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List of abbreviations 

ACC American College of Cardiology

ACE angiotensin converting enzyme

AHA American Heart Assotiation

AT1 AT1 angiotensin receptor

AV atrioventricular

CAD Coronary artery disease

COMPANION Comparison of Medical Therapy, Pacing, and Defibrillation in Heart 

Failure

CS coronary sinus

CS-SB coronary sinus side branch

DEFINITE Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation

DINAMIT Defibrillator in Acute Myocardial Infarction Trial

EBCT electron beam computed tomograpy 

ESC European Society of Cardiology

ICD implantable cardioverter-defibrillators

LAO left anterior oblique

LV left ventricular

LVEF left ventricular ejection fraction

MADIT Multicenter Automatic Defibrillator Implantation Trial

MI myocardial infarction

MRI magnetic resonance imaging

MSCT multislice computed  tomography

NASPE North American Society of Pacing and Electrophysiology

NICMP Non-ischemic cardiomyopathy

NT-pro-BNP N-terminal-pro- brain natriuretic peptide

NYHA New-York Heart Association (class)

OTW over-the-wire

PA postero- anterior

PIV posterior interventricular

PM pacemaker
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RCT randomized controlled trials 

RV right ventricular

SCD sudden cardiac death 

SCD-HeFT Sudden Cardiac Death Heart Failure Trial.

VF ventricular fibrillation

VT ventricular tachycardia
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Introduction 

Prevention of sudden cardiac death
Sudden cardiac death (SCD) remains one of the leading killers in the industrialized 

world, responsible for an estimated 300,000–400,000 deaths every year in the USA. 

Episodes of ventricular tachycardia (VT) or ventricular fibrillation (VF) are the 

underlying cause in the majority of cases of SCD; at the time of emergency 

intervention, VF is found in approximately 40% of SCD victims, with asystole and 

electromechanical dissociation becoming more frequent the longer the intervention is

delayed (Weaver et al 1988). In patients in whom the time interval between the clinical 

event and the first ECG is less than 4 min, the incidence of VF has been documented to 

be as high as 95%. Most victims of SCD suffer from structural heart disease that may 

not have been known prior to the event. In the best of all worlds, approximately 5–15% 

of all victims of cardiac arrest can be resuscitated and leave the hospital without major 

neurological deficits. Given these numbers, recent years have seen major research 

efforts around the world aimed at primary prevention of SCD by both pharmacological 

and non-pharmacological means. 

Pharmacological therapy 
Many trials have evaluated the potential of various membrane- active antiarrhythmic 

drugs to prevent SCD (CAST 1989, Waldo et al. 1996, Julian et al. 1997, Cairns et al. 

1997, Camm et al. 2004). In general, none has demonstrated a benefit associated with 

prophylactic treatment with a class I or III antiarrhythmic compound in patients deemed 

to be at high risk for SCD. 

At best, the antiarrhythmic drug proved to be not inferior to placebo without any clear 

benefit (Julian et al. 1997, Cairns et al. 1997, Camm et al. 2004) and many other trials 

confirmed that there is harm associated with prophylactic administration of specific 

antiarrhythmic drugs (CAST 1989, Waldo et al. 1996). Randomized controlled trials

(RCT) evaluating the effects of various groups of non-antiarrhythmic drugs for 

prevention of cardiovascular death and SCD in particular have yielded more promising 

results. Beta-blockers, angiotensin- converting enzyme inhibitors (ACEI), 
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angiotensinreceptor blockers, and aldosterone antagonists have been demonstrated to 

reduce all-cause mortality as well as SCD in high-risk patients. 

Beta-Blockers 

The antifibrillatory efficacy of ß-blockers has been established for a long time. RCT 

have established the beneficial effects of these compounds beyond any doubt in patients 

after myocardial infarction (MI) (Gottlieb et al. 1998) and those with congestive heart 

failure (MERIT- HF 1999, CIBIS-II 1999). For instance, the carvedilol postinfarct 

survival control in left ventricular dysfunction trial (The CAPRICORN investigators 

2001) randomized patients 3–21 days after MI who had an left ventricular ejection 

fraction (LVEF) < 0.40 to receive carvedilol or matching placebo. There was a 

significant reduction in overall mortality in patients on antiadrenergic therapy compared 

with the controls. More importantly, sustained ventricular tachyarrhythmic events were 

reduced by more than 70% over the follow-up period (hazard ratio (HR) 0.24, 95% 

confidence interval (CI) 0.11–0.49) (McMurray et al. 2005).  Accordingly, that RCT 

convincingly demonstrated that, even in the era of reperfusion therapy, during the acute 

phase of MI ß -blocker therapy improves survival. 

ACEI 

The ACEI are one of the mainstay therapeutic modalities in patients with congestive 

heart failure that has been shown to improve survival. Even in high-risk cardiovascular 

patients without signs of heart failure or LV dysfunction, these medications yield 

significant survival benefits (The Heart Outcomes Prevention Evaluation Investigators 

2000). In 1999 Domanski et al (1999) conducted a meta-analysis of all published ACEI 

trials (15 studies including 15,104 patients) and found a 20% relative risk reduction for 

the endpoint of SCD (HR 0.80, 95% CI 0.70–0.92). More recently, the heart outcomes 

prevention evaluation trial database was examined to see whether in this large 

population of 9,297 high-risk cardiovascular patients without clinical heart failure or 

overt LV dysfunction the composite endpoint of unexpected death, documented 

arrhythmic death and resuscitated cardiac arrest was reduced by the ACEI, ramipril 

(Teo et al. 2004). Compared with the placebo group, the endpoint was reduced by 21% 

(HR 0.79, 95% CI 0.64–0.98; p=0.028) in patients treated with the ACEI. According to 
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these findings, therefore, there can be no doubt that ACEI have preventive potential 

against SCD in high-risk CAD patients. 

Aldosterone Antagonists 

Recently, 2 well-designed RCT have evaluated the effects of spironolactone (Pitt et al. 

1999)  and eplerenone (Pitt et al. 2003) on mortality in patients with congestive heart 

failure and in MI survivors with LV dysfunction who were enrolled 3–14 days after the 

index event. In both of these trials, not only was all-cause mortality in patients on 

aldosterone antagonists significantly reduced but also SCD mortality. In the EPHESUS 

trial, for instance, the risk for SCD was reduced by 21% (HR 0.79; 95% CI 0.64–0.97; 

p=0.03) (Pitt et al. 2003). The mechanisms underlying these beneficial effects are not 

entirely clear. Besides the beneficial effects of aldosterone antagonists on electrolytes 

and plasma volume, these drugs have been shown to reduce coronary vascular 

inflammation and the risk of subsequent interstitial fibrosis, to improve endothelial 

dysfunction, and to decrease sympathetic drive. 

Statins 

To date, there is not a published RCT on the effects of statins on SCD in a high-risk 

population. However, there are at least 2 retrospective studies in implantable 

cardioverter- defibrillators (ICD) populations that point to a potential beneficial effect 

of these compounds on ventricular tachyarrhythmic events (De Sutter et al. 2000, Chiu 

et al. 2005). Both studies suggest that appropriate ICD therapy occurs less frequently in 

patients treated with statins as compared with those who have not taken these lipid-

lowering drugs. Again, the pathophysiological mechanisms responsible for a decrease in 

ventricular tachyarrhythmic events remain speculative. However, there is experimental 

evidence that statins may reduce myocardial ischemia, improve angiogenesis, and 

decrease ventricular dilatation and fibrosis. Currently, a randomized placebo controlled 

trial in ICD recipients is being conducted to prospectively evaluate the effects of statins 

on ventricular tachyarrhythmias. 

Implantable cardioverter defibrillator therapy
Twenty-five years ago, the first defibrillator was implanted worldwide in a patient at the 

Johns Hopkins University in Baltimore, USA, by Michel Mirowski and colleagues 
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(Mirowski et al. 1980).  Since then, contemporary implantable cardioverter defibrillator 

(ICD) therapy has evolved into a cornerstone of prevention of sudden cardiac death for 

patients suffering from coronary artery disease or from non-ischemic cardiomyopathy. 

Following several large randomized clinical trials in patients with aborted sudden death, 

sustained ventricular tachycardia, and syncope with inducible sustained ventricular 

tachycardia or ventricular fibrillation (Connolly et al. 2000). ICD therapy is now 

generally recommended as the prime therapy for secondary prevention of sudden death. 

Most patients, however, who have an out-of-hospital cardiac arrest do not survive. 

Accordingly, the use of prophylactic ICD therapy is a conceptually attractive option for 

high-risk patients. Several trials on primary preventive ICD therapy have been 

conducted over the last 10 years and have helped to better define the role of ICD 

therapy in improving overall survival (Moss 1996, Bigger 1997, Buxton 1999, Moss 

2002, Hohnloser 2004, Bristow 2004). We summarize here briefly the four latest major 

randomized controlled ICD trials (Table 1) (Hohnloser 2004, Bristow 2004, Bardy 

2005, Kadish 2004) on prophylactic ICD therapy in patients with ischemic or non-

ischemic cardiomyopathy.

 Table 1 Key features of four recent prophylactic implantable cardioverter 

defibrillator trials. aDifferent follow-up duration for the three treatment 

arms.

DINAMIT SCD-HeFT DEFINITE COMPANION

Patients 742 2521 458 1520

Age(years) 62 60 (median) 58 67

Heart disease CAD CAD, NICMP NICMP CAD, NICMP

Time from most 

recent infarct
18 days 24.5 months ND ND

LVEF (mean) 0.28 0.25 0.21 0.21

NYHA III (%) 28 30 21 85
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DINAMIT SCD-HeFT DEFINITE COMPANION

Follow-up (months) 30 45.5 29 11.9–16.2 a

Deaths in ICD pts 62/332 182/829 28/229 131/595

Deaths in control 

patients
58/342 244/847 40/229 77/308

Hazard ratio ICD 

therapy

1.08

(0.76-1.55)

0.77

(0.62-0.96)

0.65

(0.40-1.06)

0.64

(0.48-0.86)

Defibrillator in Acute Myocardial Infarction Trial

The international Defibrillator in Acute Myocardial Infarction Trial (DINAMIT) asked 

the important question of whether patients would benefit from ICD therapy applied 

shortly after a large acute myocardial infarction resulting in significant impairment of 

left ventricle (LV) function and with additional evidence of impaired cardiac autonomic 

tone (Hohnloser 2004). A total of 674 infarct survivors were randomized to ICD therapy 

or control during the first 6–40 days after their heart attack. After a mean follow-up of 

30 months, all-cause mortality was not substantially different between the two groups 

despite a highly significant reduction in arrhythmic mortality (hazard ratio 0.42, 95% 

confidence intervals 0.22-0.83; P = 0.009). This reduction, however, was completely 

offset by an increase in non-arrhythmic mortality in the group of ICD recipients (hazard 

ratio 1.75, 95% confidence intervals 1.11-2.76; P = 0.02). Accordingly, there was no 

difference between the ICD and the control group with respect to the primary endpoint 

of the trial, all cause mortality. Most of this mortality was due to cardiovascular non-

arrhythmic deaths. Accordingly, this trial identified a group of coronary artery patients 

with risk factors for sudden death from cardiac causes in whom device therapy may not 

provide a survival benefit. The results were in contrast to other prior ICD studies in 

infarct survivors (Moss 1996, Bigger 1997, Buxton 1999). The characteristics of the 

DINAMIT patients, however, differed in important ways from those of prior studies. 

