients with end-stage heart failure who underwent 

ICD implantation and LV reconstruction according to the Dor procedure14,15 were 

evaluated. During admission (baseline), before surgery, two-dimensional (2D) echo-

cardiography was performed in all patients and LV volumes and LVEF were assessed. 

All patients underwent ICD implantation based on LVEF ≤30%. A combined ICD-
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cardiac resynchronization therapy (CRT) device was implanted in 16 patients. All 

patients underwent LV reconstruc-tion according to the Dor approach. 2D echocar-

diography (including assessment of LV volumes and LVEF) was repeated at 3 months 

after surgery in the outpatient clinic. During a median (25th and 75th percentiles) 

follow-up after surgery of 18 (11, 43) months, the occurrence of ICD therapy was 

registered. Four patients died within 1 month after surgery due to sepsis (n = 1) or 

progression of heart failure (n = 3) and therefore did not have a complete follow-up 

assessment. These patients were excluded from the study. The final study popula-

tion therefore comprised 37 patients who all underwent ICD implantation, Dor 

procedure, and had complete follow-up assessment.

Echocardiography
Patients were imaged in the left lateral decubitus position using a commercially 

available system (Vivid Seven, General Electric-Vingmed, Milwaukee, WI, USA). Stan-

dard images were obtained using a 3.5-MHz transducer, at a depth of 16 cm in the 

parasternal (long- and short-axis images) and apical (two- and four-chamber images) 

views. Standard 2D and color Doppler data, triggered to the QRS complex, were saved 

in cine-loop format. LV volumes (end-systolic [LVESV] and end-diastolic [LVEDV]) and 

LVEF were calculated from the conventional apical two- and four-chamber images, 

using the biplane Simpson’s technique.16

All echocardiographic measurements were obtained by two independent observers 

without knowledge of the clinical status of the patient. Inter- and intraobserver 

agreements for assessment of LV volumes were 90 and 93% for LVESV, and 92 and 

93% for LVEDV, respectively.

ICD Implantation
A dual-chamber ICD device for primary prevention was subcutaneously implanted 

under local anesthesia.17 Implantation of an endocardial lead system was performed 

in all patients. No complications occurred during ICD implantation. After implanta-

tion, a defibrillation test was performed under conscious sedation (using midazolam 

and fentanyl). The ICD was programmed for both ventricular tachycardia and 

ventricular fibrillation detection and therapy using three zones: a monitor zone, 

an antitachycardia pacing (ATP) zone, and a ventricular fibrillation zone. In each 

patient, cutoff rates were programmed according to individual needs. All ICD events 

were individually analyzed by experienced and blinded physicians during regular 

pacemaker checkups. ICD therapy was defined as appropriate ATP and/or shock 

therapy.
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Surgical Technique
LV reconstruction was performed in all patients by means of endoventricular 

circular patch plasty as previously described by Dor et al.14,15 All procedures were 

performed under normothermic conditions with intermittent antegrade warm 

blood cardioplegia. The LV was opened through the infarcted area. An endocardial 

encircling suture (Fontan stitch) was placed approximately at the transitional zone 

between scarred and normal tissue, giving preference to the resulting ellipsoidal 

shape of the left ventricle over the exact transitional zone. A balloon containing 55 

mL/m2 body surface area saline was introduced into the LV, and the Fontan stitch 

was tightened to approximate the ventricular wall to the balloon. An oval Dacron 

patch was tailored and used to close the residual orifice. The excluded scar tissue 

was closed over the patch to ensure hemostasis. Care was taken to eliminate the 

entire septal scar and to delineate a new LV apex with the goal to restore the normal 

elliptical shape.

Statistical Analysis
Summary statistics for all continuous variables are presented as means ± standard 

deviation. Categorical data are summarized as frequencies and percentages. Com-

parison of continuous data was performed using the paired and unpaired Student’s 

t-test when appropriate. Categorical data were compared using ∼2 analysis.

Logistic regression analysis was applied to evaluate the relation between (change 

in) LVEF and the occurrence of ICD therapy during follow-up. Hazard ratios (HR) 

with 95% confidence intervals (CI) were provided. For all tests, a P value <0.05 was 

considered statistically significant.

