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ABSTRACT 

Heart failure (HF) is a major burden in developed and developing countries. It is known that 

HF patients are at risk of sudden cardiac death (SCD). The research presented within this thesis 

aims to add to the current knowledge in understanding the use of implantable cardioverter-

defibrillators (ICDs) and cardiac resynchronisation therapy (CRT) in HF patients in New 

Zealand and to improve the awareness of these evidence-based device-therapy in the 

contemporary management of HF patients.  

Chapter 1 comprises a literature overview on providing background on SCD in HF patients and 

the role of ICDs in preventing SCD in HF management. 

Chapter 2 contains a literature review on CRT use in the management of selected HF patients.  

Chapter 3 describes a study that examines the use of cardiac resynchronisation therapy-

pacemaker (CRT-P) versus cardiac resynchronisation therapy-defibrillator (CRT-D) in patients 

with impaired left ventricular ejection fraction (LVEF).  

Chapter 4 describes a study that evaluates the role of a simple risk score to identify HF patients 

who should have CRT-D versus those who should be treated with a CRT-P even when fulfilling 

ICD implantation criteria.  

Chapter 5 reports two observational studies describing the trends and utilisations as well as the 

outcomes of HF patients with ICD/CRT-D and CRT-P in the Northern Region of New Zealand. 

A third study reported the gender differences in the use of these devices in New Zealand.  

An overview of quality of life (QoL) of HF patients has been presented in Chapter 6 followed 

by a study that describe the burden of hospitalisations, using the novel concept of “Days alive 

and out of hospital” (DAOH) in HF patients implanted with CRT devices in the Northern 

Region of New Zealand. The final study in Chapter 6 describes the outcomes of HF patients 

with primary prevention ICD/CRT-D who underwent unit generator replacement due to battery 

depletion.  
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Chapter 7 summarises the results of the studies and discusses the wider context and clinical 

relevance of the findings, as well as making some future research recommendations.  
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1.1 INCIDENCE OF HEART FALURE 

Heart failure (HF) is a complex clinical syndrome defined as an abnormality of the structure or 

function of the heart that leads to a failure of the heart to deliver sufficient oxygen to the 

metabolising tissues or when the heart can only do so with elevated diastolic filling pressures.1 

HF comprises a wide range of patients, from those with normal left ventricular ejection fraction 

(LVEF) [typically LVEF ≥50%; so-called HF with preserved EF (HFpEF)] and those with 

reduced LVEF (typically LVEF <40). The LVEF measurement is usually obtained using 

echocardiography, a radionuclide technique or cardiac magnetic resonance (CMR). For those 

patients with an LVEF in the range of 40–49%, this represents the ‘grey area’, which is now 

define as HF with mid-range ejection fraction (HFmrEF).1 

Differentiation of patients with HF based on LVEF is important due to different underlying 

aetiologies, demographics, co-morbidities and response to therapies. Most clinical trials 

published selected patients based on LVEF.2 It is only in patients with reduced LVEF that 

therapies have been shown to reduce both morbidity and mortality.2  

HF is common. It is estimated that about 26 million adults worldwide are living with HF 

currently.3 In the United States, there were 5.8 million patients living with HF in 2012, and this 

is expected to rise to 8.5 million by 2030.4 In developed countries, the prevalence of HF among 

adults is approximately 1–2% per years.1  

HF becomes more common with increasing age. During the 30-years of follow-up in the 

Framingham study of 5209 patients, the incidence of HF doubled with each decade of age with 

a male predominance.5 In North America and Europe, few patients with HF are 50 years of age 

or younger6 and > 80% are ≥65 years of age.3 The number of patients with HF is predicted to 

increase in countries with ageing populations.7 In economically developing areas, such as Asia 

and Latin America, the numbers of patients with HF are also increasing.8 This increase is due 

to the causes of mortality and morbidity having shifted from infectious diseases and/or 
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nutritional deficiencies to lifestyle-related diseases, such as cardiovascular disease and diabetes 

mellitus, together with the transition from developing to developed countries during the past 

decades, the so-called “the epidemiologic transition”.9 HF patients in the Asia Pacific region 

also tend to be younger than those in Western regions.10  

The number of people with HF will inevitably increase in New Zealand in the future. This is 

attributed to people living longer, more effective treatments for coronary heart disease and a 

reduction in mortality from acute coronary events.11,12 An increase in prevalence of 

cardiovascular risk factors such as diabetes and obesity in New Zealand is also contributing to 

the increasing prevalence of HF.11 More patients with these conditions are surviving now than 

did in the past, and those who survive are at high risk of going on to develop HF.13 

Reports from New Zealand, United States, Sweden, Scotland and the Netherlands documented 

the age-adjusted hospitalisation rates for HF increased considerably in the 1980s and early 

1990s.14 Recent data on temporal trends based on hospitalised patients suggested that the 

incidence of HF may be decreasing because of the improved diagnosis and advances in 

treatment. Data from Scotland (1986–2003) reported an initial rise and subsequent fall in the 

incidence of index HF hospitalisation and improvements in survival from 1986 to 2000, and 

data from Sweden (1987–2003) showed similar trends.15-17 In Australia, progressive decreases 

in both the incidence of index HF hospitalisation (1989–2003) and in mortality (1980–2001) 

have been observed.18 Similarly in New Zealand, there have been substantial changes in the 

epidemiology of HF. Wasywich et al. reported a rise and subsequent fall in the incidence of 

index hospitalisation for HF over a 20-year period and a progressive decline in mortality 

associated with HF from 1988 to 2000.19  

The aetiology of HF is diverse (Figure 1). Whereas ischaemic cardiomyopathy (ICM) 

remains the most common aetiology, over one-third of HF patients have non-ischaemic 

cardiomyopathy (NICM).20 
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Figure 1: Common causes of heart failure 

 

Reproduced with permission from Ponikowski P, et al. Heart failure: preventing disease and death worldwide. ESC Heart Failure 2014; 1:4-25. 
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1.2 INCIDENCE OF SUDDEN CARDIAC DEATH IN HEART 

FAILURE 

Sudden cardiac death (SCD) is defined as a non-violent death due to cardiovascular causes in 

a patient with or without structural heart disease that cannot be explained; occurring in less 

than 24 hours from the onset of symptoms.21 The incidence of SCD depends on the definition. 

Risk factors for SCD are multifactorial, and associated with a continuous risk function.22  

SCD remains a major clinical and public health problem. The United States vital statistics 

mortality data reported 719456 cardiac deaths among adults aged ≥35 years in 1998. Of these, 

456076 (63%) were defined as SCD.23 Among those aged 35 to 44 years, 74% of cardiac deaths 

were due to SCD. The death rates for SCD increased with age and were higher in men than 

women, although there was no difference at age ≥85 years. From 1989 to 1998, the SCD rates 

increased 12.4% (56.3% to 63.9%).23 During the same time, age-specific death rates for SCD 

increased 21% among women aged 35 to 44 years.23 

Over the last 30 years, improvements in treatments have improved survival and reduced the 

hospitalisation rate in patients with HF. In the Framingham heart study, the 1- and 5-year 

mortality rates from HF in men have declined from 30% and 70% in the period 1950 to 1969 

to 28% and 59% in the period 1990 to 1999.24 In women, 1-year mortality rates decreased from 

28% to 24% and the 5-year mortality rates decreased from 57% to 45% during the same 

period.7,24  

The vast majority of HF patients die from cardiovascular causes. In the ATLAS (assessment 

of treatment with lisinopril and survival) trial, mode of death in 1381 NYHA functional class 

II–IV patients were as follows: 589 (43%) SCD, 443 (32%) progressive HF, and 349 (25%) 

due to other causes.25 Despite improvements in medical treatment, symptomatic HF still 

confers a 20-25% risk of premature death in the first 2.5 years after diagnosis; and 

approximately 50% of these premature deaths are SCD.26-29 In the Framingham study, the SCD 
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rate for patients with HF was 9x the general age-adjusted population rate.30 The annual 

incidence of SCD is expected to increase coincident with the increasing incidence of HF.  

The chronically failing heart is predisposed to ventricular arrhythmia. This is a result of a 

complex interplay between pathological substrate and a bewildering array of environmental 

triggers and facilitators evoked by left ventricular dysfunction and medical therapy.31 For 

example, in patients with ischaemic heart disease these arrhythmias often have re-entrant 

mechanisms in scarred myocardial tissue. An episode of sustained ventricular tachycardia (VT) 

indicates a high risk for recurrent ventricular arrhythmias and SCD.32 Electrolyte disturbances 

are common among patients with chronic HF and may be life-threatening. Patients with chronic 

HF are predisposed to hypokalaemia or hyperkalaemia caused by diuretic therapy, activation 

of the renin angiotensin-aldosterone system, and sympathetic activation as well as reduced 

renal clearance of potassium.33,34 These electrolyte abnormalities predisposes to ventricular 

arrhythmia.  

Some studies indicate that patients with relatively mild HF are more susceptible to arrhythmias 

and SCD, while patients with more advanced HF (NYHA class III and IV) often die from end 

stage ventricular pump failure.7 Therefore SCD poses a major threats to HF patients. To date, 

there is no single clinical variable or diagnostic test that can accurately predict risk of SCD in 

patients with HF and reduced ventricular function. Buxton et al. studied 83 patients with 

documented episodes of non-sustained VT with electrophysiologic studies showed that a 

combination of inducible sustained VT and severe left ventricular dysfunction carries a high 

risk of SCD.35 In the study, 36% of patients with these 2 factors had SCD. In the multivariate 

analysis, the most powerful predictor of risk for SCD is LVEF <40%.35 Therefore, the severity 

of left ventricular dysfunction as reflected by the measurement of LVEF is the most potent 

predictor of mortality and SCD among patients with HF to-date.28,36,37  
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1.3 THE IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR 

(ICD) THERAPY 

In view of the large proportion of HF patients suffering from major cardiac arrhythmias and 

SCD, a multifactorial approach to the prevention of SCD is clearly needed. These include 

modifying risk factors for coronary artery disease, identifying genetic predispositions to SCD, 

improving community-based cardiopulmonary resuscitation training, and using technological 

advances, such as the automatic external defibrillator.38,39 Despite substantial efforts, the 

survival rates from cardiac arrest remain low.21  

The inability to deal effectively with malignant ventricular arrhythmias outside the hospital 

setting has prompted the development of the automatic implantable cardioverter-defibrillator 

(ICD).40 The main aim of ICD is to protect the patients who are at particularly high risk of SCD 

whenever and wherever they are stricken by these lethal ventricular arrhythmias. The ICD is 

programmed to monitor the cardiac rhythm continuously, to recognize ventricular fibrillation 

(VF) and VT, and to deliver corrective defibrillatory discharges when indicated.40  

The first human ICD was implanted in 1980 via thoracotomy.40 The early ICD system consists 

of a large pulse generator and patch electrodes for defibrillation placed directly on the heart or 

pericardium. Epicardial screw-in leads were also placed in the heart for rate-sensing. The 

implant procedure required general anaesthesia, and was associated with longer hospital stays, 

with perioperative mortality rate in the range of 4%.41 The early ICD devices were limited by 

its size and few programming options.42 It was also unable to discriminate rapid 

supraventricular arrhythmias from ventricular arrhythmias, leading to a high incidence of 

inappropriate shocks.43,44 

With the advances in ICD lead systems and defibrillation waveforms, this has allowed for 

successful transvenous, pectoral ICD implantation in a manner similar to cardiac pacemakers 

without the need for general anaesthesia. Perioperative mortality is low < 1%.45 Complications 
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such as infection, pneumothorax, pericardial tamponade, and pocket haematoma occur at 

similar rates to those seen with pacemaker implantation (< 3%).46 The modern ICD can be 

programmed to detect several specified tachycardia zones, with antitachycardia pacing (ATP) 

therapy for slower, haemodynamically stable VT.47 Furthermore, sophisticated algorithms now 

exist in modern ICDs to discern VT from rapid supraventricular arrhythmias. This has resulted 

in the decline of the inappropriate shock rate to < 5%.48,49  

Two observational studies suggested that the ICD was effective in preventing recurrent cardiac 

arrest in survivors of sudden arrest.50,51 Mirowski et al described that ICD substantially 

increases the prospects for survival of 52 consecutive patients who had had ICD implanted who 

have had ventricular tachyarrhythmias not responsive to treatment and had been resuscitated 

from at least 2 episodes of arrhythmic cardiac arrest not associated with acute myocardial 

infarction (MI).50 In the hospital, the ICD treated 82 episodes of spontaneous and 81 of 99 

episodes of induced malignant tachyarrhythmias. There were 62 automatic resuscitations from 

the ICD in 17 patients in the community. Twelve patients died; four of the deaths were not 

witnessed. The 1-year SCD mortality rate was 8.5%.50 Winkle et al. subsequently reported the 

long-term outcome of 270 patients implanted with ICD because of life-threatening arrhythmias 

over a 7-year period.51 The average LVEF was 34%, and 96% of these patients had had an 

average of 3.4 antiarrhythmic drug failures per patient before ICD implantation. ICD shocks 

were delivered to 58% of patients.51 There were 7 SCD and 30 non-SCD, 18 of which were 

secondary to congestive HF.  

In the late 1990s, 3 major randomised-controlled trials compared the best antiarrhythmic 

therapy with ICD therapy for the treatment of ventricular tachyarrhythmias in patients 

resuscitated from a cardiac arrest.52-54 The Antiarrhythmics Versus Implantable Defibrillator 

(AVID) Trial demonstrated that ICD improved survival in patients who were resuscitated from 

VF or who had sustained VT causing haemodynamic compromise, compared with 
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antiarrhythmic-drug therapy.52 At follow-up after 3 years, survival rates were 75% for the ICD 

group vs 61% for the antiarrhythmic group.52 The Canadian Implantable Defibrillator Study 

(CIDS) reported a 20% relative risk reduction occurred in all-cause mortality and a 33% 

reduction in arrhythmic mortality with ICD therapy compared with amiodarone in a total of 

659 patients with resuscitated VF or VT.53 However this difference did not reach statistical 

significance. In the Cardiac Arrest Study Hamburg (CASH) study, 228 survivors of cardiac 

arrest were randomised to receive an ICD, amiodarone, propafenone or metoprolol.54 The 

propafenone arm was withdrawn early due to an observed excess mortality rate. There was a 

23% reduction in all-cause mortality rate found in patients receiving ICD therapy compared 

with amiodarone/metoprolol over a long-term follow-up although it was not statistically 

significant.54 The reduction was much larger, 61%, for SCD. No differences were found in all-

cause mortality and SCD rates between patients assigned to amiodarone and those assigned to 

metoprolol.54 

Based on all these trials, the current international guidelines recommend a class I indication for 

ICD as secondary prevention in survivors of cardiac arrest not due to a reversible cause, for 

patients with syncope of unknown aetiology and inducible VT/VF, and in patients with 

spontaneous, sustained VT.55  
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1.4 PROPHYLACTIC IMPLANTABLE CARDIOVERTER-

DEFIBRILLATOR IN HEART FAILURE: THE GROWING 

EVIDENCE FOR ALL OR PRIMUM NON NOCERE FOR 

SOME? 

Preface 

HF is a growing problem in many developed and undeveloped countries. Despite the optimal 

medical treatment of HF, the risk of SCD in HF patients especially those with impaired left 

ventricular function remains significant.37,56 The advent of the ICD has led to improved survival 

in defined subsets of HF patients. This has caused an increase in implants in these devices in 

recent years. However, these devices are not free of risks or short- or long-term complications.  

The research in the following section provides the review of current body of evidence on the 

pros and cons of the prophylactic ICD in HF patients. 

The following manuscript was published in 2017 in the Heart Failure Reviews 2017; 22:305-

16. Heart Failure Reviews is an international journal which develops links between basic 

scientists and clinical investigators, creating a unique, interdisciplinary dialogue focused on 

HF, its pathogenesis and treatment and its current impact factor is 3.481. 

Contribution of Candidate 

Khang-Li Looi was involved in conception of the review paper. She developed the structure 
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revisions during the review stage of the manuscript prior to publication. 
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Abstract 

Heart failure (HF) is a common health problem and has reached epidemic in many western 

countries. Despite the current era of HF treatment, the risk of sudden cardiac death (SCD) in 

HF remains significant. Implantable cardioverter-defibrillator (ICD) support has been shown 

to reduce the risk of SCD in patients with HF and impaired left ventricular function. 

Prophylactic ICD implantation in HF patients seems a logical step to reduce mortality through 

a reduction in SCD. However, ICD implantation is an invasive procedure and both short and 

long-term complications can occur. This need to be carefully considered when evaluating the 

risk-benefit ratio of ICD implantation for individual patients. As the severity of HF increases, 

the proportion of SCD compared with HF-related deaths decreases. The challenge lies in 

identifying patients with HF who are at significant risk of SCD and who would most benefit 

from an ICD in addition to other antiarrhythmic strategies. This review offers insight on the 

applicability and practicability of ICD for this growing population. 
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Introduction 

Heart failure (HF) is a major health burden in developed countries. The prevalence of HF is 

estimated at 1–2 % in the western world, and the incidence approaches 5–10 per 1,000 persons 

per year.7 The number of people with HF is likely to increase within our ageing populations. 

Despite this, hospitalisation rates for HF are declining now and many HF patients are surviving 

longer.15-19 HF is a chronic, long-term health condition but with the improved survival for HF 

patients, a substantial burden is imposed on patients and the healthcare system.  

Despite the advances in the diagnosis and management of HF, sudden cardiac death (SCD) 

remains a significant threat to the long-term survival of patients with HF. The Framingham 

Heart Study showed that HF is associated with a 2.6- to 6.2-fold increased risk of SCD37,56 

However, the most common cause of death in New York Heart Association (NYHA) class IV 

HF patients remains pump failure. Ventricular arrhythmias (including non-sustained 

ventricular tachycardia [VT]) have been documented in up to 85% of patients with severe HF.57 

Currently, the most widely used risk stratification criterion for SCD is severe left ventricular 

impairment based on depressed left ventricular ejection fraction (LVEF). Most international 

guidelines use a cut-off inclusion criterion for eligibility of implantable-cardioverter-

defibrillator (ICD) implantation with LVEF ≤35%.22 However, patients with systolic 

dysfunction constitute less than half of the HF population.58,59 It is recognized that HF can also 

occur in the presence of normal or near-normal EF: so-called ‘heart failure with preserved EF 

(HFpEF). Currently there is no data to support the use of ICD for primary prevention of SCD 

in this sub-group of HF patients. The determination of LVEF lacks a “gold standard” and that 

there may be variation among the commonly used clinical techniques of LVEF determination 

and varies among laboratories and institutions. The LVEF used in clinical trials assessing the 

ICD for primary prevention of SCD ranged from <40% in MUSTT (Multicenter Unsustained 

Ventricular Tachycardia Trial) to <30% in MADIT II.(Multicenter Automatic Defibrillator 
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Implantation Trial II)60-62 The MADIT I (Multicenter Automatic Defibrillator Implantation 

Trial I) and SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial) used LVEF <35% as 

criteria.61,63 The guidelines consensus was to offer ICD to patients with clinical profiles as 

similar to those included in the trials as possible to obtain the best benefits.64 

Several studies have shown that ICDs decrease mortality relative to anti-arrhythmic 

medications in patients who have survived an episode of sustained VT or ventricular fibrillation 

(VF).52,53 ICD therapy has been used for the primary prevention of SCD in patients deemed at 

high risk of cardiac arrest. However, these devices are not risk free and using them may worsen 

quality of life. A systematic review published in 2007 involved 12 randomised controlled trials 

with a total of 8516 patients with left ventricular systolic dysfunction showed that ICD were 

efficacious in reducing mortality.65 Yet the peri-implant death rate was 1.2% (Confidence 

Interval [CI], 0.9% to 1.5%). The frequency of post-implantation complications per 100 

patient-years included 1.4 (CI, 1.2 to 1.6) for device malfunctions, 1.5 (CI, 1.3 to 1.8) for lead 

problems, and 0.6 (CI, 0.5 to 0.8) for ICD site infections.65 A more recent meta-analysis of 18 

randomised controlled trials reported an overall complication rate of 9.6% over 16 months.66 

With the current growing population of HF who potentially meet the eligibility criteria for ICD, 

improved risk stratification will be needed to best identity which patients benefit the most. We 

provide a review of the current literature regarding the clinical effectiveness and cost-

effectiveness of ICD utilisation in selected HF populations. 

Primary prevention of sudden cardiac death in heart failure 

The MADIT trial established for the first time that prophylactic ICD therapy used in 

conjunction with conventional medical therapy can improve survival in ischaemic 

cardiomyopathy patients in NYHA functional class I, II, or III with LVEF ≤35%; versus 

conventional medical therapy alone.61 During an average follow-up of 27 months, there were 

15 deaths in the ICD group (11 from cardiac causes) and 39 deaths in the conventional-therapy 



30 

group (27 from cardiac causes) (hazard ratio [HR] for overall mortality, 0.46; 95 % CI 0.26 to 

0.82; p=0.009).61 The subsequent MADIT-II study showed that there was a 31% reduction in 

the risk of death at any interval in patients with ischaemic cardiomyopathy who received 

prophylactic ICD therapy.62  

In the MUSTT trial, antiarrhythmic therapy with ICD support led to an absolute reduction in 

the risk of cardiac arrest or death from arrhythmia of 7% after 5-years of follow-up.60 The 

survival benefit was due solely to the use of ICD. Taken together with MADIT and MADIT-

II, these trials indicate that ICD therapy is indicated in patients with coronary artery disease 

who meet eligibility criteria without significant non-cardiac comorbidity. 

The Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation (DEFINITE) trial 

found that in patients with non-ischaemic dilated cardiomyopathy (NICM) on standard medical 

therapy, the addition of ICD therapy significantly reduced SCD and was associated with a trend 

toward a reduction in all-cause mortality compared with standard medical therapy alone.67 The 

Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) showed that prophylactic ICD 

implantation in patients with ischaemic or NICM with LVEF ≤35% reduced mortality at 3 

years. At 5 years, patients treated with an ICD continued to have lower mortality rates than 

patients treated with amiodarone or placebo (28.9% vs 34.1% vs 35.8%). Overall, ICD use was 

associated with a highly significant 23% reduction in all-cause mortality compared with 

placebo (p=.007).63 

Taken together, these studies have formed the basis of the current clinical guidelines for 

primary prevention ICD implantation to prevent SCD in HF patients with impaired LVEF. 

According to current clinical guidelines, class I indications for ICD implantation for primary 

prevention of SCD in patients with HF include 1) Patients with LVEF ≤35% due to prior MI 

who are at least 40 days post-MI and are in NYHA Class II or III; 2) Patients with NICM who 

have an LVEF ≤35% and who are in NYHA Class II or III; 3) Patients with LV dysfunction 
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due to prior MI who are at least 40 days post-MI, have an LVEF ≤30%, and are in NYHA Class 

I.64 

Table 1 summarised all the primary prevention trials of patients with left ventricular 

impairment for SCD or developing ventricular arrhythmias.  
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Table 1: Primary Prevention ICD trials in patients with impaired left ventricular function 

Study 
Number of 

Patients 
Inclusion Criteria ICD (n) Mean Follow-Up Main Findings 

MADIT61 196 

Previous MI, NYHA I–III, LVEF 

<35%, 

Asymptomatic NSVT with inducible 

sustained VT at EPS 

95 27 months 
54% relative risk reduction of 

SCD 

CABG Patch68 900 
CABG surgery, LVEF <36%, 

Abnormal SAECG 
446 32+/-16 months Non-significant 

CAT69 104 
NICM <9 months, NYHA II–III, 

LVEF <30% 
50 22.8+/-4.3 months Non-significant 

MADIT-II62 1232 Prior MI, LVEF <30% 742 20 months 
31% relative risk reduction of 

SCD 

AMIOVIRT70 103 
NICM, NYHA I–III, LVEF <35%, 

Asymptomatic NSVT 
51 2.0 ± 1.3 years Non-significant 

DEFINITE67 458 NICM, LVEF <36%, PVC or NSVT 229 29.0+/-14.4 months 
35% relative risk reduction of 

SCD 

SCD-HeFT63 2521 
IHD or NICM, NYHA II–III, LVEF 

<35% 
829 45.5 months 

23% relative risk reduction of 

SCD 

MUSTT60 704 

IHD, LVEF <40%, Asymptomatic 

NSVT with inducible sustained VT 

at EPS 

161 39 months 
27% relative risk reduction of 

SCD 

Abbreviations: 

CABG, coronary artery bypass graft; EPS, electrophysiological study; ICD, implantable cardioverter-defibrillator; IHD, ischaemic heart disease; LVEF, left 

ventricular ejection fraction; MI, myocardial infarction; NICM, non-ischaemic cardiomyopathy; NSVT, non-sustained ventricular tachycardia; NYHA, New 

York Heart Association; PVC, premature ventricular complex; SAECG, signal averaged ECG; SCD sudden cardiac death; VF, ventricular fibrillation; VT, 

ventricular tachycardia 
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Given the vast pool of potential candidates for ICD, further studies were undertaken to evaluate 

whether specific populations of HF patients are more at risk of SCD and might benefit from 

ICD implantation. In the current American Heart Association guidelines, there is no 

differentiation between patients with ischaemic cardiomyopathy or NICM for prophylactic 

ICD implantation.71 In contrast, the European guidelines distinguish between the groups; those 

with NICM have a Class IB recommendation as opposed to a Class IA recommendation for 

patients with ischaemic cardiomyopathy.72 The randomised trials that showed a significant 

benefit of ICD in reducing all-cause mortality in NICM patients was SCD-HeFT and 

DEFINITE Trial.63,67. However, the positive effect of ICD was only confined to patients in 

NYHA class II. The recently published Danish Study to Assess the Efficacy of ICDs in Patients 

with Non-ischemic Systolic Heart Failure on Mortality (DANISH) provided us another 

perspective when considering prophylactic ICD in patients with NICM.73 After a median 

follow-up period of 67.6 months, the primary outcome of death from any cause had occurred 

in 120 patients (21.6%) in the ICD group and in 131 patients (23.4%) in the control group (HR, 

0.87; 95% CI 0.68 to 1.12; p=0.28).73Whilst SCD occurred in 24 patients (4.3%) in the ICD 

group, there was no improved survival benefit overall for the ICD group (HR, 0.50; 95% CI, 

0.31 to 0.82; p=0.005).73 

To date, prophylactic ICDs have been shown to reduce the risk of SCD among patients with 

left ventricular systolic dysfunction after myocardial infarction (MI). However, the evidence 

of a benefit remains less robust for those with NICM and warrants ongoing assessment. 

Implantable cardioverter-defibrillator with or without cardiac resynchronisation 

therapy 

In the general population, QRS prolongation and/or left bundle branch block (LBBB) on the 

electrocardiogram (ECG) is present in <1% at middle age, increasing to 5–17% over age 80. 

LBBB occurs more commonly in males, those with HF, coronary artery disease, hypertension, 
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and left ventricular hypertrophy, and is associated with adverse outcomes.74-77 In a Swedish 

Heart Failure Registry, QRS prolongation ≥120 ms was present in 31% of patients with HF.78 

The electrical-conduction disturbances play an important role in the progression of HF. In those 

with LBBB, the normal sequence of electrical activation is reversed leading to significant 

electromechanical coupling delay. A population-based study of HF patients showed that those 

with LBBB had features consistent with more severely decompensated HF.79 Furthermore, 

even after accounting for these baseline differences in validated predictors of mortality, a 

LBBB pattern on the admission ECG conferred a 10 % increased risk of death and a 32 % 

increase in HF rehospitalisation in long-term follow-up.79 

Cardiac resynchronisation therapy (CRT) can restore more-normal electro-mechanical 

coupling and, when combined with defibrillation (CRT-D), can have a major impact on the 

mortality and morbidity of HF.80-84 The two landmark studies, Comparison of Medical Therapy, 

Pacing and Defibrillation in Heart Failure (COMPANION) and Cardiac Resynchronization- 

Heart Failure (CARE-HF) established the clinical indications for CRT in HF patients on 

optimal medical treatment, which form the basis for consensus international guidelines.83-85 

These two trials showed that CRT reduced the risk of death from any cause and hospital 

admission for worsening HF.83,84 

The ICD is an effective treatment for the prevention of SCD, and the addition of the ICD can 

potentially decrease the risk of SCD in CRT patients. The Multicenter Automatic Defibrillator 

Implantation with Cardiac Resynchronization Therapy (MADIT-CRT) and the 

Resynchronization/Defibrillator for Ambulatory Heart Failure Trial (RAFT) studies comparing 

CRT-D with ICD alone in HF patients, have shown survival benefit in patients with CRT-D as 

compared with those in the ICD only group.86,87 A recent meta-analysis of five randomised 

trials demonstrated a significant decrease in mortality with CRT (odds ratio [OR] 0.78, 

p=0.024), the benefit being largely driven by the RAFT study.88 CRT was shown to reduce HF 
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events (OR 0.63, p<0.001) and induced significant left ventricular (LV) reverse remodelling 

(p<0.001).88 The meta-analysis also showed that CRT was associated with a delay progression 

of HF symptoms (OR 0.54, p=0.026) and a significant improvement in exercise tolerance 

(p<0.001). Given the overlapping indications for ICD and CRT, the 2013 European Society of 

Cardiology (ESC) Guidelines state that CRT (preferably a CRT-D) is a class IA indication for 

NYHA class II HF patients with LVEF ≤ 35 % and QRS duration ≥150ms.85 

It remains to be determined which CRT patients get the highest benefit from ICD and whether 

some patients fulfilling implantation criteria do not get any benefit at all. The benefit of the 

CRT-D compared with CRT-pacemaker (CRT-P) has not been extensively evaluated.84,87 

Although the COMPANION trial suggested that the addition of ICD to CRT incrementally 

increased the survival benefit, a post hoc analysis of this trial has shown that CRT-P was not 

significantly different from CRT-D for either time to SCD or HF death in NYHA Class IV 

patients.89 A recent observational study failed to show significant survival advantage for CRT-

D compared with CRT-P at a relatively long-term follow-up.90 In patients with HF who receive 

either ICD or CRT-D for primary or secondary prevention, the most common cause of death is 

progressive HF rather than SCD.91,92 In a sub-analysis of MADIT-II, Goldenberg et al. have 

shown that a simple risk score constructed as a count of five risk factors (NYHA functional 

class > II, age ≥70 years, blood urea nitrogen [BUN] > 26 mg/dl, QRS duration > 120ms, and 

atrial fibrillation) could differentiate between patients who would benefit from the ICD versus 

those who would not.93 Recently, a single-centre, retrospective, observational, cohort study of 

patients with ischaemic or NICM utilised the Goldenberg score to predict all-cause mortality 

risk of patients receiving CRT. This study showed that patients with 0–2 risk factors had a 

significant mortality benefit in the first 4 years of follow-up if implanted with a CRT-D rather 

than CRT-P, while patients with ≥ 3 risk factors did not get any additional mortality benefit.94 

Likewise, the benefit of ICD in addition to CRT in patients with severe renal dysfunction 
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(creatinine ≥ 2.5 mg/dL and/or urea ≥ 50 mg/dL) was limited.94 In the most recently published 

DANISH study, effect of ICD implantation was independent of CRT status.73 

In the multicentre CeRtiTuDe cohort study that included 1705 consecutive patients implanted 

with CRT devices, the annual overall mortality rate was 83.8 (95% CI 73.41 - 94.19) per 1000 

person-years.95 The crude mortality rate among CRT-P patients was double compared with 

CRT-D but 95% of the excess mortality among CRT-P patients was related to an increase in 

non-SCD. Similarly, in a sub-analysis of the COMPANION trial examining the mode of death, 

pump failure (44.4%) remained the most common cause of death followed by SCD (26.5%) in 

patients with advanced HF even though both CRT-D and CRT-P modestly reduced mortality.96 

The CARE-HF trial, where only the impact of CRT-P was assessed on HF confirmed that pump 

failure deaths remain the leading cause of death in its HF population.83 These studies serve to 

remind us of the need to better stratify patients most likely to benefit from certain interventions, 

and to avoid unnecessary or even inappropriate treatments. 

In HF patients with CRT indication and no history of ventricular arrhythmias, the addition of 

the ICD conveys a significant survival benefit in well-selected patients with ischaemic 

cardiomyopathy. However, in patients with NICM the benefit of additional ICD to CRT remain 

less clear. NICM is a known predictor of better response to CRT compared to those with 

ischaemic cardiomyopathy.97-99 Therefore, their subsequent risk of ventricular arrhythmias 

may be lower, which will reduce the beneficial impact of the ICD. This consideration is 

particularly relevant given the higher cost of the CRT-D and the higher risk of device-related 

complications, in particular infection and lead dysfunction.100 The current transvenous ICD 

leads are relatively easy to implant, less costly and associated with decreased morbidity and 

mortality. However, the longevity of these leads varies in different trials from 91-99% at 2 

years, 85-98% at 5 years, and 60-72% at 8 year.101,102 Extraction of chronically implanted leads 
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remains a difficult procedure in particular the potential lead adhesions increase the risk during 

extraction procedures.103 

The benefit of CRT depends upon achieving a near 100% biventricular pacing.104,105 CRT-D 

battery longevity is shorter than ICD or CRT-P alone. The need for nearly 100% biventricular 

pacing results in a significant battery drain and is usually the major determinant of battery 

longevity and thus of the time from device implant to the elective replacement indicator (ERI). 

A recent head-to-head comparison of CRT-D battery performance across 3 major 

manufacturers demonstrate a large discrepancy in CRT-D battery longevity.106 Battery 

longevity has significant implications on patient care and outcomes. Shorter battery life 

requires more frequent device replacement, which increases healthcare costs and complications. 

Device replacements are associated with a 1–2% rate of device infections, with a substantial 

cohort potentially requiring surgical or percutaneous procedures for device explantation and 

lead extractions, followed at a later stage by new device implantation.107,108 In the REPLACE 

registry, 7% of patients undergoing CRT-D generator replacement without addition or 

replacement of leads had major complications in the 6 months following the procedure.109 For 

all these reasons, it is desirable to select the most appropriate patients that would be best served 

with CRT-D or CRT-P to minimize the number of generator changes for battery depletion and 

the considerable risks of complications. 

At present, the best we can do in assisting our patients to make decisions about CRT-D versus 

CRT-P is to have a balanced conversation regarding the individual risks and benefits.  

Implantable cardioverter-defibrillator and women with heart failure 

Epidemiological and clinical registry data suggest that women account for approximately one 

half of the patients hospitalised for HF.110-112 Previous studies have shown that women treated 

for HF are more likely than men to have preserved systolic function and significantly less likely 

to be prescribed guideline-recommended evidence-based medications, and when these are 
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prescribed for women, they tend to be prescribed at suboptimal doses.111,113,114 The reasons 

behind the discrepancy in management of HF in men and women remain unclear.  