The most important differences were the short time interval after the index infarct and 

the presence of autonomic dysbalance. All prior primary prevention studies have 

enrolled patients after much longer time periods; for instance, the mean time interval 
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between the most recent myocardial infarction and study enrollment was 6.5 years in the 

Multicenter Automatic Defibrillator Implantation Trial (MADIT) II  (Moss 2002).

Interestingly, a recent sub-study of MADIT II demonstrated that in this patient 

population no survival benefit existed for patients in whom this time interval was less 

than 18 months (Wilber 2004). This result confirms therefore the findings of 

DINAMIT. Preliminary data from the DINAMIT study (Dorian 2004, Grönefeld 2004) 

indicate that recurrent ischemic events may have played an important role in causing the 

increase in non-arrhythmic mortality of these patients. In addition, one must consider 

the possibility that the presence of markers of autonomic dysfunction identified a 

patient cohort at high risk for death from progressive heart failure. As pointed out in a 

recent editorial (Gillis 2004), recurrent sustained ventricular tachyarrhythmias may be a 

harbinger of advancing heart failure. This would imply that although sustained 

ventricular tachyarrhythmias occurred and were successfully treated by the device, 

patients died of subsequent heart failure. It appears important to emphasize similarities 

between DINAMIT and the Coronary Artery Bypass Graft-Patch trial. The latter also 

reported that the ICD reduced arrhythmic mortality by 45% but did not reduce all-cause 

mortality because the majority of deaths (71%) were non-arrhythmic in nature (Bigger, 

1997). Accordingly, these two studies support the concept that successful termination of 

ventricular tachycardia or ventricular fibrillation occurring as a consequence of 

progressive heart failure or recurrent myocardial ischemia may simply convert what 

would have been a sudden death to a death from other cardiovascular causes, without an 

effect on survival. Accordingly, the Centers for Medicare and Medicaid Services have 

recently decided that ICD therapy should be deferred at least for 1 month after an 

infarct.

Sudden Cardiac Death Heart Failure Trial

The second most recently reported trial is the Sudden Cardiac Death Heart Failure Trial 

(SCD-HeFT) (Bardy 2005). This important trial enrolled patients with left ventricular 

dysfunction of any cause and used the presence of heart failure despite medical therapy 

and a LV ejection fraction of 0.35 or below as a selection criterion. In SCD-HeFT, 

patients were randomized to one of three arms: placebo therapy, treatment with 

amiodarone, or to the ICD. Therapy in the first two arms consisted of double-blind 
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administration of amiodarone or placebo. Fifty-two percent of the enrolled patients (n = 

1310 patients) suffered from ischemic cardiomyopathy, 48% from non-ischemic 

cardiomyopathy. Patients were followed for a median of 45 months. The trial 

convincingly demonstrated that amiodarone therapy did not reduce mortality among 

heart failure patients. The trial also showed that ICD therapy was associated with a 

significant 23% reduction in the risk for all-cause mortality compared with placebo. The 

absolute risk reduction was approximately 1.2% per year of follow-up. This risk 

reduction was smaller than that reported in earlier studies (Moss 1996, Buxton 1999, 

Moss 2002) which may be a reflection of better medical background therapy (Table 2).

For the subgroup of patients with ischemic congestive heart failure (n = 1310), total 

mortality was reduced by the ICD by 21% (hazard ratio 0.79; 95% CI 0.60–1.04; P = 

0.05). In patients with non-ischemic cardiomyopathy (n = 1211) there was a hazard ratio 

of 0.73 (95% CI 0.50–1.07; P = 0.06), indicating comparable efficacy of the ICD 

irrespective of the underlying heart disease. 

Table 2 Background medical therapy in the four most recent prophylactic 

implantable cardioverter defibrillator trials. 

DINAMIT SCD-HeFT DEFINITE COMPANION

Patients 742 2521 458 1520

ß-blocker (%) 87 69 85 68

ACE Inhibitors (%) 95 96 86 70

Statins (%) 80 47 NR NR

Aldosterone (%) NR NR NR 53

DINAMIT: Defibrillator in Acute Myocardial Infarction Trial; ICD: implantable 

cardioverter defibrillator; SCD-HeFT: Sudden Cardiac Death Heart Failure Trial, 

DEFINITE: Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation, 

COMPANION: Comparison of Medical Therapy, Pacing, and Defibrillation in Heart 

Failure. NR: not reported.
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Two other features of this study deserve particular emphasis. SCD-HeFT again enrolled 

patients who presumably were at a period a long time after their myocardial infarction 

with the average duration of heart failure amounting to 24 months. Secondly, patients 

with New York Heart Association class II had a significant benefit from device therapy 

whereas patients in functional class III did not. Although the latter may have been a by-

chance finding, it does emphasize the importance of timing of ICD therapy. In 

summary, this largest of all primary prevention ICD trials emphasizes that ICD therapy 

in patients with coronary artery disease and with non-ischemic cardiomyopathy and left 

ventricular dysfunction should be considered a long-term rather than a short-term 

intervention.

Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation study

The Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation 

(DEFINITE) trial enrolled 458 patients with non-ischemic dilated cardiomyopathy, a

LV ejection fraction of 0.35 or below, and asymptomatic ventricular premature 

complexes or non-sustained ventricular tachycardia. Patients were randomly assigned to 

receive medical therapy alone or in addition to an ICD. On average, patients had a 2.8-

year history of congestive heart failure emphasizing the more chronic nature of their 

cardiovascular condition. Patients were followed for a mean of 29 ± 14 months until the 

prespecified number of 68 deaths had occurred. All-cause mortality was reduced by the

ICD by 35% (hazard ratio 0.65, 95% C.I. 0.40–1.06; P = 0.08) (Kadish 2004). The 

hazard ratio for sudden death was 0.20 (95% C.I. 0.06–0.71; P = 0.006). Of note, if only 

patients with New York Heart Association functional class III were considered, the 

hazard ratio for all-cause mortality was 0.37 in favor of the ICD (95% CI 0.15–0.90; P = 

0.02). The role of ICD therapy in non-ischemic cardiomyopathy was recently also 

emphasized by a meta-analysis by Desai and colleagues (Desai et al 2004) who 

summarized findings of five randomized studies with a total of 1854 patients. The risk 

ratio for total mortality for the ICD group was 0.69 (95% C.I. 0.55–0.87; P = 0.002), 

indicating that device therapy may prolong life in selected patients with non-ischemic 

cardiomyopathy.
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Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure trial

The fourth important ICD study which was reported in the last years is the Comparison 

of Medical Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) trial

(Bristow 2004). This study tested the hypothesis that prophylactic cardiac 

resynchronization therapy by means of biventricular stimulation with or without an ICD 

would reduce the risk of death and hospitalization (primary study endpoint) in patients 

with advanced chronic heart failure and intraventricular conduction delays. These 

investigators enrolled 1520 patients, of whom 837 (55%) suffered from ischemic 

cardiomyopathy. Patients were randomly assigned to medical therapy alone, or to 

receive a biventricular pacing device alone or to receive such a device including an 

ICD. As compared with medical therapy alone, cardiac resynchronization therapy with 

the pacemaker reduced the risk of the primary endpoint by 19% as did the combined 

resynchronization ICD treatment (20% risk reduction). The secondary endpoint death 

from any cause was only significantly reduced by the combined resynchronization ICD 

therapy (36% relative risk reduction, P = 0.003). Importantly, however, when mortality 

was analyzed according to the presence of ischemic versus non-ischemic 

cardiomyopathy, the reduction in the risk of death from any cause was no longer 

statistically significant for patients with coronary artery disease (hazard ratio 0.73; 95% 

confidence interval 0.52–1.04; P = 0.082). In contrast, among patients with non-

ischemic cardiomyopathy, combined resynchronization/ICD therapy resulted in a 

hazard ratio of 0.50 (95% CI 0.29–0.88; P = 0.015) indicating a highly significant 

survival benefit compared with optimal medical therapy alone.

As pointed out recently, these results indicate that patients with advanced heart failure 

and intraventricular conduction delays who are candidates for prophylactic ICD therapy 

may have additional benefit from a device capable of biventricular pacing (Kadish 

2005).

Clinical use of prophylactic ICD therapy
Over the last few years, several large-scale well-conducted RCT have tremendously 

increased our knowledge on potential treatment strategies to prevent SCD in patients 

with CAD and heart failure. As the main lesson from the trials of various drug 

treatments, optimal pharmacological therapy should include ß-blockers, ACEI, 

aldosterone antagonists, and statins. With the background of this optimized 
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pharmacological therapy, the ICD has been demonstrated to significantly reduce all-

cause mortality, and arrhythmic mortality in particular. Taken together, these trials 

allow an evidence-based approach to primary prevention of sudden cardiac death in 

patients with ischemic or non-ischemic cardiomyopathy who are already on optimal 

background medication.

Patients with chronic dilated cardiomyopathy (regardless of cause), a long history of 

heart failure, and an ejection fraction of 0.35 or less appear to benefit from preventive 

device therapy and are thus candidates for prophylactic defibrillator implantation. For 

this purpose, a single chamber device is appropriate in the majority of patients since 

there have been no prospective studies showing convincing clinical benefit by adding an 

atrial lead (Kadish 2005, The DAVID Investigators. 2002). For similar patients who 

have additional intraventricular conduction delays, a biventricular ICD must be 

considered. In the absence of additional convincing data from prospective randomized 

trials, however, this decision must be based on individual considerations. Such trials are 

currently underway. Finally, the clinical implications of the DINAMIT results are clear 

(Hohnloser et al. 2004). Prophylactic ICD therapy should not be used in patients with 

recent myocardial infarction. Since in MADIT I and II (Moss 1996, Moss 2002),  75% 

and 88% of the patients, respectively, were enrolled more than 6 months after 

myocardial infarction, it appears that ICD benefit in coronary patients accrues after a 

considerable time has elapsed from the most recent infarct, presumably at least 6 

months or perhaps longer. Finally, we need better ways to predict which patient 

populations will benefit most from prophylactic device therapy. 