RESULTS

Baseline Data of the Study Population
The study population consisted of 37 patients (30 men, mean age 59 ± 11 years). 

Clinical characteristics of the study population are summarized in Table I. All pa-

tients had a history of myocardial infarction and were in sinus rhythm.

The Dor procedure was combined with coronary artery bypass grafting in 19 pa-

tients, mitral valve repair in 26 patients, and tricuspid valve repair in 15 patients. 

Rethoracotomy was needed in three patients due to substantial loss of blood. The 

Dor procedure was uncomplicated in all other patients.
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Echocardiography
At baseline, all patients had a LVEF ≤30%with a mean LVEF of 23 ± 5%. Mean LVESV 

and LVEDV were 175 ± 73 mL and 225 ± 88 mL, respectively. Between baseline and 

3-month follow-up, mean LVESV (175 ± 73 mL vs. 108 ± 65 mL; P < 0.0001) and 

LVEDV (225 ± 88 mL vs. 176 ± 73 mL; P < 0.0001) decreased significantly. During 

echocardiography at 3-month follow-up, mean LVEF of 41 ± 9% was demonstrated (P 

< 0.0001 vs. baseline).

ICD Therapy during Follow-Up
During a median follow-up of 18 (11, 43) months after surgery, registered ventricular 

arrhythmias resulting in appropriate ICD therapy occurred in 12 (32%) patients. Six 

patients had appropriate shocks delivered by the ICD. In the other six patients, 

episodes in which ATP was applied were demonstrated during follow-up.

As demonstrated by logistic regression analysis, no significant relation existed 

between baseline LVEF and the occurrence of ICD therapy during 18 months of 

follow-up (HR 1.02, 95%CI 0.88–1.19, P = 0.77). In addition, no significant relation 

Table I.
Clinical Characteristics of the Study Population (n = 37)

Variable Value

Age (years) 59 ± 11

Gender (M/F) (%) 30/7 (81/19)

Previous MI (%) 37 (100)

NYHA class 3.1 ± 0.6

QRS duration (ms) 124 ± 30

Risk factors for CAD

 Diabetes (%) 4 (11)

 Hypertension (%) 10 (27)

 Hyperlipidemia (%) 10 (27)

 Smoking (%) 18 (49)

 Family history of CAD (%) 12 (32)

Medication at baseline

 β-Blocker (%) 31 (84)

 ACE inhibitor/ARB (%) 28 (76)

 Anticoagulants (%) 33 (89)

 Statin (%) 28 (76)

 Antiarrhythmics (%) 15 (41)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; CAD = coronary artery disease; 
NYHA = New York Heart Association; MI = myocardial infarction.
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was demonstrated between LVEF at 3-month follow-up and the occurrence of ICD 

therapy during follow-up (HR 0.96, 95% CI 0.89–1.04, P = 0.34). Furthermore, there 

was no significant relation between the change in LVEF from baseline to 3-month 

follow-up and the occurrence of ICD therapy during follow-up (HR 0.99, 95% CI 

0.98–1.01, P = 0.28).

DISCUSSION

The results of the present study can be summarized as follows: (1) considerable 

improvement in LVEF with reduction in LV volumes is demonstrated at 3-month 

follow-up in heart failure patients undergoing LV reconstruction (Dor procedure); 

(2) appropriate ICD therapy occurred in 32% of patients after ICD implantation dur-

ing 18-month follow-up; (3) neither LVEF at baseline and at 3-month follow-up nor 

the change in LVEF during 3-month follow-up was related to the occurrence of ICD 

therapy during 18-months follow-up.

After the onset of symptomatic heart failure, morbidity and mortality are reported 

to be high.18–24 Data from early studies (e.g., the Framingham Heart Study) demon-

strated a 1-year survival of 55–70% in patients with newly diagnosed symptomatic 

heart failure.19,20,23 Subsequent studies demonstrated improvement in mortality with 

recent developments in medical therapy. Still, mortality in heart failure patients 

remains high.25,26 Jong et al. studied over 38,000 consecutive patients from Canada 

with a first admission for heart failure between 1994 and 1997.25 The crude 30-day 

and 1-year mortality rates were 11.6 and 33.1%.