Clinical trials of ICDs have demonstrated the overall survival benefits of primary prevention 

ICDs.60-63,67 The recommendations of ICDs have not differed for men and women according to 

current guidelines.64 However, many of the clinical trials of ICDs were underpowered to assess 

the impact of ICDs for women. Only small numbers of women were enrolled into and received 

ICDs in these trials: <20 each in MUSTT and MADIT trials and only 185 in SCD-HeFT.61,63,115 

Despite multiple studies demonstrating a significant mortality benefit with CRT in eligible HF 

patients, women remain significantly under-represented in CRT trials.83,84,86,87 Various studies 

have examined the relationship of gender and response to CRT. Xu et al. retrospectively 

evaluated sex differences in CRT effectiveness. In this cohort study that included 728 patients, 

women seemed to achieve greater survival benefit than men and its benefit was majorly driven 

by NICM.116 Another prospective study showed that women experienced better survival, 

longer event-free survival from death/HF hospitalisation and significant improvements in 

NYHA functional class, LVEF and LV reverse remodelling with CRT compared with men.117 

In multivariable Cox proportional hazards analyses, the association between female gender and 

cardiovascular survival was independent of age, LVEF, atrial rhythm, QRS duration, CRT 

device type, NYHA class, and LV reverse remodelling (adjusted HR: 0.48, p= 0.0086).117 

The presence of LBBB is predictive of a positive response to CRT.118,119 Because women have 

smaller ventricles and shorter baseline QRS duration than men, they are more likely to have a 

true LBBB compared with men. In a study from National Cardiovascular Data Registry (NCDR) 

ICD Registry, women with LBBB who received CRT-D have a lower mortality risk than men 

with LBBB.120 Among all patients with LBBB, longer QRS duration at inclusion was 

associated with better survival, although this lower mortality risk plateaued at a QRS duration > 

140ms in women and > 150 ms in men. In contrast, in the non-LBBB patients, no gender 
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differences in mortality were found and mortality risk was similar regardless of QRS 

duration.120 

Another meta-analysis of patient data pooled from 3 CRT-D vs ICD trials with 4076 patients 

(22% were women) showed that women with LBBB benefited from CRT-D at a shorter QRS 

duration than men with LBBB.121 In women with LBBB and a QRS duration of 130 to 149ms 

there was a 76% reduction in HF or death (absolute CRT-D to ICD difference, 23%; HR, 0.24, 

[95% CI, 0.11-0.53]; p < .001) and a 76% reduction in death alone (absolute difference 9%; 

HR, 0.24, [95% CI, 0.06-0.89]; p=0.03).121 Neither women nor men with LBBB benefited from 

CRT-D at QRS duration < 130 ms, while both gender with LBBB benefited at QRS duration 

≥of 150 ms. This is important because the current guidelines limit the class I indication for 

CRT-D to patients with LBBB and QRS duration ≥ 150 ms. The extent to which the benefit 

from CRT-D differs according to gender is of particular interest. A recent large observational 

multicentre study compared CRT-D vs. CRT-P in 5307 patients to determine whether the 

addition of the ICD to CRT devices would offer a more pronounced survival benefit in men 

compared to women.122 In this study, only 9.1% of deaths were SCD. In both device groups, 

SCD was more frequent in men than in women and the proportion of deaths due to SCD was 

also higher in male vs. female patients (10.1% vs. 7.4% in CRT-D patients, and 8.3% vs. 5.5% 

in CRT-P patients).122 SCD rates were very low amongst female patients with NICM regardless 

of device they received (2.4 vs. 1.8 per 1000 patient-years in CRT-D and CRT-P patients, 

respectively). In women with ischaemic cardiomyopathy, the number needed to treat (NNT) to 

prevent one SCD was 148 in this study.122 

Some studies suggest that women are at particularly high risk for procedural complications 

compared with men.123,124 In the analysis of over 30,000 Medicare beneficiaries undergoing 

new ICD implantation, women were more likely to experience a procedural-related 

complication.125 Data from the NCDR ICD Registry showed that women are more likely than 
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men to have in-hospital adverse events related to ICD implantation.126 Recently, Russo et al. 

reported that on the adjusted OR for all complications (OR 1.39; 95% CI 1.26-1.53; p<0.001), 

all cause 6-month readmission (OR 1.22; 95% CI 1.16-1.28; p<0.001), and 6-month HF 

hospitalisation (OR 1.32; 95% CI 1.23-1.42; p<0.001) were statistically significantly higher in 

women who received primary prevention ICD even after adjusting for patient and procedural 

characteristics.127Similarly, Ranasinghe et al. showed in the observational study that compared 

with simpler devices, CRT-D devices have a 38% higher rate of complications.128 Women and 

black patients had a somewhat higher risk of complications compared to men and white 

patients.128 

The mechanisms for higher complication rates in women are unclear; however, amongst the 

proposed mechanisms are smaller vasculature and smaller body habitus. Gender differences in 

mortality might be explained by the differences in the mode of death between men and women. 

It is possible that women who receive ICD may be more likely to die of non-cardiac or non-

arrhythmic causes compared with men who received ICD.30,127,129,130 

There appears to be a number of potential barriers to women gaining access to ICD/CRT-Ds, 

since the original trials focussed heavily on ventricular arrhythmias and ischaemic 

cardiomyopathy, which was more common in men. In addition, the differences in disease 

pattern and LV impairment between the genders may have contributed to under-representation 

of women in more recent trials. Although these results should not preclude women from 

receiving ICDs, a broader perspective of the consequences of adverse events on outcomes such 

as cost and quality of life is needed to inform decisions around primary ICD implantation in 

women with HF. 

Implantable cardioverter-defibrillator and elderly populations with heart failure 

The elderly population is steadily increasing in size both in developed countries and the rest of 

the world. In the United States 44.7 million people are aged 65 years or older.131 They currently 
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represent 14.1% of the U.S. population, about one in every seven Americans. By 2060, there 

will be about 98 million older persons, more than twice their number in 2013.131 The proportion 

of people ≥ 65 years of age are expected to grow to 21.7% of the population by 2040.  

The implementation of primary prevention ICD treatment in the current clinical guidelines will 

lead to a significant increase in patients who may benefit from an ICD. However, there is a 

lack of evidence regarding utility and outcomes associated with ICD in elderly patients. This 

may be because patients enrolled in the large trials were relatively young and had little co-

morbidities. Elderly patients were also largely excluded and underrepresented in the pivotal 

ICD trials making the generalisability of this treatment to this group unclear. 

Elderly patients were best represented in MADIT-II which included 204 (17%) patients were 

aged ≥75 years. The sub-study of MADIT-II showed that ICD treatment in patients aged ≥75 

years was associated with a 44% relative reduction of all-cause mortality, which was 

comparable to their younger peers.132 However, in a meta-analysis by Santangeli et al., which 

included five primary prevention trials (5783 patients of which 44% were ≥ 65 years), only a 

smaller survival benefit was observed in patients ≥ 65 years (HR: 0.75; 95% CI: 0.61–0.91; p 

= 0.004).133 

One of the major differences between the elderly enrolled in the primary prevention trials and 

the elderly receiving ICD treatment in routine clinical practice is the burden of co- morbidities. 

In a large cohort (n = 2467; n ≥75 years = 425) of primary and secondary prevention patients, 

the presence of non-cardiac co-morbidities was associated with an increased risk of mortality 

in ICD patients.134 Another real world retrospective multicentre study performed in 15 Spanish 

hospitals showed that the benefit of ICD is attenuated among those patients ≥ 75 years at the 

moment of device implantation.135 This study comprised ∼15% of elderly patients≥ 75 years 

of age with more co-morbidities, including hypertension, chronic obstructive pulmonary 

disease, and renal failure, and more previous hospitalisations due to HF.135 
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When referring an elderly patient for ICD implantation, one needs to assess their risk of 

procedural and post-procedural complications. Tsai et al. evaluated the influence of age on 

perioperative complications among 150264 primary prevention ICD patients. The occurrence 

of any adverse event or in-hospital death increased from 2.8% in the youngest age group (<65 

years of age) to 4.5% in the oldest age groups (≥80 years).136 Multivariate analysis also found 

increased odds of any adverse event or death among 75–79-year olds (1.14 [95% CI, 1.03–

1.25], 80-to 84-year-olds (1.22 [95% CI, 1.10–1.36], and patients ≥85 years (1.15 [95% CI, 

1.01–1.32], compared to those under 65 years old.136 Once patients reached 80 years of age, 

the rate of any events, including mortality, reached a plateau (4.5% in 80–84-year-old patients 

and 4.5% in those ≥85 years old).136  

Chronological age per se should not be the decisive factor in the decision-making for 

ICD/CRT-D implantation in the elderly with HF. Although age is a predictor of mortality, it 

does not accurately identify patients who would benefit from the ICD when used in isolation. 

Some patients may be more youthful and healthier than their chronological age, whilst others 

have significant co-morbidities and appear much older and frailer than expected. Patient and 

physician expectations play an important role when contemplating ICDs, particularly in the 

elderly and other higher risk groups. Such decision making requires evidence to inform the 

discussions, which for the elderly is relatively sparse. Additional factors must therefore be 

taken into account when considering the role of ICD support for particular patients. There are 

several risk stratification scores that have been developed for the prediction of mortality in 

potential ICD patients. Goldenberg et al. constructed a simple risk score comprised of five risk 

factors (NYHA functional class > II, age ≥70 years, blood urea nitrogen [BUN] > 26 mg/dl, 

QRS duration > 120ms, and atrial fibrillation) and showed no benefit in patients with zero risk 

factors (HR 0.96) and in very-high risk individuals (HR 1.0).93 Among patients with ≥3 risk 

factors, mortality was only slightly lower in the ICD group than in the conventional therapy 
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group (29% vs. 32%).93 Parkash et al. used a risk score that included age > 80 years, history of 

atrial fibrillation, creatinine > 1.8 mg/dL and NYHA class III or IV demonstrated that a risk 

score ≥2 predicted a 1-year mortality rate of 21%, whereas a risk score of <2 predicted a 

mortality rate of 4% at 1 year.137 Another study involving approximately 45000 Medicare 

beneficiaries receiving primary prevention ICDs used 7 clinically relevant predictors of 

mortality and developed the “SHOCKED” predictors138. Age ≥75 years(HR): 1.70; 95% CI: 

1.62 to 1.79), NYHA class III HF (HR: 1.35; 95% CI: 1.29 to 1.42), atrial fibrillation (HR: 

1.26; 95% CI: 1.19 to 1.33), chronic obstructive pulmonary disease (HR: 1.70; 95% CI: 1.61 

to 1.80), chronic kidney disease (HR: 2.33; 95% CI: 2.20 to 2.47), LVEF≤ 20% (HR: 1.26; 95% 

CI: 1.20 to 1.33), and diabetes mellitus (HR: 1.43; 95% CI: 1.36 to 1.50) accurately identifies 

patients at highest risk for death after device implantation.138 

Currently the data on the beneficial effect of ICD in the elderly, especially with co-morbidities, 

are scarce. This population has less or even no benefit from ICD treatment as compared to their 

younger peers. Age itself should not be the sole criterion for withholding ICD implantation but 

one should accept that in an older population with concomitant co-morbidities, the small 

potential benefits of ICD treatment might not outweigh the costs and burden of device-related 

complications. A great proportion of death in elderly patients, even those at risk for ventricular 

arrhythmias, are attributable to medical conditions that cannot be addressed by an ICD alone. 

Implantable cardioverter-defibrillator and patients with chronic kidney disease 

and heart failure 

Chronic kidney disease (CKD) is a worldwide health problem affecting approximately 13.1% 

of the American population.139 From the early stages of CKD to end-stage renal disease 

(ESRD), cardiovascular involvement is present, in part due to the aging population and in part 

due to higher rates of diabetes mellitus, dyslipidaemia and hypertension among the CKD 
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population.140 Cardiovascular diseases represent the main causes of morbidity and mortality in 

patients with CKD.141 

HF and CKD often co-exist. Nearly one-third of patients with HF have concomitant CKD stage 

3 or worse.142,143 CKD also carries a significant risk for the development of HF. Among CKD 

patients starting dialysis therapy, 36% have HF, and an additional 7% develop HF while 

receiving dialysis.144 

HF and CKD both carry significant risk for SCD, hospitalisation and mortality; when these two 

conditions co-exist they markedly increase the risk of morbidity and mortality.143,145 Almost 

60% of cardiac deaths in the dialysis population can be attributed to SCD.145,146 In addition, 

both HF and CKD are independently associated with multiple cardiac risk factors known to 

decrease survival.  

There is paucity of randomised data to adequately address the benefit of ICD therapy in patients 

with CKD. In most trials, patients with renal dysfunction were excluded or there was significant 

heterogeneity across studies in their stratification of CKD i.e. use of estimated glomerular 

filtration rate (eGFR) versus blood urea nitrogen (BUN) versus creatinine. Most of the data of 

ICD in CKD patients is derived from retrospective cohorts, registries and models.  

In patients with Stage 1 and 2 CKD, the most robust data came from Goldenberg et al. who 

performed a retrospective analysis of the outcome associated with renal dysfunction in patients 

enrolled in the MADIT-II.147 They showed that those with stage 1 and 2 CKD patients tend to 

have similar survival benefit after ICD therapy as those without CKD.  

The clinical benefits and cost-effectiveness of ICD implantation on patients with stage 3,4 and 

5 CKD remain less robust. The data relating to increased mortality in these CKD patients is 

consistent. However, the degree to whether ICD modifies the adverse effect of CKD to the 

patient overall survival is unknown. For those patients with ESRD or stage 5 CKD, the median 

survival after primary prophylactic ICD implantation was estimated at 21 months. The risk of 
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death within 1 year was significantly greater than those with CKD stage 1 patients (OR 35, 95% 

CI 4.2-24.1, p<0.0001).148 A secondary analysis from MADIT-II showed no mortality benefit 

from ICD implantation in patients with eGFR<35mL/min/1.73m2 (Stage 3b) (all-cause 

mortality HR 0.95, p=0.95).147 A recent study on the ESRD patients showed that the ICD use 

in dialysis patients was increasing but the rates of all-cause and cardiovascular mortality remain 

high despite ICD implantation.149 Device infections are unfortunately common in these patients. 

Although they occurred most frequently during the first year after implantation, the infection 

rate remained high throughout follow-up. Diabetes (HR, 1.15; 95% CI, 1.08-1.23), infection 

within the past 60 (HR, 2.42; 95% CI, 2.25-2.62) or 61-365 (HR, 1.49; 95% CI, 1.39-1.59) 

days, and peripheral vascular disease (HR, 1.14; 95% CI, 1.07-1.20) were associated 

independently with the risk of any infection after implantation.149 

The subcutaneous implantable cardioverter-defibrillator (S-ICD) was designed to eliminate 

complications related to transvenous leads.150 It offers a potentially attractive alternative to the 

transvenous ICD in ESRD patients on haemodialysis, thus limiting the risk of central vein 

stenosis and endovascular infection. There remains limited data on the safety and efficacy of 

S-ICD in dialysis patients. In a single-centre retrospective study, 27 (34%) of 79 patients 

receiving S-ICD on haemodialysis had higher incidence of primary endpoint (death, HF 

hospitalisation or appropriate S-ICD shocks) (23.8%/year) driven mainly by higher rate of 

appropriate shocks consistent with the increased risk of SCD in ESRD patients.151 However, 

there was a low rate complication rate in the dialysis cohort, in particular the absence of any 

device-related infections.  

A feature that distinguishes the S-ICD from the transvenous ICD is the inability to terminate 

arrhythmias with antitachycardia pacing (ATP), but only with an electrical 80 J shock.150 

Moreover, bradycardia pacing is limited only to the immediate post-shock period (50 bpm for 

30s). Therefore, patients with pacing indication (bradycardia pacing, CRT, and ATP for 
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recurrent monomorphic VT) should not receive an S-ICD150. A recent study in CKD patients 

on haemodialysis who have preserved LV function, demonstrated that the vast majority of SCD 

were due to bradycardia and asystole, rather than malignant ventricular arrhythmias.152 These 

observations mean the role of the S-ICD in ESRD patients remains limited, with those most 

likely to benefit being a much smaller part of the population and hard to identify.   

These findings align with previous studies, suggesting a substantially increased mortality in 

patients with CKD, which reasonably leads one to question the benefit of ICD therapy in these 

high-risk patients. The risk of device-related complications needs to be carefully weighed 

against the benefit in this group of patients, 

Cost effectiveness and safety of primary prevention implantable cardioverter 

defibrillator in heart failure patients 

A recent meta-analysis of all the pivotal primary prevention ICD trials provide strong evidence 

supporting the beneficial effect of ICD therapy on survival of patients with LVEF ≤35% due 

to ischaemic cardiomyopathy or NICM.153 There is a suggestion across studies that the 

beneficial effect of ICD on SCD may increase beyond 2 or 3 years post implant.154 There is 

strong evidence that ICD use as primary prevention for HF patients who meet the current 

criteria reduces the risk of SCD. 

At present the effectiveness of ICD in settings outside of randomised clinical trials is less clear. 

Because clinical trial participants are carefully selected and have close follow-up, results of 

clinical trials may not always apply to real-world clinical setting. Real world recipients of ICDs 

generally have more non-cardiac co-morbidities.155,156 In patients with chronic HF, the early 

post-discharge period after an acute admission is associated with a high risk of mortality, during 

which progressive HF is the most likely cause of death.157 The tipping point of benefit vs. 

futility of ICD therapy in many HF patients remain ambiguous.  
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Given the large number of potential HF patients who are eligible for prophylactic ICD, a careful 

analysis of ICD cost-effectiveness is appropriate. Sanders et al. showed that prophylactic 

implantation of an ICD has a cost-effectiveness ratio below $100,000 per quality-adjusted life-

year (QALY) gained in populations in which a significant device-related reduction in mortality 

has been demonstrated.158 In the recent Health Technology Assessment report, ICD reduced 

all-cause mortality in patients at increased risk of SCD, including patients with ischaemic 

cardiomyopathy/NICM and LVEF ≤ 35%. The addition of ICD to optimal medical treatment 

was cost-effective at a willingness-to-pay (WTP) threshold of £30,000.159 In HF patients at risk 

of SCD who met the criteria for CRT, CRT-D reduced the risk of all-cause mortality and HF 

hospitalisation, and improved other outcomes, compared with ICD alone.159 However, 

complications were more common in CRT-D. The incremental cost effectiveness ratio (ICER) 

for CRT-D compared with ICD, but not CRT-D compared with optimal medical treatment, was 

< £30,000 per QAYL, and the costs and QALYs for CRT-D and CRT-P were similar.159 

Although the peri-operative risks of new ICD implants are generally low, one should not ignore 

the long-term risk for device-related complications and reoperations. A large Italian study 

including 4829 patients from 117 centres reported rates of reoperations for complications at 4 

years of 4%, 9% and 14% for single-chamber, dual-chamber and CRT-D devices.160 Another 

observational cohort study from the NCDR ICD registry that involved 114884 patients showed 

that there were 6.1 (CI, 6.0 to 6.2) ICD-related complications per 100 patient-years that 

required reoperation or hospitalisation.128 Younger age at implantation (65 to 69 vs. >85 years) 

(HR 1.55 [CI, 1.43 to 1.69]), CRT-D (HR, 1.38 [CI, 1.31 to 1.45]) versus a single-chamber 

ICD, female (HR, 1.16 [CI, 1.12 to 1.21]), and black race (HR, 1.14 [CI, 1.05 to 1.23]) were 

associated with the greatest increased risks for ICD-related complications.128 
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Conclusion 

High morbidity and mortality are associated with clinical HF and accounts for an increasing 

health care burden in many countries. There is no question that ICD therapy has had a major 

impact on the management of selected HF patients. There remains significant limitations and 

challenges to the appropriate application of the available evidence for primary prevention ICD 

or CRT-D in HF patients. A carefully thought-out, case-by-case approach should be utilized 

when considering implanting ICD or CRT-D in selected HF patients to maximise the benefits 

of these complex devices. Longer term registry or trial data is needed to address the subgroups 

that are particularly under-represented in clinical trials but make up a substantial proportion of 

the patients seen in routine clinical practice. 
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2.1 INCIDENCE OF LEFT BUNDLE BRANCH BLOCK IN 

HEART FAILURE 

Left bundle branch block (LBBB) diagnosis on surface electrocardiogram (ECG) is defined as 

QRS duration ≥120 ms in adults, broad notched or slurred R wave in leads I, aVL, V5, and V6 

and an occasional RS pattern in leads V5 and V6 attributed to displaced transition of QRS 

complex.161 The incidence of LBBB increases progressively with advancing age.75 

Hypertension, ischaemic heart disease, left ventricular hypertrophy, ST-T abnormalities on 

surface ECG, and an increased cardiothoracic ratio on chest x-ray were associated with 

LBBB.76  

LBBB is a common finding in patients with HF. In the large Italian Network on Congestive 

HF Registry of outpatients referred to cardiology centres for evaluation and treatment of 

congestive HF showed that complete LBBB develops in as many as 25% of patients with HF 

of any origin.162 LBBB affects the myocardial contractile efficiency. Kerwin et al showed that 

patients with NICM with LBBB is associated with significant ventricular contraction 

abnormalities during sinus rhythm.163 These contraction abnormalities exist as multiple levels 

of dyssynchrony, leading to poor systolic performance of the failing heart.163 Similarly, Rao et 

al reported that left ventricular dyssynchrony is present up to 72% in HF patients with complete 

LBBB.164 In dog studies, dyssynchrony of left ventricular contraction induced by abnormal 

electrical activation resulted in a depressed left ventricular contractile response.165 Additionally, 

LBBB prolongs mitral regurgitation by increasing pre-ejection and relaxation times.166 This 

directly impairs diastolic function by shortening the time available for the left ventricle to fill 

to an extent likely to limit cardiac stroke volume.  

Similar to atrial fibrillation (AF), a deleterious effect of complete LBBB on left ventricular 

function in HF patients has been established. Luliano et al demonstrated that a prolonged QRS 

from baseline ECG is an independent predictor of increased total mortality and SCD among 
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patients with known cardiomyopathy and HF symptoms enrolled in the Congestive Heart 

Failure Survival Trial of Antiarrhythmic Therapy (CHF-STAT) trial.167 LBBB patients showed 

a trend toward worsened survival (p=0.006) but not SCD.167 In the large Italian Network on 

congestive HF Registry, LBBB was associated with a 70% increase in the univariate risk of 

all-cause mortality rate at 1-year.162 In the Multicenter Unsustained Tachycardia Trial 

(MUSTT), the relationship between ECG abnormalities and occurrence of arrhythmic and total 

mortality have been evaluated.168 In this study, patients with LBBB or intraventricular 

conduction delay (IVCD) had lower LVEF and a higher prevalence of HF than those without 

these abnormalities. The presence of LBBB and IVCD was associated with an 1.5-fold–

increased risk of cardiac arrest and total mortality.168  
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2.2 ROLE OF CARDIAC RESYNCHRONISATION THERAPY 

(CRT) IN HEART FAILURE PATIENTS 

Cazeau et al. first described cardiac resynchronisation therapy (CRT) in 1994.169 In this case 

report, 4 chamber pacing in patients with evidence of IVCD provides a mechanical activation 

sequence closer to the natural one. 

Subsequent to this case report, Leclercq et al performed acute haemodynamic study to assess 

the potential benefit of biventricular dual chamber pacing (DDD) by comparison with no 

ventricular pacing and with conventional single-site right ventricle DDD pacing in patients 

with normal sinus rhythm, severe HF and surface ECG evidence of major IVCD.170 It 

demonstrated that biventricular DDD pacing compared with intrinsic rhythm and single-site 

right ventricle DDD pacing, may significantly improve cardiac performance in patients with 

major IVCD and severe HF with significant left ventricular dysfunction.170 Similarly, another 

haemodynamic study by Saxon et al. showed that simultaneous right and left ventricular apical 

pacing results in acute improvements in global ventricular performance in 11 patients with 

depressed left ventricular function.171  

These acute studies led to the development of randomised studies evaluating the effect of CRT 

on quality of life/symptom and functional capacity of patients with HF. The European and 

Canadian InSync Study was designed to demonstrate the efficacy and safety of CRT in HF 

using these endpoints.172 CRT system was implanted in 103 patients and significant 

improvements in exercise capacity, NYHA functional class, and quality-of-life score were 

noted at 1, 3, 6 and 12 months after implantation.172  

Prevention of cardiac remodelling is important to improve prognosis of HF patients. Study 

from Yu et al. showed that CRT can result in reverse cardiac remodelling.173 In this study, 25 

patients with NYHA class III-IV HF and QRS duration >140ms who received CRT showed 

improvement of LVEF, reduction of mitral regurgitation, increase in diastolic filling time as 
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well as improvement in NYHA functional class at 3 months follow-up after implantation.173 

The proposed mechanisms of benefit by CRT were due to improvements in the intraventricular 

synchrony, atrioventricular synchrony and interventricular synchrony (Figure 2).  
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Figure 2: Proposed Mechanisms of Benefit of Biventricular Pacing 

Reproduced with permission from Yu CM, Chau E, Sanderson JE, et al. Tissue Doppler echocardiographic evidence of reverse remodeling and improved synchronicity 

by simultaneously delaying regional contraction after biventricular pacing therapy in heart failure. Circulation 2002; 105:438-45. 

Abbreviations: 

CO: cardiac output: dP/dt: the rate of pressure rise in systole; EF: ejection fraction; IVCT: isovolumic contraction time ; LA: left atrial; LV: left ventricular; LVEDV: 

left ventricular end-diastolic pressure and volume; LVESD: left ventricular end-systolic volume ;MR: mitral regurgitation; RV: right ventricle; TS: the time to peak 

myocardial sustained systolic velocity (SM) 
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Subsequent to these studies, the two landmark studies, Comparison of Medical Therapy, Pacing 

and Defibrillation in Heart Failure (COMPANION) and Cardiac Resynchronization- Heart 

Failure (CARE-HF), established the medium- to long-term morbidity and mortality benefits of 

CRT in HF patients.83,84  

A total of 1520 patients who had advanced HF with NYHA class III or IV symptoms due to 

ischaemic cardiomyopathy (ICM) or NICM and a QRS duration of at least 120 msec were 

randomly assigned in a 1:2:2 ratio to receive optimal pharmacologic therapy alone or in 

combination with cardiac-resynchronisation therapy with pacemaker (CRT-P) or a CRT–

defibrillator (CRT-D) in COMPANION trial.84 CRT-D was associated with a significant 

decrease in all-cause mortality (relative risk reduction: 36%; p=0.003), while the 24% relative 

risk reduction in mortality associated with CRT-P was nearly statistically significant 

(p=0.059).84  

In CARE-HF, a total of 404 patients were assigned to receive medical therapy alone and 409 

to receive medical therapy plus CRT-P. The mean duration of follow-up was 29.4 months 

(range, 18.0 to 44.7). There were 82 deaths in the CRT group, as compared with 120 in the 

medical- therapy group (20% vs. 30%; hazard ratio 0.64; 95% confidence interval, 0.48 to 0.85; 

p<0.002).83 This resulted in a 36% relative reduction in the risk of death (p< 0.002) observed 

in those who received CRT-P. As compared with medical therapy, CRT also reduced the 

interventricular mechanical delay, the end-systolic volume index, and the area of the mitral 

regurgitant jet; increased the LVEF and improved symptoms and the quality of life (p<0.01 for 

all comparisons).83 

These trials established the clinical indications for CRT in selected HF patients, which form 

the basis for current consensus international guidelines.85 
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2.3 USE OF CARDIAC RESYNCHRONISATION THERAPY – 

CHANGE OF CLINICAL SETTING 

Preface 

Cardiac resynchronisation therapy (CRT) has been shown in multiple studies to improve HF 

symptoms, quality of life and survivals.80-84 Ongoing studies aim to expand the use of CRT in 

patients with asymptomatic or minimal symptoms from left ventricular dysfunction.  

The following research provides a comprehensive review on the expanding clinical indications 

of CRT. Some of these are not well known, for example HF patients with narrow QRS 

complexes, mechanical dyssynchrony alone, HF patients with chronic kidney disease (CKD) 

and cost-effectiveness of these devices. This review highlights the need for more research in 

this area to guide appropriate management in this group of patients. Similarly, for cost-

effectiveness study, because of current economic situation, it is important to balance the 

incremental benefits and costs of CRT with the possible increases in complications and 

morbidity related to CRT. 

The following manuscript was published in 2014 in Arrhythmia & Electrophysiology Review 

2014;3(1):20–4.  
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Khang-Li Looi was involved in conception of the review paper. She developed the structure 
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Abstract 

Current guidelines recommend cardiac resynchronisation therapy (CRT) for patients with 

severe left ventricular dysfunction (left ventricular ejection fraction [LVEF] ≤ 35%), QRS 

duration of ≥ 120-150ms (Class IA and IB indications) on surface electrocardiogram (ECG) 

and New York Heart Association (NYHA) class III or IV heart failure (HF) symptoms. 

Ongoing studies aim to expand the use of CRT in patients with asymptomatic or minimal 

symptoms left ventricular dysfunction. There have been studies that have shown benefit of 

CRT extended to this group of patients. Three have also been different implications of the role 

of CRT in patients with atrial fibrillation (AF), patients with narrow QRS duration or with right 

bundle branch block (RBBB) on surface ECG as well as patients with end-stage renal failure 

on dialysis therapy. This article aims to review the current body of evidence of expanding use 

of CRT in these populations.  
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Introduction 

Heart failure (HF) is a growing and major health burden in western countries. The prevalence 

of HF is estimated at 1–2% in the western world and the incidence approaches 5–10 per 1000 

persons per year.7 Cardiac resynchronisation therapy (CRT) has been shown in multiple studies 

to improve HF symptoms, quality of life and improve survivals.80-84 The 2 landmark studies, 

the Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure 

(COMPANION) and the Cardiac Resynchronization–Heart Failure (CARE-HF) trials, 

established the clinical indications for CRT, which form the basis for consensus international 

guidelines.83,84,174 These two trials which randomised 2333 patients in sinus rhythm (SR) with 

QRS prolongation on surface electrocardiogram (ECG) (≥ 120ms), New York Heart 

Association (NYHA) functional class III and ambulatory class IV HF and a persistently 

reduced left ventricular ejection fraction (LVEF), despite optimal medical treatment. The trials 

showed that CRT reduced the risk of death from any cause and hospital admission for 

worsening HF.83,84 The effect of left ventricular reverse remodelling from CRT was sustained 

over time.175 This has significant clinical implications and has led to the development of 

hypothesis that implanting CRT in patients at earlier stage of HF and different characteristics 

of patients with HF may prevent the disease progression, and lead to improve clinical outcomes.  

This article reviews the use of CRT in the changing and new clinical setting and the 

implications for daily clinical practice.  

Cardiac resynchronisation therapy (CRT) in patients with mild heart failure: The 

evidence 

The earliest evidence of CRT in NYHA class I-II patients came from CONTAK CD and 

Multicenter InSync ICD II (MIRACLE ICD) trials.82,176  
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In CONTAK CD, 490 patients with implantable cardioverter defibrillator (ICD) were 

randomised to either CRT on or no CRT.82 All patients were in NYHA class II to IV at the time 

of entry into the study. However many patients demonstrated significant symptomatic 

improvement with medical treatment during this period. Thus, 227 patients were in NYHA 

class III/IV and 263 were in NYHA class I/II when the randomized therapy was initiated. At 6 

months, CRT was linked to a significant reduction in left ventricular dimensions (p <0.001) 

and improvement in LVEF (5.1% vs.2.8%, p=0.020).82 However, the reduction in HF 

progression and changes in NYHA class as well as quality of life were not statistically 

significant. Many patients responded positively once medical treatment was optimised before 

randomisation. This improvement in clinical status made it more difficult to show benefit in 

healthier patients. Importantly, this trial showed that CRT improves left ventricular reverse 

remodelling.  

Likewise, in the Multicenter InSync ICD II (MIRACLE ICD) trial all the 186 patients with 

secondary indication for ICD were randomised either to CRT-on or CRT-off.176 CRT resulted 

in significant improvement in cardiac structure and function and clinical HF composite 

endpoint over 6 months but did not alter exercise capacity. It appeared that CRT offers 

important benefits to optimally medically managed, mildly symptomatic NYHA class II HF 

patients with ventricular dyssynchrony and an indication for an ICD. The study showed the 

potential of CRT to limit disease progression even in patients with mild HF symptoms.  

These studies provided a preview of the much larger trials such as REVERSE, MADIT-CRT 

and RAFT studies in this group of patients with asymptomatic or mildly symptomatic HF.  

The Resynchronization Reverse Remodelling in Systolic Left Ventricular Dysfunction 

(REVERSE) trial was the first large randomised controlled trial that included 610 patients with 

NYHA class I and II symptoms, QRS ≥120ms and LVEF ≤40%.177. At 12 months of follow-

up, only 16% of patients with CRT device on worsened compared to 21% of those with CRT-
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off (p=0.10).177 However, CRT was associated with a significant improvement in left 

ventricular dimensions (p<0.0001). The reduction of left ventricular dimensions was 

particularly prominent in those patients with non-ischaemic cardiomyopathy, those with larger 

left ventricular end systolic volumes and those with a broader QRS on surface ECG (≥152ms). 

The time to the first HF-hospitalisation was also significantly delayed in those with CRT-on 

(HR 0.47, p=0.03).177 Although CRT appeared to slow the HF disease progression in this study, 

the impact of clinical outcome was only modest. It is worthy to note that the patients in 

REVERSE trial were on optimal medical treatment. This might be a potential explanation for 

these “negative” results. Also, this trial has a short follow-up of 1 year. The treatment effect of 

CRT might require a prolonged period and therefore, not be surprising that a 1-year trial of 

CRT including asymptomatic patients with HF was too short to demonstrate the efficacy of 

CRT.  

The sub-analysis of the European data of REVERSE trial provided further insights into the role 

of CRT in 262 mildly symptomatic HF patients. Over the 24 months period, 19% of those with 

CRT-on vs. 34% of those with CRT-off patients worsened (p=0.01).178 Furthermore CRT was 

associated with a significant reduction in the left ventricular end systolic volume index 

(p<0.0001). The time to first HF-hospitalisation was significantly delayed in those with CRT-

on (p=0.03).178 These results provided additional data to support the use of CRT in delaying 

HF progression.  

The Multi-center Automatic Defibrillator Implantation with Cardiac Resynchronization 

Therapy (MADIT CRT) study demonstrated a 34% reduction in the risk of death or nonfatal 

HF among the mild HF patients with CRT-D as compared to those in the ICD only group 

(p=0.001).86 This benefit was mainly driven by the 41% reduction in the risk of HF events and 

there was no difference between the patients with ischaemic or non-ischaemic cardiomyopathy. 

Furthermore, there was clear improvements in the left ventricular mechanical indexes with 
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reduction in the left ventricular volumes (p<0.001) and increase in LVEF (p<0.001), reiterating 

the reverse remodelling effect of CRT that was observed in REVERSE.  