Cardiac resynchronisation therapy
Over the last decade, several well-conducted randomised trial has been conducted in the 

field of cardiac resynchronisation therapy (Abraham et al. 2002, Abraham et al. 2004, 

Auricchio et al. 2002, Auricchio et al. 2003, Bristow et al. 2004, Cazeau et al. 2001, 

Cleland et al. 2005, Higgins et al. 2003, Kindermann et al. 2006, Leclerq et al. 2002, 

Leclerq et al. 2007, Young et al. 2003). All of the patients in these trials had a left 

ventricular dysfunction with a mean LV EF between 21-30 %, a widened QRS complex 

witha mean QRS width between 155-209 ms, and heart failure symptoms (NYHA III or 

IV in 91%, NYHA II in 9%). All attempt was made to optimise the medical therapy of 
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the patients. Approximately half of the patients randomised to resynchronisation

received CRT alone (47%) and the other half CRT with defibrillator (53%). In a recent 

review of McAlister et al (2007) a clear benefit was seen in the reduction of the all 

cause mortality of about 22% (RR 0.78, 95% CI 0.67-0.91). A more prevalent reduction 

was seen in the heart failure deaths of 36% (RR 0.64, 95% CI 0.49-0.84). The longer the 

follow-up time was, the lesser number of patients had to be treated to prevent one death, 

reaching 9 patients at 3 years (Cleland et al 2006). Another clear benefit of the 

resynchronisation was the 47% decrease in the heart failure hospitalisation (RR 0.63, 

95% CI 0.43-0.93).

Around 59% of the patients receiving CRT showed at least 1 NYHA class improvement 

at 6 months compared to 37% of the patients on optimal medical therapy (RR 1.55, 95% 

CI 1.25-1.92). Patients showed an improwement in LVEF (3.0%; 95% CI 0.9%-5.1%), 

in 6-minute walk test distance (24m improvement; 95% CI 13-35m) and in quality of 

life (Minnesota Living With Heart Failure Questionnaire, 8.0 points improvement; 95% 

CI 5.6-10.4 points).

There is currently no better selection criterion for cardiac resynchronisation therapy 

than the LVEF, QRS width and heart failure status of NYHA III-IV, as no clear 

subgroup effects were demonstrated in the RCTs. Most importantly there was no 

difference between the patients with and without ischemia in the three RCTs with an a 

priori planned analysis of this interaction (Higgins et al. 2003, Bristow et al. 2004, 

Cleland et al. 2005).

The only trial with a direct comparison of CRT- pacemakers and CRT defibrillators was 

the COMPANION trial (Bristow et al. 2004). The patient group randomised to CRT 

defibrillators showed a significant reduction in the secondary endpoint of all cause 

morality, whereas the CRT pacemaker group showed only a non significant trend. In the 

primary endpoint of death from or hospitalisation for any cause both patient groups 

showed a significant benefit compared to the patients with pharmacologic therapy. 

Although the direct comparison of the efficacy of the CRT-pacemaker and CRT-

defibrillator groups is underpowered and was not prespecified, there was no statistical 

difference in the all cause mortality and in the time to death or heart failure 

horpitalisation between the two groups. The difference between the effects of CRT-

pacemaker and CRT-defibrillator therapy was not direcly studied in other trials, and 
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therefore merely speculative. The decision between CRT-P and CRT-D is widely 

wariable throughout Europe depending on health political decisions on the 

reimbursment of these treatments. 

Background of our studies

Sudden cardiac death (SCD) is one of the major causes of death and most often (up to 

95%) due to sustained episodes of ventricular tachycardia and ventricular fibrillation. 

Recently, several randomized controlled trials (RCT) have shown that implantable 

cardioverter-defibrillators (ICDs) reduce not only sudden cardiac death but also all-

cause mortality in patients with structural heart disease and high risk for life threatening 

ventricular arrhythmias. 

(A) The implantable cardioverter defibrillator has been demonstrated to be superior to 

other treatment modalities in primary or secondary prevention of sudden cardiac death 

(AVID et al. 1997, Connolly et al. 2000; Kuck et al. 2000, Moss et al. 1996, Buxton et 

al. 1999, Moss et al. 2002, Hohnloser et al. 2004, Bristow et al. 2004, Bardy et al. 

2005). However, device therapy is associated with significant expenditures in health 

care costs. Particularly in societies where health care cost is rapidly becoming a major 

consideration in decision making, it is important to determine the effect of innovative 

and costly therapy in patient groups which may be different from those enrolled in 

major prospective studies. The previous ACC/AHA/NASPE (Gregoratos et al. 2002), 

the current ACC/AHA/HRS (Epstein et al. 2008) and ESC (Vardas et al. 2007) 

guidelines do not include age in the decision of indication of ICD therapy (only the 

patients with terminal illness and life expectancy lower than 6 month are suggested to 

be exluded from device therapy). In several RCTs there was no upper age limit in the 

patient selection (MADIT II, SCD-HeFT, AVID; CIDS), while in some other trials an 

upper age limit of 80 years was selected (CABG-PATCH, MADIT, DINAMIT). 

Currently, there is no evidence concerning the age-dependency of the effectiveness of 

ICD therapy in the every day clinical practice. In the clinical setting however, the 

selection of the patients for ICD implantation is often influenced by the patient age.  

Accordingly, the question whether ICD therapy is justified in elderly patients has been 

raised. Unfortunately, there is a paucity of data to answer this question based on results 

from prospective studies since the average age of patients at the time of study 
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enrollment was between 58 - 65 years in secondary (AVID et al. 1997, Connolly et al. 

2000; Kuck et al. 2000) and 58 – 66 years in primary preventive ICD trials (Moss et al. 

1996, Buxton et al. 1999, Moss et al. 2002, Hohnloser et al. 2004, Bristow et al. 2004, 

Bardy et al. 2005). Only very sparse data from observational studies regarding the effect 

of increasing age on ICD efficacy have been published (Tresch et al. 1991, 

Panotopoulos et al. 1997). These studies, however, have several limitations, particularly 

the use of epicardial ICD systems, background therapy not complying with 

contemporary standards, or the lack of use of mortality as the primary study outcome 

measure. 

(B) Cardiac resynchronization therapy (CRT) improves outcome, quality of life and 

exercise capacity in patients with heart failure of NYHA functional class III-IV, a left 

ventricular ejection fraction (LVEF) ≤ 0.35, and a QRS duration 

indication for CRT therapy has been constantly widened following publication of 

randomized prospective clinical trials (Abraham et al. 2002; Linde et al. 2002, Bristow 

et al. 2004, Cleland et al. 2005). 

 The least invasive method to implant a left ventricular (LV) lead is the transvenous 

approach. Reported success rates of coronary sinus (CS) lead implantation are 87-92% 

in randomized clinical trials (Abraham et al. 2002; Linde et al. 2002, Bristow et al. 

2004, Cleland et al. 2005). Implantation success may rise to > 95% following a second 

implantation attempt (Cleland et al. 2005).

With the continuous development of LV-lead implantation tools, lead implantation 

through the coronary sinus is getting faster and safer. Although there are some data 

from multislice computer tomography and magnetic resonance imaging concerning the 

number and the size of the CS tributaries (Mao et al. 2005; Tada et al. 2005; Abbara et 

al. 2005), there are no systematic prospective data available about the results of the left 

ventricular lead implantation and possible technical difficulties through the coronary 

sinus. The implantation of the left ventricular lead in a desired position depends on the 

anatomy of the coronary sinus, the stimulation threshold, and the proximity to the n. 

phrenicus 

(C) Among other important unanswered questions regarding CRT, it has not been 

prospectively assessed whether patients with previously implanted right ventricular 

pacemakers or cardioverter defibrillator systems derive similar benefit from 
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resynchronization therapy compared to patients undergoing de novo CRT implantation. 

Important clinical issues related to upgrading pre-existing non-CRT devices to CRT 

concern the complexity and possible technical difficulties during implantation (e. g. 

venous obstruction, passage of ingrown old leads, coronary sinus canulation from the 

right subclavian vein), and clinical response to CRT in this particular patient group. 

Unfortunately, only rarely have these questions been evaluated in published studies 

(Leon et al. 2002, Horwich et al. 2004, Valls-Bertault et al. 2007). However, all of these 

studies are limited, for instance by including only patients after AV node ablation 

(Leon, Valls-Bertault), by small sample sizes or without a normal control group. 

(D) Lead-related complications are among the most important potential complications 

requiring reoperation in ICD recipients. Lead durability and integrity depend upon 

several factors such as lead design, lead material, and mechanical stress. More than half 

of all lead complications are insulation defects (Kleeman et al 2007), most frequently 

due to subclavian crush syndrome, abrasion of the lead by the ICD generator, or at the 

level of lead fixation. 

Aims/Objectives 

The present report aims to evaluate these four clinically relevant issues: (A) First we 

evaluated the effects of ICD therapy in patients aged 70 or older compared to younger 

patients. 

(B) Second we examined the feasibility and the intraoperative difficulties during 

implantation of the LV lead through the CS in consecutive patients scheduled for CRT 

with particular emphasis to individual CS anatomy. 

(C) Third, we addressed the feasibility and outcome of upgrading preexisting 

pacemaker/ICD systems to CRT devices as compared to de-novo CRT implantation.

(D) Fourth, we looked for new complication mechanisms leading to surgical system 

revision. 

Methods 

A) Age dependence of ICD therapy
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Patient population (A). We retrospectively analysed data from 434 consecutive 

patients who underwent ICD implantation between January 1999 and November 2003 at 

the J. W. Goethe University, Frankfurt, Germany, for primary or secondary prophylaxis 

of sudden cardiac death. For the purpose of this analysis, only data from patients with 

evidence of structural heart disease and follow-up data for at least 30 days after ICD 

implantation were considered. According to the analysis plans of two of the largest 

preventive ICD studies (AVID et al. 1997; Moss et al. 2002), patients were divided into 

two groups according to their age younger than 70 years (group 1) or 70 years or older 

(group 2) at time of ICD implantation. 

Follow-up (A). Patients were followed in the ICD outpatient clinic in regular 6 month 

intervals or whenever clinical circumstances called for unscheduled visits. At each visit, 

the patient’s clinical status was checked and the concomitant medications adjusted 

according to the individual needs. ICD´s were carefully interrogated and all available 

data stored on disc. Electrograms from all ICD shock or antitachycardia pacing therapy 

were collected and classified by two independent reviewers who were blinded towards 

the age of the patient. 