The two main causes of death in patients with heart failure are sudden death and 

progression of pump failure.27,28 Several studies suggested a stable pattern with 

30–50% of all cardiac deaths in patients with heart failure being categorized as sud-

den deaths.24,28–32 In the MADIT II trial, 31% of the cardiac deaths occurred within 1 

hour of onset of symptoms, 36% occurred more than 1 hour after symptom onset, 

and 33% were unwitnessed.8 Furthermore, the MADIT II trial demonstrated a relative 

risk reduction in mortality of 31% by ICD implantation in patients with previous 

infarction and LV dysfunction (LVEF ≤30%) without evidence of ventricular arrhyth-

mias.2 A class I indication for prophylactic ICD implantation in patients meeting the 

MADIT II criteria (AHA/ACC/NASPE Guidelines) was the consequence.7 On the other 

hand, recent analysis of the MADIT II population revealed that only 35% of patients 

who received an ICD developed ventricular arrhythmias requiring ICD shocks over a 

3-year follow-up period.8 Consequently, there has been much discussion concerning 
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the value of LVEF as a major selection criterium for patient selection in need of ICD 

implantation.9

In addition to optimal pharmacological treatment and potential ICD implantation, 

LV reconstruction may be considered in patients with heart failure and extensive 

akinesia or dyskinesia of the anterior wall.11–14 In 1989, Dor and colleagues intro-

duced a surgical approach to restore LV geometry.14 Over the years, several studies 

described the advantageous effects of the Dor procedure on LV geometry and func-

tion, including substantial increase in LVEF.11–13 In the present study, mean LVEF 

increased considerably from 23% before surgery to 41% at 3 months after the Dor 

procedure (P < 0.0001). The majority of patients referred for LV reconstruction may 

be candidates for ICD implantation as well, according to the MADIT II criteria. In 

these patients, the LVEF as selection criterium for ICD implantation may be even 

more difficult as LV reconstruction leads to increase in LVEF. This underscores the 

dilemma of ICD implantation based on LVEF in this specific group of patients.

In the current study, all patients had LVEF ≤30% at baseline and received an ICD, 

according to the MADIT II criteria. During median follow-up of 18 months after 

surgery, appropriate ICD therapy was noted in 32% of patients. The relatively high 

incidence of appropriate ICD therapy can be explained by a decreased overall 

clinical condition of the patient population and possibly by increased electrical het-

erogeneity following surgery, resulting in ventricular arrhythmias. Moreover, the 

current observations are in line with the MADIT II trial showing that 35% of patients 

received appropriate ICD shocks over a 3-year follow-up period.2

In the present study, LVEF at baseline was not predictive for the occurrence of ICD 

therapy during follow-up. In addition, a significant relation could not be demon-

strated between LVEF at 3-month follow-up and the occurrence of ICD therapy 

during 18-month follow-up. Furthermore, no significant relation was demonstrated 

between the change in LVEF from baseline to 3-month follow-up and the occurrence 

of ICD therapy during 18 months of follow-up.

The small group of patients form an important limitation. Furthermore, it cannot 

be ruled out that concomitant surgical procedures (coronary artery bypass graft-

ing, valve surgery) during the Dor procedure might have influenced the change in 

LVEF after the procedure. However, this study is the first to report on the relation 

between LVEF in the period around surgical LV reconstruction and the occurrence 

of ICD therapy during follow-up. Future studies should include larger numbers of 
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patients and should focus more on the impact of the surgical procedure on the 

occurrence of (inappropriate) ICD therapy during follow-up.

CONCLUSION

The findings of the present study suggest that LVEF before and after surgical LV 

reconstruction is of limited use as criterium for ICD implantation in patients with 

end-stage heart failure.

This study was supported by an unrestricted research grant from St. Jude Medical.

Dr. Bax receives research grants from GE Healthcare, BMS, Boston Scientific, 

Medtronic, St. Jude, and Edwards Lifesciences.

Dr. Schalij receives research grants from Boston Scientific, Medtronic, and Biotronik.
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