Another large study that compared ICD with CRT-D in patients with mildly symptomatic HF 

was the Resynchronization/Defibrillator for Ambulatory Heart Failure Trial (RAFT). Among 

the 1798 patients with LVEF ≤30%, QRS durations ≥120ms and NYHA class II or III HF, the 

primary outcome of death or hospitalisation for HF occurred in 33.2% of those with CRT-D, 

compared to 40.3% in those with ICD only (p<0.001).87 The time to the occurrence of the 

primary outcome was significantly delayed in the CRT-D group (HR 0.75, p<0.001). The time 

to death was also significantly prolonged in the CRT-D group (HR 0.75, p=0.003).87  

A recent meta-analysis of the above 5 randomised trials was performed. At pooled analysis, 

there was a significant decrease in mortality with CRT (odd ration [OR] 0.78, p=0.024) and 

this benefit was largely driven by the RAFT study. CRT was shown to reduce HF events (OR 

0.63, p<0.001) and induced significant left ventricular reverse remodelling (p<0.001).88 The 

analysis also showed that CRT was associated with a delay progression of HF symptoms (OR 

0.54, p=0.026) and a significant improvement in exercise tolerance (p<0.001).88  

With the additional findings from the above trials, the relative magnitude of the benefits of 

CRT in patients with NYHA class II symptoms is similar to those observed in patients with 

NYHA class III symptoms. Therefore, the European Society of Cardiology (ESC) Task Force 

agreed to give a new recommendation for patients with NYHA class II HF. In the 2013 ESC 

Guidelines on cardiac pacing and cardiac resynchronisation therapy, CRT preferably a CRT-D 

is a class IA indication for NYHA class II HF patients with LVEF ≤35% and QRS duration 

≥150ms.174 However, the evidence for recommending CRT in patients with NYHA class I 

remain inconclusive due to the low number of patients enrolled in randomised trials.  
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Special considerations and new/future indications of cardiac resynchronisation 

therapy 

Cardiac Resynchronisation Therapy and patients with atrial fibrillation 

Atrial fibrillation (AF) is a common arrhythmia and its prevalence increases in the presence of 

HF. Additionally, the development of AF in HF patients may significantly affect the outcomes. 

Population data from Framingham Study suggests that new onset AF after a HF diagnosis 

conferred a hazard ratio for death of 1.6 in men and 2.7 in women.179 The role of CRT in 

patients with AF is less well-established. The evidence of CRT in patients with AF 

predominantly came from observational case studies.105,180,181 The first prospective and 

randomised trial that evaluated the role of CRT in patients with permanent AF and severe HF 

is the Multisite Stimulation In Cardiomyopathies (MUSTIC) AF trial which included 131 

patients, at least half was in permanent AF and in need of ventricular pacing. However only 

patients with a biventricular pacing rate >85% did show a slight but significant improvement 

in functional status at 1 year follow-up.182 In RAFT study, 229 patients (12.7%) had permanent 

AF at baseline. There was no clear reduction in clinical events and patients with permanent AF 

appeared to gain minimal benefit from CRT-D compared with a standard ICD.183 Despite 

apparently good rate control of AF before randomisation, the delivery of CRT remained 

suboptimal because of a low percentage of biventricular pacing. A recent meta-analysis 

including 23 observational studies and followed a total of 7,495 CRT patients, 25.5% with AF, 

for a mean of 33 months found that AF was associated with an increased risk of non-response 

to CRT (34.5% vs. 26.7%; pooled relative risk [RR] 1.32; p =0.001) and all-cause mortality 

(10.8% vs. 7.1% per year, pooled RR 1.50, p = 0.015).184  

The benefits of CRT appear to be attenuated in patients with AF. Indeed, the presence of AF 

affects the effective delivery of biventricular pacing. In patients with AF, phases of effective 

biventricular capture alternate with phases of competing AF rhythm which causes spontaneous, 
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fusion, or pseudo-fusion beats.104 This suggests that the global effective CRT delivery may be 

markedly reduced compared with atrial-synchronous rhythm with a short AV interval as is 

achieved during SR. Moreover, in AF patients, during exertion, spontaneous ventricular rate 

tends to override biventricular pacing rates, resulting in further reduction of paced beats 

precisely when patients are most in need of having biventricular capture, thus greatly limiting 

exercise tolerance. For this aspect, the indication of CRT for patients in AF with NYHA class 

III or IV, QRS duration ≥ 130ms and LVEF ≤35% remains Class IIA in the recent 2013 ESC 

Guidelines.174  

In most patients with AF with intact intrinsic conduction, adequate biventricular pacing could 

only be achieved with atrioventricular (AV) nodal ablation. The use of AV nodal ablation was 

highly variable in majority of CRT trials. In RAFT, AV nodal ablation was only used in 1 

patient.183 A recent meta-analysis of 6 studies that enrolled 768 CRT-AF patients including 339 

patients who underwent AV nodal ablation showed that AV nodal ablation conferred an RR of 

0.42 and 0.44 for overall mortality and for cardiovascular mortality, respectively.185 AV nodal 

ablation was also shown to improve NYHA functional class in patients with AF. The current 

2013 ESC Guidelines recommend a Class IIA indication for CRT in patients with AF, QRS 

duration ≥120ms and LVEF ≤35%, provided that AV nodal ablation is added to these patients 

with incomplete (<99%) biventricular capture and those who are candidates for AV nodal 

ablation for rate control. A randomised controlled trial, Cardiac Resynchronisation Therapy 

and AV Nodal Ablation Trial in Atrial Fibrillation Patients (CAAN-AF) 

(http://clinicaltrials.gov/ct2/show/NCT01522898) is currently enrolling and aimed to 

determine if AV nodal ablation combined with CRT in CRT-eligible AF patients will result in 

significant reductions in mortality and HF events compared to patients treated with CRT alone.  

http://clinicaltrials.gov/ct2/show/NCT01522898
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Cardiac Resynchronisation Therapy and patients with chronic kidney disease 

Renal impairment is common in patients with HF. In a systematic review of heart failure 

population, a total of 63% of patients had any renal impairment, and 29% had moderate to 

severe impairment.186 Adjusted all-cause mortality was increased for patients with any renal 

impairment (HR 1.56; p<0.001) and moderate to severe impairment (HR 2.31; p<0.001).186  

The effect of CRT on renal function has not been studied in large randomised trials. A 

retrospective study showed the survival rate among those with standard ICD alone (88 patients) 

and CRT-D patient (787 patients) within glomerular filtration rate (GFR) < 30mL/min/1.73 m2 

and GFR ≥ 60mL/min/1.73m2 groups was similar, whereas CRT-D patients with GFR 30–59 

(moderate renal impairment) had significantly better survival compared to those with ICD 

alone (HR 2.23, p=0.002).187 This survival benefit was associated with improved renal and 

cardiac function. However, among patients with a baseline GFR < 30 mL/min/1.73 m2, a group 

largely ignored in most CRT trials, survival was limited.187 It might imply that the CRT 

implantation procedure itself had no lasting impact on renal function.  

Many patients with chronic kidney disease (CKD) have concomitant cardiac disease with 

indications for device therapy but majority of the trials have excluded this group of patients. 

Recently, a study 482 CKD patients treated by CRT reported higher survival in those with 

normal or mild renal impairment than in those with CKD (defined as a GFR of ≤ 60 

mL/min/1.73 m2) (72% vs. 57% at 3 years, p<0.01).188 This study has excluded patients on 

dialysis.  

There is also a paucity of data on the role of CRT in patients with CKD on dialysis therapy. 

Based on current limited data, the benefits and risks should be taken into consideration when 

considering the implantation of a CRT device in a dialysis patient. More research in this field 

is warranted to guide appropriate clinical decision in this group of patients.  
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Cardiac Resynchronisation Therapy and patients with heart failure but a narrow QRS 

complex 

Previous studies have shown that approximately 30% of HF patients have narrow QRS duration 

<120ms and thus these patients will not qualify for CRT according to current guidelines.189 Yet 

these patients have depressed left ventricular systolic function and exhibit left ventricular 

mechanical dyssynchrony as assessed by echocardiography.190,191  

Several small studies have reported HF patients with narrow QRS had demonstrated a 

substantial echocardiographic and clinical improvement following CRT.192-194 Based on these 

encouraging outcomes of the smaller observational studies, the Cardiac Resynchronization 

Therapy with Heart Failure and Narrow QRS (RethinQ) study was conducted to evaluate the 

efficacy of CRT in patients with standard indication for ICD, NYHA class III HF, a QRS 

duration <130ms and evidence of mechanical dyssynchrony on echocardiography.195. At the 

end of follow-up, there was no difference between those with narrow and wide QRS patients. 

However, this study was of too short duration to observe any effects on morbidity and mortality.  

Recently, The Evaluation of Resynchronization Therapy for Heart Failure (LESSER-EARTH) 

trial that assessed whether CRT improves exercise capacity and left ventricular reverse 

remodelling outcomes in patients with LVEF ≤35%, symptoms of HF and a QRS duration 

<120ms was interrupted prematurely after 85 patients were randomised. The trial showed that 

CRT did not improve clinical outcomes or left ventricular reverse remodelling in those with a 

narrow QRS duration <120ms.196 In fact, there was an associated with a non-significant trend 

toward an increase in HF-related hospitalisation.  

Similarly, the Echocardiography Guided Cardiac Resynchronization Therapy (EchoCRT) 

study was recently terminated early due to futility of CRT in this population. The mean QRS 

duration was 105.0 ms for the CRT group. The primary outcome, death from any cause or 

hospitalisation for worsening HF, occurred in 28.7% in the CRT group, as compared with 25.2% 
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in the control group (HR with CRT, 1.20; p=0.15).197 There was an excess of deaths due to 

cardiovascular causes in patients randomly assigned to CRT (37 deaths, vs. 17 in the control 

group; p=0.004). There was also a non-significant trend toward an increase in mortality related 

to HF. 197 

Despite the hypothesis that CRT might be beneficial to those with HF but narrow QRS duration, 

the current published studies have consistently failed to demonstrate a benefit in this group of 

patients. The current guidelines do not recommend CRT in patients with chronic HF with QRS 

duration <120ms (Class IIIB evidence). 

Cardiac Resynchronisation Therapy and patients with right bundle branch block  

Left bundle branch block (LBBB) has been shown to have detrimental effect in patients with 

HF. Short term mortality rates for the subgroups of patients with decompensated HF with 

QRS<120 ms, RBBB and LBBB were 46.1%, 56.8% and 57.7%, respectively (p<0.0001).198 

Another population-based study of HF patients, those with LBBB had features consistent with 

more severely decompensated HF. Furthermore, even after accounting for these baseline 

factors and validated predictors of mortality, a LBBB on the presentation ECG conferred a 10% 

increased risk of death and a 32% increase in HF rehospitalisation in long-term follow-up.79 

In patients with LBBB, the normal sequence of electrical activation is reversed leading to 

significant electromechanical coupling delay. On the other hand, patients with RBBB might 

have minimal electrical or electromechanical coupling delay unless left fascicular hemiblock 

is present.199 A study using 3-dimensional non-fluoroscopic electroanatomic contact mapping 

system (3D-Map) showed that patients with RBBB, compared to LBBB, have a greater right-

sided conduction delay, while the degree of left ventricular delay is not significantly different 

between the two groups.200 These findings seem to suggest that in HF patients with RBBB, 

CRT should benefit those in whom an underlying left-sided intraventricular conduction delay 

is masked by RBBB. 
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The number of patients with right bundle branch block (RBBB) included in large randomised 

controlled trials of CRT was low. A single-centre registry of 636 CRT patients with only 59 

patients with RBBB (9.3%) found that the composite end point of death, heart transplantation, 

or ventricular assist device implantation occurred in 147 patients (23.0%), most frequently in 

the RBBB group (p=0.004).201 The highest symptomatic NYHA response rate was observed in 

those with LBBB, whereas few patients with RBBB responded (p<0.001). This differential 

response remained significant after controlling for baseline differences among groups 

(p=0.02).201  

Similarly, a pooled data from the MIRACLE and CONTAK-CD trials showed that patients 

with RBBB had no evidence of improvement in symptoms, 6-minute walk test or quality of 

life scores at 6 months.202 A meta-analysis of 4 publications from five studies reported data on 

patients with RBBB showed no favourable outcomes of CRT in patients with RBBB.203 In a 

recent post hoc analysis of the MADIT-CRT trial, patients with RBBB and a non-left anterior 

fascicular block had improvement in left ventricular volumes and function. However there was 

no difference in the 3-year probability of death or HF admissions among those with RBBB or 

ICD only (p=0.962 and p=0.374).204 

At this stage, those with non-LBBB with QRS >150ms the indication remains as Class IIB for 

CRT device.174 Physicians and patients should be aware of the likely reduced benefit from CRT 

in patients with RBBB, and this should be factored into decision making. However, until more 

data are available it is too early to change guidelines.  

Cardiac Resynchronisation Therapy and patients with mechanical dyssynchrony 

The hypothesis of CRT in narrow QRS with ventricular dyssynchrony cannot be neglected, 

albeit the evidence remains weak so far. Similar question remained for patients with 

mechanical dyssynchrony and wide QRS: how do we select the right patients for CRT? The 

Predictors of Response to CRT (PROSPECT), a prospective, multicenter, nonrandomised 
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study was unable to find a single echocardiographic measure of dyssynchrony through which 

patient selection for CRT could be improved even though up to 12 echocardiographic 

parameters have been used.205 The recent study using apical rocking (ApRock) as a surrogate 

marker for LV dyssynchrony in patients with wide QRS implies that patients with an increase 

in myocardial contractile reserve resulting in more dyssynchrony may derive a greater benefit 

from CRT. The Prospective comparison of ARNI with ARB on Management Of heart failUre 

with preserved ejectioN fraction (PARAMOUNT) Trial suggested that dyssynchrony may play 

a pathophysiologic role in HF patients with preserved LVEF.206 However strong evidence for 

the usefulness of echocardiography for patient selection in CRT is still lacking. Despite these 

well-presented and convincing data, the answer at this point in time clearly is physicians will 

only implant CRT in those meeting current guideline criteria, irrespective of 

echocardiographically measured dyssynchrony.  

Safety and Cost-effectiveness issues: 

With the current progress in research, the clinical applications for CRT are expanding. 

However, the cost, invasiveness and morbidity (e.g. infection) of CRT need to be considered 

carefully.  

Cost effectiveness 

The cost-effectiveness study from the European cohort of REVERSE indicated that CRT in 

mildly symptomatic HF has a similar cost-effectiveness ratio as in moderate to severe HF. 

Compared with CRT-OFF, 0.94 life years or 0.80 quality-adjusted life years (QALYs) were 

gained in the CRT ON group at an additional cost of €11 455, yielding an incremental cost-

effectiveness ratio of €14.278 per QALY gained.207  

The 2007 Health Technology Assessment found that CRT-P and CRT-D devices reduce 

mortality and hospitalisations due to HF, improve quality of life and reduce sudden cardiac 

death in those with NYHA classes III and IV, and evidence of dyssynchrony. Compared with 
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optimal medical treatment, the devices are estimated to be cost-effective at a willingness-to-

pay (WTP) threshold of £30,000 per QALY; CRT-P is cost-effective at a WTP threshold of 

£20,000 per QALY.208 However the estimated net benefit from CRT-D is less than with the 

other two strategies, until the WTP threshold exceeds £40,160/QALY.208 The cost of CRT-P 

devices is already substantial; the addition of ICD will be more expensive since the latter 

technology involved will be more sophisticated. The hypothesized incremental benefits in 

survival from CRT-D would need to be balanced by possible increases in morbidity owing to, 

for example, device-related complications and inappropriate shocks.  

Safety 

CRT implantation is an invasive procedure and the implant often takes considerably longer 

than other pacemaker and ICD procedures, and is undertaken in a patient group at increased 

risk of haemodynamic compromise because of the underlying HF and poor LVEF. Overall 

perioperative complication rates range from 4% in more recent trials to as high as 28% in earlier 

CRT trials.177,209  

The success rate of LV lead implantation in REVERSE was 97%, which is higher than those 

reported in previous studies.177 The rate of LV lead dislodgement was 8% at 1 year. However, 

all the centres participated in the REVERSE had a long experience with CRT implantations, 

suggesting that these procedures should be limited to centres with high volumes and excellence.  

In MADIT-CRT trial, serious device-related adverse events occurred with a frequency of 4.5 

per 100 device-months in the CRT–D group and of 5.2 per 100 device-months in the ICD-only 

group.86 Although the adverse events were infrequent in both groups, they could not be 

completely ignored.  

The rate of adverse events within 30 days after device implantation was significantly higher 

among patients in the CRT-D group than among those in the ICD group in RAFT study. There 

were 118 device- or implantation-related complications among the 888 patients receiving CRT-
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D, as compared with 61 of 899 patients in the ICD group (p<0.001).87 The adverse events 

reported were consistent with the rates in other studies.209,210 LV lead dislodgement and an 

increased rate of infection remain significant problems. Although many of these adverse events 

did not have substantial long-term consequences, they may prolong hospitalisation. 

With the increasing number of CRT device implantation, infection becomes a major challenge 

that implanting physician has to face. The first large prospective study analysing both incidence 

and prevalence of CRT device-related infection showed that the risk of CRT infection is twice 

that of a standard pacemaker implant risk. The prevalence was close to 4.3% at 2.6 years, an 

incidence of 1.7% per annum.211 Four independent predictive factors were identified: procedure 

time (p=0.002); dialysis (p=0.0001); re-intervention (p=0.006); and procedure type (CRT-D vs. 

other procedures; p=0.01).211 These factors should be considered carefully in the evaluation of 

patients selected for CRT implantation.  

Conclusion 

CRT has demonstrated favourable survival and symptom benefits in prior trials, especially 

those with highly symptomatic HF, LVEF ≤ 35% and QRS ≥ 120ms. The issue of whether 

CRT might be extended to other patient populations has been raised. Ongoing clinical 

randomised trials will provide stronger evidence for any potentially new indications. 

Considering the cost and safety issues of CRT, one has to be cautious of translating all the trial 

findings into wider and routine use of CRT. 
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3.1 PREFACE 

CRT has been proven to reduce the risk of mortality and hospitalisation from HF in patients 

with either a CRT-D or CRT-P.80-84 However, the incremental benefits in survival from CRT-

D would need to be balanced by possible increases in morbidity and complications. The choice 

of appropriate device remains unanswered. 

The aims of the research presented in this chapter were: 

• To identify the long-term outcome of patients with either CRT-D or CRT-P in routine 

clinical practice  

• To identify any potential risk factors that would identify the patient population most 

likely benefit from CRT-D. 

This research showed that the survival benefit in CRT-D was highest in the first year, but this 

benefit appeared to be attenuated by the second year and became insignificant by the end of 

follow-up. This information has an important impact on patient management, especially when 

selecting the appropriate device in patients with multiple comorbidities. 

The following manuscript was published in 2014 in Heart 2014; 100:794-9 and its current 

impact factor is 5.420.  
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Khang-Li Looi was involved in the data collection, analysis and interpretation of the results. 

She developed the structure and arguments for the paper and wrote the manuscript for 

publication.  
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3.2 ABSTRACT 

Objective: Studies have shown beneficial effects of cardiac resynchronisation therapy (CRT) 

on mortality among heart failure patients. However, the incremental benefits in survival from 

CRT with a defibrillator (CRT-D) are unclear. The choice of appropriate device remains 

unanswered. 

Method: This is a single-centre observational study in a tertiary cardiac centre, patients (n=500) 

implanted with CRT-P (n=354) and CRT-D (n=146) were followed for at least 2 years (mean 

29 months, SD 14 months). The primary end point was all-cause mortality. 

Results: A total of 116 deaths (23.2%) were recorded: 88 (24.8%) and 28 (19.2%), in the CRT-

P, and CRT-D groups respectively. At 1 year there was a trend favouring CRT-D (HR 0.54, 

95% CI: 0.27 to 1.07, p=0.08) but this was attenuated by the second year and became 

insignificant at the end of follow-up (HR 0.76, 95% CI: 0.50 to 1.170, p=0.21). There was no 

survival benefit from having an ICD if patients were deemed non-responders to CRT. 27% of 

the CRT-P patients with ischaemic cardiomyopathy met indications for potential ICD 

implantation for primary prevention. These were older patients with poorer baseline function 

in comparison to CRT-D patients with devices for primary prevention. Once these differences 

were adjusted for, there was no difference in outcome between the groups.  

Conclusion: CRT-D did not offer additional survival advantage over CRT-P at longer term 

follow-up, as the clinical benefit of a defibrillator attenuated with time. Further work is needed 

to define which subset of patients benefit from CRT-D. 
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3.3 INTRODUCTION 

Cardiac resynchronisation therapy (CRT) has become an acceptable treatment modality for 

patients with medically refractory congestive heart failure (CHF). The clinical effects of long 

term CRT have been proven to reduce mortality and hospitalisation from heart failure, resulting 

in clinically important improvements in exercise capacity and health related quality of life 

(QOL).82-84 Patients may receive a CRT device with a defibrillator (CRT-D) or CRT with 

pacing alone (CRT-P). 

The 2013 European Society of Cardiology (ESC) guideline suggests that CRT is recommended 

in CHF patients with left ventricular ejection fraction (LVEF) ≤35% who remain in New York 

Heart Association (NYHA) functional class II, III and ambulatory IV; despite adequate medical 

treatment.174 It is also recommended that when an internal cardioverter defibrillator (ICD) is 

planned for either primary or secondary prevention of sudden cardiac death (SCD), CRT is 

recommended when indicated. In the United Kingdom, the National Institute for Health and 

Clinical Excellence (NICE) recommended CRT with a pacing device (CRT-P) as a treatment 

option for people with CHF fulfilling similar criteria on optimal pharmacological treatment.212 

However, they suggest CRT-D may be considered for people who fulfil the criteria for 

implantation of a CRT-P device and who also separately fulfil the criteria for the use of an ICD. 

Many patients may be eligible for both treatments, but it does not necessarily follow that such 

patients would obtain additional benefit from the combined treatment over one treatment alone, 

particularly in the longer term. 

A meta-analysis found that CRT-D was associated with significant reductions in all-cause 

mortality as compared to an ICD alone.213 The risks of lead problems and coronary dissection 

were significantly higher in patients who received CRT-D which remained a concern.213 A 

recent systematic review showed some benefits of CRT-D over CRT-P in the all-cause death 

rate after one-year follow-up.214 However, the crucial question regarding the choice of 
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appropriate device in the longer-term remains unanswered and deciding which patients may 

benefit from the added defibrillator device is challenging.  

This study aimed to assess the long-term outcome of patients with either CRT-D or CRT-P in 

routine clinical practice and to identify any potential risk factors that would identify the patient 

population most likely benefit from CRT-D. 

3.4 METHODS 

This study was a single centre, retrospective observational study with prospective follow-up. 

A total of 500 consecutive patients implanted with either CRT-D or CRT-P at a tertiary referral 

centre (Papworth Hospital, Papworth, UK) from June 2006 to June 2010 were included. Initial 

choice of device (CRT-P vs. CRT-D) was based on NICE guidance but then modified (as 

needed) after discussion between implanting physician and individual patients, taking into 

account their preferences. The devices were implanted using standard protocols after written 

consent was obtained. All the patients were followed up in the pacing and general clinics. 

Patient information and data were retrospectively retrieved and analysed at the end of the 

follow-up period. Response to CRT was defined as improvement in NYHA functional class. 

The primary endpoint of the study was all-cause mortality. 

3.5 STATISTICAL ANALYSIS 

Continuous variables are presented as mean ± standard deviation, and categorical data as counts 

or percentages. Analysis and comparisons of continuous data were performed using ANOVA, 

whilst the χ2 test was used to compare categorical data. Fisher’s exact test was used if χ2 

assumptions were not met.  

Survival was estimated using Kaplan Meier analyses. Cox proportional-hazards-models were 

used to explore univariate and multivariate predictors of events. Initial exploratory co-variates 

of age, gender, atrial fibrillation, aetiology of heart failure, diabetes, hypertension, QRS 

morphology, QRS duration, LVEF, serum sodium, and serum creatinine were used. 
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Multivariate models for mortality included terms with p-value of <0.1 at univariate analysis 

along with type of device. Interaction terms between device choice and covariates were used 

to identify predictive factors by assessing whether there was a significant difference in the 

hazard ratio for death between subgroups. A two-sided probability level of <0.05 was 

considered significant.  All calculations were performed using SPSS 20.0 (IBM Software, 

USA). 

3.6 RESULTS 

A total of 500 consecutive patients were enrolled. Overall mean age was 69±10 years with 78% 

being men. Mean follow-up was for 29±14 months. CRT-D was implanted in 146 patients 

(29.2%), while the remaining 354 patients (70.8%) received CRT-P. The mean LVEF was 

25±7.5%. The baseline characteristics of the two groups are shown in Table 2. Compared to 

the patients who received CRT-P, those who had CRT-D implanted were younger, more likely 

to be male and have ischaemic cardiomyopathy, and with milder symptoms. They also received 

more amiodarone compared to those who had CRT-P. 

 



77 

Table 2: Baseline characteristics of CRT-P and CRT-D patients 

Variable CRT-P (n=354) CRT-D (n=146) p-value 

Mean age – years ± SD 70 ± 9.9 67 ± 9.3 0.002* 

Male (%) 252 (72.6) 133 (91.1) <0.001* 

Ischaemic heart disease (%) 168 (48.3) 96 (65.8) 0.001* 

Hypertension (%) 25 (7.1) 10 (6.8) 0.92 

Diabetes Mellitus (%) 57 (16.1) 20 (13.7) 0.48 

History of AF (%) 71 (20.0) 21 (14.4) 0.21 

AVN ablation (%) 27 (7.6) 2 (1.4) 0.003* 

LVEF - % ± SD 25.3 ±7.7 23.9 ± 7.1 0.06 

NYHA Class III/IV (%) 333 (94.1) 128 (87.7) 0.019* 

QRS duration – ms ± SD 159 ± 25.4 161 ± 30 0.50 

Use of an ACEI/ARB (%) 321 (90.1) 134 (91.2) 0.40 

Use of a β-blocker (%) 244 (69.5) 110 (76.9) 0.10 

Use of mineralocorticoid antagonists (%) 216 (62.6) 84 (56.4) 0.23 
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Use of diuretics (%) 317 (92.2) 133 (89.3) 0.21 

Use of digitalis (%) 62 (18) 24 (16.1) 0.80 

Use of amiodarone (%) 34 (9.7) 25 (17.5) 0.016* 

Use of anticoagulation (%) 93 (27.6) 36 (25.2) 0.74 

Baseline biochemistry and haematology 

Haemoglobin - g/dL 13.1 ± 1.6 13.5 ± 1.5 0.005* 

Sodium - mmol/L 136 ± 7.9 137 ± 3.3 0.27 

Urea - mmol/L 10.8 ± 8.6 9.9 ± 5.4 0.23 

Creatinine - µmol/L 128 ± 48.5 131 ± 43.8 0.47 

Albumin - g/L 38 ± 4.6 38 ± 4.4 0.24 

ALT - U/L 27 ± 16 35 ± 43 0.12 

ALP - U/L 95 ± 50 96 ± 48 0.84 

*Two-sided p<0.05 

Abbreviations: 

ACEI/ARB: angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; AF: atrial fibrillation; ALP: alkaline phosphatase; ALT: alanine 

aminotransferase; AVN: atrio-ventricular node; CRT-D: cardiac resynchronisation therapy with a defibrillator device; CRT-P: cardiac resynchronisation 

therapy with biventricular pacing; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; SD: standard deviation 
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CRT-P versus CRT-D 

The mean duration of follow-up was 887±416 days in the CRT-P group and 876±441 days in 

the CRT-D group [95% confidence interval (CI) for difference: -103 to 81 days, p=0.82]. There 

was a significant functional improvement in NYHA class, with only 29.3% having class III / 

IV symptoms at last follow-up compared with 92.3% previously. Overall, there were a total of 

116 deaths (23.2%): 88 (24.8%) in the CRT-P group and 28 (19.2%) in the CRT-D group. The 

mean time to death from implantation was 513±420 days overall, 499±435 days in the CRT-P 

group, and 554±374 days in the CRT-D group (95% CI for difference: -136 to 218 days, 

p=0.54). 

Although not significant, at 1 year there was a trend to benefit in the CRT-D group (hazard 

ratio (HR) for CRT-D: 0.54, 95% CI: 0.27 to 1.07, p=0.08). At follow-up of 2 years, the 

survival benefit afforded by CRT-D was attenuated and insignificant (HR for CRT-D 0.71, 95% 

CI: 0.43 to 1.17, p=0.18) and this continued until the end of all follow-up (HR for CRT-D: 0.76, 

95% CI: 0.50 to 1.17, p=0.21, Figure 3). Adjusting for baseline differences, the HR for CRT-

D remained insignificant at all-time points. 
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Figure 3: Kaplan-Meier survival curve for all-cause mortality across whole study stratified by device type. CRT-P: cardiac resynchronisation 

therapy with pacing; CRT-D: cardiac resynchronisation therapy with a defibrillator 
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Responders vs. non-responders 

In the CRT-D and CRT-P groups, the response rate was 68.3% and 73.4% respectively. There 

were no differences in the baseline characteristics between responders and non-responders 

other than slightly more frequent amiodarone use in the non-responders. At 1 year and at 2-

year follow-up, non-responders had a higher mortality (HR for death at 1 year 3.85, 95% CI: 

1.370 to 10.81, p=0.011 and HR for death at 2 years 2.06, 95% CI: 1.02 to 4.18, p=0.04). Over 

all follow-up, there was no difference in the survival between the groups (HR for death for 

non-responders 1.32, 95% CI: 0.73 to 2.39, p=0.36). 

Stratifying by device showed that amongst people receiving CRT-P, non-responders did worse 

at 1 year (HR for death 3.31, 95% CI: 1.01 to 10.86, p=0.048) and at 2 years (HR for death 

2.21, 95% CI: 1.01 to 4.88, p=0.049) but not overall. No mortality differences were found 

between responders and non-responders in the CRT-D group. Comparing the survival of non-

responders alone by device (CRT-P vs. CRT-D) revealed no survival differences at any time 

point. 

Factors predicting survival 

Table 3 shows results of the univariate and multivariate survival analysis. Younger age, dilated 

cardiomyopathy, hypertension, higher sodium, lower creatinine, use of angiotensin converting 

enzyme inhibitors (ACE) or angiotensin receptor blockers (ARB), and the use of β-blockers, 

all predicted survival. In multivariate analysis, younger age, female gender, hypertension, a 

higher serum sodium, lower creatinine and β-blocker use were significant predictors of survival. 

There were no differences in univariate and multivariate factors predicting survival when 

stratified separately by CRT-P and CRT-D. 

 



82 

Table 3: Univariate and Multivariate predictors of mortality 

Predictors HR 
Univariate 

95% CI 
p-value HR 

Multivariate 

95% CI 
p-value 

Age 1.03 1.01 – 1.05 0.003* 1.03 1.00 – 1.05 0.03* 

Age >75 years old 1.23 0.82 – 1.85 0.32    

Male Gender 1.62 0.98 - 2.68 0.06 2.09 1.18 – 3.71 0.012* 

Atrial Fibrillation 1.40 0.92 – 2.14 0.12    

Ischaemic (vs. dilated) cardiomyopathy 1.46 1.01 – 2.12 0.048* 1.14 0.76 – 1.72 0.52 

Diabetes Mellitus 0.86 0.50 – 1.48 0.58    

Hypertension  0.33 0.12 – 0.91 0.032* 0.31 0.12 – 0.86 0.02* 

Left Bundle Branch Block 0.65 0.38 – 1.11 0.12    

QRS Width 0.99 0.99 – 1.00 0.61    

Pre-procedure LVEF 0.98 0.96 – 1.00 0.11    

Sodium 0.98 0.97 – 0.99 <0.001* 0.90 0.86 – 0.94 <0.001* 

Creatinine 1.01 1.01 – 1.02 <0.001* 1.004 1.007 – 1.009 0.02* 

ACEI/ARB use 0.50 0.29 – 0.88 0.016* 0.65 0.35 – 1.20 0.17 
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β-blocker use 0.63 0.43 – 0.92 0.015* 0.61 0.41 – 0.91 0.014* 

Spironolactone use 0.72 0.48 – 1.08 0.11    

CRT-D (vs. CRT-P) 0.76 0.50 – 1.17 0.21 0.76 0.48 – 1.12 0.23 

*Two-sided p<0.05  

Abbreviations: 

ACEI/ARB: angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; CI: confidence interval; CRT-D: cardiac resynchronisation therapy 

with a defibrillator device; CRT-P: cardiac resynchronisation therapy with biventricular pacing; HR: hazard ratio; LVEF: left ventricular ejection fraction; 

NYHA: New York Heart Association 
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NICE guidance for ICD implantation 

Of the 146 patients that had CRT-D - 49% were for primary prevention and 51% for secondary 

prevention indications. Virtually all patients (99.3%) with an ICD met NICE guidelines for its 

implantation. There was no survival difference between those who had CRT-D for either 

primary or secondary prevention reasons. There was also no survival difference between those 

with ischaemic or non-ischaemic cardiomyopathy for primary or secondary indications for ICD. 

Among the 354 patients who received CRT-P, 95 patients (27%) strictly met primary 

prevention indications for ICD according to NICE guidance. The baseline characteristics of 

these patients and those who received CRT-D for primary prevention are shown in Table 4. 

Compared to those who received CRT-D, this group of patients were generally older with 

higher NYHA functional class and poorer baseline status. As expected, there was higher 

number of deaths in the CRT-P group (HR for death 1.88, 95% CI: 1.15 to 3.08, p=0.01). 

However, once baseline variables were controlled for, there was no difference in mortality 

between the groups (HR for CRT-P 1.31, 95% CI: 0.41 to 4.17, p=0.65). 
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Table 4: Baseline characteristics of CRT-P patients who met primary prevention indications for ICD, and those who received CRT-D for primary 

prevention 

Variable CRT-P (n=95) CRT-D (n=74) p-value 

Mean age – years ± SD 74 ± 8.1 66 ± 8.6 <0.001* 

Male (%) 78 (82.1) 66 (89.2) 0.20 

Ischaemic heart disease (%) 95 (100) 46 (62.2) <0.001* 

Hypertension (%) 5 (5.3) 3 (4.1) 0.76 

Diabetes mellitus (%) 21 (22.1) 8 (10.8) 0.06 

History of AF (%)  13 (13.7) 7 (9.5) 0.40 

LVEF - % ± SD 22.2 ± 5.5 23.4 ± 6.1 0.18 

NYHA class III (%) 95 (100) 55 (74.3) 0.001* 

QRS duration – ms ± SD 160 ± 25 156 ± 28 0.24 

Use of ACEI/ARB (%) 84 (88.4) 74 (98.7) 0.02* 

Use of β-blocker (%) 69 (72.6) 59 (79.7) 0.34 

Use of mineralocorticoid antagonist (%) 57 (60) 42 (56.8) 0.29 
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Use of diuretics (%) 91 (95.8) 66 (89.2) 0.05 

Use of digitalis (%) 17 (17.9) 12 (16.2) 0.75 

Use of amiodarone (%) 5 (5.3) 8 (10.8) 0.19 

Use of anticoagulation (%) 16 (16.8) 16 (21.6) 0.45 

Baseline biochemistry and haematology 

Haemoglobin - g/dL 13.0 ± 1.4 13.6 ± 1.5 0.02* 

Sodium - mmol/L 137 ± 3.4 137 ± 2.9 0.80 

Urea - mmol/L 11.4 ± 6.4 9.7 ± 5.1 0.06 

Creatinine - µmol/L 138 ± 51.2 125 ± 42.4 0.09 

Albumin - g/L 37 ± 4.9 39 ± 3.7 0.03* 

ALT - U/L 27 ± 16.1 26 ± 14.8 0.94 

ALP - U/L 93 ± 45.2 95.0 ± 56.7 0.82 

*Two-sided p<0.05 

Abbreviations: 

ACEI/ARB: angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; AF: atrial fibrillation; ALP: alkaline phosphatase; ALT: alanine 

aminotransferase; AVN: atrio-ventricular node; CRT-D: cardiac resynchronisation therapy with a defibrillator device; CRT-P: cardiac resynchronisation 

therapy with pacemaker; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; SD: standard deviation 
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3.7 DISCUSSION 

Our single-centre observational study suggests that a potential survival benefit of CRT-D over 

CRT-P at one year was not significant after longer-term follow-up. Response to CRT predicted 

survival, but non-responders did not survive longer if they had a CRT-D over a CRT-P device. 