Statistical analysis (A). The following events were defined as outcome measures for 

this analysis: i.) time to death from any cause, ii.) time to first ICD therapy of 

ventricular tachyarrhythmias, and iii.) time from first ICD therapy of ventricular 

tachyarryhthmias to death from any cause. The cumulative risks of death over time was 

estimated separately for each patient group using the Kaplan-Meier method (Kaplan, 

Meier 1958) and compared via a Mantel-Haenszel test (Mantel 1966). Comparisons 

between the patient groups regarding baseline variables were made by the chi-square 

test or the Student t-test as appropriate. A value of p 

B and C) Prospective studies on CRT therapy

Patient population (B and C) Implantation and follow-up data were collected from 

consecutive patients who underwent CRT implantation (new or upgrade) between 

March 2005 and January 2007 at the J. W. Goethe University, Frankfurt, Germany. 

Patients were considered for CRT if they had heart failure of NYHA functional class III 

or IV or a history of heart failure decompensation within the last 3 months and were in 

NYHA class II at the time of presentation. Furthermore, a LVEF ≤ 35% and a QRS 

width > 120 ms were required. (Gregoratos et al. 2002, Hunt et al. 2005, Swedberg et al. 
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2005, Strickberger et al. 2005, Zipes et al. 2006).  In patients with a previously 

implanted pacemaker or ICD and continuous ventricular pacing, paced QRS width had 

to be 

present indications for primary or secondary prophylaxis of sudden cardiac death (Zipes

et al. 2006).

Device implantation (B and C). CRT de-novo implantations and upgrades were 

performed according to current standard procedures. Coronary sinus guiding sheaths 

and left ventricular pacing leads of different manufacturers were used.  After 

introducing a guiding sheath into the coronary sinus an occlusive venogram using a 

ballon-catheter was performed in posterior-anterior and LAO 30° views. An 

electrophysiologist experienced in CRT implantation who was not involved in the actual 

implantation procedure defined the 1st, 2nd, 3rd, and 4th target CS side branch 

according to the individual CS anatomy (von Ludinghausen M 2003) with preference to 

the posterolateral vein or a side branch in close proximity to the posterolateral area 

(Butter et al. 2001, Rosillo et al. 2004). The implanting physician placed the LV-lead in 

the predefined order in the side branches, starting with the 1st choice CS branch. The 

lead was implanted if the following implantation criteria were met: 1.) stimulation 

threshold below 2 V x 0.5 ms; 2.) no phrenic stimulation at 5 V x 0.5 ms; 3.) minimal 

100 ms delay of the local activation of the right and left ventricular lead during 

stimulation of the opposite ventricular lead. 

If applicable, right ventricular and atrial leads were implanted conventionally preferably 

using the cephalic vein. All lead measurements (old and new implanted leads) were 

repeated before final lead fixation and connection to the device. Since all devices were 

ICDs, shock testing (successful termination of induced ventricular fibrillation with an 

energy more than 10 J below maximum device energy twice in case of a new RV ICD 

lead implantation, only once in case of preexisting RV defibrillation lead) was 

performed in all patients. 

Follow-up. Patients were followed in the ICD outpatient clinic at 1 and 6 months after 

ICD implantation and whenever clinical circumstances called for unscheduled visits. At 

each visit, functional heart failure status (NYHA class), serum NT-pro-BNP level, and 

at the 6 months visit the LVEF were determined. Concomitant medication was adjusted 
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according to the clinical status of the patient. An AV and VV time optimization was 

performed 4-8 weeks after implantation. 

Definition of response to CRT (B). In the first analysis patients who survived to the 6 

month follow-up and showed ≥ 1 NYHA functional class improvement were considered 

as responders to CRT (Bax et al. 2003). 

Definition of response to CRT (C). The responder definition for our second analysis: 

Patients were considered responders to CRT if they survived to the 6 month follow-up 

and showed significant improvement in 2 out of 3 of the following criteria: Improved 

clinical status, i. e. improvement of at least 1 NYHA functional class; 

echocardiographic improvement measured by an absolute increase in LVEF of at least 5 

%; or neurohormonal evidence of improvement of heart failure, expressed as a decrease 

in the NT-pro-BNP level of at least 30 % (Bax et al. 2003, Sinha et al. 2003).

Statistical analysis (B). Outcome parameters were 1.) success rate of LV lead 

implantation in the 1st choice CS side branch; 2.) number and position of the 

theoretically available CS side branches; 3.) success of introducing the LV lead in the 

selected side branches and success of implantation the LV lead in those positions; 4.) 

procedural characteristics (implantation time, fluoroscopy time, fluoroscopy dose); 5.) 6 

month response to CRT. 

Statistical analysis (C). In the second analysis of the prospective cohort patients were 

divided into two groups: patients with de novo CRT implantation (group 1) and patients 

with a pre-existing right ventricular device undergoing upgrade to CRT (group 2). 

Outcome parameters were 1.) procedural characteristics (implantation time, fluoroscopy 

time, fluoroscopy dose), 2.) implantation success rate (defined as successful 

implantation of all leads with capture at output levels < 2.5 V and lack of phrenic nerve 

stimulation at 5 V), 3.) implantation complications, 4.) six month response to CRT.

Baseline variables, implantation success rate, procedure and fluoroscopy time, X-ray 

dose, and response rates were compared using the chi-square test, Fischer´s exact test or 

the Student t test where appropriate. A two-sided value of p 

significant. 
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Results 

Patient characteristics (A). From a total of 434 consecutive ICD recipients, 59 (14 %) 

were excluded from this analysis because they had inadequate follow up (n=24) or since 

they had no evidence for structural heart disease (n=35). Therefore, data from 375 

patients constitute the basis of this report.  

Table 3 Baseline characteristics. 

Patients younger (Group 1) and older (Group 2) than 70 years

All Pts Group 1 Group 2 p value

Patients 375 273 102

Age at ICD implantation (y) 63.6±10.0 59.7 ± 8.9 74.0 ± 3.1

                                 Range(y) 24-84 24-69 70-84

Male Sex – no. (%) 309 (82) 229 (84) 80 (78) ns

Follow-up (month) 26.5±18.1 26.8 ± 18.6 25.8 ± 16.5 ns

ICD indication – no. (%)

Primary prevention  125 (33) 102 (37.4) 23 (22.5)

Secondary prevention 250 (67) 171 (62.6) 79 (77.5) 0.007 *

Underlying disease – no. (%)

Coronary artery disease 315 (84) 222 (81.3) 93 (91.2) 0.026 *

Dilated cardiomyopathy 67 (18) 57 (18.7) 10 (8.8) 0.015 *

LVEF (%) 32.8±11.4 33.2 ± 11.7 32.01 ± 10.4 ns

NYHA functional class – no. (%)

I 134 (35.7) 99 (36.2) 35 (34.3) ns

II 163 (43.5) 115 (42.1) 48 (47.1) ns

III-IV 88 (23.5) 59  (21.6) 19 (18.6) ns
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All Pts Group 1 Group 2 p value

Pharmacologic therapy – no. (%)

Amiodarone 85 (23) 57   (20.9) 28 (27.5) ns

Beta-blockers 287 (77) 209 (76.6) 78 (76.5) ns

ACE – inhibitors or 

AT1 - receptor blockers
336 (90) 242 (88.6) 94 (92.2) ns

Statins 246 (66) 175 (64.1) 71 (69.6) ns

Digitalis 131 (35) 96 (35.2) 35 (34.3) ns

Diuretics 246 (66) 173 (63.4) 73 (71.6) ns

means ± SD. 

*  significant difference among the two groups in baseline characteristics (p < 0.05).  

Among the 375 patients, 273 were younger than 70 years (group 1), and 102 were 70 

years of age or older (group 2). Clinical baseline characteristics of the two groups are 

shown in Table 3. Younger patients underwent ICD implantation more often for 

primary prevention of sudden cardiac death (37% vs. 23%; p=0.007). Elderly patients 

suffered more often from coronary artery disease and less often from dilated 

cardiomyopathy compared with younger patients (p < 0.03). In both groups, background 

medical therapy was optimized with a high usage of beta-blockers, angiotensin 

converting enzyme inhibitors or AT1 receptor blockers, and statins.

Time to death. Patients were followed for a mean of 26.5±18.1 months with no 

significant difference in the average follow-up time between the two groups (26.8±18.6 

vs 25.8±16.5 months, p=ns, median 23 vs 23 months). Time to all-cause death for the 

two groups are shown in Figure 1. During the observation period, 47 patients died, 34 in 

the younger patient group (12.5 %) and 13 in the elderly patient group (12.7 %). The 

average time to death was comparable among the two groups (28.4±16.7 vs 30.4±22.1 

months, p=ns, median 26 vs 25 months). At 12 and 24 months, 2.6 % (7 patients) and 
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5.5 % (15 patients) in the younger and 2.9 % (3 patients) and 5.9 % (6 patients) in the 

older patient group died. 

Figure 1 Cumulative survival curves after ICD implantation in patients 
younger and older than 70 years

Time from device implantation to first appropriate ICD therapy of ventricular 

tachyarrhythmias. During the follow-up period, at least one appropriate ICD therapy 

delivery on ventricular tachyaritmias was documented in 40 % (108 patients) of group 1 

patients and 44 % (45 patients) of group 2 patients (p=ns). The average time to first 

adequate ICD therapy  (shock or antitachycardia pacing) delivery was not significantly 

different among the two groups (11.0±12.7 months vs 8.9±10.9 months, p=ns) (Figure 

2). At 12 and 24 months, 25 % (68 patients) and 33 % (91 patients) of group 1 and 31 % 

(32 patients) and 37 % (38 patients) of group 2 patients had experienced at least one 

appropriate ICD therapy episode.



25

Figure 2 Cumulative survival free of ICD therapy of ventricular 
tachyarrhythmias in patients younger and older than 70 years

Time from first ICD therapy delivery on ventricular tachyarrhythmias to death 

from any cause. Twenty-four of 108 patients with appropriate ICD therapy of 

ventricular tachyarrhythmias in group 1 (22 %) subsequently died, compared to eight of 

45 group 2 patients (18 %; p=ns). The average time from first adequate ICD therapy to 

death was not significantly different between the two groups (18.3±16.4 months vs

25.7±17.7 months, p=ns) (Figure 3). 
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Figure 3 Cumulative survival after first ICD therapy (shock or ATP) delivery
in patients younger and older than 70 years

ICD-related complications. Table 4 depicts device-related complications encountered 

during the perioperative phase and during the subsequent observation period. There was 

no difference in adverse events between both groups. There was no implantation-related 

mortality. 