Multivariate analysis of survival suggested that older men with hyponatraemia and renal 

dysfunction had the poorest survival, independent of other risk factors, including presence or 

absence of an ICD. The presence of hypertension suggests good cardiac output and therefore 

this could account for the improved survival in the multivariate analysis. In our cohort, patients 

who did not receive an ICD for primary prevention despite meeting NICE guidance for 

implantation, had a poorer prognosis than those receiving an ICD, but the difference was 

explained by poorer baseline functional status. 

ICDs in patients with heart failure 

ICD implantation has escalated over the past 10 years. Observational data from early drug trials 

in patients with HF suggested that they had a high risk of sudden cardiac death.215,216 The 

Sudden Cardiac Death in Heart Failure (SCD-HeFT) trial was the first to show that ICD 

reduced all-cause mortality in patients with both ischaemic and non-ischaemic 

cardiomyopathy.63 In the COMPANION (Comparison of Medical Therapy, Pacing and 

defibrillation in Heart Failure) trial, all-cause mortality and all-cause hospitalisation were 

reduced by both CRT-D and CRT-P compared to medical therapy.84 Although there was some 

suggested superiority of CRT-D due to the short follow-up, a post-hoc analysis subsequently 

showed no significant survival differences between CRT-D and CRT-P arms.89 One of the most 

important mechanisms of action for the benefit of CRT is reverse remodelling, which takes 

time to evolve.217 Given enough time, one may expect a significant reduction in mortality with 

CRT-P implanted patients and there is currently no robust evidence that the potential early 

benefit conferred by an ICD is durable.86,175,177,218 
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Studies have demonstrated that in CHF patients who received either ICD or CRT-D for primary 

or secondary prevention, the most common cause of death was progressive heart failure.91,92,219 

In the prospective study of Thijssen et al that examined the modes of death in 2859 ICD and 

CRT-D patients over a 14-year period , the annual mortality rate was 5%.92 The proportion of 

patients who died suddenly was low and comparable for both primary and secondary ICD and 

CRT-D patients.92 The 8-year cumulative incidence of SCD was 2.1% (95% CI 0.3%–4.0 %) 

in primary prevention ICD patients, 3.2% (95% CI 1.6%–4.8%) in secondary prevention ICD 

patients, and 3.6% (95% CI 1.8%–5.3%) in CRT-D patients (log rank p = 0.026).92 A recent 

small study involving a subgroup of patients post myocardial infarction (MI) with severe left 

ventricular dysfunction that have a negative electrophysiologic study (EPS) showing no 

inducible ventricular tachycardia (VT) can do without the protection of an ICD with low rates 

of arrhythmias or death.220 

In our study, the potential advantage of a CRT-D device over CRT-P was attenuated after one 

year. It suggests that in individuals with severe and worsening CHF due to systolic LV 

dysfunction, CHF complications other than ventricular tachy-arrhythmias contribute 

importantly to duration of survival. Selected patients may be better served by CRT-P with more 

aggressive medical treatment enhancing QOL in the longer term. Although CRT-D is still the 

device of choice for reducing the mortality in the early years of implant, downgrading to a 

CRT-P at generator change may be a viable option.  

CRT-P versus CRT-D: Which device to implant? 

Our multivariate analysis suggested that age, gender, blood pressure, serum sodium and serum 

creatinine were important predictors of outcome. Co-morbidities, such as myocardial infarction 

(MI) and renal failure play a pivotal role in the prognosis of a patient with CRT-D.221 

Hyponatraemia has also been recognised as an independent predictor of outcome in patients 

with LV dysfunction and an ICD. Factors such as age, and underlying co-morbidities should 
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all be taken into account before the decision regarding the type of device to be implanted is 

made. Existing evidence has showed that the benefits of ICDs in the elderly as well as in women 

are not well established.222-225 A recent large prospective registry of ICD patients showed that 

elderly patients are at increased risk of death compared with their younger counterparts, but 

the absolute mortality risk was modest when patients are carefully selected.226 These results 

may serve as a guide for discussion when elderly ICD candidates are evaluated.  

Just over a quarter of our CRT-P patients met NICE indications for implantation of an ICD for 

primary prevention. An ICD was not implanted on the basis of a discussion between the patient 

and the physician in charge of their care. As expected, this group of patients had poorer baseline 

status compared to those who received CRT-D, and thus, a higher number of deaths were 

observed. However, once baseline co-morbidities were adjusted for; there was no survival 

difference between the two groups.  

Studies have shown that as the severity of heart failure increases, the proportion of sudden 

cardiac death compared to heart failure-related deaths decreases.215,216 Newer guidance 

highlights the lack of data comparing CRT-D and CRT-P directly, and suggests that ICD 

therapy is favoured in younger patients with life expectancy estimated at greater than a 1 year, 

who has milder symptoms and less co-morbidity.174 Our results add weight to these 

recommendations. Consideration of co-morbidities and known predictors of mortality will help 

to identify patients who are most likely to derive relative benefit of from different devices.  

Cost-benefit 

A large cost-effectiveness meta-analysis comparing medical therapy, CRT-P, and CRT-D, 

estimated implantation of a new CRT-P system to cost just over £5000, and a CRT-D system 

to cost over £17000. It suggested that CRT-P was cost-effective at a threshold of £20,000 per 

quality adjusted life year (QALY), but that CRT-D was effective only at a threshold of £40,000 

per QALY.208 A Belgian cost benefit-analysis concluded that although there may be a survival 
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benefit from CRT-D over CRT-P, the incremental clinical benefit appeared too marginal to 

warrant a three-fold higher device price for CRT-D.227 Identifying the patients most likely to 

benefit from a CRT-D device is essential. The higher number of CRT-P implants in our study 

reflects the reimbursement situation in UK, and thus will be difficult to translate to countries 

like the USA or Germany, where the majority of the implanted devices are CRT-D.  

3.8 LIMITATIONS 

This is a single centre retrospective study with prospective follow-up. Device prescription was 

not randomised and patients with poor functional status and limited expected survival were 

likely implanted preferentially with CRT-P. This opens the door for bias, although we did try 

to control for this statistically. We did not define the mode of death in all patients or identify 

CRT-D associated complications (e.g. inappropriate shocks). The lack of survival difference 

between CRT-D and CRT-P shown by our study may be confounded by underlying patients’ 

characteristics. For example, the use of ACE-I, ARB, or β-blockers which had been shown to 

prevent worsening CHF and SCD may reduce the survival differences between the two 

groups.55 However, ‘all-cause mortality’ has been used widely as an endpoint in CRT trials.  

The main strengths of our study were the long-term follow-up of a mean of 29 months, and the 

representation of ‘real-world’ practice. We defined ‘CRT responders’ as those who underwent 

an improvement in NYHA functional class at the end of follow-up. The definition of response 

to CRT varies widely between studies. A recent analysis of the most-cited publications on CRT 

suggested that agreement between different methods defining CRT response was poor 75% of 

the time, and strong only 4% of the time.228 In a practical setting, the definition of CRT response 

should extend to measure patient outcomes; i.e. improvement in symptoms, QoL, and duration 

of life. 

The issue of whether to implant CRT-P or CRT–D remains controversial, and a definitive 

randomised trial comparing these treatments may never be conducted. An observational study 
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with prospective follow-up such as ours provides a useful perspective for both clinicians 

deciding on an individual patient basis, and for health policy decisions and funding.  

3.9 CONCLUSIONS 

In our real-world observational study of 500 patients with CHF, CRT-D did not offer an 

additional survival advantage over CRT-P at longer term follow-up; as the clinical benefit of a 

defibrillator apparently attenuated with time. Our results add to existing literature suggesting 

that CRT-D confers an early survival benefit, but this was lost in the longer-term. Balancing 

patients’ co-morbidities and the potential for device related complications against the potential 

benefit from the defibrillator is recommended on a case-by-case basis. 
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4.1 PREFACE 

Data from major randomised trials have shown that the ICD provides a meaningful and 

significant reduction in mortality in patients with ICM and NICM and LVEF ≤30% - 35% as 

part of primary prevention strategy.60-63,67,84 All patient candidates for CRT are theoretically 

indicated for an ICD. Therefore, the addition of the ICD can also potentially decrease the risk 

of SCD in CRT patients.87  

To date, there are no randomised controlled trials that directly compare CRT-P to CRT-D. It 

remains to be determined which CRT patients get the highest benefit from the ICD. In routine 

clinical practice, 37% of primary-prevention ICD patients experience potentially lifesaving 

ICD intervention in the first 5 years after implantation, but the remaining 63% did not require 

ICD intervention.229 Therefore, different risk scores capable of estimating mortality risk of ICD 

patients have been developed to identify the patients who will actually benefit from ICD 

treatment.93,137,138,230,231  

The aims of the research presented in this chapter were: 

• To assess whether the Goldenberg score can accurately predict all-cause mortality risk 

of patients receiving CRT  

• To identify CRT patients who are more likely to benefit from the addition of the ICD 

The study showed that patients with standard indication for CRT with a low Goldenberg risk 

score are more likely to benefit from the presence of the ICD. The benefit of the ICD in low-

risk-score CRT patients is most obvious in the first few years after implantation but attenuates 

over time. The benefit of the ICD in addition to CRT in patients with a high Goldenberg risk 

score or severe renal dysfunction is limited. HF patient due for CRT implantation should be 

made aware that the benefit of adding ICD decreases with increasing number of comorbidities 

to a point where patients will cease to benefit from it. 
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4.2 ABSTRACT 

Aims: The Goldenberg risk score, comprising five clinical risk factors (NYHA class>2, atrial 

fibrillation, QRS duration>120 ms, age>70 years, urea>26 mg/dL), may help identify patients 

in whom the survival benefit of the defibrillator may be limited. We aim at assessing whether 

this score can accurately predict the long-term all-cause mortality risk of patients receiving 

cardiac resynchronisation therapy (CRT), and identify those who are more likely to benefit 

from the defibrillator. 

Methods: In this retrospective observational cohort study, 638 patients with ischaemic or non-

ischaemic dilated cardiomyopathy who had CRT-D (n=224) versus CRT-P (n=414) 

implantation were prospectively followed-up for survival outcomes. The long-term outcome 

of patients with CRT-D vs. CRT-P was compared within risk score categories and in patients 

with severe renal dysfunction. Mean follow-up in surviving and deceased patients was 62.7 

and 32.5 months, respectively. 

Results: This score showed higher discriminatory performance in CRT-D vs. CRT-P patients 

(AUC 0.718±0.041 vs. 0.650±0.032, respectively, p=0.001). In those with scores 0-2, a CRT-

D device decreased mortality rates in the first four years of follow-up compared with CRT-P 

(11.3% vs. 24.7%, p=0.041), but this effect attenuated with longer follow-up duration (21.2% 

vs. 32.7%, p=0.078). In this group, the benefit of CRT-D during follow-up was seen after 

adjusting for traditional mortality predictors (HR 0.339, p=0.001). No significant differences 

in mortality rates were seen in patients with score ≥3 (57.9% with CRT-D vs. 56.9%, p=0.8) 

and those with severe renal dysfunction (92.9% in CRT-D vs. 76.2%, p=0.17). Similar results 

were seen following propensity score matching. 

Conclusion: A simple risk stratification score comprising five clinical risk factors may help 

identify CRT patients who are more likely to benefit from the presence of the defibrillator. 
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4.3 INTRODUCTION 

Cardiac resynchronisation therapy (CRT) is an accepted treatment for patients with medically 

refractory congestive heart failure (CHF).83,84,86,87,177 Although the CRT-defibrillator (CRT-D) 

has been shown to decrease mortality risk and CHF events compared with the implantable 

cardioverter-defibrillator (ICD) alone in patients with standard indications for CRT,83,84,87,177 

the benefit of the CRT-D compared with CRT-pacemaker (CRT-P) has not been properly 

evaluated. A post-hoc analysis of the COMPANION trial showed no significant survival 

difference between CRT-D and CRT-P patients in New York Heart Association (NYHA) class 

IV89, whilst a more recent systematic review suggested some benefits of CRT-D over CRT-P 

in the reduction of 1-year all-cause death rate.214 A recent observational study did not show 

any significant survival advantage of CRT-D compared with CRT-P at relatively long-term 

follow-up.90 

Multiple risk scores have been developed to estimate mortality rates of potential ICD 

recipients.93,137,138,230,231 Goldenberg et al. suggested that a simple risk score can identify 

patients who will probably not benefit from the ICD despite fulfilling implantation criteria.93,230 

In their post-hoc analysis of MADIT-II, those patients with 0-2 risk factors demonstrated a 

clear survival benefit from the ICD whereas in those with ≥3 risk factors the survival benefit 

was non-existent.93,230 The benefit in those with zero risk factors was only seen in the long-

term.230 

Our study aims at assessing whether the Goldenberg score can accurately predict all-cause 

mortality risk of patients receiving CRT and identify those who are more likely to benefit from 

the addition of the defibrillator. We hypothesize that CRT patients with a low Goldenberg score 

are more likely to benefit from the defibrillator, in accordance with the findings of Goldenberg 

et al. in a non-CRT context.93 



97 

4.4 METHODS 

Study design 

Single-centre retrospective observational cohort study of patients with ischaemic or non-

ischaemic dilated cardiomyopathy having CRT-D or CRT-P implantation between January 

2005 and December 2011, with prospective follow-up. The indication for CRT-P vs. CRT-D 

was based on the National Institute for Health and Care Excellence (NICE) guidance 

[https://www.nice.org.uk/guidance/ta120] (Table 5).  

However, the final choice was modified, as needed, according to the preference of the patient 

following a discussion with the attending physician on the pros and cons of having a 

defibrillator and respective implications. Survival data were assessed. The Goldenberg score 

was obtained by summing the risk factors identified in each patient, as explained by 

Goldenberg et al93: NYHA functional class >2, presence of atrial fibrillation (AF, identified at 

the time of admission for the procedure), QRS duration >120 ms, age >70 years and blood urea 

nitrogen >26 mg/dL. Patients were divided into two groups: those with a risk score 0-2 and 

those with a score ≥3. This cut-off was used based on the findings of Goldenberg et al, who 

found a significant benefit of the ICD in patients with a risk score 0-2 but no benefit in those 

with a score ≥3. The long-term outcome of patients with CRT-D and CRT-P was assessed and 

compared within risk categories and in very high risk patients, defined as those with creatinine 

≥2.5 mg/dL and/or urea ≥50 mg/dL, as performed by Goldenberg et al.93 This study complies 

with the Declaration of Helsinki and was approved by our institutional ethics review board. 
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Table 5: Indications for ICD and CRT treatment for people with heart failure who have left ventricular ejection fraction ≤35%, according to NICE 

UK guidelines (as seen in https://www.nice.org.uk/guidance/ta120) 

 NYHA class 

QRS interval I II III IV 

<120 ms ICD if there is a high risk of sudden cardiac death 
ICD and CRT not clinically 

indicated 

120-149 ms without LBBB ICD ICD ICD CRT-P 

120-149 with LBBB ICD CRT-D CRT-P or CRT-D CRT-P 

≥150 ms with or without LBBB CRT-D CRT-D CRT-P or CRT-D CRT-P 

Abbreviations: 

CRT-Cardiac resynchronisation therapy; ICD-Implantable cardioverter-defibrillator; LBBB-Left bundle branch block 
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Patients’ eligibility criteria and follow-up 

Between January 2005 and December 2011, 638 patients with ischaemic or non-ischaemic 

dilated cardiomyopathy were submitted to CRT implantation at our tertiary centre: CRT-D in 

224 and CRT-P in 414. Left ventricular lead location was uniform between groups: the most 

frequent location was the lateral branch of the coronary sinus (approximately half of the cases 

in both groups), followed by the anterolateral and posterolateral branches, respectively. 

Patients with CRT-D had their devices programmed at the discretion of the operating physician. 

Follow-up visits were performed at 1 and 3 months after CRT implantation and, in general, 

every 6 months thereafter. Unscheduled visits and/or remote ICD interrogations were 

performed in case of ICD shocks in patients with CRT-D devices. CRT optimisation was 

routinely performed in all patients in the first month after implantation. 

Data Collection 

The following data were collected: group characterization with information on complete 

medical history, medication, clinical and echocardiographic data, and blood tests performed at 

the time of admission for CRT implantation, and device characteristics; follow-up all-cause 

mortality. 

Parameters included in the Goldenberg risk score 

In our cohort, 21% of patients had atrial fibrillation at admission, 51.1% were ≥70 years old, 

42% had blood urea nitrogen levels >26 mg/dL, 91.4% were in NYHA class >2 and 91.4% had 

QRS duration >120 ms.  

The Goldenberg risk model was originally derived from a primary prevention ICD cohort. 

However, all criteria were still considered meaningful in a CRT context, despite the fact that 

we would expect the majority of CRT patients to have a QRS duration >120 ms and to be in 

NYHA class >2. 
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In fact, although most patients who receive CRT treatment have a QRS duration in excess of 

120 ms, CRT implantation still represents a class IIa indication for heart failure patients with 

QRS duration <120 ms, reduced ejection fraction and expected high percentage of ventricular 

pacing in order to decrease the risk of worsening heart failure.85 There were 55 patients in our 

cohort (8.6%) who fulfilled these criteria. These were patients in complete heart block who 

required standard pacing but were given a CRT due to significant left ventricular systolic 

dysfunction. It is unknown whether this specific group of patients is at high risk of ventricular 

arrhythmias and therefore it remains to be determined whether they should receive a CRT-D 

rather than a CRT-P. 

Furthermore, results of the REVERSE and MADIT-CRT trials, published in 2008 and 2009, 

respectively, demonstrated the usefulness of CRT in patients in NYHA functional class I and 

II. As such, although the majority of our patients were in NYHA class ≥3 (automatically 

fulfilling one of the criteria of the Goldenberg score), 8.6% of the cohort received CRT despite 

being in class I or II. These procedures were performed in 2010 and 2011, following the 

publication of the previously mentioned studies. The relevance of this parameter is further 

highlighted by the fact that NYHA class III patients did not get any survival benefit from the 

ICD in the largest primary prevention ICD trial ever conducted – the Sudden Cardiac Death in 

Heart Failure (SCD-HeFT) Trial. 

Study Endpoints 

The primary endpoint of this study was all-cause mortality during follow-up. Analysis was 

performed according to the intention-to-treat principle. 

4.5 STATISTICAL ANALYSIS 

Statistical analysis was done using IBM SPSS Statistics, v.22. When needed, baseline 

characteristics are described with mean ± standard deviation for continuous data and counts 

and proportions for categorical data. The Kolmogorov-Smirnov test was used to test the normal 
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distribution of continuous variables. The Chi-square test, Student’s t-test and non-parametric 

equivalent tests were used when appropriate. Calibration of the Goldenberg model was 

evaluated through the Hosmer and Lemeshow goodness-of-fit test, while its discriminatory 

power in the overall cohort and both study groups was assessed by calculating the area under 

each operating characteristic curve (ROC). ROC curves were compared using Medcalc 

Software for Windows. Univariate analysis was carried out to compare mortality rates in CRT-

D vs. CRT-P patients according to the Goldenberg score (0-2 vs. ≥3) and Kaplan-Meier curves 

were created to illustrate and compare unadjusted cumulative all-cause mortality between 

device groups according to their baseline risk score, with p-values by the log-rank test. 

Proportional hazards regression was performed to assess the impact of the type of device on 

mortality rates when adjusted for traditional mortality predictors. In addition, to further reduce 

potential treatment selection bias and differences in baseline characteristics between patients 

with CRT-D and CRT-P, propensity score matching was performed separately in patients with 

a Goldenberg score 0-2 and those with a score ≥3. A logistic regression model was used to 

calculate the propensity score using the following variables: age, gender, aetiology (ischaemic 

vs. non-ischaemic), NYHA class, LV ejection fraction, blood urea nitrogen, glomerular 

filtration rate, haemoglobin, atrial fibrillation, treatment with beta-blockers and angiotensin 

converting enzyme inhibitors or angiotensin receptor blockers. P values <0.05 (two-sided) 

were considered statistically significant. 

4.6 RESULTS 

Patients were followed for an average of 48.9±27 months (median 50 months; range 1-116 

months). Mean follow-up in the 347 surviving patients (54.4%) was 62.7±22.6 months, 

whereas survival time in the 291 who died (45.6%) was 32.5±23.3 months. Table 6 shows the 

baseline characteristics of all CRT-D and CRT-P patients. Table 7 and Table 8 compare the 
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baseline characteristics of CRT-D and CRT-P patients based on the Goldenberg score (0-2 and 

≥3).  
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Table 6: Baseline characteristics of entire cohort (638 patients) 

 CRT-D (n=224) CRT-P (n=414) P value 

Age (years) 66 69.8 <0.001 

Male gender 88.4% 72.9% <0.001 

LV ejection fraction (%) * 24.5 25.7 0.051 

NYHA class ≥3 85.8% 94.7% <0.001 

Ischaemic aetiology 60.8% 47.7% 0.002 

Atrial fibrillation 20.1% 21.5% 0.7 

Diabetes Mellitus 19.2% 27.5% 0.061 

QRS duration (ms) 157.2 159.2 0.4 

AV node ablation 2.4% 7.5% 0.01 

Left bundle branch block pattern 94.2% 90.3% 0.13 

Haemoglobin at admission (g/dL) 13.5 13.1 0.026 

GFR at admission (mL/min) 53.7 51.5 0.15 

BUN at admission (mg/dL) 26.6 30.3 0.019 
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Sodium at admission (mmol/L) 136.8 136.3 0.4 

Albumin at admission (g/L) 38.3 37.7 0.2 

Very high risk** 8.5% 12.0% 0.17 

Beta-blockers 79.4% 69.3% 0.012 

ACEI/ARA-II 94.1% 92% 0.4 

Response to CRT 67.5% 65.5% 0.7 

Mean follow-up (months) 49.2 48.7 0.8 

*LV function was assessed within three months of implantation 

**Defined as creatinine ≥2.5 mg/dL and/or blood urea nitrogen ≥50 mg/dL 

Abbreviations: 

ACEI-angiotensin-converting-enzyme inhibitor; ARA-II–type 2 angiotensin receptor antagonists; BUN–Blood urea nitrogen; GFR–Glomerular filtration rate; 

LV–Left ventricular 
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Table 7: Baseline characteristics of patients with Goldenberg score 0-2 (214 patients) 

 CRT-D (n=99) CRT-P (n=115) P value 

Age (years) 59.4 61.5 0.11 

Male gender 83.5% 67.3% 0.011 

LV ejection fraction (%) * 23.7% 26.6% 0.011 

NYHA class ≥3 70.9% 84.7% 0.033 

Ischaemic aetiology 46.8% 33% 0.061 

Atrial fibrillation 3.8% 5.9% 0.5 

Diabetes Mellitus 9.8% 23.3% 0.06 

QRS duration (ms) 152.4 148.2 0.34 

AV node ablation 2.5% 4.7% 0.5 

Left bundle branch block pattern 94.2% 91.4% 0.54 

Haemoglobin at admission (g/dL) 13.6 13.5 0.4 

GFR at admission (mL/min) 64 67.3 0.15 

BUN at admission (mg/dL) 19.5 18.1 0.11 
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Sodium at admission (mmol/L) 137 137.4 0.45 

Albumin at admission (g/L) 38.3 38.9 0.55 

Very high risk** 0% 0% - 

Beta-blockers 81% 73.8% 0.27 

ACEI/ARA-II 98.7% 94% 0.11 

Response to CRT 61.5% 68% 0.4 

Mean follow-up (months) 58.4 54.6 0.3 

*LV function was assessed within three months of implantation 

**Defined as creatinine ≥2.5 mg/dL and/or blood urea nitrogen ≥50 mg/dL  

Abbreviations: 

ACEI-angiotensin-converting-enzyme inhibitor; ARA-II–type 2 angiotensin receptor antagonists; BUN–Blood urea nitrogen; GFR–Glomerular filtration rate; 

LV–Left ventricular 
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Table 8: Baseline characteristics of patients with Goldenberg score ≥3 (424 patients) 

 CRT-D (n=125) CRT-P (n=299) P value 

Age (years) 71.4 73.4 0.025 

Male gender 91.6% 75.1% <0.001 

LV ejection fraction (%) * 24.9 25.6 0.43 

NYHA class ≥3 96% 99.2% 0.044 

Ischaemic aetiology 72.7% 52.6% 0.001 

Atrial fibrillation 33.3% 28.3% 0.35 

Diabetes Mellitus 26.9% 28.2% 0.8 

QRS duration (ms) 159 163.1 0.16 

AV node ablation 2% 9.3% 0.018 

Left bundle branch block pattern 93.2% 89.3% 0.31 

Haemoglobin at admission (g/dL) 13.4 12.8 0.007 

GFR at admission (mL/min) 44 45.2 0.5 

BUN at admission (mg/dL) 33 35.1 0.44 

Sodium at admission (mmol/L) 137 136 0.3 
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Albumin at admission (g/L) 38.6 37.2 0.047 

Very high risk** 16% 16.9% 0.85 

Beta-blockers 78.8% 69.4% 0.071 

ACEI/ARA-II 93.9% 91.9% 0.52 

Response to CRT 70.3% 64.5% 0.4 

Mean follow-up (months) 42.5 46.7 0.18 

*LV function was assessed within three months of implantation in all patients 

**Defined as creatinine ≥2.5 mg/dL and/or blood urea nitrogen ≥50 mg/dL 

Abbreviations: 

ACEI-angiotensin-converting-enzyme inhibitor; ARA-II–type 2 angiotensin receptor antagonists; BUN–Blood urea nitrogen; GFR–Glomerular filtration rate; 

LV–Left ventricular 
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In those with a risk score 0-2, patients implanted with a CRT-D compared with CRT-P were 

more often males, had a significantly lower LV ejection fraction and lower NYHA class. There 

was a trend towards a lower incidence of Diabetes Mellitus and a higher incidence of ischaemic 

cardiomyopathy in this group. Among patients with a risk score ≥3, those given a CRT-D were 

two years younger on average and more often males, had a higher incidence of ischaemic 

cardiomyopathy, higher haemoglobin values and had had AV node ablation less often. 

All-cause mortality prediction with the Goldenberg score 

This score’s discriminatory power was assessed by calculating the area under the curve for 

follow-up all-cause mortality in the overall cohort - 0.677±0.022, p<0.001 – and both study 

groups - 0.718±0.041, p<0.001 in CRT-D patients, and 0.650±0.032, p=0.001 in those with 

CRT-P (p=0.001 for comparison). The higher discriminative performance of the Goldenberg 

score in CRT-D patients, compared with CRT-P, was seen at the end of the first and fourth 

year of follow-up. This confirmed the ability of the model to assign a higher probability of 

mortality to non-survivors than to survivors, especially in CRT-D patients.  The p-value for the 

Hosmer-Lemeshow goodness-of-fit test confirmed the good calibration of the Goldenberg 

score for all-cause mortality prediction in the entire cohort (p=1.0), indicating that the overall 

model fit was good and confirming the agreement between predicted and true probabilities of 

mortality. 

All-cause mortality in CRT-D vs. CRT-P patients 

Incidence of the primary endpoint according to risk category (Goldenberg score 0 to 5) in the 

overall cohort and both study groups (CRT-D and CRT-P) is described in Table 9. As expected, 

patients with higher Goldenberg score had higher mortality rates. 

Table 10 reports all-cause mortality rates in CRT-D vs. CRT-P patients in the sub-groups with 

a Goldenberg score 0-2 and ≥3, respectively, and in very high-risk patients.  
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Table 9: Incidence of the primary and secondary endpoints with increasing risk score 

Overall cohort (n=638) 

Risk score 0 1 2 3 4 5 
p-value 

n 2 45 168 212 172 39 

Follow-up all-cause mortality 0% 11.1% 32.4% 50.5% 60.5% 76.9% <0.001 

1-year mortality 0% 2.2% 5.4% 11.7% 14.6% 28.2% 0.001 

4-year mortality* 0% 7.4% 21.8% 41.8% 52.4% 60% <0.001 

CRT-D patients (n=224) 

Risk score 0 1 2 3 4 5 
p 

n 2 20 77 65 50 10 

Follow-up all-cause mortality 0% 5% 25.9% 53.8% 58% 80% <0.001 

1-year mortality 0% 0% 2.6% 12.3% 12% 20% 0.161 

4-year mortality* 0% 0% 14.3% 52.3% 54% 77.8% <0.001 

CRT-P patients (n=414) 

Risk score 0 1 2 3 4 5 
p 

n 0 25 91 147 122 29 

Follow-up all-cause mortality - 13.6% 37.4% 48.9% 61.4% 76.9% <0.001 

1-year mortality - 4.5% 7.3% 11.3% 15.6% 30.8% 0.016 

4-year mortality* - 13.5% 27.1% 37.6% 52.4% 53.8% 0.001 

*Analysis performed for patients who were followed for at least four years or who died in the first four years of follow-up 

http://www.ncbi.nlm.nih.gov/pubmed?term=Goldenberg%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18206738
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldenberg%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18206738
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldenberg%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18206738
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Table 10: All-cause mortality rates and device-related complications in CRT-D vs. CRT-P patients in the sub-groups with a Goldenberg score 0-

2 and ≥3 

Goldenberg score 0-2 

 CRT-D CRT-P P-value 

All-cause mortality 21.2% 31.7% 0.078 

1-year mortality 2.4% 6.7% 0.16 

4-year mortality* 11.3% 24.7% 0.041 

Goldenberg score ≥3 

 CRT-D CRT-P P-value 

All-cause mortality 57.9% 56.9% 0.8 

1-year mortality 13.1% 14.9% 0.65 

4-year mortality* 54.7% 45.6% 0.13 

*Analysis performed for patients who were followed for at least four years or who died in the first four years of follow-up 
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In those with scores between zero and two, a CRT-D device decreased mortality rates in the 

first four years of follow-up compared with CRT-P (11.3% vs. 24.7%, p=0.041), but this effect 

attenuated with longer follow-up duration (21.2% vs. 32.7%, p=0.078). No significant 

differences in mortality rates were seen in patients with score ≥3 (57.9% with CRT-D vs. 

56.9%, p=0.8) and those with severe renal dysfunction (92.9% in CRT-D vs. 76.2%, p=0.17). 

Figure 4 illustrates unadjusted cumulative all-cause mortality between patients with CRT-D 

vs. CRT-P according to their baseline risk score (0-2 and ≥3). 

In patients with a Goldenberg score of 0-2, implanting a CRT-D device rather than a CRT-P 

decreased mortality rate even after adjusting for traditional mortality predictors. The 

corresponding proportional hazards regression model included the type of device (CRT-D vs. 

CRT-P, HR 0.339, 95% CI 0.178-0.642, p=0.001), left ventricular ejection fraction (HR 0.939, 

95% CI 0.898-0.982, p=0.006), aetiology (ischaemic vs. non-ischaemic, HR 1.978, 95% CI 

1.054-3.710, p=0.034) and glomerular filtration rate (HR 0.978, 95% CI 0.959-0.998, 

p=0.033), excluding age, gender and NYHA class. The type of device (CRT-D vs. CRT-P) did 

not influence mortality rates in those with a Goldenberg score ≥3. Likewise, very high-risk 

patients had very high mortality rates regardless of the type of device (92.9% in CRT-D vs. 

76.2% in CRT-P, p=0.17). 

After propensity score matching, the study cohorts consisted of 55 CRT-D vs. 55 CRT-P 

patients with a Goldenberg score 0-2, and 89 CRT-D vs. 89 CRT-P patients with a risk score 

≥3. In both Goldenberg score groups, the difference in mean probability of receiving a 

defibrillator between CRT-D and CRT-P patients was lower than one per cent. There were no 

significant differences in baseline characteristics between propensity-matched CRT-D and 

CRT-P patients in both Goldenberg risk score groups, indicating that they were properly 

balanced (supplementary data Table 11 and Table 12). In those with a Goldenberg risk score 

0-2, CRT-D patients had a lower follow-up mortality rate compared with those receiving CRT-
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P (20% vs. 38.2%, p=0.036). Furthermore, the type of device (CRT-D rather than CRT-P) was 

still included in the proportional hazards regression model after adjusting for the probability of 

receiving a defibrillator, in addition to the parameters mentioned previously (HR 0.375, 95% 

CI 0.187-0.751, p=0.006). However, in those with a higher risk score, no significant differences 

in mortality rates were seen (56.2% in CRT-D patients vs. 50.6%, p=0.45).  

 



114 

Figure 4: Cumulative all-cause mortality in patients with risk score 0-2 (log-rank p-value 0.084) and ≥3 (log-rank p-value 0.44) according to 

device: CRT-D vs. CRT-P 
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4.7 DISCUSSION 

Main findings 

We showed that a simple risk score can help us identify patients who are more likely to benefit 

from the addition of the defibrillator. In fact, patients with 0-2 risk factors had a significant 

mortality benefit in the first four years of follow-up if implanted with a CRT-D rather than 

CRT-P, while patients with ≥3 risk factors did not get any additional mortality benefit. 

Likewise, patients with creatinine values ≥2.5 mg/dL and/or urea ≥50 mg/dL had very high 

mortality rates regardless of the type of device. The benefit of the CRT-D (vs. CRT-P) in those 

with low risk score was independent of other traditional predictors such as age, gender, 

aetiology, LV ejection fraction, NYHA class, and renal function, and was also seen after 

propensity score matching. Our findings were consistent with those reported by Goldenberg et 

al.93,230 This study further suggests that the benefit of the ICD in CRT patients attenuates over 

time, as attrition rates in those receiving CRT-D accelerated after the first four years of follow-

up. 

CRT-D vs. CRT-P: is the defibrillator always of added value? 

The ICD is an effective treatment for the prevention of sudden cardiac death (SCD) and the 

addition of the ICD can potentially decrease the risk of SCD in CRT recipients.84,87 However, 

it remains to be determined which patients get the highest benefit from the defibrillator and 

whether some patients fulfilling implantation criteria do not get any benefit at all. Previous 

investigators developed risk scores capable of estimating all-cause mortality risk of ICD 

recipients.93,137,138,230,231 In a sub-analysis of MADIT-II, Goldenberg et al. have shown that a 

simple risk score constructed as a count of five risk factors could differentiate between patients 

who would benefit from the ICD vs. those who would not.93,230 Our current data suggests this 

risk model may be also useful for identifying patients who should have a defibrillator in 
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addition to CRT vs. those who should be treated with a CRT-P even when fulfilling ICD 

implantation criteria. In fact, long-term mortality rates in patients with ≥3 risk factors and those 

with severe renal dysfunction were high regardless of the ICD. Although this does not 

constitute unequivocal evidence in itself that the ICD did not prolong their lives, it does suggest 

that, if it did, it did so to a minimum extent. 

There has not been any randomised clinical trial comparing CRT-D vs. CRT-P and it is not 

likely that such trial will ever be performed. Although the COMPANION trial suggested that 

the addition of a defibrillator to CRT incrementally increased the survival benefit, as compared 

with optimal pharmacologic therapy,84 a post-hoc analysis of this trial has shown that CRT-P 

was not significantly different from CRT-D for either time to sudden death or CHF death in 

NYHA class IV patients.89 A systematic analysis to assess the therapeutic effects of CRT vs. 

CRT-D in 3403 patients with LV impairment and CHF suggested that CRT-D reduced all-

cause death by 8.42% compared with CRT, a benefit that was only seen after 1-year follow-

up.214 We corroborate their findings, as the benefit of the ICD in addition to CRT in those with 

lower risk score only became significant after the first year in the present study. A recent study 

compared the long-term prognosis of 266 CRT-D vs. 108 CRT-P patients and concluded that 

CRT-D may be preferable (mortality rate 6.6 vs. 10.4%/year in CRT-D vs. CRT-P, 

respectively),232 yet there were substantial differences between groups that could have affected 

the analysis. These findings were contradicted by Schuchert et al.100 Moreover, other studies 

suggested that in patients with CHF who receive either ICD or CRT-D for primary or secondary 

prevention, the most common cause of death is progressive heart failure rather than SCD.91,92 

As the benefit of the CRT is enhanced as reverse remodelling occurs, especially in those with 

non-ischaemic dilated cardiomyopathy,177,217 and patients who demonstrate recovery of LV 

function from CRT may be at lower risk of arrhythmic mortality,233 it is debated whether ICD 

therapy will have a persistent effect on late survival in responders to CRT. In our cohort, the 

http://www.ncbi.nlm.nih.gov/pubmed?term=Schuchert%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22927665
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addition of the ICD still associated with lower 4-year mortality risk (p=0.026) in those with a 

Goldenberg score 0-2 and response to CRT (defined as an improvement in NYHA class), but 

this benefit attenuated with time (p=0.149 for the whole duration of follow-up) and no such 

benefit was seen in CRT-responders with a higher Goldenberg score. 

Physicians should be aware that the benefit of the ICD decreases with increasing number of 

comorbidities to a point where patients may cease to benefit from it.234 This consideration is 

particularly relevant given the higher cost of the CRT-D and the higher risk of device-related 

complications, in particular infection and lead dysfunction.100 

4.8 LIMITATIONS 

The long duration of follow-up is the main strength of our study. However, this investigation 

shares the common limitations of all retrospective studies. As therapy prescription (CRT-D vs. 

CRT-P) was not randomised, differences in mortality risk between groups may have been 

confounded by patients’ characteristics. Also, physicians are often more likely to recommend 

CRT-P rather than CRT-D to patients who have a higher comorbidity burden or frailty index. 

Confounders and selection bias should therefore be kept in mind when interpreting the results 

of our study. However, as a randomised study comparing CRT-D vs. CRT-P is very unlikely 

to be performed, all studies comparing these two devices will share this limitation given their 

non-randomised nature. Nevertheless, the lack of consensus regarding the benefit, or lack 

thereof, of the ICD in addition to CRT in previous observational studies comparing CRT-D vs. 

CRT-P may in fact support the feasibility of a randomised study on this subject. We tried to 

mitigate this limitation by performing propensity score matching and multivariate analysis, 

which suggested the choice of device (CRT-D rather than CRT-P) was associated with lower 

mortality rate in those with lower Goldenberg risk score independently of traditional mortality 

predictors such as age, gender, aetiology, LV ejection fraction, NYHA class and renal function. 
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4.9 CONCLUSIONS 

A simple risk score comprising five clinical risk factors can be used to identify CRT patients 

who would benefit from the addition of the defibrillator vs. those in whom the additional 

survival benefit of the ICD may be limited or non-existent. The validation and potential 

optimisation of this score in future studies may have an impact on patient selection for these 

therapies. 
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4.10 SUPPLEMENTARY DATA 

Table 11: Baseline characteristics of CRT-D vs. CRT-P patients with a Goldenberg score 0-2 after propensity score matching 

 CRT-D (n=55) CRT-P (n=55) P value 

Age (years) 59.4 60.8 0.4 

Male gender 80% 85.5% 0.4 

LV ejection fraction (%) * 24.4 25 0.6 

NYHA class ≥3 85.5% 81.8% 0.6 

Ischaemic aetiology 45.5% 47.3% 0.8 

Atrial fibrillation 3.6% 9.1% 0.2 

QRS duration (ms) 154 147 0.2 

Haemoglobin at admission (g/dL) 13.6 13.8 0.3 

GFR at admission (mL/min) 66 66 0.8 

BUN at admission (mg/dL) 6.7 6.5 0.7 

On beta-blockers 80% 80% 1.0 

On ACEi/ARA-II 100% 96.4% 0.4 

Follow-up duration (months) 59.1 56 0.5 

Abbreviations: 

ACEI-angiotensin-converting-enzyme inhibitor; ARA-II–type 2 angiotensin receptor antagonists; BUN–Blood urea nitrogen; GFR–Glomerular filtration rate; 

LV–Left ventricular.  
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Table 12: Baseline characteristics of CRT-D vs. CRT-P patients with a Goldenberg score ≥3 after propensity score matching 

 CRT-D (n=89) CRT-P (n=89) P value 

Age (years) 59.8 60.9 0.9 

Male gender 94.4% 96.6% 0.5 

LV ejection fraction (%) * 25 24 0.6 

NYHA class ≥3 97.8% 100% 0.2 

Ischaemic aetiology 75.3% 76.4% 0.9 

Atrial fibrillation 31.5% 25.8% 0.6 

QRS duration (ms) 159 164 0.2 

Haemoglobin at admission (g/dL) 13.5 13.2 0.2 

GFR at admission (mL/min) 44 44 0.8 

BUN at admission (mg/dL) 11.6 11.9 0.7 

On beta-blockers 78.7% 78.7% 1.0 

On ACEi/ARA-II 94.4% 95.5% 0.6 

Follow-up duration (months) 42.7 54 0.007 

Abbreviations: 

ACEI-angiotensin-converting-enzyme inhibitor; ARA-II–type 2 angiotensin receptor antagonists; BUN–Blood urea nitrogen; GFR–Glomerular filtration rate; 

LV–Left ventricular 
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5.1 USE OF ICD AND CRT IN HEART FAILURE PATIENTS IN 

THE WORLD 

Despite the recommended guidelines, the implant rates in ICDs and CRT devices in HF patients 

are variable in the “real-world” clinical practice.  

In the United States, ICD implantation per million population is 5x higher than in other Western 

European countries. In year 2000, approximately 40,000 patients (185 ICD implants per million) 

received prophylactic ICDs in the United States compared to only 13,160 ICDs (31 ICD 

implants per million) in Western Europe.235 In 2005, the United States Centres for Medicare 

Service (CMS)s have approved and expanded their coverage for primary ICD implantation 

based on best practice guidelines. Subsequent to this, the American Heart Association and the 

American College of Cardiology (AHA/ACC) have summarised current Class I indications for 

primary ICD implantation as following236,237: 

• Patients with LVEF ≤35% due to prior MI who are at least 40 days post-MI and are in 

NYHA functional class II or III (Level of evidence A) 

• Patients with NICM who have LVEF ≤ 35% and who are in NYHA functional Class II 

or III (level of evidence B) 

• Patients with LV dysfunction due to prior MI who are at least 40 days post- MI, have an 

LVEF ≤ 30% and are in NYHA functional class I. (level of evidence A) 

• Patients with nonsustained ventricular tachycardia (NSVT) due to prior MI, LVEF ≤ 40%, 

and inducible VF or sustained VT at electrophysiological study. (level of evidence B). 

This expansion of guidelines has been accompanied by rapid growth of implantations of ICDs 

and CRT-Ds. The National Cardiovascular Data Registry’s (NCDR) ICD Registry assessed the 

temporal trends in patient characteristics and outcomes among patients aged ≥65 years with 

LVEF ≤35% who underwent primary prevention ICD implantation, including those receiving 

concomitant CRT between 2006 and 2010 showed the proportion of patients aged ≤75 years 
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increased from 47.4% to 48.5% and those aged ≥85 years increased from 6.5% to 7.6% 

(p<0.001).238 The proportion of women undergoing ICD implantation increased modestly (27.3% 

to 28.4%, p=0.001) during these times. More CRT-D devices and fewer single chamber ICDs 

were used over time.238 Between 2006 and 2010, there were also noted significant 

improvements in all outcomes, including 6-month all-cause mortality (7.1% in 2006, 6.5% 

2010; adjusted odds ratio[OR], 0.88; 95% confidence interval [CI], 0.82–0.95), 6-month 

rehospitalisation (36.3% in 2006, 33.7% in 2010; adjusted OR, 0.87; 95% CI, 0.83–0.91), and 

device-related complications (5.8% in 2006, 4.8% in 2010; adjusted OR, 0.80; 95% CI, 0.74–

0.88).238  

However, some specific patient populations, such as those patients in the early timeframe 

following MI, do not benefit from ICD implantation, despite being at high risk for SCD.239,240 

Given the high cost of ICD devices, payers and policymakers have an obligation to ensure ICD 

implantations are placed appropriately. A recently published study by Al-Khatib et al. has 

raised the concerns that up to 22.5% of patients did not meet evidence-based criteria for ICD 

implantation in the NCDR ICD Registry.241 Indeed, in 2010, the Department of Justice (DOJ) 

began investigating ICD implantations based on the medical necessity and timing of the 

procedures. The findings reported by the researchers in combination with the DOJ 

investigations has resulted in a dramatic decline in the number of patients undergoing ICD 

implantation in the United States.242,243 

Usually new treatment modalities are implemented gradually, and usage increases further when 

such treatments are included in published guidelines. However, the EuroHeart survey has 

shown that implementation of device therapy for patients with HF in Europe occurred 

slowly.244 In addition, there are often unexplained differences in the use of proven therapies for 

chronic HF between European countries. 245 These differences may be partly explained by 

financial constraints.  
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From year 2004-2008, the Eucomed Registry showed that the rates of implantation of devices 

for HF have markedly increased but there are large differences between European countries.246 

More specifically, implantation rates of ICD and CRT‐D have increased enormously. When 

all CRT implants are considered, the proportion of patients that receive CRT‐D (instead of 

CRT-P) has increased as well246. The findings are in line with data from the United States for 

the period 1997–2004, in which a steady increase in the use of devices for HF was observed.247 

There remained large differences observed between European countries in the rates of device 

implantation. In Germany the ICD implantation rate in 2008 was 264/million, compared with 

only 63/million in Spain.248 One may also question the low numbers in some European 

countries since device therapy is recommended by the current HF Guidelines. There may 

indeed be a big gap between the number of patients who fit the criteria for ICD implantation 

and the number who actually get such a device. One recent data showed that low use of device 

therapy may be more common in women, blacks, and elderly patients.249 In addition, recent 

data from a large European CRT survey showed that the mean age of HF patients in whom a 

CRT‐D device is implanted is markedly lower than those in whom a CRT‐P is implanted (68 

vs. 75 years) indicating that the decision about which device to implant is partly determined by 

age.250 Similarly, in the 2014 European Heart Rhythm Association (EHRA) White Book, it was 

reported that a total of 51,274 CRT devices were implanted in 1701 national centres in year 

2013.251 There was a decrease in both absolute numbers of implants and the rate of implants 

per million population compared with 2012, whereas a steady growth had been witnessed from 

2009. The ratio of CRT-D/CRT-P implants was 2.6 with a mean of 44 CRT-Ds and 17 CRT-

Ps per million population.251 Italy had the highest implantation rates of CRT-D, followed by 

Israel, the Czech Republic, and Germany.251 Denmark had the highest rate of CRT-P 

implantations and the United Kingdom (UK) had the second highest.251  
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By comparison with the ACC/AHA guidelines, the National Institute for Health and Clinical 

Excellence (NICE) guideline in the United Kingdom (UK) is more conservative. The 2006 UK 

NICE guidelines recommended ICD implantation in patients who had sustained MI) at least 40 

days previously with an LVEF ≤30% with QRS duration on 12-lead ECG ≥120 ms.252 It was 

also advised that patients with an LVEF ≤35% and non-sustained ventricular tachycardia on 

ambulatory ECG and a positive electrophysiological test should also receive an ICD.252 This 

published NICE guidance was drawn up before the findings of the SCD-HeFT trial could be 

assimilated and thus only address primary prevention in ICM and not NICM.252  

Subsequently the 2008 European and North American guidelines support prophylactic ICD 

implantation in NICM patients with LVEF<35% and NYHA class II-III HF symptoms leading 

to increasing implantation in NICM patients.253 The 2012 European Society of Cardiology 

guidelines for HF do not differentiate their recommendations on the basis of the aetiology of 

the LV impairment.55 The updated UK NICE technology appraisal (TA314) guidance 

published in 2014 now base stratification of HF patients with LVEF ≤35% on QRS duration 

and NYHA functional class, with ICD implantation being recommended in patients in NYHA 

class I–III and QRS duration >120ms.254 It is also recommended that where patients meet 

LVEF and NYHA criteria, but have QRS <120ms, they should receive an ICD if there is high 

risk of SCD. Importantly, the updated guidelines no longer exclude patients with NICM during 

the decision-making process.254  

In the first National Report of Pacemaker, ICD and CRT: Two Year National Survey for 2003 

and 2004, the implantation rates for ICDs and CRT in the UK were amongst the lowest in 

Western Europe.255 Since then the use of ICD in HF patients due to reduced LVEF is now a 

mainstay of treatment with >5000 devices implanted during 2012, a rise of >10% from 2009.256 

Cubbon et al. assessed the ability of NICE TA314 guidelines in >1000 HF patients and found 

that between 30% and 60% of unselected HF patients were now eligible to receive an ICD, 



126 

depending on the attribution of high-risk status to patients with narrow QRS interval.257 The 

11th annual report for the National Cardiac Rhythm Management (CRM) Device Audit showed 

that from April 2015 to March 2016 the overall ICD and CRT-D implant rate in UK is gradually 

increasing, but remains one of the lowest in Europe.258 In contrast, the overall implant rate for 

CRT is increasing steadily, and currently the UK has the third highest CRT implant rate in 

Europe.258 Implant rates vary considerably between the UK nations. Scotland implants 

approximately half the number of ICDs and CRT devices per head compared to England, Wales 

and Northern Ireland.258  

In Asia, there has been controversy about benefits of ICD. When criteria from the MADIT-II 

trial were applied to a Japanese cohort, eligible patients who did not undergo ICD implantation 

had better survival than the historical Western MADIT-II population.259 In a subgroup analysis 

of Western data on SCD, Asian Americans were at lower risk of SCD compared with White 

Americans.260 These studies have contributed to the perception that Asians may be at lower 

risk of SCD and thus less likely to benefit from ICD therapy. Indeed, limited published crude 

implantation rates suggest a low and heterogeneous uptake within Asia, with ICD implantation 

rates per million inhabitants ranging from 0.5 in Philippines to 45.9 in Japan.261 

Regional differences in healthcare systems and the availability of government reimbursement 

for primary prevention ICD implantation could influence ICD implant rates in Asia.262 Other 

factors may also contribute to the disparity in ICD utilisation in Asia. Socioeconomic barriers 

or cultural differences in device knowledge or perception may limit the application of device 

therapy in Asia, even in the face of proven outcome benefits. In the ASIAN-HF (Asian Sudden 

Cardiac Death in Heart Failure) registry, 5276 patients with symptomatic HF and reduced 

LVEF from 11 Asian regions and across 3 income regions (high: Hong Kong, Japan, Korea, 

Singapore, and Taiwan; middle: China, Malaysia, and Thailand; and low: India, Indonesia, and 

Philippines) were studied.263 In this registry, ICD implantation was found to be associated with 
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reduced risks of both all-cause mortality and SCD but ICD utilisation within Asia is low (12%) 

with marked disparity across geographic regions and socioeconomic status.263 Higher ICD 

utilisation was directly related to higher socio and national economic status, presumably 

reflecting in part, the cost burden of ICD devices. Lack of knowledge about device therapy was 

a barrier to patients’ acceptance of ICD implantation, underscoring the need for better patient 

education.263  

ICD and CRT are expensive therapies, and not all HF patients who qualify based on the 

published guidelines should necessarily receive such a device. Indeed, health‐care systems and 

governmental bodies are increasingly conscious of the associated costs of this device therapy. 

Targeted educational efforts are also warranted to improve both physicians’ and patients’ 

understanding of the preventive role of ICDs as lifesaving devices, particularly in enabling 

patients to make an informed decision about its usage. 

5.2 TRENDS OF USE OF ICD/CRT IN NEW ZEALAND 

New Zealand is a developed country and geographically comprises two main landmasses - the 

North Island and the South Island. In June 2016, the population of New Zealand was estimated 

at 4.69 million and was increasing at a rate of about 2.1% per year.264  

While the clinical indications for ICD therapy to reduce mortality in a wide range of patients 

at increased risk of SCD are now widely accepted, it is not clear that clinical practice is 

consistent with these guidelines. Currently there are four tertiary referral hospitals (Auckland 

City Hospital, Wellington Hospital, Waikato Hospital and Christchurch Hospital) and 2 

regional cardiac centres (North Shore Hospital and Tauranga Hospital) in New Zealand that 

offer ICD and CRT implantation. The ICD and CRT implant rates remain low in New Zealand 

with treatment gaps and variations. The current ICD implant rate in New Zealand (41/million 

population) is significantly lower compared with Australia (145/million), the United States 

(577/million), and Western Europe (140/million).265-268 
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A retrospective audit was conducted by Larsen et al. to address the use of ICDs in two of the 

four tertiary referral hospitals offering this service in New Zealand over the period from 2000 

to 2007.265 Over the 8-year study period, there were 702 patients received their first ICD either 

at Wellington Hospital or Auckland City Hospital. The follow-up time was 40 months 

(interquartile range 18–64 months). Less than a third of these devices were implanted for 

primary prevention (439 patients, 27%) and these primary prevention patients were younger 

(mean age 49 years vs. 54 years, p=0.001), and included more females (p=0.02).265 Patients 

receiving devices for primary prevention were more likely to have either NICM (p=0.0001) or 

a hypertrophic cardiomyopathy (p=0.003), and were more likely to have LVEF <30% 

(p=0.0001).265  

There was a marked increase in both number and rate of new implants across the study period. 

The implant number and rate both peaked in 2004 at 123 devices and 44 devices per million 

respectively265. After inclusion of Christchurch Hospital and Waikato Hospital implant figures, 

the national implant rate increased from 18 per million in 2000 to 49 per million in 2006.265 

The national data showed that the implant rate in Auckland and Wellington was slightly lower 

than in the other two centres. The percentage of implants for primary prevention ICDs showed 

an increase across the study period, from 24% in 2000 to 37% in 2007.265 Over the study period, 

74% of implanted devices were single chamber ICDs, 23% were dual chamber and 3% were 

CRT devices. CRT devices were first implanted in 2003, and while the percentage of these 

devices being implanted increased, they still accounted for < 5% of new implanted devices in 

2006 and 2007.265 

In recent years, CRT has emerged as a key player in the treatment of HF. Based on clinical 

evidence of efficacy and effectiveness, indications for CRT are clearly defined in consensus 

guidelines on HF management.269,270 However, the implementation of such indications is 

hampered by the high upfront costs of CRT devices, among other factors. In New Zealand, a 
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large number of HF patients would potentially fulfil international guidelines criteria for these 

devices. Considering current workforce and funding constraints, the published 2010 New 

Zealand guidelines have more restrictive recommendations. These guidelines currently 

recommends primary prevention ICD in patients with ICM of at least 1 month after acute MI 

or NICM present for at least 3 months, LVEF ≤30% measured ≥3 months after optimal HF 

treatment and at least 3 months remote from any revascularisation procedure.271 This is 

different from the international guidelines in terms of the LVEF cut-off point and was based 

primarily on resource concerns. Additionally, primary prevention ICD is not recommended 

routinely for patients ≥ 75 years of age. Other criteria qualifying for CRT-D implantation 

included LVEF ≤35% at least >6 weeks of optimal medical HF treatment, whose QRS 

duration on electrocardiogram (ECG) is >149 ms or is 120–149 ms with two additional criteria 

for dys-synchrony on echocardiogram (aortic pre-ejection delay >140 ms, interventricular 

mechanical delay >40 ms, or delayed activation of the posterolateral left ventricular wall), who 

are NYHA Class II/III, have had no major cardiovascular event in the prior 6 weeks and who 

are in sinus rhythm. In line with other guidelines, there should be no major comorbidity that 

would reduce survival to ≤ 18 months for those considered for CRT-D implantation.271 

At Christchurch Hospital, a retrospective audit of CRT implants from year 2000 and a 

prospective assessment of 10 consecutive CRT implants through to year 2007 identified only 

78 cases.272 In Auckland, the first CRT implant occurred at Green Lane Hospital (GLH) in the 

year 2000, and until 2003 a single physician performed device implantation. The service was 

relocated from Green Lane Hospital to Auckland City Hospital in 2004, and since then the 

service has expanded. The referral catchment for device implantation includes Auckland 

District Health Board (DHB), Counties Manukau DHB, Northland DHB, and until mid-2012 

Waitamata DHB and Hawke’s Bay DHB, with a combined population of approximately 1.79 
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million. Between year 2000 and April 2011, 159 CRT procedures were performed on 139 

patients. Of all the procedures 63% had new device implants, and 23% were upgraded from a 

pacemaker or ICD to CRT and this represented the largest series of CRT procedures published 

in New Zealand.273  

The New Zealand Cardiac Implanted Device Registry is built on the All New Zealand Acute 

Coronary Syndrome – Quality Improvement (ANZACS-QI) platform that uses a web-based 

data collection platform to collect information on patients receiving implanted devices. From 

year 2014 to 2015, participation in the registry is voluntary, therefore this dataset does not 

represent every device implanted during this period at these hospitals. Each participating centre 

receives a monthly report detailing the number of patients registered in the Device registry and 

dataset completion rates. Data are entered by medical and cardiac physiology staff at the time 

of procedure, and included basic demographic details. The primary patient symptom, aetiology 

and most significant documented ECG finding and the device type are recorded. Perioperative 

complications defined as within 24 hours of the procedure were also collected. The first 

description of data on new pacemaker implants between 1st January 2014 and 1st June 2015 

from this Registry has been recently published.274 The proportion of CRT-P devices recorded 

during this study period was relatively low (n=32, 2%) compared to international registries.274 

The Device registry also collects data on ICD implants but two high volume implanting 

hospitals were not utilising the Device registry during the study period, therefore those 

procedures have not been reported.  

The Device registry is supported by the New Zealand National Cardiac Clinical Network and 

Heart Rhythm NZ for use to capture all pacemaker and ICD implants in New Zealand public 

hospitals. Since 2016, all implant centres in New Zealand have started to capture and report 

implantation using this registry.  
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There are limitations with this Device Registry. This registry is voluntary, and there is no 

routine audit to determine overall levels of accuracy of data entered. In addition, the proportion 

of patients entered into the registry by participating hospitals is not monitored. This limits the 

ability to examine implant rates and to examine equity of access to different types of devices 

across the country. The Device registry allows capture of post-discharge complications, but 

currently many of the records are incomplete and this data has therefore not been reported.  

Complete clinical data for most patients were not available on the Device Registry at the start 

of this candidature, so a retrospective review of all patients receiving their first ICD/CRT 

implant at the 4 tertiary hospitals (Auckland City Hospital[ACH], Christchurch Hospital, 

Waikato Hospital, Wellington Hospital) and 2 regional cardiac centres (North Shore Hospital 

and Tauranga Hospital) between 1 January 2007 and 31 May 2015 was conducted to 

understand the ratio of ICD/CRT implant rates across the country. Repatriation of these 

complex devices’ implantation from tertiary to a regional cardiac centre i.e. Tauranga Hospital 

occurred in year 2009 and in mid-2012 for North Shore Hospital. Ethics approval of the study 

was obtained from the Central Health and Disability Ethics Committee (Ethics ref: 

15/CEN/58/AM02). 

Data on indications for ICD/CRT implantation and co-morbidities, details of the type of device, 

and follow-up details including complications, hospitalisations and deaths were requested from 

the implanting centres. Prior to the Device Registry each implant centres have their own way 

of collecting data. Figure 5, Figure 6 and Figure 7 showed the total number of implants of the 

6 centres for ICD, CRT-D and CRT-P in HF patients for the year 2007-2015. These graphs 

showed a marked increase in number for CRT-D and CRT-P across the study period. However, 

there was missing records in the number of implants of ICD/CRT-D for year 2007-2008 and in 

CRT-P for year 2010-2012 at Wellington Hospital. Relevant medical histories, ECGs and 

relevant echocardiographic parameters including LVEF were also missing in some patients 
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from Waikato, Wellington and Christchurch Hospitals. This required the candidate to 

extensively search to source all relevant information. However, these were also incomplete 

despite the candidate has contacted each implant centres. This is especially relevant to the study 

findings, because determination of number of implants was based on completeness and 

accuracy of this documentation.  

Given the limitations, the candidate concentrated the recruitment and selection of HF patient 

cohorts, clinical data and outcomes in the Northern Region of New Zealand. All these data 

were collected through medical charts review. For the clinical outcomes of interest including 

hospitalisation and mortality, these were identified using the administrative data of Ministry of 

Health (MoH) and National Minimum Datasets [NMDS] inpatient hospitalisation data via 

National Health Index (NHI) linkage as well as the New Zealand Mortality Collection Data.  

In the following section of this chapter, all the studies presented below described the trends and 

utilisations as well as outcomes of HF patients with ICD/CRT-D and CRT-P in the Northern 

Region of New Zealand.  
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Figure 5: Total number of implantable cardioverter defibrillator (ICD) in heart failure patients from the 6 implant centres: Year 2007-2015
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Figure 6: Total number of cardiac resynchronisation therapy with defibrillator (CRT-D) in heart failure patients from the 6 implant centres: Year 

2007-2015 
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Figure 7: Total Number of Cardiac Resynchronisation Therapy with pacemaker (CRT-P) in Heart Failure Patients from the 6 Implant Centres: 

Year 2007-2015 
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Additional analysis: Implantation of complex cardiac implantable electronic 

devices: Provision of service at a Regional Cardiac Centre  

Due to the limited number of trained healthcare professionals, the implantation of the complex 

devices such as ICDs/CRTs is usually performed in tertiary cardiac centres. Having understood 

the trends of ICD/CRT use in HF patients in New Zealand, we sought to examine the impact 

of repatriating these complex devices implantation from a tertiary hospital to a regional cardiac 

centre on implant numbers and complications. 

Waitemata District Health Board (WDHB) serves the communities of Rodney, North Shore 

and Waitakere at Auckland (Figure 8). With more than 580,000 people, WDHB is the largest 

New Zealand DHB by population (60% New Zealand European, 18% Asian, 10% Māori, 10% 

Pacific peoples).  

In the past, all WDHB patients who required ICD/CRT would have to be referred to Auckland 

City Hospital (ACH). From mid-2012 repatriation of these procedures to WDHB occurred after 

an appointment of an electrophysiologist. We examined the de novo implantation of ICD and 

CRT, upgrade from pacemaker to ICD and upgrade from pacemaker/ICD to CRT of all WDHB 

patients from 2007 till mid-2015. The total number of implants and complication rates at both 

sites were compared. These data were obtained via review of clinical records held on electronic 

Clinical Record Information System (CRIS). 
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Figure 8: Waitemata District Health Board (WDHB) Catchment Area 

Source: Ministry of Health. https://www.health.govt.nz/new-zealand-health-system/key-health-sector-

organisations-and-people/district-health-boards/location-boundaries-map.  

https://www.health.govt.nz/new-zealand-health-system/key-health-sector-organisations-and-people/district-health-boards/location-boundaries-map
https://www.health.govt.nz/new-zealand-health-system/key-health-sector-organisations-and-people/district-health-boards/location-boundaries-map
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From 2007 to mid-2012, 207 patients from WDHB catchment area underwent ICD/CRT 

implantation at Auckland. Since mid-2012, WDHB has implanted 247 of these devices (Figure 

9). There was a trend of increasing number of ICDs/CRT implanted since repatriation. The 

increasing number of complex devices implanted was mainly due to increased number of 

referral for primary prevention ICDs/CRT-Ds (Figure 10)  

The complication rates were no different between the two sites (6.1% vs.10.3% at WDHB and 

ACH, respectively, p=0.19) (Table 13).  

Establishment of a complex cardiac implantable electronic devices service at a regional cardiac 

centre with appropriate facilities and support is feasible, safe and has the potential to improve 

access to these devices’ implantation and management. 

Published abstract: Looi K-L, Cooper L, Sidhu K, Dawson L, Slipper D, Hood M, Lever N, 

Gavin A: Implantation of Complex Cardiac Implantable Electronic Devices: Provision of 

Service at a Regional Cardiac Centre. Heart, Lung and Circulation 2016, 25: S26-S27. 
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Figure 9: Total Number of Complex Devices Implanted at Both WDHB and ACH for WDHB Patients 

Abbreviations: 

ACH: Auckland City Hospital, WDHB: Waitemata District Health Board 
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Figure 10: Type of Complex Devices Implanted for WDHB Patients at WDHB and ACH 

Abbreviations: 

C-CIED: complex cardiac implantable electronic devices; CRT: Cardiac resynchronisation therapy; WDHB: Waitemata District Health Board 
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Table 13: Procedural complication rates between ACH and WDHB for WDHB residing patients 

Year 
Total Procedural Complications 

at ACH n (%) 

Total Complications at ACH for 

WDHB patients n (%) 

Total Complications at WDHB  

n (%) 

2007 8 (5.9) 2 (7.7) - 

2008 21 (13.6) 4 (14.3) - 

2009 27 (20.6) 4 (13.8) - 

2010 9 (6) 5 (9.3) - 

2011 16 (10.3) 3 (8.6) - 

2012 15 (12.8) 1 (10) 0 

2013 7 (5.9) 0 3 (6) 

2014 13 (12.4) 1 (12.5) 5 (10.9) 

Mid-2015 1 (3.2) 0 0 

Abbreviations: 

ACH: Auckland City Hospital; WDHB: Waitemata District Health Board 
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5.3 LONG TERM OUTCOMES OF HEART FAILURE PATIENTS 

WHO RECEIVED PRIMARY PREVENTION IMPLANTABLE 

CARDIOVERTER-DEFIBRILLATOR (ICD): AN 

OBSERVATIONAL STUDY 

Preface 

There is no question that ICD therapy has had a major impact on the management of selected 

HF patients. There remain significant limitations and challenges to the appropriate application 

of the available evidence for primary prevention ICD or CRT-D in HF patients. New Zealand, 

traditionally has had low number of ICD implants per million population because of limited 

resources.  

The aim of the research presented in this chapter was: 

• To describe the outcomes in HF patients selected for primary prevention device therapy 

in the Northern region of New Zealand 

The research study highlights that even in appropriately selected HF patients there is a very 

low incidence of arrhythmic death. The incidence of hospitalisation for both ventricular 

arrhythmias and HF was significantly lower in the CRT-D group suggesting that where 

appropriate this should be the device of choice in appropriate HF patients. This information 

has important impact on management approach especially in the current economic era with 

limited resources and funding. 

The following manuscript was published in Journal of Arrhythmia in 2018. Journal of 

Arrhythmia is the official journal of the Asia Pacific Heart Rhythm Society (APHRS) and the 

Japanese Heart Rhythm Society (JHRS). 

Contribution of Candidate: 

Khang-Li Looi was involved in the data collection and analysis, as well as in developing 

arguments and writing of the manuscript for publication. 
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Abstract 

Background 

Implantable cardioverter defibrillator (ICD) therapy is indicated for selected heart failure 

patients for the primary prevention of sudden cardiac death. Little is known about the outcomes 

in patients selected for primary prevention device therapy in the Northern region of New 

Zealand  

Method 

Heart failure patients with systolic dysfunction who underwent primary prevention 

ICD/cardiac resynchronisation therapy-defibrillator (CRT-D) implantation between 1st Jan-

2007 -1st June-2015 were included. Complications, mortality and hospitalisation events were 

reviewed. 

Results 

385 primary prevention devices were implanted (269 ICD, 116 CRT-D). Mean age at implant 

was 59.1±11.4 years. Mean duration of follow-up was 3.64 ±2.17 years. The commonest cause 

of death was heart failure (41.8%). Only 2 patients died from sudden arrhythmic death. The 5-

year- heart failure mortality rate was 6% whereas the 5-year sudden arrhythmic death rate was 

0.3%. Heart failure hospitalisations were commoner in those who received ICD than CRT-D 

(67.7% vs 25.8%, p<0.001). Maori patients have low implant rates (14%) with relatively high 

rates of admissions with heart failure and ventricular arrhythmias admissions,  

Conclusions 

Even in appropriately selected heart failure patients who received primary prevention devices, 

only a small percentage died as a result of sudden arrhythmic death. CRT–D should be the 

device of choice where appropriate in heart failure patients. Significant challenges remain to 

improve access to device therapy and maximise benefit to those who do get implanted.  
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Introduction 

Randomised controlled trials have demonstrated the impact of ICD in the primary prevention 

of sudden cardiac death (SCD) in patients with poor left ventricular function without evidence 

of documented ventricular arrhythmias.61-63,67,275 Under current international guidelines, class 

I indications for ICD implantation for primary prevention of SCD include patients with:276 

1. Left ventricular ejection fraction (LVEF) ≤35% due to previous myocardial infarction (MI) 

who are ≥40-days post MI and are in New York Heart Association (NYHA)class II or III,  

2. Non-ischaemic cardiomyopathy (NICM) with LVEF ≤35% and who are NYHA class II or 

III and  

3. Pre-exiting ischaemic cardiomyopathy (ICM) with LVEF≤30% and are in NYHA class I 

A number of studies in the UK estimated the required ICD implant rate to meet National 

Institute for Health and Clinical Excellence (NICE) recommendations for primary and 

secondary prevention vary between 100 and 150/million/year.277,278 New Zealand, traditionally 

has had lower numbers of new implants/million population for ICD.265,266 In 2007, the ICD 

implant rate in New Zealand was 41/million population compared with Australia (145/million), 

the United States (577/million), and Western Europe (140/million).265-268. 27% of implanted 

devices were for primary prevention indications.265 Since then, there was a steady increase in 

ICD implant rates. In 2013, there was 423 ICDs implanted in New Zealand.279 The number of 

new implant/million population was still low at 95.279 

Several potential barriers to the optimal use of ICD therapy in eligible patients have been 

reported.248,280,281 Affordability and capacity are of concern.282 In New Zealand, there are 

approximately 12,000 hospital admissions each year; approximately 5,500 patients are for heart 

failure (HF).19 A large number of HF patients would potentially fulfil international guidelines 

criteria for these devices. Considering current workforce and funding constraints, the published 

2010 New Zealand guidelines have more restrictive recommendations. These guidelines 
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currently recommends primary prevention ICD in patients with ICM of at least 1 month after 

acute MI or NICM present for at least 3 months, LVEF ≤30% measured ≥3 months after 

optimal HF treatment and at least 3 months remote from any revascularisation procedure.271 

This is different from the international guidelines in terms of the LVEF cut-off point and was 

based primarily on resource concerns. Additionally, primary prevention ICD is not 

recommended routinely for patients ≥ 75 years of age. Other criteria qualifying for CRT-D 

implantation included LVEF ≤35% at least >6 weeks of optimal medical HF treatment, whose 

QRS duration on electrocardiogram (ECG) is >149 ms or is 120–149 ms with two additional 

criteria for dys-synchrony on echocardiogram (aortic pre-ejection delay >140 ms, 

interventricular mechanical delay >40 ms, or delayed activation of the posterolateral left 

ventricular wall), who are NYHA Class II/III, have had no major cardiovascular event in the 

prior 6 weeks and who are in sinus rhythm. In line with other guidelines, there should be no 

major comorbidity that would reduce survival to ≤ 18 months that would be a disqualification 

for CRT-D implantation.271 

No data is currently available for CRT-D or ICD implant rates or outcomes in HF patients in 

the Northern Region of New Zealand who received primary prevention ICD/CRT-D.  