Table 4 ICD-related adverse events

Group 1 Group 2

Patients 273 102

Perioperative complications

Hematoma

     Pneumothorax

     Electrode dislodgement

6

1

1

6

1
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Group 1 Group 2

Late complications

Pacing failure 

     Electrode malfunctioning

     Infection

     Generator dislodgement

1

16

1

2

1

2

Total complications
28

(10.1%)

10

(9.8%)

Patient characteristics (B and C). Our observation is based on data obtained from 79 

consecutive CRT recipients. Of this patient cohort, 18 patients (23 %) had a previously 

implanted right ventricular device (3 pacemaker; 15 ICD) and underwent an upgrade to 

CRT-ICD system. In 8 of 18 patients (44 %) right ventricular pacing was present for 

more than 50% of the time including 4 patients with permanent complete AV block. 

Five of 18 patients (28 %) had permanent atrial fibrillation. Baseline characteristics of 

the two groups are shown in Table 5. Medical therapy was optimized in all patients

Table 5 Baseline characteristics (B and C)

All Pts De Novo Upgrade p value

Patients 79 61 18

Age at implantation (yrs) 64 ± 11
(35-83)

63 ± 11
(35-80)

66 ± 10 
(40-83) 

0.27

Male (n, %) 63 (80) 50 (82) 13 (72) 0.37

Underlying heart disease (n, %) 0.72

ICM 38 (48) 30 (49) 8 (44)

NICM 41 (52) 31 (51) 10 (56)

LVEF (%) 23 ± 8 22 ± 7 25 ± 9 0.35

NT-proBNP (pg/ml) 3158 ± 4477 3273 ± 4959 2781 ± 2433 0.75
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All Pts De Novo Upgrade p value

VO2 max (ml/kg/min) 13.2 ± 4.2 13.4 ± 4.3 12.3 ± 3.4 0.39

NYHA functional class (n, %)

II 22 (28) 20 (33) 2 (11)

III-IV 57 (72) 41(67) 16 (89) 0.13

Pharmacologic therapy (n, %)

Amiodarone 14 (18) 7 (12) 7 (39) 0.072

Beta-blockers 72 (92) 56 (93) 16 (89) 0.80

ACE – inhibitors or 

AT1 - receptor blockers
71 (91) 56 (94) 15 (83) 0.92

Statins 43 (55) 36 (60) 7 (39) 0.13

Digitalis 53 (68) 41 (68) 12 (68) 0.97

Diuretics 71 (91) 57 (95) 14 (78) 0.10

Aldosterone antagonists 47 (59) 38 (62) 9 (50) 0.35

Mean values ± standard deviation (range). *: significant difference among the two 

groups in baseline characteristics (p < 0.05). 

Coronary sinus anatomy. A retrograde coronary sinus angiography was obtained in 77 

of the 79 patients (Figure 3). This report is thus based on findings in these 77 patients.
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Figure 3 Coronary vein side branches 
Coronary vein side branches according to the definition proposed by van 
Ludighausen in the LAO 30° projection.

The anterior interventricular vein was present in 69 of the 77 patients (90%), the left 

marginal (lateral) vein in 63 / 77 patients (82%), and the LV posterior vein in 50 / 77 

patients (65%). The posterior interventricular vein was visualized in 42 / 77 patients 

(55%). In three patients (4%) there was only one coronary sinus side branch available, 

in 20 patients (26%) two, in 36 patients (47%) 3, in 18 patients (23%) 4. In the 

posterior-lateral region there was only one available coronary sinus side branch (CS-

SB) in 41 / 77 patients (53%), two or more CS-SB in 36 / 77 patients (47%).

Figure 4 Presence of the four major coronary sinus side branches in the 
present patient cohort.
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Figure 5 depicts the selection of the 1st 2nd, 3rd and 4th target according to the 

sidebranch regions. The marginal vein was  in 90% as first target, in 10% as second 

target selected. 30 % of the posterior and 5% of the anterior veins were 1st choice. 

1st 2nd 3rd 4th All veins

Marginal 57 6 0 0 63

Posterior 16 27 7 0 50

Anterior 4 34 31 0 69

Post. interventricular 0 6 19 17 42

Figure 5 Definition of the target CS branches
(Number of veins in different positions)

Implantation of the LV leads. A LV lead was successfully implanted in 73/77 patients 

(95%) following coronary sinus angiography. Implantation success in the first targeted 

vein was 71% (55/77 patients), in the second targeted vein in an additional 21% (16/77), 

and in the third targeted vein in further 3% (2/77) (Figure 6). 
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Figure 6 Flow chart of LV lead implantation in predefined target coronary 

sinus side branches

The success rate for reaching the targeted lead position was 84% for the marginal vein, 

92% for the posterior vein, 94% for the anterior interventricular vein, and 100% for the 

posterior interventricular vein (Figure 7).
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Targeted Reached Implanted

Marginal 58 49 (84%) 42 (72%)

Posterior 25 23 (92%) 18 (72%)

Anterior 17 16 (94%) 11(65%)

Posterior interventricular 4 4 (100%) 2 (50%)

All 104 92 (88%) 73 (70%)

Craddock-Flood's Chi² p =0.75

Figure 7 Implantation success in different coronary sinus branches

A lead repositioning in the same side branch was needed because of lead instability (4 

cases), of high stimulation threshold (5 cases) or of phrenic nerve stimulation (10 

cases). Of all reached veins tested (92 veins in 77 patients), the vein had to be 

completely abandoned in 21%, mainly because of lead instability (8 cases, 9%) and high 

pacing threshold (7 cases, 8%) (Table 6). The lowest rate of unsuitable measurements 

(14%) was found in the marginal position, the highest rate in the posterior 

interventricular vein (50%). None of the leads were implanted in the apical region of the 

anterior interventricular vein; all leads in the anterior position were placed in 

anterolateral side branches of the anterior interventricular vein. There was no difference 

in the presence of stimulation threshold problems in patients with (3/26 patients, 12%) 

or without a previous myocardial infarction (8/53, 15% p=0.47). Successful LV lead 
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implantation was performed in 72% of targeted marginal, in 72% of posterior, in 65% 

of anterior interventricular and in 50% of the posterior interventricular vein. 

Table 6 Failure to use coronary sinus side branches 

Marginal Posterior Anterior PIV All

CS branch reached 49 23 16 4 92

CS branch not suitable 7 (14%) 5 (22%) 5 (33%) 2 (50%) 19 (21%)

       Lead instability 5# 2* 2 8

       High stimulation threshold 3# 3* 3§ 7

       Phrenic nerve stimulation 1# 2* 1 3

 RV-LV conduction time 1§ 1 1

Repositioning within the CS 

branch needed
10 (20%) 7 (30%) 2 (13%) 0 (0%) 19 (21%)

       Lead instability 2 1 1 4

       High stimulation threshold 3 2 5

       Phrenic nerve stimulation 5 4 1 10

Lead implanted in the CS 

branch
42 18 11 2 73

 In some of the cases more than one reason were the cause of leaving a reached 
sidebranch:  * 1 pt: Instability+ Phren; 1 pt: Thresh+ Phren; # 1 pt: 
Instability+Threshold +Phrenicus Stim; § 1 pt Threshold + RV-LV-Cond time
PIV: Posterior interventricular
Craddock-Flood's Chi² p =0.23

Of the 73 patients with a successful LV- lead implantation 38 patients were implanted 

with a unipolar lead, 35 with a bipolar one. We had to switch from using one to the 

other type of electrode in 10 patients: In 4 of 6 cases, the switch from using a bipolar 

lead to unipolar LV-lead enabled implantation in the first target vein; the remaining 2 

patients were implanted with a unipolar lead in the 2nd target vein. In 3 cases, a 

unipolar lead was changed to a bipolar one which could be implanted in a 1st, a 2nd, 

and a 3rd target vein. In one case the procedure was started with a bipolar lead, then the 
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introduction of a unipolar lead was unsuccessfully attempted into two sidebranches, and 

finally, the bipolar lead was successfully implanted in the 1st target position

Procedural data (B). CRT implantation was successful in 73 of the 77 patients. Causes 

of unsuccessful implantations were: electrode instability in the only accessible vein (1 

patient); high pacing threshold in two different veins (1 patient); high pacing threshold 

+ electrode instability + phrenic nerve stimulation in 2 different veins (2 patients). 

Procedural data for the first versus the 2nd-3rd choice targeted veins are shown in Table

7. Implantation and the fluoroscopy times were significantly higher in the patients 

where the first chosen target vein was not suitable. 

Table 7 Procedural data of CRT implantations according to successful LV-Lead 

implantation in the 1st or -SB

1st choice 

(55 pts)

2nd -3rd choice 

(18 pts)
p

Operation-Time (min) 143 ± 41 179 ± 47 0.002

X-Ray time (min) 20 ± 13 38 ± 21 0.002

X-Ray dose (Gy x cm2) 36 ± 27 58 ± 52 0.103

Response to CRT (B). During the 6 months after device implantation 6 patients died. 

The cause of death was intractable ventricular arrhythmia in 1, progressive heart failure 

in 3, septicemia in 2 patients. According to our definition of response, 35/55 (64%) of 

the patients with a first choice LV lead position and 12/18 (67%) patients with LV leads 

implanted in the second or third chosen CS side branch responded to CRT (p=0.95). 

There was no difference between the response rates according to different LV lead 

positions (Table 8), albeit the number of patients with LV leads in the anterior or 

posterior interventricular veins were small. 
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Table 8 Response to CRT according to the left ventricular lead position

Patients Responder

Marginal 42 25 (60%)

Posterior 18 11(61%)

Anterior 11 9 (82%)

Posterior interventricular 2 2 (100%)

Procedural data (C). Implantation was successful in 56 of 61 de novo implantations 

(92%) and 17 of 18 upgrade procedures (94%, p=1.0). Preexistent devices were single 

chamber ICD in 13 pts, dual chamber ICD in 2 pts, and dual chamber pacemaker in 3 

patients. The previous device was implanted submuscularly in 12 and subcutaneously in 

6 patients. In addition to the left ventricular lead, a right atrial lead had to be implanted 

in 12, a right ventricular ICD lead in 3, and an additional vena cava superior shock-coil 

in one patient. Causes of unsuccessful implantations were: Coronary sinus not 

accessible (2 patients); electrode instability in the single accessible vein (1 patient); high 

pacing threshold in 

instability + phrenic stimulation in 2 different veins (2 patients). In 2 patients, the CRT 

upgrade procedure was complicated by an occlusion of the left subclavian vein (Figure

8A). In both cases, successful venous recanalization could be accomplished. In one 

additional upgrade patient there was a large subclavian vein aneurysm which could be 

passed using a long sheath (Figure 8B). Procedural data comparing the de novo and 

upgrade implantations are shown in Tables 9 and 10. There were no significant 

differences between the 2 groups in any of the relevant parameters.
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Figure 8
A (left panel): occlusion / stenosis of the v. subclavia - successful recanalisation
B (right panel) v. subclavia stenosis +  aneurysma - difficult CS cannulation

Table 9  Procedural data

De Novo

(61 pts)

Upgrade

(18 pts)
p value

Implantation success 56 (92%) 17 (94%) 1.00

Right sided implantation 2 (3%) 3 (17%) 0.75

Procedure time (min) 154 ± 44 164 ± 63 0.42

                          Range 90-310 75-300

X-ray time (min) 25 ± 18 32 ± 22 0.18

                          Range 4.6-78.8 6.1-79.8

X-ray dosis (Gy cm2) 41 ± 31 52 ± 49 0.22

                          Range 4.1-127 14-222

sheath

occlusion

stenosis
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Position of LV electrode (n, %) De Novo Upgrade p value

Not successful 5 (8) 1 (6)

Anterior/anterolateral 9 (15) 2 (11)

Lateral 33 (54) 9 (50) 0.46

Posterior 13 (21) 4 (22)

Posteroseptal 1 (2) 2 (11)

Mean values ± standard deviation. *: Significant difference among the two groups in 
baseline characteristics (p < 0.05). 