Method 

This was an observational study that described the medium to long-term outcomes of HF 

patients who received primary prevention ICD or CRT-D residing in the Auckland (ADHB), 

Counties Manukau (CMDHB), Northland (NDHB), and Waitemata (WDHB) District Health 

Boards region (Northern Region). The time period of the study was from 1st of January 2007 

to 1st of June 2015. All de novo ICD and CRT-D implants, all pacemakers upgrades to ICD 

and CRT-D and epicardial lead placement with CRT-D procedures were included. Procedures 

involving solely ICD and CRT-D pulse generator replacement were excluded.  
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Patients were identified using an established device database. Data pertaining to the procedure 

and the post-procedure period were obtained from clinical records and that database. Data 

collected included patient demographic data, procedure-related data, acute (within 24 hours of 

implant), early (>24 hours to 2 weeks from implant) and late (≥ 2-weeks after implantation) 

complications. Appropriate and inappropriate ICD shocks were recorded from the device 

database during follow-up.  

Subsequent hospitalisation events post implant were identified using the administrative data of 

Ministry of Health (MoH) and National Minimum Datasets [NMDS] inpatient hospitalisation 

data via National Health Index (NHI) linkage up to December 2015. HF and ventricular 

arrhythmias hospitalisations were defined using the International Classification of Diseases 

diagnosis 10 (ICD-10) codes (Appendix A). Mortality data was collected using New Zealand 

Mortality Collection. The cause of death data was only available up until the end of 2013. For 

those with no cause of death data accessible from NMDS, review of clinical records was 

performed to further determine the cause of death.  

Mortality was classified as cardiovascular death, HF death, arrhythmic death, malignancy and 

other non-cardiac death.  

Ethics approval of the study was obtained from the Central Health and Disability Ethics 

Committee (Ethics ref: 15/CEN/58/AM02). 

Statistical analysis 

Baseline characteristics were summarised as either mean with standard deviation or frequency 

with percentage depending on the nature of the data. Comparisons between ICD and CRT-D 

were conducted using either the Wilcoxon rank-sum test, the Chi-Squared test or the two-

sample Z test. Survival rates over time were depicted in Kaplan-Meier curves and the 

differences between survival distributions were evaluated with the log-rank test. Univariate 

logistic regression was conducted to determine potential independent predictors of all-cause 
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mortality, cardiovascular mortality and HF mortality. Statistical analyses were performed using 

the statistical package SAS version 9.3 (SAS Institute, Cary, NC). All p-values resulted from 

two-sided tests and a p-value of <0.05 was considered statistically significant. 

Results 

A total of 404 procedures were performed in 385 HF patients. Mean age at implant was 

59.1±11.4 years. Majority were male (84.9%) and of European descent (61.6%). Mean follow-

up was 3.64±2.17 years with 282 (73.3%) patients having up to 5-years follow-up. ICD was 

the most common device implanted (69.9%) and the majority of the ICDs were single-chamber 

devices (53.3%). In the CRT-D group, a left ventricular lead was successfully placed in 104 

patients (89.7%%) at the initial procedure. Seven required a second procedure endovascularly. 

Nine patients had epicardial lead placement. Four patients did not receive CRT because of 

failed left ventricular lead placement.  

The baseline characteristics of the patients is shown in Table 14. Compared to the CRT-D 

patients, ICD patients were younger (58.1±11.9 years vs. 61.1±10.1, p=0.019) and more likely 

to have ICM (49.1% vs. 22.6%, p<0.0001). 
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Table 14: Baseline Characteristics of Heart Failure Patients who received primary prevention ICD and CRT-D 

 ICD (n=269) CRTD (n=116) p 

Mean Age (years ±SD) 58.1±11.9 61.1±10.1 0.019 

Gender 

Male (%) 234 (87) 92 (80) 
0.079 

Female (%) 35 (13) 23 (20) 

Ethnicity (%) 

NZ European/Other 147 (54.7) 89 (77.4) 

<0.0001 

Maori 48 (17.8) 6 (5.2) 

Pacific Island 29 (10.8) 15 (13.0) 

Asian 40 (14.8) 4 (3.5) 

Unspecified 5 (1.9) 1 (0.9) 

DHB’s (%) 

Auckland DHB 63 (23.4) 26 (22.4) 

0.867 
Counties Manukau DHB 74 (27.5) 34 (29.3) 

Northland DHB 25 (9.3) 8 (6.9) 

Waitemata DHB 107 (39.8) 48 (41.4) 

Underlying heart disease (%) 

Ischaemic cardiomyopathy 132 (49.1) 26 (22.6) <0.0001 

Non-ischaemic cardiomyopathy 

Other causes 

114 (42.4) 

23 (8.6) 

77 (66.9) 

13 (11.2) 

<0.0001 

0.56 

NYHA Class (%) 

I 92 (34.2) 12 (10.4) 

<0.0001 II 145 (53.9) 58 (50.4) 

III 32 (11.9) 45 (39.2) 
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Mean LVEF (%) 24.6±5.2 23.9±5.7 0.125 

Atrial Arrhythmias (%) 

Paroxysmal AF 25 (9.3) 13 (11.3) 0.545 

Chronic AF 55 (20.5) 13 (11.3) 0.031 

AV node Ablation (%) 0 2 (1.7) 0.089 

Diabetes Mellitus (%) 58 (21.6) 26 (22.8) 0.788 

Hypertension (%) 81 (30.1) 28 (24.6) 0.271 

QRS morphologic type (%) 

RBBB 28 (10.4) 0 

<0.0001 
LBBB 29 (10.8) 101 (87.8) 

IVC 23 (8.6) 0 

Paced 0 13 (11.3) 

QRS duration (%) 

Intrinsic (RBBB+LBBB+IVC)    

No of patients 80 (29.7) 101 (87.8) 
<0.0001 

Mean duration 153.3±22.4 175.1±18.3 

Paced    

No of patients 0 13 (11.4) 
<0.0001 

Mean duration - 173.5±39.3 

Estimated glomerular filtration rate (eGFR) 

Mean 62.7±14.9 63.1±15.3 0.789 

Abbreviations: 

ICD: Implantable cardioverter-defibrillator; CRT-D: cardiac resynchronisation therapy-defibrillator; DHB: District Health Board; NYHA: New York Heart 

Association; LVEF: left ventricular ejection fraction; AF: atrial fibrillation; LBBB: left bundle branch block; RBBB: right bundle branch block; IVC: 

intraventricular conduction delay 
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Five ICD patients were later upgraded to CRT-D. The mean time of upgrade was 3.2±2.3 years. 

Indications for upgrade were a composition of worsening HF with deterioration in NYHA class, 

deterioration of LVEF and/or widening of QRS duration on ECG. 

Complications 

During the first 24-hours after implantation, there were 12 acute complications. These included 

lead dislodgements requiring intervention in 6 patients (5.2%) in the CRT-D group and 3 

patients (1.5%) in the ICD group (p=0.02) (Table 15).  

There were 5 device-pocket infections (1.29%) that required removal. Mean duration to 

infection was 1.79±1.78 months. Mean duration to infection in ICD group was 1.68±2.04 

months whereas it was 2.28 months in the CRT-D group (p=N.S). 

Device Therapy 

During the follow-up, 76 (19.7%) patients had received anti-tachycardia pacing (ATP) and 66 

(17.1%) had appropriate ICD shocks. There was no difference in device therapy in the ICD and 

CRT-D patients (p=0.80 and p=0.14 for ATP and appropriate ICD shocks, respectively). There 

was no difference in the incidence of appropriate ICD therapy in ICM and NICM patients 

(p=0.42 and p=0.47, respectively). In our study, 35 (9.1%) patients received inappropriate 

shocks, most commonly due to atrial fibrillation (71.4%) and regular supraventricular 

tachyarrhythmias (25.7%). A small number experienced inappropriate therapy because of T-

wave over-sensing (2.9%). There was no difference between the two groups in the time to first 

inappropriate shocks (p=0.74). 
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Table 15: Acute, early and late complications in ICD and CRT-D patients 

Complications ICD (n=269) CRT-D (n=116) P value 

Acute 4(1.5%) 8 (6.9%) 0.01 

Lead dislodgement 3(1.5%) 6 (5.2%) 0.02 

Cardiac tamponade 1 (0.4%) 1(0.9%) 0.28 

Coronary sinus dissection - 1(0.9%) - 

Early 4(1.5%) 1(0.9%) 0.62 

Lead Dislodgement 2 (0.7%) 1(0.9%) 0.9 

Device pocket haematoma 2(0.7%) - - 

Late 11 (4.1%) 6(5.2%) 0.64 

Lead issues 6(2.2%) 4 (4.3%) 0.38 

Device-pocket revision 1(0.4%) 1(0.9%) 0.28 

Device-pocket infections 4 (1.5%) 1 (0.9%) 0.62 

Abbreviations: 

ICD: Implantable cardioverter-defibrillator; CRT-D: cardiac resynchronisation therapy-defibrillator 
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Mortality 

At the end of the follow-up, 67 (17.4%) patients had died. Of these deaths, 42 were classified 

as cardiovascular death, 8 deaths were due to malignancy and 8 from other non-cardiac causes 

(p=0.88). The remainder 9 were classified as unspecified cause in the community. The 5-year 

all-cause and 5-year cardiovascular mortality rates were 14% and 9%, respectively.  

Of the 42 cardiovascular deaths, 28 were due to HF and 12 deaths were attributable to MI, or 

cerebrovascular accidents. Only 2 were due to sudden arrhythmic death. These 2 patients had 

end stage HF for palliative care with slow ventricular arrhythmias below the detection rate 

programmed in their ICD for which no therapies were delivered. The 5-year- HF mortality rate 

was 6% whereas the 5-year sudden arrhythmic death rate was low at 0.3%.  

There was no difference in cardiovascular or HF mortality rates in ICD and CRT-D patients 

(Figure 11 and Figure 12). For ICM and NICM patients, no difference in cardiovascular or 

HF survival was observed over-time (Figure 13 and Figure 14).  
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Figure 11: Kaplan-Meier survival curve for cardiovascular mortality in ICD and CRT-D groups 

Abbreviations: 

CRTD: cardiac resynchronisation therapy with defibrillator; ICD: implantable cardioverter-defibrillator 
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Figure 12: Kaplan-Meier survival curve for heart failure mortality in ICD and CRT-D groups 

Abbreviations: 

CRTD: cardiac resynchronisation therapy with defibrillator; ICD: implantable cardioverter-defibrillator 
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Figure 13: Kaplan Meier survival curve for cardiovascular mortality in ICM and NICM patients 

Abbreviations: 

ICM: ischaemic cardiomyopathy; NICM: non-ischaemic cardiomyopathy 
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Figure 14: Kaplan Meier survival curve for heart failure mortality in ICM and NICM patients 

Abbreviations: 

ICM: ischaemic cardiomyopathy; NICM: non-ischaemic cardiomyopathy 
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Using univariant logistic regression analysis, Maori ethnicity, NYHA class III symptoms and 

LVEF were significant predictors in all-cause and cardiovascular mortalities (Table 16). 

However, only NYHA class III symptoms remained an independent predictor for HF mortality 

(Odd ratio [OR] 4.2, 95% confidence interval [CI]1.273 - 13.641, p= 0.018).  

Hospitalisation Events 

Among the 385 patients, 260 patients had 1194 all-cause hospitalisations after implant. Mean 

duration from implant to subsequent hospitalisation was 9.57±10.85 months. Mean duration 

from implant to subsequent hospitalisation for ICD patients was 10.39±11.9 months and for 

CRT-D patients was 7.54±7.26 months, respectively (p=0.026).   

Heart Failure Hospitalisations 

Of the 1194 hospitalisations, there were 275 HF events in 93 patients (67.7% ICD and 32.3% 

CRT-D patients respectively) (p<0.001) and 20.4% were Maori. Mean duration from implant 

to first subsequent HF event was 15.87±14.8 months. For ICD and CRT-D patients, there was 

no difference in the mean duration to first HF hospitalisation after implant (p=0.40).  

Ventricular arrhythmias Hospitalisations  

There were 65 ventricular arrhythmias hospitalisations in 43 patients (76.7% ICD and 23.3% 

CRT-D patients respectively) (p=0.07) and 23.3% were Maori. Mean duration from implant to 

first ventricular arrhythmias hospitalisation was 18.24±16.53 months. No difference was found 

in the mean duration from implant to first ventricular arrhythmias hospitalisation in ICD and 

CRT-D patients (p=0.08). 
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Table 16: Univariant logistic regression analysis for all-cause mortality and cardiovascular mortality 

 All-Cause Mortality Cardiovascular Mortality 

  Odds Ratio 
95% Confidence 

Intervals 
P-value Odds Ratio 

95% Confidence 

Intervals 
P-value 

Age (years) 1.009 0.985 - 1.033 0.4553 0.991 0.965 - 1.018 0.5212 

Female (vs. male) Gender 0.503 0.207 - 1.225 0.1302 0.403 0.120 - 1.350 0.1406 

Maori 2.843 1.473 - 5.487 0.0018 2.27 1.035 - 4.979 0.0407 

QRS Duration 1 0.993 - 1.008 0.9166 1.003 0.994 - 1.012 0.4733 

ICM (vs. NICM) 1.008 0.585 - 1.738 0.9759 0.789 0.403 - 1.543 0.4881 

NYHA Class 

II 1.351 0.677 - 2.694 0.3932 1.775 0.690 - 4.566 0.2337 

III 2.625 1.218 - 5.656 0.0137 4.284 1.590 - 11.544 0.004 

LVEF 0.949 0.903 - 0.997 0.0358 0.903 0.850 - 0.959 0.001 

QRS Morphology 

LBBB 1.082 0.611 - 1.918 0.7869 1.139 0.579 - 2.239 0.7064 

*p<0.05 

Abbreviations: 

NICM: non-ischaemic cardiomyopathy; ICM: ischaemic cardiomyopathy; LBBB: left bundle branch block, LVEF: left ventricular ejection fraction; NYHA: 

New York Heart Association 
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Discussion 

Our study is a “real world” description of the medium to long-term outcomes of HF patients 

who received primary prevention ICD and CRT-D. In appropriately selected patients, there 

was a low incidence of arrhythmic death. CRT-D patients have lower hospitalisation rates for 

both HF and ventricular arrhythmias. We have acceptable complication rates comparable to 

international published reports for the time.66,128  

HF is an increasing problem in both developed and developing countries. The Framingham 

Heart Study showed that HF is associated with increased risk of SCD.56 However, the most 

common mode of death in this group of patients remains progressive HF. In a sub-analysis of 

the Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure 

(COMPANION) trial, pump failure (44.4%) was the most common mode of death followed by 

SCD (26.5%) in patients with advanced HF.96 Our findings were concordant with published 

data demonstrating the most common cause of death is due to worsening HF. Only a small 

percentage of patients died from sudden arrhythmic death (2.9%) with a 5-year arrhythmic 

mortality rate of 0.3%. Thus, the commonest mode of death in HF patients, even those at risk 

for ventricular arrhythmias, is progressive pump failure that cannot be addressed by an ICD 

alone. In our study, there were 275 HF hospitalisations and 65 ventricular arrhythmias events 

confirming that patients with HF were at higher risk of worsening HF than ventricular 

arrhythmias. LVEF was a strong predictor for all-cause and cardiovascular mortality in the 

univariate analysis. Therefore, optimisation of HF management with the aim of improving 

LVEF (with the used of CRT devices where appropriate) remains important. Although 

progressive HF remained the commonest cause of death (41.8%), a significant proportion of 

patients still died from malignancy (11.9%). These patients have significant co-morbidities 

resulting in 876 other non-cardiac related hospital admissions. 



161 

Maori ethnicity was a significant predictor of all-cause and cardiovascular mortality in our 

study. In general, Maori are disproportionately represented in adverse health outcomes.283 The 

device implantation rates were 14% (n=54) in Maori and only 5.2% (n=6) received CRT-D. 

They comprised of 20% and 23% of subsequent HF and ventricular arrhythmias admissions. 

Despite the advances in the management of HF, Maori were about 4-times as likely as non-

Maori to be hospitalised for HF (relative risk [RR] 4.01, CI 3.83–4.21).284,285 The HF mortality 

rate among Maori was more than twice as high as that of non-Maori (RR 2.36, CI 1.76–

3.17).284,285 The reasons behind these inequalities are multifactorial including socio-economic 

deprivation, cultural beliefs in health and differences in adherence to guideline 

recommendation treatment.286,287 Among the 54 Maori patients who received these devices, 19 

(35.2%) died during the follow-up period. HF was the cause of death in 26.3% of these patients. 

This suggests that more effective methods of optimising HF therapy in Maori patients are 

required but the effective strategies to achieve this remain uncertain. Asians have lower 

incidence of HF and this was reflected by the low number of device implantations.288 

Overall the peri-operative risk is low for these devices but the longer-term complications of 

these devices cannot be ignored. A recent meta-analysis reported a complication rate of 9.1% 

in 6433 patients with ICD implantation over 16-months.66 Similarly, the National 

Cardiovascular Data Registry (NCDR) ICD registry reported 6.1 (CI, 6.0 to 6.2) ICD-related 

complications per 100 patient-years that required reoperation or hospitalisation.128 Our results 

suggest that whilst the implant rates are low, patients who had the devices implanted had 

slightly higher but acceptable rate of complications comparable to international published 

reports. Our success rate of LV lead implantation at first procedure was 89.7% compared to 

97% in the REsynchronization reVErses Remodeling in Systolic Left vEntricular Dysfunction 

(REVERSE) trial, 94% in the Resynchronization–Defibrillation for Ambulatory Heart Failure 

Trial (RAFT) study and 98.4% in Multicenter Automatic Defibrillator Implantation Trial with 
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Cardiac Resynchronization Therapy (MADIT-CRT) trial.86,87,177 However, these centres are 

centres with high volumes. Given the limited resources and low volume implant rate, the acute 

peri-operative complication rates are similar to published data and only 3.4% patients did not 

get CRT-D devices because of failed LV lead placement.  

With the increasing number of complex device implantations, infection becomes a major 

challenge to face. Rates of device-related infection between 0.5 and 5.1% have been reported 

in retrospective and prospective studies with current estimated risk close to 1%.211,289 Our 

infection rate (1.4%) was similar to those published.  

Data is lacking regarding the management of patients with ICD who subsequently develop 

indications for CRT. Clinical predictors of upgrade during the main RAFT study included 

NYHA class III versus II and a wider QRS duration.87 This was similar to the reasons of 

upgrade in our cohort. The rate of CRT upgrade varies widely among studies. In a retrospective 

single centre study, the upgrade rates from ICD to CRT-D at 1, 3, and 5 years were 0.03%, 

2.4%, and 5.1%, respectively.290 Only 5 (1.9%) of our patients were upgraded from ICD to 

CRT-D. This could be explained by the small number of implants. In the European Cardiac 

Resynchronization Therapy Survey, there were no significant differences in clinical outcomes 

or complication rates between upgrades and de novo procedures.291 Our patients were 

successfully upgraded at the initial attempt and there were no acute complications. It is also 

striking that the incidence hospitalisation for both ventricular arrhythmias and HF was 

significantly lower in the CRT-D group suggesting that where appropriate this should be the 

device of choice. 

Limitations 

There are several limitations in our study. This is a retrospective study where all the patients 

were retrospectively recruited but prospectively followed-up. The published 2010 New 

Zealand guidelines have stricter recommendations for ICD and CRT-D in patients with HF 
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compared to the International guidelines. There is the potential that a sizable group of HF 

patients not being referred therefore, missing out on appropriate device support. Confounders 

and selection bias should therefore be kept in mind when interpreting the results of our study. 

Our study does not represent the entire New Zealand. The 4 DHBs in Northern Region serve 

38% of the total New Zealand population with estimated 1.76 million people in this region.292 

The implant rate and the practice may differ in other implant hospitals in the country. 

The latest available cause of mortality data from the MoH was only up until 2013 due to delays 

related to ongoing coronial enquires. For those with no cause of death data available after year 

2013, we reviewed clinical records to determine the cause of death. There were 8 patients who 

died outside the hospital where no formal record of mortality cause was available. This 

potentially could impact on the accuracy of the sub-analysis of HF and ventricular arrhythmia 

mortalities. The main strength of our study was the long duration of follow-up. The mean 

follow-up was 3.64 ±2.17 years, with 73.3% patients having 5-years of follow-up. We managed 

to capture all deaths rather than just death in the hospital and all the hospitalisation events in 

detail for these patients.  

The New Zealand Cardiac Implanted Device Registry (ANZACS-QI 15) has recently been 

developed to collect information on all cardiac device implantations in New Zealand, which 

will aid quality improvement initiatives and to allow subsequent examination of equity of 

access to therapy, outcomes and complications in a “real-world” view. The first description of 

data on new pacemaker implants from this Registry has been recently published.274 We believe 

our study adds to the ANZACS-QI 15 data, giving a more detailed picture of current New 

Zealand practice with primary prevention ICD/CRT-D use in selected HF patients.  

Conclusion 

Based on our observational study, effective ICD/CRT-D in appropriately selected HF patients 

resulted in a very low incidence of arrhythmic death. The incidence of hospitalisation for both 
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ventricular arrhythmias and HF was significantly lower in the CRT-D group suggesting that 

where appropriate this should be the device of choice for HF patients. Significant challenges 

remain in order to improve access to device therapy amongst these patients given the limited 

funding available in New Zealand. 
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Appendix A 

International Classification of Diseases diagnosis 10 (ICD-10) codes used for data 

extraction 

Heart failure: 

I110 

I130 

I132 

I500 

I501 

I509 

Ventricular arrhythmias: 

I460 

I461 

I469 

I470 

I472  

I490 
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5.4 UTILISATION OF CARDIAC RESYNCHRONISATION 

THERAPY IN PATIENTS WITH HEART FAILURE IN THE 

NORTERN REGION OF NEW ZEALAND 

Preface 

CRT is an important adjunctive therapy developed to treat patients with systolic HF who have 

LBBB and wide (>120ms) QRS complex and are optimally medically managed. There is 

paucity of data on CRT implantation and outcomes in the local context of New Zealand HF 

populations.  

The aim of the research presented in this chapter was: 

• To describe the trends in the use of CRT in the Northern Region of New Zealand and 

their outcomes 

The research study demonstrated a difference between the use of CRT-D and CRT-P in this 

region. Additionally, no difference noted in the mortality in those who received either CRT-D 

or CRT-P. This information has important impact on management approach. CRT-P appears 

to be more useful in selected HF patients for medical economics especially in the current 

economic era with limited resources and funding.  

The following manuscript was accepted for publication in Journal of Arrhythmia in October 

2018.  

Contribution of Candidate: 

Khang-Li Looi was involved in the data collection and analysis, as well as in developing 

arguments and writing of the manuscript for publication. 
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Abstract 

Background: Cardiac resynchronisation therapy (CRT) has been shown to improve morbidity 

and mortality for heart failure (HF) patients. Little is known about the trends in CRT use and 

outcomes of these patients in New Zealand.  

Method: Mortality, hospitalisation events and complications in HF patients in the Northern 

Region of New Zealand implanted with CRT devices from Jan-2007 to June-2015 were 

reviewed.  

Results: Two-hundred patients underwent CRT implantation during the study period. There 

was a gradual increase in CRT-D implantation (n=157) but the number remained static for 

CRT-P (n=43). Patients who received CRT-P were older (mean age 65.9±14.0 vs. 61.5±10.2 

years, p<0.0007) but had a higher left ventricular ejection fraction (LVEF) (33.7±10.5% vs.  

24.7±6.1, p<0.0001) than those undergoing CRT-D implant procedures.  

During a median follow-up of 4 (2.8) years, 29 (14.5%) patients (14.7% in CRT-D vs.13.9% 

in CRT-P, p=0.91) had died. HF was the cause of death in 73.9% of the patients. There was no 

difference in all-cause mortality between patients with CRT-D and CRT-P.  

Conclusions: Despite the proven benefits of CRT in selected HF patients, there continued to 

be under-utilisation of these devices in HF patients in the Northern Region. Reasons for under-

utilisation of these devices need further exploration. These data should be useful for 

benchmarking individual patient management and national practice against wider experience 

in the country. 
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Introduction 

Heart failure (HF) is a major health burden in many developed countries. The prevalence of 

HF is estimated at 1–2 % in the western world, and the incidence approaches 5–10 per 1,000 

persons per year.7 In New Zealand, approximately 5,500 patients are hospitalised due to 

decompensated HF annually.19 

Cardiac resynchronisation therapy (CRT) has been shown in multiple studies to improve 

symptoms, quality of life and survival in HF patients who remain symptomatic despite optimal 

medical therapy, who have left ventricular ejection fraction (LVEF) ≤35% and left bundle 

branch block (LBBB) with QRS width ≥120 ms.80-84 Despite recommendations, there remain 

many barriers and challenges to implanting CRT in patients with HF patients who meet  

guideline criteria. The 2006-2007 US National ICD Registry data showed that 32.2% of 

patients eligible for implantable cardioverter-defibrillator (ICD) also met criteria for CRT.293 

Of those eligible, only 4/5 received a CRT-capable device. The largest published series of CRT 

procedures in New Zealand had only 139 patients during the period between 2000 and April 

2011.273 

Little is known about the CRT use and outcomes of these patients in New Zealand. Our study 

aimed to examine the trends of CRT use in eligible HF patients living in the Northern Region 

of New Zealand and their outcomes. 

Method 

This was an observational study documenting the use of CRT in HF patients in the Northern 

Region of New Zealand. New Zealand has a population of 4.43 million. The Northern Region 

of New Zealand is defined as the 4 northernmost District Health Board (DHB) areas that consist 

of the Auckland DHB (ADHB), Counties Manukau DHB (CMDHB), Northland DHB (NDHB), 

and Waitemata DHB (WDHB). The 4 DHBs in the Northern Region serve 38% of the total 
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New Zealand population.292 Patients residing in the catchment areas of the 4 DHB were 

included over the study period from 1st January 2007 to 1st June 2015. All de novo transvenous 

CRT-pacemaker (CRT-P) and CRT-defibrillator (CRT-D) implants, all upgrades of 

pacemakers to CRT-P or CRT-D, upgrades of ICD to CRT-D and epicardial lead placement 

for CRT-P or CRT-D capable devices were included. Procedures involving solely pulse 

generator replacement were excluded. The indications for CRT-D and CRT-P were based on 

the published 2010 New Zealand guidelines (Table 17).271 All referrals for CRT were 

discussed by the Northern Region implanting electrophysiologists regarding suitability and 

appropriateness of CRT support. To illustrate the number of potential candidates needed to be 

reviewed for CRT-support, the number of unique patients hospitalised with HF in each year 

from year 2007-2015 in the Northern region were reviewed using the data of Ministry of Health 

(MoH) and National Minimum Datasets (NMDS) inpatient hospitalisation data.  

Data pertaining to the procedure and the post-procedure period were obtained via review of 

clinical records held on electronic Clinical Record Information System (CRIS). Data collected 

via notes review included patient demographic data, procedure-related data, acute (within 24 

hours of implant), early (>24 hours to 2 weeks after implant) and late (≥2-weeks after device 

implantation) complications. 

Hospitalisation events were identified using the administrative data of MoH and NMDS 

inpatient hospitalisation data via National Health Index (NHI) number linkage up to December 

2015. The NHI number is a unique identifier that is assigned to every person who uses health 

and disability support services in New Zealand. HF hospitalisation was defined using the 

International Classification of Diseases diagnosis 10 (ICD-10) codes (I110, I130, I132, I500, 

I501 and I509). 

Mortality data was collected using New Zealand mortality collection and NMDS. These 

include all registered deaths not just in-hospital deaths.  The cause of death data was available 
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up until the end of 2013.  For those with no cause of death data from NMDS, adjudicated 

review of clinical records was performed to further determine the cause of death.  

Ethics approval of the study was obtained from the Central Health and Disability Ethics 

Committee (Ethics ref: 15/CEN/58/AM02). 
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Table 17: New Zealand Primary Implantable Cardioverter Defibrillator Implantation and Cardiac Resynchronisation Therapy Guidelines 

Recommendations for primary ICD implantation in New Zealand: 

• Patients with ICM at least 1 month after acute MI or a NICM present for at least 3 months. 

• EF ≤30% measured ≥3 months after optimal heart failure treatment. 

• NYHA class II or III 

• On maximal heart failure medications, including ACE-inhibitors or angiotensin receptor blockers, beta-blockers and spironolactone as 

tolerated for at least 3 and preferably 6 months 

• No clinical symptoms or findings that would make them a candidate for a revascularisation procedure 

• At least 3 months remote from any revascularisation procedure 

• No associated disease with a likelihood of survival <18 months 

• Age ≤75 years 

Recommendations for Cardiac Resynchronisation Therapy in New Zealand: 

• EF ≤35% after ≥6 weeks of optimal heart failure treatment, with QRS duration is >149 ms or is 120–149 ms with 2 additional criteria for 

dyssynchrony (aortic pre-ejection delay >140 ms, interventricular mechanical delay >40 ms or delayed activation of the posterolateral left 

ventricular wall) 

• NYHA Class III 

• No major cardiovascular event in the prior 6 weeks and be in sinus rhythm 

• No major comorbidity reducing survival <18 months or seriously impairing quality of life 

Abbreviations: 

ACE: angiotensin converting enzyme; EF: ejection fraction; ICD: implantable cardioverter defibrillator; ICM: ischaemic cardiomyopathy; MI: myocardial 

infarction; NICM: Non-ischaemic cardiomyopathy; NYHA: New York Heart Association 
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Statistical analysis 

Baseline characteristics were summarised as either mean with standard deviation (SD), median 

with interquartile range (IQR) or frequency with percentage depending on the nature of the 

data. Comparisons between CRT-P and CRT-D were conducted using either the Wilcoxon 

rank-sum test, the Chi-Squared test or the two-sample Z test. Survival rates over time were 

depicted in Kaplan-Meier curves and the differences between survival distributions were 

evaluated with the log-rank test. Statistical analyses were performed using the statistical 

package SAS version 9.3 (SAS Institute, Cary, NC). All p-values resulted from two-sided tests 

and a p-value of <0.05 was considered statistically significant. 

Results 

A total of 200 patients had a CRT device (157 CRT-D and 43 CRT-P) implanted during the 

study period. The majority of patients were male (76%) and of European descent (79.5%). 

Mean age of patients was 62.4±11.2 and median age was 64.4(12.8) years, respectively. The 

median duration of follow-up was 4 [2.8-9] years. Patients were more likely to have non-

ischaemic cardiomyopathy (NICM) (49.5%). Ischaemic cardiomyopathy (ICM) (22.5%) and 

pacemaker-induced cardiomyopathy (19.5%) were the other common aetiologies for 

underlying cardiomyopathy.  

Among the 157 CRT-D patients, 116 (73.9%) patients received these devices as primary 

prevention for sudden cardiac death (SCD). Five patients had epicardial lead placement at 

initial procedure because of known difficult anatomy (i.e. upgrades with occluded venous 

access and extraction was not considered appropriate or declined). A left ventricular lead was 

successfully placed transvenously via the coronary sinus (CS) in 136 patients (89.5%) at the 

initial procedure. Eight required a second procedure with 3 unsuccessful CS-lead implantations 

needing epicardial lead placement. Two patients underwent a redo-procedure using an 
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epicardial lead because of adverse coronary sinus anatomy, and/or unintended stimulation of 

the left phrenic nerve during transvenous CS-lead placement; in total ten patients had epicardial 

lead placement for CRT-D devices. Only 6 patients did not receive CRT-D because of failed 

left ventricular lead placement. Twenty-three (14.7%) patients were upgraded from 

pacemakers to CRT-D and 18 (11.5%) were upgraded from ICDs to CRT-D.  

In the CRT-P group, left ventricular lead placement was successful at initial implant in 41 

patients (95.3%) and 1 required a second procedure which failed and required epicardial lead 

placement. Thirty-two (74.4%) were upgrades from pacemakers to CRT-P. One patient did not 

receive the intended CRT-P device because of failed left ventricular lead placement. 

Context of Northern Region in CRT implantation 

In the Northern Region, the number of individuals admitted with a diagnosis of HF was 

increasing year by year (Figure 15). In a Swedish Heart Failure Registry, QRS prolongation 

with LBBB morphology≥120 ms was present in 31% of patients with HF.78 If ~30% of 

patients each year with HF have underlying LBBB and systolic dysfunction, then the number 

of patients to be considered for CRT-support in the Northern Region should also increase 

proportionally. However, throughout the study period, the number of CRT implanted remained 

low (Figure 16). There were differences in CRT-D and CRT-P utilisation (Figure 16). The 

percentage of CRT-D utilisation gradually increased from 2007 to mid-2015. However, the 

utilisation of CRT-P remained static during these times.  

Shown in Table 18 are the baseline characteristics of patients who received CRT-P and CRT-

D. In general, patients receiving CRT-P were older, more likely to have pacemaker-induced 

cardiomyopathy, have more severe HF symptoms (NYHA class III) but better LVEF, higher 

prevalence of permanent atrial fibrillation (AF) and previous history of atrio-ventricular (AV) 

nodal ablation, and have smaller body habitus than those who received CRT-D. 
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Figure 15: Number of unique heart failure patients, potential cardiac resynchronisation therapy (CRT) candidates and number of patients who 

received CRT-device support in Northern Region of New Zealand: Year 2007-2015 
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Figure 16: Number of CRT-P and CRT-D devices implanted during the study period 

Abbreviations: 

CRT-D: cardiac resynchronisation therapy-defibrillator, CRT-P: cardiac resynchronisation therapy-pacemaker. *The number of cases implanted in Jan 2015 

to mid-2015 have been annualised 
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Table 18: Baseline characteristics of patients who received CRT-P and CRT-D 

 CRT-D (n=157) CRT-P (n=43) P value 

Mean Age (years ±SD) 61.5±10.2 65.9±14.0 
0.0007 

Median Age (IQR) 63.4 (57.3) 69.7 (60.4) 

Gender 

Male (%) 123 (78.3) 29 (67.4) 
0.14 

Female (%) 34 (21.7) 14 (32.6) 

Ethnicity (%) 

New Zealand European/Other 121 (77.1) 38 (88.3) 

0.35 
Maori 9 (5.7) 2 (4.7) 

Pacific Island 19 (12.1) 1 (2.3) 

Asian 7 (4.5) 2 (4.7) 

Underlying Aetiology (%) 

Non-ischaemic cardiomyopathy 93 (59.2) 6 (14) <0.0001 

Ischaemic cardiomyopathy 40 (25.5) 4 (9.3) 0.02 

Pacemaker-induced cardiomyopathy 10 (6.4) 29 (67.4) <0.0001 

Valvular heart disease 4 (2.6) 3 (7) 0.16 

Mean LVEF (% ± SD) 24.7 ± 6.1 33.7 ± 10.5 <0.0001 

NYHA Class (%) 
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I 18 (11.5) 6 (14) 

0.03 
II 75 (47.8) 12 (27.9) 

III 64 (40.8) 24 (55.8) 

IV 0 1 (2.3) 

Median Height (meter) (IQR) 1.74 (1.67) 1.72 (1.67) 0.91 

Median Weight (kg) (IQR) 86.3 (74.1) 81.5 (75) 0.02 

Median BMI (m/kg2) (IQR) 28.3(25.9) 26.5 (24.8) 0.01 

Atrial Arrhythmias (%) 

Permanent AF 16 (10.2) 15 (34.9) <0.0001 

Paroxysmal AF 20 (12.7) 3 (7) 0.29 

AV node Ablation  3 (1.9) 11 (25.6) <0.0001 

Diabetes Mellitus (%) 41 (26.3) 3 (7.1) 0.008 

Hypertension (%) 44 (28.2) 12 (28.6) 0.96 

QRS morphology (%) 

IVCD 1 (0.6) 1 (2.3) 

<0.0001 LBBB 131 (83.4) 12 (27.9) 

Paced 23 (14.7) 29 (67.4) 

QRS duration (ms) 

Mean (± SD) 175.1±24.6 177.3±33.0 0.36 
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Estimated glomerular filtration rate (eGFR) 

Median (IQR) 60 (51) 60 (50) 0.33 

Abbreviations: 

AF: atrial fibrillation; AV: atrio-ventricular; BMI: body mass index; CRT-P: cardiac resynchronisation therapy-pacemaker; CRTD: cardiac resynchronisation 

therapy-defibrillator; IQR: interquartile range; IVCD: intraventricular conduction delay; LVEF: left ventricular ejection fraction; LBBB: left bundle branch 

block; NYHA: New York Heart Association 
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Complications 

There was a total of 26 complications between the groups (12.7% in CRT-D group vs. 13.9% 

in CRT-P group, p=0.83) (Table 19). During the first 24-hours after device implantation, there 

were 11 perioperative complications (5.7% in CRT-D vs. 4.7% CRT-P, p=0.78). There was no 

difference in the occurrence of early and late complications (Table 19). 

Mortality 

During the follow-up of up to 10.2 years (median of 4 (2.8) years), 29 (14.5%) patients (14.7% 

in CRT-D vs.13.9% in CRT-P, p=0.91) had died. Of these deaths, 23 were classified as 

cardiovascular death, 3 deaths were due to malignancy and 2 from other non-cardiac causes 

(p=0.91). One was classified as unspecified cause  

Of the 23 cardiovascular deaths, 17 (73.9%) were due to HF and 6 (26.1%) deaths were 

attributable to myocardial infarction (MI), or cerebrovascular accidents. No sudden arrhythmic 

death was reported. There was no difference in all-cause mortality observed over time (Figure 

17). 
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Table 19: Complications among CRT-D and CRT-P Patients 

 CRTD (n = 157) CRTP (n = 43) P Value 

Acute Perioperative Complications 9 (5.7%) 2 (4.7%) 0.78 

Lead displacement/remanipulation 7 (4.5%) 1 (2.3%) 0.53 

Coronary sinus dissection 1 (0.6%) 1 (2.3%) 0.97 

Cardiac Tamponade needing intervention 1 (0.6%) 0 - 

Early Complications 2 (1.3%) - - 

Lead displacement/remanipulation 2 (1.3%) 0 - 

Late Complications 9 (5.7%) 4 (9.3%) 0.4 

Lead issues needing intervention 7 (4.5%) 3 (6.9%) 0.5 

Device/pocket issues requiring intervention 1 (0.6%) 0 - 

Device pocket infection needing extraction 1 (0.6%) 1 (2.3%) 0.97 

Abbreviations: 

CRT-D: cardiac resynchronisation therapy-defibrillator, CRT-P: cardiac resynchronisation therapy-pacemaker 
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Figure 17: Kaplan-Meier survival curve of all-cause mortality in CRT-D and CRT-P patients 
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All-cause and Heart Failure Hospitalisations 

During follow-up, there were 566 all-cause hospitalisations in 139 patients. These include 114 

(20.1%) HF admissions. The median duration from implant to first HF hospitalisation were 

2.86 (9.23) months. The median length of stay was 4 (2) days. For CRT-D and CRT-P patients, 

the median duration to first HF hospitalisation after implant was similar (2.9 [0.53] vs. 2.7 [1.3] 

months, respectively).  

Device Therapy 

Among the 157 CRT-D patients, 34 (21.7%) had device therapy (anti-tachycardia pacing [ATP] 

with or without shocks). Twenty-three (19.8%) of these occurred in those with a primary 

prophylactic device and 11 (26.8%) in patients with secondary prevention devices (p=0.35). 

Overall 6.4% (10) of the patients had inappropriate shocks, most commonly because of AF 

(60%) or supraventricular tachycardia (SVT) (30%). 

Discussion 

This study describes the trends of CRT therapy use for eligible HF patients in New Zealand. 

We have observed a gradual increase in CRT-D implantation across the study period, with an 

increase in the proportion of patients receiving these devices for primary prevention of SCD 

and management of HF. However, CRT-P devices still accounted for <25% of the total CRT 

devices implanted over the study period. Despite the increasing evidence supporting CRT use 

in appropriate HF patients and a rapidly growing HF population, there are still a large number 

of eligible patients not receiving this therapy. In the Registry to Improve the Use of Evidence-

Based Heart Failure Therapies in the Outpatient Setting (IMPROVE HF) Study, a total of 1373 

patients were eligible for CRT devices based on guideline criteria but only 533 (38.8%) 

received CRT devices, with 84.1% of these treated with CRT-D.294 In the Swedish Heart 

Failure Registry (SwedeHF), 3094 patients (24%) of 12807 patients met the indication for CRT 
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but did not receive the device and only 841 (7%) had CRT.295 The trends of CRT implantation 

in the United States from the Nationwide Inpatient Sample (NIS) database showed that the total 

number of CRT implants increased significantly between year 2002 and 2006 but has not 

shown a significant increase since 2006.296 The majority of the devices implanted were CRT-

D (86%) with CRT-P constituting the  minority, with a progressive decrease in use from 28.8% 

in 2002 to 15.2% in 2010.296 By contrast, other European countries are still implanting a 

significant number of CRT-P: 39% in France, 44% in Sweden, 46% in Belgium in 2013.297 The 

regional differences in implant rates most likely reflect the differences in health care system 

and the reimbursement situations.  

Martin et al. published the largest series of CRT procedures in New Zealand with only 139 

patients between year 2000 and April 2011 in the Auckland region.273 Since then, there has 

been a steady increase in the number of implant of these devices as shown in our study with 

the majority of the devices implanted being CRT-D. The number of CRT-P implanted remained 

static throughout the study. Affordability and capacity are of concern in this region. Despite 

the increasing number of HF patients year-by-year, only a small proportion of patients received 

these devices (Figure 15 and Figure 16). For example, in the 2014 year, 8311 patients with 

HF were admitted within the region. Assuming that approximately 30% would potentially meet 

criteria for consideration of CRT support, there is a clear evidence of under referral for and 

implantation of such devices (Figure 15).  

There are numerous potential reasons for this including: (1) concerns regarding affordability 

and capacity, (2) lack of familiarity with the indications for CRT, under-appreciation of the 

potential benefits of an upgrade to CRT from an existing ICD or pacemaker, and (3) physicians 

misconceptions about the procedural risks and device complications, which may discourage 

referrals for implantation.298 Identification of eligible patients for possible CRT implantation 

is important. It may seem to be a relatively straightforward to identify the inclusion and 
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exclusion criteria as outlined in peer-reviewed guidelines, but in clinical practice recognition 

of appropriate patients and utilisation rate of CRT are far from satisfactory. Findings from 

several large registries have suggested that underutilisation of CRT in potentially appropriate 

patients exists.249,294,299 Utilisation of CRT devices varies widely among contemporary 

outpatient HF practices, ranging from 38.8% of eligible patients receiving CRT-P to 84.1% of 

eligible patients receiving CRT-D.294 Considering current workforce, funding constraints and 

the conservative approach taken, the published 2010 New Zealand guidelines (Table 17) have 

more restrictive recommendations for CRT. Given the funding issues, all referrals required 

discussion by the Northern Region implanting electrophysiologists regarding suitability and 

appropriateness before undergoing implantation.  

CRT is limited to HF patients who meet specific clinical criteria (low LVEF and wide QRS 

duration on ECG). Assessment of LVEF is a criteria common to ICD and CRT referrals but 

McHale et al. showed that restricted access to investigations such as echocardiography are 

considered a significant barrier to referral.280 Regional differences in echocardiography 

services were described in New Zealand in 2005 using the Survey of Clinical 

Echocardiography Around New Zealand (SCANZ).300 In the Recent 2013 SCANZ Workforce 

Survey, Buckley et al demonstrated that regional disparity in public echocardiography in New 

Zealand still exists with unequal geographic distribution of echo services.301 The reasons are 

likely multifactorial and contributed to by DHB demographic differences in age, ethnicity, and 

socioeconomic deprivation status as well as the size and demographics of the cardiac 

sonographer workforce.301 In our study, echocardiographic assessments and cardiac MRI were 

the most commonly used measures, with all patients requiring LVEF to be quantified prior to 

discussion regarding clinical care with device support. LVEF is one of the most commonly 

reported measures of left ventricular systolic function. LVEF can be determined using several 

invasive and non-invasive imaging modalities, either subjectively by visual estimation or 
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objectively by quantitative methods.302 Currently, there is no universally accepted ‘gold 

standard’ for measuring LVEF. Each method has limitations and potential for error.302 Many 

factors should be taken into account when deciding which method is the most appropriate for 

an individual patient. The different ways to assess LVEF is beyond the scope of the current 

study because our study aimed to review the utilisation and outcomes of CRT patients in the 

Northern Region of New Zealand.  

In our study, 29 (14.5%) patients (14.7% in CRT-D vs.13.9% in CRT-P, p=0.91) had died at 

the end of follow-up. The total mortality was relatively low compared to the published 

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

trial (15%) and the CArdiac REsynchronization-Heart Failure (CARE-HF) trial (20%).83,84 One 

explanation is the younger population in our study. The mean age of our patients was 62.4 

years vs. 67 years in both COMPANION and CARE-HF.83,84 Even though our CRT-P patients 

was older compared to the CRT-D patients, they were still relatively younger (mean age of 

64.9 years) when compared to CARE-HF where only the impact of CRT-P was assessed.83 

This is likely due to the more conservative New Zealand guidelines for ICD and CRT-D in 

patients with HF compared to the International guidelines.276 Another potential factor 

contributing to the lower mortality relates to the majority of the cohort have NICM or 

pacemaker-induced cardiomyopathy. Patients with NICM are known to respond better to CRT 

than those with ICM. Data from recent clinical trials showed that patients with ICM and NICM 

gained similar clinical benefit from CRT when compared with medical treatment, but NICM 

patients had greater reverse remodelling compared with ICM patients.217,303,304 In The 

Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchroniszation 

Therapy (MADIT-CRT), the magnitude of the echocardiographic effects of CRT-D with 

reverse remodelling effects was shown to be significantly higher among NICM patients.97  
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Thirty-nine (19.5%) of our patients had underlying pacemaker-induced cardiomyopathy. 

Pacemaker-induced cardiomyopathy may be more common than previously reported. Yu et al. 

found a 9% incidence of pacemaker-induced cardiomyopathy and Zhang et al. reported new-

onset HF symptoms in 26% of patients with frequent right ventricular (RV) pacing over 7.8 

years follow-up.305,306 In a retrospective study by Khurshid et al, 19.5% developed pacemaker-

induced cardiomyopathy with a decrease in mean LVEF from 62.1% to 36.2% over a mean 

follow-up period of 3.3 years.307 In the Mode Selection (MOST) Trial, RV pacing >40% 

increased risk for HF hospitalisation and incidence of AF compared to values below 40%.308 

We defined pacemaker-induced cardiomyopathy based on the preserved/normal LVEF and 

absence of HF symptoms at the time of initial pacemaker implantation and the progressive 

deterioration of HF symptoms and deterioration of LVEF years after chronic RV pacing 

without any other plausible alternate explanation. Eleven of the 29 patients with pacemaker-

induced cardiomyopathy underwent AV nodal ablation therefore rendering them pacemaker-

dependent. The remainder have had at least 98% RV pacing with deteriorating LVEF and HF 

symptoms over time. According to recent guidelines, upgrade from conventional pacemaker or 

ICD to CRT is a class 1 indication in HF patients with LVEF <35% and a high percentage of 

RV pacing who remain between NYHA class III and ambulatory class IV despite adequate 

medical treatment.85 An upgrade to CRT can potentially prevent the adverse remodelling 

associated with chronic RV pacing. Response to CRT further decreases the risk for ventricular 

arrhythmias, SCD, and all-cause mortality which could account for the lower mortality in our 

study patients.  

Changes in the way in which HF patients are managed (including advances in medical therapy, 

treatment of comorbid disease and risk factors for the development of HF, and the recognition 

of the value of HF disease management programmes) throughout the study period could also 

explain the lower mortality in our study.1 All of our CRT-P patients met indications for primary 
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prevention ICD implantation based on international guidelines but not the New Zealand 

guidelines.271,276 An ICD was not implanted in this group of patients with a poorer baseline 

status and higher LVEF compared with those who received CRT-D. However, the number of 

deaths observed was similar and there was no survival difference between the two groups. No 

sudden arrhythmic death was reported in either group. This could be explained by the small 

sample size of both CRT-D and CRT-P and potential selection bias of candidates due to the 

more conservative recommendations of the New Zealand guidelines.  

During the longer follow-up period in our study, 27.6% deaths were a result of progressive HF. 

This suggests that despite a more conservative approach, there was no survival penalty for 

those undergoing CRT-P rather than CRT-D support in our study. The mode of death in the 

COMPANION trial was most commonly pump failure (44.4%) even though both CRT-D and 

CRT-P modestly reduced mortality.96 The CARE-HF trial confirmed that progressive HF 

deaths remained the leading cause of death in HF populations.83 Current international 

guidelines give the same level of recommendation for CRT-P and CRT-D use.85,309 No clear 

preference is given to any treatment modality compared with the other. Prescription of these 

costly and complex devices should be preferentially for patients in need of secondary 

prevention or for the purpose of primary prevention in younger patients without major 

comorbidities. 

Despite the low implant numbers, our peri-operative and late complication rates are comparable 

to published data.128,310 There is cumulative evidence that implanting CRT-D devices is 

associated with a higher perioperative and postoperative risk of major complications compared 

with CRT-P. Romeyer-Bouchard et al. reported an increased risk of infection with CRT-D 

devices compared with CRT-P.211,310 Another Danish study showed that the incremental risk 

of perioperative or 6-months postoperative complications was 1.5 (0.9–2.3), (p=0.11) for CRT-

P and 2.6 (1.9–3.4), (p<0.001) for CRT-D compared with conventional pacemakers.310 
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However, in our study there was no differences in peri-operative and late complication rates 

between the two groups. This may be explained by the small number of CRT-P included in the 

study, and therefore no conclusive differences in complications could be drawn. 

Limitations 

Our study is a retrospective study with prospective follow-up. The sample size of CRT-P was 

very small compared with CRT-D. Device prescription was not randomised, therefore patients 

with poorer functional status and limited expected survival were implanted preferentially with 

CRT-P compared to CRT-D.  

There were more NICM and pacemaker-induced cardiomyopathy patients compared to ICM 

patients in our study. The published 2010 New Zealand guidelines have stricter 

recommendations for ICD and CRT-D in patients with HF compared to the International 

guidelines. Considering only a small proportion of HF patients in the Northern Region have 

been selected for CRT-support, it is likely that a sizable group of HF patients are not being 

referred therefore, missing out on appropriate device support. Confounder and selection bias 

should be kept in mind when interpreting the results of our study.  

Our study does not represent the entire New Zealand. The 4 DHBs in Northern Region serve 

38% of the total New Zealand population.292 The implant numbers and the practice will be 

different from other implanting centres in the country.  

The main strength of our study was long duration of follow-up (total duration of 10.2 years), 

accepting the limitation of a small cohort size. Uniquely we were able to classify the mode of 

death in 99.5% patients and able to capture all deaths rather than just in-hospital death. Only 1 

patient had an unspecified cause of death in the community. We were also able to capture all 

the hospitalisation events in detail for patients. Furthermore, our study measured the outcomes 

including mortality and hospitalisations after implant, which is important when making 

decisions about the appropriate device choice for individual HF management. 
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Conclusion 

There has been a steady increase in CRT implantation over time in the Northern Region of 

New Zealand. While the optimal per population implantation rate is speculative, this data 

suggests that there is a significant unmet clinical need for CRT implantation in the Northern 

Region. The reasons for low implantation of CRT devices require further examination. 

Additional analysis: Cardiac Resynchronisation Therapy in heart failure patients 

with chronic kidney disease  

Patients with both HF and chronic kidney disease (CKD) have increased risk of mortality and 

morbidity. CRT has been shown in multiple studies to improve HF symptoms, quality of life 

(QoL) and improve survival. However, the majority of the studies supporting the use of CRT 

have limited data on HF patients with CKD.  

We examined the trends in CRT use and outcomes in HF patients with CKD. All the HF 

patients in the Northern Region of New Zealand who were implanted with CRT devices from 

Jan 2007 to May 2015 were included. This includes all de-novo CRT (CRT-P and CRT-D) 

implants, upgrades and epicardial lead implants. All-cause mortality and procedure-related 

complications were compared in HF patients with different stages of CKD.  

A total of 200 patients had a CRT device implanted during the study period. Majority of the 

patients [89(44%)] were in CKD stage 2 (mean eGFR 71.2±9.1mL/min/1.73m2) (Figure 18 

and Table 20).  

No patients were on renal replacement therapies (CKD stage 5) in the study.  
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Figure 18: The distribution of CRT-D and CRT-P in different stages of CKD 

 

Abbreviations: 

CRT-D: cardiac resynchronisation therapy with defibrillator; CRT-P: cardiac resynchronisation therapy with pacemaker 
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Table 20: Baseline characteristics of patients with heart failure and CKD who received CRT devices 

 CKD 1 (n=43) CKD 2 (n=88) CKD 3 (n=66) CKD 4 (n=3) P value 

Mean Age (years) 55.5 (13.5) 62.6 (10.3) 66.8 (7.1) 67.2 (11.4) <0.0001 

Gender  0.0918 

Female 6 (14%) 22 (25%) 19 (29%) 2 (67%)  

Male 37 (86%) 67 (75%) 47 (71%) 1 (33%)  

Ethnicity  0.3782 

NZ European/Other European 36 (84%) 67 (75%) 54 (82%) 2 (67%)  

Maori 1 (2%) 8 (9%) 3 (5%) 0  

Pacific Islander 2 (5%) 11 (12%) 5 (8%) 1 (33%)  

Asian 3 (7%) 3 (3%) 4 (6%) 0  

Mean LVEF 25.6 (7.2) 26.4 (7.7) 28 (8.9) 28.3 (2.9) 0.4768 

Mean eGFR >90 71.2 (9.1) 48.3 (7.9) 28.7 (0.6) <0.0001 

Diabetes Mellitus 6 (14%) 23 (26%) 13 (20%) 2 (67%) 0.1111 

Hypertension 10 (23%) 19 (21%) 23 (35%) 2 (67%) 0.0856 

NYHA Class  0.1134 

I 11 (26%) 9 (10%) 4 (6%) 0  

II 17 (40%) 39 (44%) 28 (42%) 2 (67%)  

III 15 (35%) 41 (46%) 33 (50%) 1 (33%)  

IV 0 0 1 (2%) 0  

Abbreviations: 

CKD: chronic kidney disease; CRT: cardiac resynchronisation therapy; eGFR: estimated glomerular filtration rate; LVEF; left ventricular ejection fraction; 

NYHA: New York Heart Association 

 



192 

Acute procedural complications occurred more frequently in CRT patients with CKD stage 3 

and 4 (7.7% and 33%, respectively, p=0.0291) but there were no differences in the late 

complications between the CKD groups (p=0.1679) (Table 21).  

The total follow-up duration was 10.2 years with a mean follow-up duration was 4.51±2.26 

years (median 4 [2.82 - 5.86] years). There was no difference in mortality rates between CKD 

groups were noted (P=0.5807) (Figure 19).  

In “real-world” clinical practice, HF patients with severe CKD (stage 5) were excluded from 

receiving CRT devices. Our study showed that HF patients with CKD stage 3 and 4 have higher 

rates of acute procedural complications. Additional studies are needed to further evaluate the 

role of CRT on morbidity and mortality in such patients. A National registry is crucial to 

collecting the data, complications and outcomes to aid quality improvement initiatives and to 

allow examination of equity of access to these devices.  

Published abstract: Looi K-L, Cooper L, Sidhu K, Dawson L, Slipper D, Gavin A, Lever N: 

Cardiac Resynchronisation Therapy in Heart Failure Patients with Chronic Kidney Disease. 

Heart, Lung and Circulation 2016, 25: S27. 
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Table 21: Acute complications vs late complications between the CKD groups 

Complications CKD 1 (n=43) CKD 2 (n=88) CKD 3 (n=66) CKD 4 (n=3) P Value 

Acute (≤ 24 hours) 0 2 (2%) 5 (7%) 1 (33%) 0.0291 

Late (≥ 24 hours) 5 (12%) 7 (8%) 3 (4%) 1 (33%) 0.1679 

Abbreviations: 

CKD: chronic kidney disease 
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Figure 19: Kaplan Meier survival curve of CRT patients with different stages of CKD 

Abbreviations: 

CKD: chronic kidney disease; CRT: cardiac resynchronisation therapy 

 



195 

5.5 GENDER DIFFERENCES IN THE USE OF PRIMARY 

PREVENTION ICDs IN NEW ZEALAND HEART FAILURE 

PATIENTS  

Preface 

Epidemiological and clinical registry data suggest that women account for approximately one 

half of the patients hospitalised for HF.110-112 Previous studies have shown that women treated 

for HF are more likely than men to have preserved systolic function and significantly less likely 

to be prescribed guideline-recommended evidence-based medications, and when these are 

prescribed for women, they tend to be prescribed at suboptimal doses.111,113,114 The reasons 

behind the discrepancy in management of HF in men and women remain unclear.  

Clinical trials of ICDs have demonstrated the overall survival benefits of primary prevention 

ICDs.60-63,67 The recommendations of ICDs have not differed for men and women according to 

current guidelines.64 However, many of the clinical trials of ICDs were underpowered to assess 

the impact of ICDs for women. Only small numbers of women were enrolled into and received 

ICDs in these trials: <20 each in MUSTT and MADIT trials and only 185 in SCD-HeFT.61,63,115 

Similarly, women remain significantly under-represented in CRT trials despite multiple studies 

demonstrating a significant mortality benefit with CRT in eligible HF patients.83,84,86,87 

The aim of the research presented in this chapter was: 

• To investigate gender differences in the use of primary prevention ICD in HF patients 

from the Northern Region of New Zealand. 

The research study shows that despite the higher perioperative complications in women who 

received primary prevention ICDs, there was no significant mortality difference compared to 

men. This study highlights the importance of ongoing gender-specific analysis in medical 

device clinical studies to further improve the application of available evidence on ICDs in 

appropriate eligible women with HF.  



196 

The following manuscript was published in Heart Asia. Heart Asia aims to convey the best 

cardiology research and practice from the developing regions of the world, with the Asia 

Pacific being a region of particular focus to an international audience.  

Contribution of Candidate: 

Khang-Li Looi was involved in the data collection and analysis, as well as in developing 

arguments and writing of the manuscript for publication. 

Authors and Affiliations: 

Khang-Li Looi1, Karishma Sidhu1, Lisa Cooper1, Liane Dawson2, Debbie Slipper2, Andrew 

Gavin2, Nigel Lever1 

1Green Lane Cardiovascular Service, Auckland City Hospital, Auckland, New Zealand 

2Cardiovascular Division, North Shore Hospital, Auckland, New Zealand 

 



197 

Abstract 

Objective 

Women have been under-represented in randomised clinical trials for primary prevention 

implantable cardioverter-defibrillators (ICDs) and there are concerns about the efficacy of 

devices between the genders. Our study aimed to investigate gender differences in the use of 

primary prevention ICD in heart failure patients from the Northern Region of New Zealand.  

Method 

Heart failure patients with systolic dysfunction who received primary prevention ICD/cardiac 

resynchronisation therapy-defibrillator (CRT-D) in the Northern Region New Zealand from 1st 

Jan-2007 to 1st June-2015 were included. Complications, mortality and hospitalisation events 

were reviewed.  

Results 

Of the 385 heart failure patients implanted with ICD/CRT-D, women comprised of 15.1% 

(n=58) and no change in utilisation of these devices was observed over the study period among 

women. Women were more likely to have non-ischaemic cardiomyopathy and have higher 

perioperative complications (8.6% vs. 2.5%, p=0.02) with non-significant higher trend towards 

increased lead displacement (5.2% vs. 1.8%, p=0.12). Women appeared to have lower all-cause 

(10.3% vs. 18.7%, p=0.12), cardiovascular (5.2% vs. 11.9%, p=0.13) and heart failure 

mortalities (3.5% vs. 7.9%, p=0.22) but was not statistically significant. There were no gender 

differences in all-cause (70.7% vs. 67%, p=0.58) or heart failure readmissions (19% vs. 25%, 

p=0.32).  

Conclusion 

Perioperative complications were significantly more common in women referred for 

ICD/CRT-D. Although there has been a significant increase in ICD implantation rates, gender 
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differences in the use of these devices still exist in New Zealand, in keeping with the 

demographics of ischaemic heart disease and systolic dysfunction between the genders. 

Introduction 

Clinical trials in the use of implantable cardioverter defibrillators (ICDs) and cardiac 

resynchronisation therapy (CRT) have demonstrated overall survival benefits in selected 

patients with heart failure (HF).62,63,67,83,84 ICDs reduce the risk of sudden cardiac death (SCD), 

whereas the mortality benefit of CRT is related, in part, to favourable left ventricular reverse 

remodelling with attenuation of both HF death as well as SCD.  

The role of primary prevention ICD in women with HF has not been well established. Many of 

the clinical trials of ICDs were underpowered to assess risks and benefits of ICDs in women. 

Traditionally women have been under-represented in trials of HF and ICD therapy with only 

small numbers of women being enrolled.61,63,115 According to current international guidelines, 

recommendations for primary prevention ICD/CRT-D are not different for men and women 

with HF and impaired left ventricular function. A meta-analysis of the 5 primary prevention 

trials (Multicenter Unsustained Tachycardia Trial [MUSTT], Multicenter Automatic 

Defibrillator Implantation Trial [MADIT II], The Defibrillator in Acute Myocardial Infarction 

Trial [DINAMIT], Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation 

[DEFINITE] and Sudden Death in Heart Failure [SCD-HeFT]) showed that men, but not 

women derived a survival benefit from ICD as compared to anti-arrhythmic drugs.224 However, 

a recent primary prevention trial in patients with HF confirmed equal survival advantage in 

both men (hazard ratio [HR] 0.76, 95% confidence interval [CI], 0.67-0.87, p<0.001) and 

women (HR 0.78, 95% CI, 0.66-0.92, p=0.003).311 These findings support the use of primary 

prevention ICD in eligible patients regardless of gender.  

Despite women accounting for 50% of HF admissions, eligible women were less likely to 

receive an ICD compared to men (40% lower odds).312 In New Zealand, a gender difference in 
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ICD implantation was documented by Larsen et al. during the period of 2000-2007.265 The 

study showed the majority (71%) of the primary prevention ICDs being implanted were in 

men.265 Currently there is no data on the use of primary prevention ICD for women with HF in 

New Zealand. Our study aimed to examine the gender differences in the use of primary 

prevention ICDs in HF patients in the Northern Region of New Zealand. 

Method 

This was an observational study that included HF patients who received primary prevention 

ICD/CRT-D in the Northern Region of New Zealand. The Northern Region of New Zealand is 

defined as the 4-northernmost District Health Boards (DHBs) areas and consists of Auckland 

DHB, Counties Manukau DHB, Northland DHB, and Waitemata DHB. The 4 DHBs in the 

Northern Region serve 38% of the total New Zealand population with an estimated 1.76 million 

people in this region.292 The study period was from January 2007 to 1st June 2015. We included 

patients undergoing all de novo ICD and CRT-D implants, all pacemakers upgrades to ICD 

and CRT-D and epicardial lead placement with CRT-D. Procedures involving solely ICD and 

CRT-D pulse generator replacement were excluded. 

Patient demographic data, procedure-related data, acute (within 24 hours of implant), early 

(>24-hours to 2 weeks from implant) and late (≥2-weeks after device implantation) 

complications were obtained via review of pacing database and clinical records held on 

electronic Clinical Record Information System (CRIS). 

Mortality data was collected using New Zealand mortality collection and National Minimum 

Datasets (NMDS) inpatient hospitalisation data. These include all registered deaths rather than 

just deaths in the hospital. The cause of death data was available up until the end of 2013. For 

those with no cause of death data from NMDS, review of clinical records was performed to 

further determine the cause of death.  
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Hospitalisation events were identified using the administrative data of the Ministry of Health 

(MoH) and NMDS inpatient hospitalisation data via National Health Index (NHI) linkage up 

to December 2015. The NHI number is a unique identifier that is assigned to every person who 

uses health and disability support services in New Zealand. HF hospitalisation was defined 

using the International Classification of Diseases diagnosis 10 (ICD-10) codes (I110, I130, 

I132, I500, I501 and I509). 

Ethics approval for the study was obtained from the Central Health and Disability Ethics 

Committee (Ethics ref: 15/CEN/58/AM02). 

Statistical analysis 

Baseline demographics were summarised as means with 1 standard deviation (SD) or 

frequencies with percentage (%). Comparisons of baseline characteristics between genders 

were conducted with either the Wilcoxon rank-sum test, the Chi-Squared test or the two-sample 

Z test. Plots to depict the implantation frequency of ICD and CRTD among men and women 

over the course of the study were constructed. Kaplan-Meier survival curves were generated to 

depict the distribution of cardiovascular and heart failure mortalities over time. The difference 

of the survival distributions between men and women were evaluated with the log-rank test. 

The difference in complication rates, device therapy treatment rates and mortality rates between 

genders were assessed with the Chi-Squared test or the two-sample Z test. Readmission rates 

between genders were compared with the two-sample Z test. Logistic regression was used to 

determine predictors of all-cause mortality and heart failure mortality after adjusting for 

baseline characteristics.  

Statistical analyses were performed using the statistical package SAS version 9.3 (SAS Institute, 

Cary, NC).  All p-values resulted from two-sided tests and a p-value of <0.05 was considered 

statistically significant. 
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Results 

From January 2007-June 2015, a total of 385 HF patients underwent 404 procedures. Women 

comprised 15.1% (n=58) of the study cohort. Throughout the study period, there were 

differences in ICD/CRT-D utilisation in men and women. In men, there was a steady increase 

in ICD/CRT-D utilisation but this trend of increase was not seen in women (Figure 20).  

Differences in baseline characteristics were summarised in Table 22. Women were more likely 

to have non-ischaemic cardiomyopathy (NICM) and cardiac sarcoidosis than men. In addition, 

women had a higher prevalence of left bundle branch block (LBBB) (43.1% vs. 32.4%) but 

were less likely to have chronic atrial fibrillation (AF). No significant differences were found 

in age, mean left ventricular ejection fraction (LVEF), New York Heart Association (NYHA) 

functional classes or other co-morbidities.  
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Figure 20: Utilisation of ICD/CRT-D in men and women over the study period 

Panel A: Overall ICD utilisation in men and women over the study period 

Panel B: Overall CRT-D utilisation in men and women over the study period 
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Table 22: Baseline characteristics of women and men with primary prevention ICD 

 Women (n=58) Men (n=327) p 

Mean Age (years ±SD) 58.2±12.3 59.2±11.3 0.68 

Ethnicity (%) 

New Zealand European 40 (69.0) 197 (60.2) 

0.19 

Maori 11 (18.9) 43 (13.2) 

Pacific Island 4 (6.9) 40 (12.2) 

Asian 3 (5.2) 41 (12.6) 

Unspecified 0 6 (1.8) 

Height (meters) 1.63±0.07 1.75±0.07 <0.001 

Weight (kg) 79.3±17.9 88.7±17.3 0.0012 

BMI (m/kg2) 29.9±6.3 28.9±5.3 0.29 

DHBs (%) 

Auckland DHB 16 (27.6) 73 (22.3) 

0.82 
Counties Manukau DHB 16 (27.6) 92 (28.1) 

Northland DHB 4 (6.9) 29 (8.9) 

Waitemata DHB 22 (37.9) 133 (40.7) 

Underlying Aetiology 

Ischaemic cardiomyopathy 9 (15.5) 149 (45.6) <0.0001 

Non-ischaemic cardiomyopathy 37 (63.8) 155 (47.4) 0.0213 

Valvular heart disease 2 (3.5) 5 (1.5) 0.3134 

Cardiac Sarcoidosis 

Others 

4 (6.9) 

4 (6.9) 

1 (0.3) 

17 (5.2) 

<0.0001 

0.6 

Type of Devices 

ICD 35 (60.3) 234 (71.6) 0.08 
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Single chamber ICD 29 (50.0) 176 (53.8) 

CRT-D 23 (39.7) 93 (28.4) 

NYHA Class 

I 11 (19) 93 (28.4) 

0.31 II 35 (60.3) 169 (51.7) 

III 12 (20.7) 65 (19.9) 

Mean LVEF (%) 24.2±5.0 24.4±5.4 0.48 

Atrial Arrhythmias 

Paroxysmal AF 6 (10.3) 32 (9.8) 0.89 

Chronic AF 3 (5.2) 65 (19.9) 0.0068 

AV node Ablation 1 (1.7) 1 (0.3) 0.28 

Diabetes Mellitus 12 (20.7) 72 (22.1) 0.81 

Hypertension 15 (25.9) 94 (28.8) 0.64 

QRS morphologic type 

RBBB 1 (1.7) 27 (8.3) 

0.07 
LBBB 25 (43.1) 106 (32.4) 

IVCD 4 (6.9) 19 (5.8) 

Paced 4 (6.9) 9 (2.8) 

Mean QRS duration (msec) 140.2±35 137.2±35.4 0.68 

Estimated glomerular filtration rate(eGFR) 

 

Mean 60±15.2 63.4±14.9 0.13 

Abbreviations: 

AF: atrial fibrillation; BMI: body mass index; CRT-D: cardiac resynchronisation therapy-defibrillator; DHB: District Health Board; NYHA: ICD: 

implantable cardioverter defibrillator; IVCD: intraventricular conduction delay; LBBB: left bundle branch block; LVEF: left ventricular ejection 

fraction; RBBB: right bundle branch block; New York Heart Association 
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Complications 

During the 24-hours immediately after device implantation, acute perioperative complications 

were more common in women compared with men (8.6% vs. 2.1%, p=0.008) (Figure 21). In 

particular, women had a non-significant higher trend of lead displacement (5.2% vs. 1.8%, 

p=0.12) and cardiac tamponade requiring interventions (0.18% vs. 0) when compared with men. 

No significant differences were observed in early and late complications between men and 

women (Figure 21).  

Device therapy 

Overall 19.7% of patients received anti-tachycardia pacing (ATP) and 17.1% had appropriate 

ICD shocks for ventricular tachyarrhythmias. There was no gender difference in the need for 

appropriate ATP (13.8% in women vs.20.8%, p=0.22) or shocks (12.1% in women vs. 18%, 

p=0.27). There was no gender difference in the time to first ATP (3.6±2.6 years vs. 3.61±2.3 

years, p=0.89) or time to first appropriate ICD shocks (3.7±2.6 years vs. 3.6±2.2 years, p=0.77). 