Table 10 Complications

Perioperative complications
De Novo

(61 pts)

Upgrade

(18 pts)
p value

Tamponade 0 0 n. s.

Perforation 0 0 n. s.

Vena cava superior dissection 0 1 n. s.

CS dissection 1 1 n. s.

Significant pocket hematoma 1 0 n. s.

CRP increase >5 mg/dl requiring

 i. v. antibiotic treatment >3 days 
5 4 n. s.

Bleeding requiring transfusion 1 0 n. s.

Allergic reaction1 1 0 n. s.

Pneumothorax² 1 0 n. s.

Periprocedural mortality 0 0 n. s.
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Late complications De Novo Upgrade p value

Infection requiring intervention 0 0 n. s.

Explantation 0 0 n. s.

Lead revision (exit block/ dislodgement)³ 2 0 n. s.

Patients with any adverse event 10 (16 %) 5 (28 %) n. s.

1: allergic reaction to povidon iodine solution, ²: without the need for thoracic drainage, 
³: 1 LV lead due to twiddler syndrome, 1 RV lead due to threshold increase/exit block. 
CRP: C-reactive protein, CS: coronary sinus.

Response to CRT depending on upgrade or new implantation. During the 6 months 

after device implantation, 6 patients died (4 after de-novo implantations, 2 following 

upgrade procedures). The cause of death was intractable ventricular arrhythmias in 1 

patient, progressive heart failure in 3, and septicaemia in 2 patients. According to the 

predefined criteria, 37/56 de-novo implanted patients (66%) and 10/17 upgraded 

patients (59%) were considered responders to CRT (p=0.80). As part of the combined 

definition, the NYHA functional class, the LVEF and the NT-proBNP level showed 

significant improvement in the responders compared to the non-responder patients, as 

follows. NYHA functional class changed from 2.8 ± 0.7 to 1.7 ± 0.7 (p < 0.0001) in 

responders while it remained unchanged in non-responders (2.8 ± 0.6 to 2.7 ± 0.5 

p=n.s.). LVEF remained in the same range for non-responders and increased in 

responders. The NT-proBNP level decreased in responders and increased in non-

responders (Table 11)

Table 11 Changes in NYHA class, LVEF, LVEDD and Nt-Pro-BNP in responder 

and non-responder patients before and 6 months after CRT 

implantation.

Responder Non-responder

NYHA class
2.8±0.7 → 1.7±0.7

p<0.001

2.8±0.6 → 2.7±0.5

p=n.s.
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Responder Non-responder

LVEF

(%)

23±8 →  33±10

 p<0.001

24±8 → 28±10

p=0.06

LVEDD

(mm)

68±11 → 65±12

p=0.007

69±9 → 67±11

 p=0.09

Nt-Pro-BNP

(pg/ml)

3598±5241 → 1721±2753

 p=0.001

2120±1282 → 3641±2211

 p=0.002

Two of the six patients (33%) with unsuccessful CRT implantation died within the first 

6 months compared to 4 of 73 patients (6%) with successful device implantation 

(p=0.063).

Description of a new lead defect mechanism (D)

A frequent complication of the ICD therapy is the inadequate ICD shock delivery 

(Ezekowitz et al. 2007). We present here a patient reporting an ICD shock delivery. 

Analysis of the stored electrograms demonstrated inadequate ICD shock therapy elicited 

by artifacts leading to detection of a presumed ventricular fibrillation episode (Figure 

9). Earlier non-sustained episodes without ICD shock delivery demonstrated similar 

double potentials in the ventricular channel leading to detection of presumed ventricular 

fibrillation episode. The patient never experienced a sustained ventricular 

tachyarrhythmia since his ICD was implanted. Fluoroscopy revealed that an 

approximately 6 cm long portion of the ICD lead (Riata 1580, St Jude Medical, Sylmar, 

Ca) was split at the level of the tricuspid valve, with two thinner electrode components 

outside the main lead body (Figure 10, postero- anterior and LAO 40° views, white 

arrows). Unfortunately the lead could not be extracted due to presence of long, stiff scar 

tissue formation around it. A new right ventricular ICD lead was implanted and 

subsequent device testing showed normal device function. 

To the best of our knowledge, this is the first documentation of disintegration of 

electrodes that have been embedded into a multiluminar ICD lead (Gradaus et al. 2003).
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Figure 9 Double potentials in the ventricular channel leading to detection of 
presumed ventricular fibrillation episode. 
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Figure 10 Lead splitting at the level of the tricuspid valve, with two thinner 
electrode components outside the main lead body (postero- anterior and LAO 40° 
views, white arrows)

Discussion 

Main findings. 
(A) We were the first who showed, that, ICD recipients who were 70 years of age or 

older at the time of ICD implantation have a similar benefit compared to 

patients of younger age in a large single-center consecutive patient population.

(B) Our prospectively designed observational study is the first that demonstrates 

that in 70% of heart failure patients undergoing CRT device implantation at 

least 3 potential sinus coronary side branches are available for LV lead 

implantation. The implantation success in the 1st choice CS-CB was 71% 

without significant differences for any particular side branch region.

(C) We performed the first comparative analysis of upgrading existing right 

ventricular pacing systems to CRT versus de novo implantation. We 

demonstrated, that an upgrade procedure can be safely carried out with similar 

implantation success, procedural times, and complication rates as de novo CRT 

implantation.
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(D) We presented a new lead failure mechanism, possibly caused by the mechanical 

stress of the tricuspid leaflet motions. This lead defect may occur only in the 

modern multiluminar ICD leads.

ICD therapy in the elderly
ICD therapy has been shown in several large-scale randomized trials to improve 

outcome in patients at high risk for sudden arrhythmogenic death (AVID et al. 1997, 

Connolly et al. 2000; Kuck et al. 2000, Moss et al. 1996, Buxton et al. 1999, Moss et al. 

2002, Hohnloser et al. 2004, Bristow et al. 2004, Bardy et al. 2005). However, elderly 

persons have been significantly underrepresented in both the primary and secondary 

prevention trials. Although within some populations studied the protective effect of 

device therapy was seen across all age groups (AVID et al. 1997), the power of this 

observation is limited by the underrepresentation of patients older than 70 – 75 years of 

age (Ferrick 2005). Despite this limitation, rates of ICD implantations have increased 

10-fold over the past 15 years (Hlatky et al 2002). In fact, further exponential growth of 

use of device therapy in the face of expanded indications and the demographics of an 

aging population is expected. This will result in a significant increase in costs associated 

with device therapy which has resulted, and will continue to do so, raised concerns as to 

whether societies can afford this treatment modality.

Similarly to the lack of data stemming from prospective trials, there is a paucity of data 

on ICD effectiveness stemming from observational studies. An early report on 54 

elderly patients implanted before 1990 showed that even with the epicardial devices 

used at that time, ICD therapy in patients older than 65 years was safe and effective 

(10). However, no mortality data were reported. Panotopoulos et al compared outcome 

of 74 ICD patients older than 75 to that of 695 younger patients (Panotopoulos et al 

1997). There was no significant difference in terms of appropriate ICD activation in 

elderly compared to younger patients, and only few sudden deaths occurred in the older 

group. However, advanced age turned out to be a significant predictor of adverse 

outcome again emphasizing the problem of extrapolating results from younger patients 

which may overestimate ICD benefit in the elderly. In contrast to this study, there was 

no increased all-cause mortality in our study which may reflect advances in background 

medical therapy. In fact, our patients were treated with state of the art pharmacological 

therapy particularly for concomitant heart failure.
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Safety of ICD therapy in the elderly.

In agreement with previous studies, our results show that ICD therapy can be safely 

accomplished in elderly subjects. There was no excess in perioperative morbidity and 

no mortality related to ICD implantation.

Limitations of our study on elderly ICD recipients.

Our study is limited by its design as a retrospective data analysis which may imply 

some potential patient selection bias. Especially in the elderly group a pre-selection of 

the most healthy patients with the least co-morbidity could have happened. Over the 

time course of patient recruitment, indications for ICD implantation were subject to 

major changes according to the results of the prospective trials. Nevertheless, the 

observations were made in a large series of consecutive patients with accepted ICD 

indications treated with optimized background therapy.

Anatomy of the left cardiac veins.
The cardiac venous system shows substantial anatomic variation. In a study of human 

cadaver hearts examining the coronary sinus and its tributaries, the hearts with abnormal 

weight or left ventricular size were excluded. A summarized difficulty grade for 

coronary vein branch catheterisation was defined, based on the presence and shape of 

the Thebesian and Vieussens valves and on the size and the takeoff degree of the side 

branches. Optimal anatomic situation sor side branch catheterisation was found in 18 of 

the 52 specimens (35%), suboptimal in 25 (48%) and worst conditions in 9 (17%) cases. 

Two to six (3.5 in average) side branches could be found between the PIV and the great 

cardiac vein, three or four CS-SB could be found in 75%, and at least one side branch 

that could be easily cannulated in 86% of cases (Karaca et al. 2005). The anatomy of the 

cardiac veins has been evaluated using multislice computed  tomography (8-64 slices 

MSCT; Tada et al. 2005; Abbara et al. 2005, Jongbloed et al. 2005, Van de Veire et al. 

2006, Christiaens et al. 2007) or electron beam computed tomograpy (EBCT) (Mao et 

al. 2005). These studies described patients mainly with a suspected coronary artery 

disease (453 pts) or patients undergoing left atrial catheter ablation procedure (74 pts), 

and only ten patients before a planned CRT implantation. In the patient group with 

paroxysmal atrial fibrillation nearly 10% of the 8 slice MSCT studies could not be 

evaluated because of insufficient image quality. The venous system shows a substantial 

anatomic variation. The posterior interventricular vein and the anterior interventricular 
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vein could be visualized in nearly 100 %. The left marginal vein was present in 61-93%, 

the posterior vein in 80-98 %. In 40 % of 231 patients scanned with EBCT only one 

dominant posterior or marginal vein could be visualized (Mao et al. 2005). Using 

MSCT, 2% (Christiaens et al. 2007), 13% (Tada et al. 2005), 20% (Abbara et al. 2005), 

and 40% (Jongbloed et al. 2005) of the patients showed only one posterior or marginal 

vein. On the other hand in 26 – 45% of the patients had 3 or more venous branches in 

this region (Tada et al. 2005; Abbara et al. 2005, Christiaens et al. 2007). The 

noninvasive studies have shown a side branch diameter between 2,6-3,4 mm with a 

range from 1 to 5 mm. The spatial resolution of the different methods has a huge effect 

on the visualisation of a vein in the different positions). In our study 53% (41 /77) of the 

patients had only one, and 47 % (36/77) had two or more venous branches. Van de 

Veire et al. showed, using 64 slice MSCT, that in the patients with a previous 

myocardial infarction a left marginal vein could be less often identified (27%) compared 

to patient with coronary artery disease without infarction (61%) or to control patients 

(71%). The most striking difference was seen in the patients with lateral (0%) or with an 

anterior (22%) scar (Van de Veire et al. 2006). We did not observed such a difference in 

patients with a previous anterior or any infarction localisation. 

However, in none of these studies a correlation between coronary sinus anatomy and the 

success of left ventricular lead implantation was addressed.

There are only sparse data regarding the yield of coronary venous angiography for 

determining CS anatomy (Mischke et al. 2007, Delarche et al. 2007). In one study the 

retrograde coronary sinus angiography via femoral venous access and ballon occlusion 

of the CS was compared with the venous phase CS angiography. Both approaches were 

sufficient for planning the lead implantation. The contrast agent need, and the radiation 

exposure was higher in the retrograde angiography. Unfortunately no data about the 

number of the different venous branches is presented (Mischke et al. 2007). The other 

study compared the intraoperative retrograde angiography with the preoperative venous 

phase angiography. They showed that the image quality was comparable and the CS 

catheterization time, the total implantation time of the left ventricular lead was shorter, 

however slightly more contrast media was needed for the preoperative venous phase 

angiography. A posterior vein was present in all patients, and an average of 1.5 vein 
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was detected in lateral positions (Delarche et al. 2007). However, no detailed 

information on individual CS anatomy was presented

Accordingly, our study is the first one with a consecutive intraoperative evaluation of 

the sinus coronarius tributaries using a retrograde occlusive angiography of the sinus 

coronarius. 

Implantation of a left ventricular lead through the coronary sinus.
In our series, CRT implantation was successfully accomplished in 92% of patients, a 

similar success as reported in randomized trials (Abraham et al. 2002; Linde et al. 2002, 

Bristow et al. 2004). The left ventricular electrodes could be implanted in the optimally 

selected (Butter et al. 2001, Rossillo et al. 2004) target veins in 71% of our patients 

(with an additional 19% and 3% in the second and third target veins).  A posterior or

lateral electrode position could be reached in 78 % which is comparable to the earlier 

studies (Linde et al. 2002, Macias et al. 2007). Most likely due to the continuous 

improvement of implantation tools, and due to our combined approach using 

electrophysiologic catheters and angiography during cannulation, the inability for  the 

CS cannulation was only 2.6% of patients which is a lower failure rate than that of 5.5% 

reported previously (Macias et al. 2007, Giudici et al. 2002, Meisel et al. 2001). Macias 

et al. (2007) have found that the presence of permanent atrial fibrillation and a dilated 

left atrium were independent predictors of an implantation failure.  The prevalence of a 

previous cardiac surgery was significantly higher in the patients with a failed implant 

(26%) compared to the patients with a successful implantation (6%). The rate of an 

unsuccessful implantation in their study was 12.5 % compared to our cohort with 8%. 

We did not find a difference in the implantation success according to permanent atrial 

fibrillation or previous heart surgery.

There is insufficient data in the literature concerning two important steps of LV lead 

placement, namely the frequency at which a target vein can actually be reached and the 

rate at which the successfully reached target vein has to be abandoned for lead-related 

difficulties. In the present study, the predefined target vein could be reached in 84-100% 

of attempts without significant differences between different CS side branch areas. 

However, in 21% of cases we had to reposition the electrode within the same vessel, 

and more importantly, the selected vein could not be used for electrode implantation in 

another 21% of patients, The main limits of implantation of a lead in the targeted vein 
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were: unsuccessful positioning the lead in 12 cases; lead instability in 8 cases; high 

stimulation threshold in 7 cases, phrenicus stimulation in 3 cases. 

 These considerations are pertinent to contemporary CRT therapy even in the light of 

new techniques and materials which have been proposed to facilitate LV lead 

positioning (Meade et al. 2005, Chierchia et al. 2005, Gallagher et al. 2007). Using 

special selective catheters and guidewires for a vein with a difficult takeoff is often 

helpful. Two more easily available techniques should be mentioned at this point. For 

implantation in an acute takeoff vein Meade et al. (2005) used an inflated balloon 

catheter just distally to the vein. An angioplasty wire could be advanced into the vein 

with an acute angle of takeoff this way. After that the balloon catheter could be 

removed, and an over-the-wire lead could be placed in the vein. The other technique 

was promoted by Chierchia et al. (2005). A second, stiffer larger guidewire can be 

introduced in the sharply angulated vein, that „opens the vein“, and providing more 

support for the introduction of the over the wire lead over the first wire. A new 

investigational technique uses electromagnetic field to pull the magnetic guidewire into 

the targeted side branch, and to track the OTW lead in the vein. This technique is 

promising for sharply angulated takeoffs or highly tortuous veins, but actually the 

technical background and the costs do not let using this technique in the everyday 

practice (Gallagher et al 2007). In our practice we used special preshaped catheters or in 

some cases steerable guiding catheters within the coronary sinus. 

 The second problem was the lead instability. One solution is the use of commercial 

available active fixation coronary sinus leads. If this is not available, the following 

methods could be considered. In a report a stiff stylet was inserted in the lead after 

reaching the desired position with OTW technique. The end of the stylet was cut off, 

and the lead was fixated. No pericardial effusion, lead dislocation, insulation defect or 

threshold rise was observed during the one year follow-up of the 35 patients 

(Sharifkazemi et al. 2007). De Cock et al (2004) described a retained guidewire 

technique to anchor the leads after dislocations. They used guidewires with polymer 

coating to prevent electrical interference. The wire was advanced into a distal branch 

and was coiled up with rotations to anchor it.  The wire was left within the electrode as 

described before (De Cock et al. 2004). Further possibility is to implant a stent 5-15 mm 

proximal to the tip of the electrode with 6-14 atmosphere pressure. During a one year 
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follow-up no dislocation or clinically important threshold rise has been observed. 

(Szilagyi et al. 2007). During the implantations we used only the commercially 

available active fixations leads, as the previously mentioned were not widely accepted 

without clear long term data. Whether these approaches for active LV lead fixation will 

enhance implantation success, remains to be seen. 

Phrenic nerve stimulation was the most frequent cause for repositioning the lead within 

the same vein, in the posterior vein in up to 17 % of the cases. The repositioning was in 

most of the cases sufficient for lead implantation. In only 3 (3% of the veins) cases did 

we have to leave the side branch because of this problem. In a previous report the most 

frequent intraoperative problem was the phrenic nerve stimulation (16/121 pts, Hansky 

et al. 2002), which could be solved with repositioning the lead partially in the same vein

or selecting another vein for implantation. 

Finally, we demonstrated that – as expected – successful LV lead implantation in the CS 

side branch of first choice was associated with significant lower procedure and 

fluoroscopy times compared to cases in which several veins had to be tested. 

Alternative left ventricular implantation methods. 
In cases of implantation failure of a LV lead via the coronary sinus, surgical epicardial 

lead implantation via minimally invasive alternatives can be attempted (Navia et al. 

2005, Doll et al. 2005). Some observational studies report from the early period of CRT 

implantation (1997-2003) that a transvenous implantation of the LV lead could lead to 

more adverse events and higher LV stimulation threshold through a follow-up of two 

years compared to the surgical implantation (Mair et al. 2005). Another study with CRT 

implantations between 1998 and 2001 showed similar one year data in the lead 

performance, and a higher prevalence of a heart failure exacerbation (48% vs 3%) after 

a thoracotomic approach (Daoud et al. 2002). The implantation of the LV lead through 

the coronary sinus lead to shorter hospitalization, with higher rate of lead revisions 

during the following year (12% vs 4%) compared to the thoracotomic group. The lead 

positions were more posterior, and the response to the CRT therapy was higher in the 

patients with transvenous implantation (Koos et al. 2004). The surgical methods are 

tending into the minimal invasive surgery, using a limited thoracotomy approach, with

the difficulties of a posterior lead positioning (Koos). Video assisted thoracoscopy does 

not eliminate the general anestesia but gives the possibility to a posterior lead placement 
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and leads to shorter hospital stays (Lattouf et al. 2003). Robot-enhanced thoracoscopy 

implantations were also reported, with the possibility to use steroid eluting leads, which 

was not the case during video assisted thoracotomy (Kleine et al 2002). Another 

alternative approach was reported using endocardial LV stimulation (Leclercq et al. 

1999, Jais et al. 1998, Garrigue et al. 2001) after an atrial transseptal punction in a small 

number of patients with the consecutive need of continuous anticoagulation. Actually –

because the need for general anesthesia, an increased risk and hospital stay – the 

surgical approach is mainly remains as a second choice after an unsuccessful 

transvenous implantation. 

Response to CRT
Although the main focus of our study was not the response to CRT, some important 

observations emerged from it. There were no differences in clinical response rates 

whether the LV lead was implanted in the first or second choice CS side branch. 

Response rates were similar for marginal, posterior or anterior positions of the LV 

electrode (Table 8). Previous studies reported that LV stimulation from the anterior 

veins was less beneficial compared to the stimulation from the free wall (Butter et al. 

2001) or from the lateral (marginal) and posterolateral CS branches (Rossillo et al. 

2004). In our patients, in whom we could not reach a marginal or a posterior CS-SB, we 

tried to reach the anterolateral side branches of the anterior interventricular vein and 

placed the electrode in the basal or in the middle third on the basal – apical axis. We 

believe that this may account for the similarly successful outcome in these patients. 

These are overall results, but optimal LV lead positions may vary from one patient to 

another, an issue that was not addressed by the study protocol. The presence of a 

posterolateral extended scar tissue (determined with MRI) may counteracts with the 

effect of the CRT therapy (Bleeker et al. 2006), despite the similar dyssynchrony echo-

criteria prior to implantation.  Three studies have demonstrated (Suffoletto et al 2006, 

Murphy et al. 2006, Becker et al. 2007), that the patients with a match between the LV 

pacing lead and the site of the latest mechanical activation on echocardiography showed 

the most benefit (largest reduction in the left ventricular volumes and increase in LVEF) 

from CRT compared to the patients with a mismatch. Should one plan the left 

ventricular lead implantation to the site of the latest mechanical activation before 

implanting, he should have information on the venous anatomy of the specific patient as 
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well, for example using multi-slice CT or EBCT. Whether the use of these new 

techniques may help to increase clinical CRT response rate by choosing optimally 

located veins remains to be seen. It is conceivable that the findings of the present study 

may be helpful in implementing new techniques in clinical practice. 

Feasibility and safety of CRT upgrade procedures.
There are only sparse data comparing success rates, implantation/fluoroscopy time, and 

complications in de novo CRT implantations to CRT upgrade procedures. In recent 

controlled clinical studies, CRT de novo implantation was generally successful in 

approximately 90-95% of patients (Cleland et al. 2005, Bristow et al. 2004, Doshi et al. 

2005, McAlister et al. 2004). In contrast, a study in 56 patients with CRT upgrade 

procedures reported implantation success in only 82 % of attempts (Leclerq et al. 2007). 

Almost all other studies on CRT upgrade procedures were retrospective in nature and 

included only patients with successful implantation or did not report success or failure 

rates (Leon et al. 2002, Howich et al. 2004, Witte et al. 2006, Eldadah et al. 2006, Valls-

Bertault et al. 2004, Marai et al. 2006). Of note, there is no prospective observational 

comparison regarding success in upgrade versus de novo implantations. Our study

demonstrates that CRT upgrade can be achieved with similar success as de novo 

implantations. Problems such as a more difficult access to the coronary sinus from the 

right side, passage of preexistent chronically implanted leads which may have grown 

into the venous wall or may obstruct the subclavian or caval veins, or may be attached 

to the tricuspid valve prohibiting canulation of the coronary sinus ostium, should be 

anticipated in upgrade procedures (Haghjoo et al. 2007). It may therefore be prudent to 

perform an angiography of the subclavian vein before planning an upgrade procedure to 

CRT, especially in patients having already multiple transvenous leads, to exlude a 

complete obstruction of the subclavian or brachiocephalic veins (Haghjoo et al. 2007). 

Our study also indicates that implantation and fluoroscopy times are similar in upgrade 

compared to new implantations. Finally, there were no significant differences in CRT 

related complications in both patient groups. Of note, serious complications such as

cardiac tamponade (reported in 0.5 – 1 % in COMPANION (Bristow et al. 2004) and 

the Italian InSync Registry (Gasparini et al. 2006), infection and explantation (1.3 % in 

MIRACLE (Abraham et al. 2002), 1 % in CARE-HF (Cleland et al. 2005)), or peri-

procedural mortality (0.8 % in COMPANION (Bristow et al. 2004)) were not observed 
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in our patients. A dissection between the wall of the vena cava superior and ingrown old 

ICD leads occurred in a patient undergoing CRT upgrade but remained without clinical 

sequelae, and did not prevent continuation of the procedure and successful CRT 

implantation.

Previous studies on upgrading PM / ICD systems to CRT.

There are only a few studies which have examined procedural aspects and clinical 

outcome in patients with preexisting right ventricular pacemaker or ICD undergoing 

upgrade to CRT (Leon et al. 2002, Witte et al. 2006, Marai et al. 2006, Baker et al. 

2002). In one of these previous studies, a highly selected small group of 20 patients 

after AV nodal ablation and chronic heart failure was studied (Leon et al. 2002). Results 

from these observations can not be generalized to heart failure patients with intact AV 

node conduction and / or undergoing ICD implantation. 

From the remaining 3 studies, one was retrospective in nature (Witte et al. 2006) and 

comprised 32 patients with upgrade procedures and 39 with de novo CRT 

implantations. Only one follow up visit at 3 month was evaluated, at which time similar 

improvements in LV function and symptoms were found for both patient groups (Witte 

et al. 2006). From the other two studies, one did not include a control group, and was 

therefore purely descriptive in nature (Garparini et al. 2006). Marai et al compared 25 

patients with upgrade procedure to 73 patients with de novo CRT implantations (Marai 

et al. 2006). They reported similar changes in echocardiographic parameters, NYHA 

functional status, and 6 minute walking test. However, in this study no established 

response criteria to CRT had been prospectively applied; thus, individual response rates 

are lacking for both patient groups. 

Accordingly, our prospective observational study not only confirms these previous 

observations but extends those findings. In essence, our patients undergoing upgrade 

procedures responded in 59% of cases compared to 66% in our de novo CRT patients, 

the difference being not significant. All patients received optimized pharmacological 

heart failure treatment according to contemporary guidelines.

During the 6 months follow up, 6 of the 79 patients died (7.6%). According to the 

mortality figures for the CRT patients reported in the Care-HF (Cleland et al. 2005) and 

Companion (Bristow et al. 2004) studies one would predict a one year all cause 
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mortality rate in our patient cohort of approximately 10-12%. Accordingly, the observed 

mortality rate in our study is within expected ranges.

Clinical implications 
Our observations indicate similar benefits of device therapy in elderly and in younger 

ICD recipients. However, given the retrospective nature of our study it is not possible to 

state this with certainty. Only a randomized prospective trial on effectiveness and safety 

of ICD therapy in the elderly could properly answer this question particularly with the 

expanding ICD indications and associated costs in aging populations.

Results from our prospective study on CRT implantation suggest that CRT upgrade 

procedures may be more complex in some patients than CRT de novo implantations but 

are not associated with a higher incidence of complications. Importantly, clinical 

response to CRT in patients undergoing upgrade procedures is as good as in patients 

with de novo CRT implantations. Accordingly, patient selection for upgrading should 

be the same as for conventional new CRT implantation. 

Our study delivers important information for the implanters, who plan to implant the 

left ventricular lead in a pre-specified vein. We have shown, that the positioning the 

leads in a targeted vein could be performed with 92 % success rate, and a definite lead 

implantation in a preselected location could be done with a 70% success rate. The main 

limiting factors are: 1.) unsuccessful positioning the lead in the desired position; 2.) lead 

instability; 3.) high stimulation threshold; and 4.) phrenicus stimulation. Results from 

the present study suggests that the further development of the implanting tools or 

introducing new methods for lead implantation or stabilization could further improve 

the effect of the CRT, making the optimal lead positioning increasingly available. The 

subjective response of the patients may be comparable independent from the successful 

lead implantation in the first target vein.

We presented a new lead failure mechanism, possibly caused by the mechanical stress 

of the tricuspid leaflet motions. This mechanism – leading to a disintegration of a lead -

may mainly affect the leads with a multilumen design. Describing this lead defect 

mechanism delivers new information for the lead developers.
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Conclusions 

• Our retrospective observations indicate no significant difference in overall 

mortality in ICD recipients with an age < 70 years or 

• There was no difference in time from device implantation to first adequate ICD 

therapy and time from first appropriate ICD therapy to death among the two 

groups (p=ns). Device associated complications were comparable in both groups. 

• In 70 % of pts with heart failure undergoing CRT device implantation, at least 3 

suitable CS side branches are available. 

• Implant success of the CS-SB of 1st choice is 71% without significant differences 

for any particular CS-SB region. Lead implantation in an alternative CS-SB results 

in significantly longer implantation and fluoroscopy times. 

• The response rate is not dependent on the successful implantation of the LV lead 

in the first target vein.

• Implantation of a CRT system in patients with preexisting right ventricular 

systems can be more difficult - mainly because of a chronic occlusion or stenosis 

of the vena subclavia.

• The implantation success of a CRT system is similar in  patients with and without 

preexisting right ventricular systems. 

• The procedure time, X-ray- time, and X-ray doses are not significantly higher in 

CRT- upgrade procedures.

• The criteria for response at 6 month were equally met in patient with de novo CRT 

implantation and in patients with pre-existing RV systems.

• We presented a new possible lead failure mechanism, possibly caused by the 

mechanical stress of the tricuspid leaflet motions. 
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Summary 

Implantable cardioverter-defibrillator (ICD) therapy has been shown to improve 

survival in patients with structural heart disease and at high risk for life threatening 

ventricular arrhythmias. Whether elderly patients benefit from device therapy in a 

similar way as younger patients is largely unknown. In a retrospectively analyzis of 375 

consecutive ICD recipients with structural heart disease with a mean follow-up of 

26.5±18.1 months, no significant difference in overall mortality was observer in patients 

with an age < 70 years or in time from 

device implantation to first adequate ICD therapy and time from first appropriate ICD 

therapy to death among the two groups (p=ns). Device associated complications were 

comparable in both groups.

Cardiac resynchronization therapy is indicated in patients with heart failure and bundle 

branch block. It is less clear whether this includes patients with pre-existing right 

ventricular pacemaker/defibrillator systems, particularly with respect to implantation 

success and clinical benefit. In consecutive patients scheduled for CRT, we 

prospectively compared implantation success, procedural parameters, and clinical 

response in “de novo” (61 pts) versus upgrade (18 pts) procedures of previously 

implanted right ventricular systems. Implant success (92 versus 94%, p=1.00), 

procedure duration (153±43 versus 164±65 min, p=0.51), fluoroscopy time (25±18 

versus 32±22 min, p=0.18) or dose (40±31 versus 52±49 Gy/cm², p=0.35) and response 

rate (66 % versus 59 %, p=0.5) were comparable for both groups. 

There is only sparse data concerning anatomical specifications of coronary side branch 

(CS-SB) anatomy and its relationship to LV lead implantation for cardiac 

resynchronization therapy (CRT) in patients undergoing CRT device implantation.

An implantation of a CRT defibrillator was attempted in 79 consecutive pts. A selective 

CS-SB venography (77 pts) showed at least 1 CS-SB suitable for LV lead implantation 

in over 70% of the patients. The LV lead was successfully implanted in the 1st choice 

CS-SB in 71% of pts, in the 2nd choice in 21%, in the 3rd choice in 3%. In 4 pts (5%) 

no LV lead could be implanted. Implant success was similar for the different CS-SB 

regions (anterior interventricular, left marginal, posterior interventicular vein and 

posterior vein of the left ventricle). Successful LV lead implantation in the CS-SB of 1st 
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choice was associated with lower fluoroscopy and procedure time compared to patients 

with implantation in the CS-SB of , and 143 ± 41

vs. 179 ± 47 min respectively). In 13% of the pts the 1st choice CS-SB was not 

accessible, the electrode position in the 1st choice CS-SB had to be abandoned in 16% 

of the cases with a reached 1st choice electrode position.
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