At the end of the follow-up, 9.1% of patients had received inappropriate shocks but no gender 

difference was noted (8.6% vs. 9.2%, p=0.89).  

Mortality 

The total duration of follow-up was 10.2 years with a mean duration of 3.64 ±2.17 years. At 

the end of the follow-up, a total of 67 (17.4%) patients had died: 61 (18.7%) men and 6 (10.3%) 

women (p=0.12). Women appeared to have lower cardiovascular mortality (5.2% vs. 11.9%, 

p=0.13) and HF mortality (3.5% vs. 7.9%, p=0.22) compared to men but was not statistically 

significant. There were only 2 sudden arrhythmic deaths and both were men. Figure 22 and 

Figure 23 showed the Kaplan-Meier survival curve for cardiovascular and HF mortalities in 

women and men. 
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Figure 21: Acute, early and late complications by gender 
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Figure 22: Kaplan-Meier survival curve for cardiovascular mortality 
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Figure 23: Kaplan Meier survival curve for heart failure mortality 
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After adjusting for baseline differences including gender, low LVEF (odds ratio [OR] 0.94, 95% 

confidence interval [CI] 0.892 - 0.99, p=0.02) was the only predictor of all-cause mortality 

whereas CRT-D use was associated with improved all-cause survival (OR 0.419, 95% CI 0.183 

- 0.962, p=0.04). No predictors were of statistically significance in HF mortality. 

All-Cause and Heart Failure Readmissions 

During follow-up, there were 1194 all-cause hospital readmissions in 260 patients which 

include 275 (23%) HF admissions. All-cause readmissions occurred in 70.7% of women 

compared with 67% of men (p=0.58). HF admissions occurred in 19% of women compared 

with 25% of men (p=0.32).  

Discussion 

We examined the gender differences in the use of primary prevention ICD/CRT-D in real-

world HF population in the Northern Region of New Zealand. The main findings are: (1) 

Women comprised only 15.1% of those who received primary prevention ICD/CRT-D. (2) In 

women undergoing implantation, there was a higher prevalence of NICM, LBBB with broader 

complex width and a lower prevalence of AF. (3) Women have overall higher periprocedural 

complication rates but similar early and late complication rates. (4) No gender differences were 

noted in rates of appropriate and inappropriate ICD shocks. (5) No gender differences were 

noted in all-cause and HF rehospitalisation rates and mortality.  

Epidemiological and clinical studies have suggested gender-related differences in the delivery 

of guideline-recommended HF treatments.111,313 In the Get With the Guidelines-Heart Failure 

(GWTG-HF) programme, a significant increase in ICD use was observed over time in patients 

with history of HF and LVEF ≤35% but gender differences persisted.314 A study by Hernandez 

et al. showed that while 44% of eligible men with HF and LVEF ≤30% received ICD, only 28% 

of eligible women received ICD therapy.315 New Zealand, traditionally has had lower implant 
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rates/million population for ICD.265 Taking into account affordability and capacity constraints, 

the published 2010 New Zealand guidelines are relatively conservative (Table 17) and this 

may result in low referral rates.271  

In our study, the percentage of ICD/CRT-D utilisation in men gradually increased from year 

2007 to mid-2015 but this is not seen in women and a gender discrepancy remained in the use 

of these complex devices (Figure 20). The original trials of ICD/CRT-D showed the benefit 

derived from ICD is greater in patients with ICM which is more common in males and occurs 

at a younger age.61-63 Women are more likely to have HF with preserved systolic function and 

present at a later age.114 Similarly, we have observed women with different clinical profiles 

compared to men (Table 22) which may account for the lower ICD/CRT-D implant rates in 

women. The mean age of women who received these devices were younger because of our 

more restrictive recommendations, otherwise they shared similar baseline characteristics to 

other published data.127,271,316  

MacFadden et al reported a 50% higher occurrence of any major or minor complications in 

women at 45-day follow-up.316 Similarly, recent findings from the National Cardiovascular 

Data Registry (NCDR) demonstrated a higher risk of cardiac perforation and pneumothorax in 

women.127 In our current study, women had higher perioperative complication rates than men, 

but there were no gender differences in the longer-term device-related complications. This 

differs from the previously described increased risk of complications in women in general. This 

may be explained by the small number of women included in the study and therefore no 

conclusive evidence of gender differences in late complications could be drawn. 

Some studies have shown that women receiving primary prevention ICDs have a lower risk of 

death and appropriate ICD shocks than men. In a large multicentre French registry, women 

who had ICD implantation for primary prevention had a significantly lower likelihood of 

receiving appropriate ICD therapies (17.4% vs. 23%, p<0.001) but had similar mortality 
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compared with men (hazard ratio [HR]=0.87, 95% CI 0.66-1.15, p=0.324).317 There was no 

gender difference observed with inappropriate shocks (6.7% vs 6.7&, OR 1.0, 95% CI 0.74-

1.35, p=0.997).317 Similarly, Seegers et al. showed that women received 50% less appropriate 

ICD shocks than men (3.6% vs. 6.3% per year, p=0.002) though both groups have similar 

mortality (p=0.08).318 In a recent systematic review and meta-analysis, women were found to 

have a lower incidence of first appropriate ICD shocks and death than men but a similar risk 

of receiving inappropriate ICD shocks.319 Contrary to the published studies, our study showed 

that there was no gender difference in the appropriate and inappropriate ICD shocks. There 

appeared to be a trend towards lower all-cause, cardiovascular and HF mortalities in women 

but it was not statistically significant. This may be explained by the small number of women 

and our results would be consistent with the literature with lower mortalities observed in 

women.  

There has been increasing interest in the optimisation of ICD programming to prevent 

inappropriate and appropriate but unnecessary device therapy. Prior to 2013, our ICD 

programming was not standardised and were often comprised of manufacturer defaults which 

were tailored to each patient by depending on history, results of defibrillation threshold (DFT) 

testing and the electrophysiologists’ preferences. Three different trials demonstrated recently 

that a longer number of intervals to detect ventricular fibrillation (NID) and a high rate cut off 

reduce ICD therapies in primary prevention patients.320-322 Subsequent to these publications, 

we have moved to a programming strategy of longer NID in line with the published expert 

consensus statement on optimal implantable cardioverter-defibrillator programming and 

testing.323  

HF is a chronic, long-term health condition, but improved survival has brought with it 

significant financial burdens on our healthcare system. In New Zealand, approximately 5,500 

patients are hospitalised with decompensated HF each year.19 Poor outcomes are common after 
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hospitalisation for HF, with 1-year readmission rates >50% and 1-year mortality >30%.324 

Findings from the NCDR showed that women had higher HF readmission rates than did men 

(14% vs 10%, p<0.001).127 Even all-cause readmissions within 6 months were higher in women 

than in men and these differences persisted after adjusting for baseline differences (OR 1.22, 

95% CI 1.16-1.28, p<0.001).127 However, in our study there was no gender differences in all-

cause hospitalisation rates including HF hospitalisation rates. It is possible that the small 

number of women included in our study could not account for differences. It is also possible 

that higher CRT use in women in our population (39.7%), potentially contributed to the 

comparable HF hospitalisation rates. A recent meta-analysis revealed that women derived 

greater benefit from CRT than men.121 However, additional studies with a larger number of 

women are needed to determine if there are other unmeasured confounders which might 

contribute to gender differences and outcomes in our population.  

Limitations 

Firstly, our study lacks the denominator describing women with HF who were eligible but not 

implanted to demonstrate a real disparity in the use of these complex devices. Secondly, our 

study is limited by the small number sample size of women included which in itself may not 

be powered enough to detect differences in the outcome. Thirdly, our study was a non-

randomised observational study from 4 DHBs, therefore our result may not apply to other 

centres in New Zealand. However, given the paucity of data of these devices in New Zealand, 

our study represents the real-world data on the use of these devices in HF women and their 

outcomes.  

Conclusion 

In our study, the incidence of early complications was higher in women referred for primary 

prevention ICD/CRT-D. Women also presented with a different clinical profile from men and 
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account for a minority of ICD/CRT-D recipients. The differences in disease pattern and LV 

impairment between the genders may have contributed to our results. Although these results 

should not preclude eligible women from receiving these devices, a broader perspective on 

outcomes such as cost and quality of life is needed to inform decisions around primary ICD 

implantation in women with HF.  
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6.1 QUALITY OF LIFE IN HEART FAILURE PATIENTS 

HF is a chronic disease. As HF progresses, there are increasingly frequent hospitalisations and 

considerable morbidity. HF affects quality of life (QoL) more profoundly than many other 

chronic diseases.325 Although most HF patients seem to cope relatively well, the impact of HF 

on their lives can be profound. Symptom burden, the disabling consequences of HF and the 

medical regimen (including side-effects from medications) impact the daily life of HF patients 

and contribute to decrease in QoL.326 HF is a complex syndrome and it contributes to severe 

physical, social and functional impairment as well as increasing psychological distress to 

patients.  

Sleep disturbance is common; almost 60% of HF patients report sleep problems which relates 

to poor QoL.327,328 Pain is also being reported to be common in HF patients. The prevalence is 

estimated to be between 23% and 75% of HF patients.329,330 Pain can have significant effect on 

almost all aspects of life. It can influence the ability to maintain adequate self-management. 

Pain is one of the most compelling reasons for seeking medical attention and can be a 

precipitant for hospital readmission.329  

Depression is common among HF patients. The reported prevalence of depression in HF 

patients varies between 9 and 60%.326,331 A meta-analysis by Rutledge et al. reported an overall 

estimated depression prevalence rate of 21.6%.332 This indicated that HF patients experience 

clinically significant depression at a rate similar to the 15% to 20% levels cited for patients 

with coronary artery disease and at 2 to 3 times the rate of the general population.333-335  

Several factors are related to symptoms of depression in HF patients. Development of 

depression in HF patients is associated with living alone, the financial burden associated with 

medical cost of treatment, alcohol abuse and poor self-related health.336 Younger age at 

diagnosis, advanced NYHA functional class, sleep deprivation and negative attitudes towards 

loss of autonomy are other factors associated with depression in HF patients.337,338  
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HF patients with depression have a substantially worse prognosis.332 In recent reviews, the 

mortality results were reinforced by equally large differences in hospital readmission and 

health care use by depressed versus non-depressed HF patients.339,340Several biological 

mechanisms are common in HF and depression. HF and depression are both associated with 

sympathetic activation and elevated proinflammatory cytokines.341-343 These additive effects of 

inflammation likely adversely affect the heart in patients with HF.344,345 At the very least, 

treatment of depression could potentially improve outcomes in the patients. However, to date 

there is a paucity of data on the effectiveness of interventions to treat depression in HF 

patients.326,332  

HF is a progressive disease. As in the natural course of HF, patients show a decline in QoL 

over time as the disease progresses. It is very important to integrate all available health services 

to deliver a multidisciplinary care to patients with HF. Pharmacological treatment such as beta-

blockers, Angiotensin Converting Enzyme Inhibitors (ACEIs) and angiotensin-receptor 

blockers (ARBs) have proven to improve symptoms and QoL as well as reducing 

hospitalisation and decreased mortality rates.1 CRT devices have shown to positively influence 

symptoms and improve QoL.269  

An analysis from CARE-HF reported that CRT improved long-term QoL and survival in HF 

patients.346 QoL was assessed at baseline, 90-days, 18-months and at the end of the study using 

disease-specific Minnesota Living with Heart Failure Questionnaire (MLWHFQ) as well as the 

European Quality of Life-5-Dimensions (EQ-5D). At baseline, HF patients had a substantially 

lower mean EQ-5D score than a representative age-matched general population (0.60 vs. 

0.78).346 At 3 months after randomisation, patients who received CRT improved their mean 

EQ-5D score (mean difference 0.08, p<0.0001). Compared to those assigned to medical 

therapy alone, CRT patients had a mean reduction in MLWHFQ score of 10.6 points (p<0.001) 

at 3 months and this improvement was maintained throughout the study.346 This confirms that 
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CRT in addition to pharmacologic therapy in appropriate HF patients improves symptoms and 

QoL that persist for several years.  

Kloch Badelek et al recently assessed the impact of CRT on the physical ability and QoL on 

60 CRT patients with advanced HF (NYHA class II or IV).347 At 3 months, there was overall 

improvement in HF symptoms by one NYHA class reduction in 66.6% patients, and by two 

NYHA class reductions in 15.8% patients (p<0.05). At the end of the study, there was an 

increase in the walking distance during the 6-minute walk test (6-MWT) in 2/3 of the patients 

(p<0.001) and there was increased in QOL after 3 months of CRT as characterised by lower 

baseline values of the Psychological General Well-Being Index (PGWB) index.347 This shows 

that application of CRT in the management of advanced HF patients could still lead to a 

reduction in the symptoms of disease and improvement in the physical ability and QoL.  
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6.2 IMPACT OF CARDIAC RESYNCHRONISATION THERAPY 

ON BURDEN OF HOSPITALISATIONS AND SURVIVAL 

Preface 

HF is still a major challenge for health care. Not only is HF associated with a high use of 

resources and healthcare cost, but prevalence of HF is increasing due to better management of 

HF and to the aging of the population.4 Moreover, the outcome of HF is grim. Mortality rate is 

high and hospitalisations are frequent in HF patients and associated with worse outcomes. The 

majority of studies that analysed HF outcomes have focused on HF hospitalisations. However, 

all-cause hospitalisations can affect up to 23–58% of HF patients at 1-year follow-up.348,349 

Non-cardiovascular hospitalisations are also associated with increased risk of subsequent 

mortality similar to cardiovascular hospitalisations.350  

A systematic review published by McAlister et al. concluded that appropriate use of CRT has 

the potential to reduce all-cause mortality by 22% (95% CI, 9–33%) and hospitalisations by 

37% (95% CI, 7–57%) as well as improve the QoL (weighted mean reduction in MLWHFQ, 

8.0 points; 95% CI, 5.6–10.4), and functional status (improvements of ≥1 NYHA class were 

observed in 59% of CRT patients).351 “Days alive and Out of Hospital” (DAOH) is another 

new approach to measure QoL in HF patients.352 It captures the number and duration of all 

hospitalisations as well as mortality, therefore has the potential to add statistical power to 

detecting treatment differences. It also gives greater weight to the impact of survival.  

The aim of the research presented in this chapter was: 

• To describe the burden of hospitalisations, using the DAOH in HF patients implanted 

with CRT devices in the Northern Region of New Zealand.  

• To determine whether DAOH differs by type of CRT devices, aetiology of HF, gender 

or ethnicities 
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The research study shows that patients implanted in ‘real world’ clinical practice with a CRT 

device have a relatively favourable outcome with less total hospitalisation, less total hospital 

days and increase in DAOH. 

The manuscript has been submitted to BMJ Open in November 2018 and first published on 

May 27, 2019. BMJ Open is an online, open access journal, dedicated to publishing medical 

research from all disciplines and therapeutic areas. Its current impact factor is 2.413.  
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Abstract 

Objective 

Cardiac resynchronisation therapy (CRT) devices have been shown to improve heart failure 

(HF) symptoms, survival and improve quality of life (QoL). We evaluated the overall impact 

of CRT on recurrent hospitalisations and survival in real-world patients with HF.  

Design  

Retrospective observational study 

Setting 

Northern Region of New Zealand 

Participants 

Patients with HF who underwent CRT device implantation in between 2008–2014 were 

followed-up for 1-year 

Interventions 

CRT 

Primary and Secondary Outcomes Measured 

Survival, all-cause hospitalisations, length of stay, from which days alive and out of hospital 

(DAOH) were calculated. 

Results 

177 patients were included, of whom 8 died (4.5%) within 1 year of follow up. Pre-CRT 

implantation, 83% of all patients had been hospitalised for a total 248 hospitalisation events. 

Following CRT, 47 patients (27%) were readmitted to hospital within 1 year (total of 98 

admissions; p<0.01 compared with pre-device implant). Length of hospital stay was 

significantly shorter than in the year prior to CRT implantation at a median of 4 (interquartile 

range [IQR] 2-6) vs. 7 (IQR 3.5-10.5) days (p=0.03). An increase in the median number of 

DAOH was observed from 362 (IQR 355-364) to 365 (IQR 364-365) (p<0.01) after CRT 
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implant. The improvement in DAOH was seen regardless of gender and type of CRT devices. 

Greater DAOH was also seen in those with non-ischaemic cardiomyopathy (NICM) and 

Caucasians.  

Conclusion 

After CRT implant, HF patients have greater DAOH with reduction of total hospitalisation and 

fewer hospital days. These results support CRT devices use as a treatment option for 

appropriate HF patients. DAOH represents an easily measured, patient-centred endpoint that 

may reflect effectiveness of interventions in future CRT studies. 

Introduction 

Heart failure (HF) is a chronic and progressive condition. HF affects quality of life (QoL) more 

profoundly than many other chronic diseases.325 Symptom burden, the disabling consequences 

of HF and the medication regimen (including side-effects) all impact on the daily life of HF 

patients and contribute to impaired QoL.326 As the disease progresses, HF patients show a 

decline in QoL with increasingly frequent hospitalisations.  

Cardiac resynchronisation therapy (CRT) devices have been shown to positively influence 

symptoms and improve QoL in selective group of patients with HF with LBBB.269 An analysis 

from the Cardiac Resynchronization–Heart Failure (CARE-HF) trial showed that CRT 

improved long-term QoL and survival in HF patients.346 At baseline, HF patients had a 

substantially lower mean European Quality of Life-5-Dimensions (EQ-5D) score than a 

representative age-matched general population (0.60 vs. 0.78).346 Three months after 

randomisation, patients who received CRT had significant improvement in mean EQ-5D score 

(mean difference 0.08, p<0.0001) compared to those assigned to medical therapy alone. CRT 

patients had a mean reduction in Minnesota Living with Heart Failure Questionnaire (MLHFQ) 

score of 10.6 points (p<0.001) at 3 months and this improvement was maintained throughout 
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the study.346 These data support that CRT, in addition to medical therapy, in appropriate 

patients with HF improves symptoms and QoL that persist for several years .  

Objective 

The aim of our study was to describe the burden of hospitalisations, using the “Days alive and 

out of hospital” (DAOH) in HF patients implanted with CRT devices in the Northern Region 

of New Zealand.352 We also aimed to determine whether DAOH differs by type of CRT devices, 

aetiology of HF, gender or ethnicities.  

Study Design and Population 

This is a retrospective observational study. The study cohort consisted of consecutive patients 

implanted with CRT-capable devices between January 2008 to end of year 2014 in the Northern 

Region of New Zealand. All patients undergoing implantation of de novo CRT-pacemaker 

(CRT-P) and CRT-defibrillator (CRT-D), all upgrades from pacemakers to CRT-P or CRT-D, 

upgrades of implantable cardioverter-defibrillators (ICD) to CRT-D using transvenous or 

epicardial LV lead placement were included. The Northern Region of New Zealand is defined 

as the 4 northernmost District Health Board (DHB) areas. Patients undergoing CRT 

implantation who resided in the Auckland (ADHB), Counties Manukau (CMDHB), Northland 

(NDHB), or Waitemata (WDHB) DHBs were included. The 4 DHBs in Northern Region serve 

38% of the total New Zealand population with estimated 1.76 million people in this region.292 

New Zealand has a government-funded health system with universal coverage for all New 

Zealand residents that includes both acute and elective secondary and tertiary services. 

Currently there is no health insurance coverage for CRTs in New Zealand. All CRT 

implantation and follow up is provided for by the public sector. The indications for CRT-D and 

CRT-P were based on the published 2010 New Zealand guidelines (Table 17).271 All referrals 

for CRT were discussed by the Northern Region implanting electrophysiologists regarding 

suitability and appropriateness of CRT support.  
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Patient and Public Involvement 

This study is based on existing health system data with no direct patient and public involvement.   

Study Design and Data Collection 

Every New Zealander has a National Health Index (NHI) number, a unique identifier that is 

assigned to each person who uses health and disability support services in New Zealand. 

Hospitalisation data for all patients was assessed using the administrative data of Ministry of 

Health (MoH) and National Minimum Datasets [NMDS] inpatient hospitalisation data via NHI 

linkage up to end of year 2015. All-cause mortality data was collected using New Zealand 

mortality collection and NMDS.  

Hospitalisation data for all patients were assessed for a full year prior to implantation (CRT-D 

or CRT-P) and after implantation or till death at the end of follow-up. An admission was 

defined as a presentation to hospital requiring an overnight stay. Same day admissions were 

excluded to prevent influencing per admission length of stay. The total hospital days were 

calculated by adding the durations of each individual hospital admission to obtain days in 

hospital.  

DAOH were calculated for each patient as follows352: the total follow-up time was determined 

as number of days from device implant date until the date of the final patient examination (if 

alive) or end of follow-up date i.e. 1-year for the whole study cohort to ensure complete data 

ascertainment. The number of DAOH at 1-year were calculated using mortality and 

hospitalisation data from the date of implantation (to account for in-hospital mortality). Hence, 

DAOH is the difference between total follow up time (i.e.1-year) and total time in hospital with 

number of days dead, where days dead refers to the number of days from death to the end of 

the assigned follow up period (i.e. 1-year) i.e. DAOH = total follow up time i.e.1-year – (total 

time in hospital + days dead) 
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For example; if a patient died during their index implant hospitalisation, they were assigned 0 

DAOH (Figure 24-1A) If a patient was admitted for 5 days but then was not re-hospitalised 

and survived to the end of the ascertainment period (for instance 1-year i.e. 365 days) they 

were assigned 360 DAOH (Figure 24-1B). If a patient was admitted for 5 days, then re-

hospitalised for 3 days 90 days later then subsequently died at 110 days after their index 

hospitalisation they were assigned 102 DAOH (Figure 24-1C).  

Ethics Statement 

The study was approved by the Central Health and Disability Ethics Committee (Ethics ref: 

15/CEN/58/AM02). 

Statistical analysis 

All calculations were performed using SPSS V.25.0 (IBM Software, USA). Baseline 

characteristics were summarised either as mean and standard deviation (SD) (age and QRS 

duration), median and interquartile range (IQR) or frequency with percentage depending on the 

nature of the data. Comparison of continuous data was performed using the two-sample T test. 

Length of hospital stay, DAOH and % DAOH were expressed as median and interquartile range 

(IQR) and compared using the Wilcoxon rank-sum test and Mann-Whitney test. A multivariate 

linear regression model was used to evaluate association between DAOH and baseline patient 

characteristics. A two-sided p value <0.05 was considered statistically significant.  
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Figure 24: Examples of calculation of Days Alive and Out of Hospital (DAOH) 

 



226 

Results 

From year 2008-2014, 177 patients were implanted with either CRT-D or CRT-P devices. 

Baseline characteristics of patients were shown in Table 23: three quarters of the patients were 

male and 81% Caucasians. CRT-D was the most common device implanted (82%). Patients 

were more likely to have non-ischaemic cardiomyopathy (NICM) (51%) with a mean left 

ventricular ejection fraction (LVEF) of 26 ± 8%. Twenty-six patients had permanent atrial 

fibrillation (AF) in whom 13 had had atrio-ventricular (AV) nodal ablation. Shown in Table 

24 are the baseline characteristics of patients who received CRT-P and CRT-D. In general, 

patients receiving CRT-P were older, more likely to be female Caucasians, have pacemaker-

induced cardiomyopathy but better LVEF, higher prevalence of permanent AF and previous 

history of AV nodal ablation, and have smaller body habitus than those who received CRT-D. 

Follow up data were available for all patients, and 8 patients (4.5%) died within one year (3 

were from HF-deaths and 5 from cardiovascular deaths attributable to myocardial infarction 

(MI), or cerebrovascular accidents). 

Hospitalisations 

Pre-CRT implantation, there were 248 hospitalisation events among 147 (83.1%) patients. This 

resulted in total of 1126 hospital days with a median length of hospital day of 7(3.5-10.5). After 

excluding implant admission (i.e. all contiguous admissions pre-and post-implant date and 

included inter-hospital transfers and periods of rehabilitation after implant prior to first 

discharge home), the number of total admissions post-CRT implant decreased to 98 episodes 

in 47 (26.6%) patients after first discharge within the first-year follow-up (p<0.01). Total 

hospital days had decreased from 1126 to 605 with a relative 46% reduction in total bed days. 

Length of hospital day was also significantly shorter than in the year prior to CRT implantation 

at a median of 4(2-6) (p<0.01).  
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Table 23: Baseline characteristics of patients implanted with Cardiac Resynchronisation Therapy (CRT) 

 N=177 

Median Age (years) (IQR) 64.4 (57.5 – 70.6) 

Gender  

Male (%) 135 (76.3) 

Female (%) 42 (23.7) 

Ethnicity (%) 

NZ European/Other European 143 (80.8) 

Maori 10 (5.6) 

Pacific Island 17 (9.6) 

Asian 7 (4) 

Type of Device 

CRT-P 32 (18.1) 

CRT-D 145 (81.9) 

Aetiology 

Ischaemic cardiomyopathy 40 (22.6) 

Non-ischaemic cardiomyopathy 90 (50.8) 

Pacing-induced cardiomyopathy 32 (18.1) 

Valvular heart disease 6 (3.4) 

Complex congenital heart disease 2 (1.1) 

Cardiac sarcoidosis 4 (2.3) 

Other causes 3 (1.7) 

Mean LVEF (% ± SD) 26.4 ± 7.9 

NYHA Functional Class I/11/III 18 (10%)/79 (45%)/80 (45%) 

Median Height (meter) (IQR) 1.74 (1.67-1.78) 
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Median Weight (kg) (IQR) 85.1 (75.8-96.8) 

Median BMI (m/kg2) (IQR) 28.3 (25.5-32.2) 

Permanent AF (%) 26 (15) 

Paroxysmal AF (%) 20 (11.3) 

AV node Ablation (%) 13 (7.4) 

Diabetes Mellitus (%) 42 (23.7) 

Hypertension (%) 47 (26.6) 

QRS Morphology (%) 

LBBB 135 (76.3) 

Paced 42 (23.7) 

Mean QRS duration (msec) 176.3 ± 25.2 

Median eGFR (ml/min/1.73m2) 66 (54.5-85.5) 

Stages of Chronic Kidney Disease n (%) 

1 37 (20.9) 

2 84 (47.5) 

3 54 (30.5) 

4 2 (1.1) 

Abbreviations: 

AF: atrial fibrillation; BMI: body mass index; CRT-D: cardiac resynchronisation therapy with defibrillator; CRT-P: cardiac resynchronisation therapy with 

pacemaker; eGFR: estimated glomerular filtration rate; IVCD: intraventricular conduction delay; LVEF: left ventricular ejection fraction; LBBB: left bundle 

branch block; NYHA: New York Heart Association 
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Table 24: Baseline characteristics of patients implanted with CRT-D and CRT-P  

 CRT-D (n=145) CRT-P (n=32) P value 

Median Age (years [IQR]) 63.4(56.8-69.2) 69.3(60.3-73.9) 0.004 

Gender 

Male (%) 115(79.3) 20(62.5) 0.04 

Female (%) 30(20.7) 12(37.5) 0.04 

Ethnicity (%) 

NZ European/Other European 113(77.9) 30(93.8) 0.04 

Maori 8(5.5) 2(6.3) 0.87 

Pacific Island 17(11.7) - - 

Asian 7(4.8) - - 

Aetiology (%) 

Ischaemic cardiomyopathy 37(25.5) 3(9.4) 0.05 

Non-ischaemic cardiomyopathy 88(60.7) 2(6.3) <0.01 

Pacing-induced cardiomyopathy 9(6.2) 23(71.9) <0.01 

Valvular heart disease 3(2.1) 3(9.4) 0.04 

Complex congenital heart disease 2(1.4) - - 

Cardiac sarcoidosis 4(2.8) - - 

Other causes 2(1.4) 1(3.1) 0.49 

Mean LVEF (% ± SD) 24.6±6.0 34.6±10.3 <0.01 

NYHA Functional Class I/11/III (%) 16(11)/68(46.9)/61(42.1) 2(6.3)/11(34.4)/19(59.4) 0.42/0.19/0.08 
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Median Height (meter) (IQR) 1.74(1.67-1.78) 1.74(1.66-1.79) 0.95 

Median Weight (kg) (IQR) 87(74.6-98.1) 81.9(76.8-85.7) 0.03 

Median BMI (m/kg2) (IQR) 28.6(25.9-32.7) 26.6(24.9-30.2) 0.05 

Permanent AF (%) 18(12.4) 12(37.5) <0.01 

Paroxysmal AF (%) 14(9.7) 2(6.3) 0.32 

AV node Ablation (%) 3(2.1) 10(31.3) <0.01 

Diabetes Mellitus (%) 35(24.1) 2(6.3) 0.03 

Hypertension (%) 38(26.2) 9(28.1) 0.83 

QRS Morphology (%) 

LBBB 126(86.9) 9(28.1) <0.001 

Paced 19(13.1) 23(71.9) <0.01 

Mean QRS duration (msec) 175±23.6 182.3±31.4 0.08 

Median eGFR (ml/min/1.73m2) 68(55.5-87.5) 65(50.3-73.8) 0.13 

Stages of Chronic Kidney Disease n (%) 

1 31(21.4) 6(18.8) 0.74 

2 70(48.3) 14(43.8) 0.64 

3 43(29.7) 11(34.4) 0.60 

4 1(0.7) 1(3.1) 0.24 

Abbreviations: 

AF: atrial fibrillation; BMI: body mass index; CRT-D: cardiac resynchronisation therapy with defibrillator; CRT-P: cardiac resynchronisation therapy with 

pacemaker; eGFR: estimated glomerular filtration rate; IVCD: intraventricular conduction delay; LVEF: left ventricular ejection fraction; LBBB: left bundle 

branch block; NYHA: New York Heart Association 
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Days Alive and Out of Hospital Prior and After Device Implantation 

Table 25 showed the DAOH of the whole study cohort and according to gender, ethnicity, 

aetiology of HF and type of devices. An increase in the median number of DAOH was observed 

from 362 (355-364) to 365 (364-365) (p<0.01) after CRT implant. Post implant, the patients 

had significantly more time out of hospital than they did in the year prior to implant. This 

increase in DAOH was seen for both men and women, Caucasians, patients with NICM and 

both patients with CRT-D and CRT-P. For Māori patients, CRT implant was associated with 

reduction in total patients’ admissions and length of hospital stay but not DAOH (Table 25).  
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Table 25: Hospital admissions pre- and post CRT implantation at 1-year according to gender, ethnicity, aetiology of heart failure and type of 

devices  

Characteristics 1-year Prior to Implant 1-year Post Implant P value 

Total Cohort (n = 177) 

Total Hospital Admissions 248 98 <0.01 

Total Patients’ Admitted 147 47 <0.01 

Total Hospital Days 1126 605 <0.01 

Length of Hospital Stay (median [IQR] days) 7(3.5-10.5) 4(2-6) 0.03 

DAOH (median[IQR]) 362(355-364) 365(364-365) <0.01 

DAOD (mean ± SD) 358.6±8.4 354.7±44.8 0.24 

Number of Deaths (%) 0 8 (4.5) N/A 

Gender 

Male (n = 135)    

Total Hospital Admissions 193 78 <0.01 

Total Patients’ Admitted 113 39 <0.01 

Total Hospital Days 889 396 <0.01 

Length of Hospital Stay Days (median [IQR] days) 5(2.5-7.5) 4(2-6) 0.69 

DAOH (median [IQR]) 362(355-364) 365(363-365) <0.01 

DAOH (mean ± SD) 358.4±8.6 354.5±45.7 0.15 

Number of Deaths (%) 0 6(4.4) N/A 

Female (n = 42)    
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Total Hospital Admissions 55 20 <0.01 

Total Patients’ Admissions 34 8 <0.01 

Total Hospital Days 237 209 <0.01 

Length of Hospital Stay (median [IQR] days) 3.5(2-5) 7.5(4-11) 0.14 

DAOH (median [IQR]) 363(354.8-364) 365(365-365) <0.01 

DAOH (mean ± SD) 359.4±7.8 355.5±42.4 0.39 

Number of Deaths (%) 0 2(4.8) N/A 

Ethnicity 

NZ European/Other European (n = 143)    

Total Hospital Admissions 189 69 <0.01 

Total Patients’ Admitted 118 35 <0.01 

Total Hospital Days 813 389 <0.01 

Length of Hospital Stay (median [IQR] days) 3.5(2-9) 3(1.5-4.5) 0.28 

DAOH (median [IQR]) 363(357-364) 365(364-365) <0.01 

DAOH (mean ± SD) 359.3±8.2 357.1±40.2 0.50 

Number of Deaths (%) 0 5(3.5) N/A 

Maori (n = 10)    

Total Hospital Admissions 21 12 0.26 

Total Patients’ Admitted 10 4 <0.01 

Total Hospital Days 128 76 0.35 

Length of Hospital Stay (median [IQR] days) 14.5(7-21) 10(5-15) 0.02 

DAOH (median [IQR]) 350(347.5-356) 365(346-365) 0.39 
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DAOH (mean ± SD) 352.2±6.1 335.2±74.1 0.48 

Number of Deaths (%) 0 1(10) N/A 

Aetiology of Heart Failure 

ICM (n=40)    

Total Hospital Admissions 61 35 0.01 

Total Patients’ Admitted 35 13 <0.01 

Total Hospital Days 298 297 0.99 

Length of Hospital Stay (median [IQR] days) 6(3-9) 7(3.5-10.5) 0.22 

DAOH (median [IQR]) 361(354.3-364) 365(360.8-365) 0.21 

DAOH (mean ± SD) 357.6±9.7 337.1±69.7 0.06 

Number of Deaths (%) 0 5(12.5) N/A 

NICM (n = 90)    

Total Hospital Admissions 116 51 <0.01 

Total Patients’ Admitted 70 27 <0.01 

Total Hospital Days 487 212 <0.01 

Length of Hospital Stay (median [IQR] days) 4.5(2-7) 3(1.5-4.5) 0.93 

DAOH (median [IQR]) 363(356.8-364) 365(361.8-364) <0.01 

DAOH (mean ± SD) 359.6±7.5 356.3±40.3 0.44 

Number of Deaths (%) 0 2(2.2) N/A 

Type of Devices 

CRT-D (n = 145)    

Total Hospital Admissions 200 92 <0.01 
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Total Patients’ Admitted 118 43 <0.01 

Total Hospital Days 919 589 0.05 

Length of Hospital Stay (median [IQR] days) 5(2.5-7.5) 4(2-6) 0.84 

DAOH (median [IQR]) 363(355-364) 365(363-365) <0.01 

DAOH (mean ± SD) 358.7±8.5 350.9±49.6 0.06 

Number of Deaths (%) 0 8(5.5) N/A 

CRT-P (n = 32)    

Total Hospital Admissions 48 6 <0.01 

Total Patients’ Admitted 29 4 <0.01 

Total Hospital Days 207 16 <0.01 

Length of Hospital Stay (median [IQR] days) 4(2-6) 4(2-6) 0.63 

DAOH (median [IQR]) 362(355-364) 365(365-365) <0.01 

DAOH (mean ± SD) 358.5±8.4 362±3.9 0.02 

Number of Deaths (%) 0 0 N/A 

Abbreviations: 

CRT-D: cardiac resynchronisation therapy with defibrillator; CRT-P: cardiac resynchronisation therapy with pacemaker; DAOH: days alive and out of hospital; 

ICM: ischaemic cardiomyopathy; IQR: interquartile range; NICM: non-ischaemic cardiomyopathy; SD: standard deviation 
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Influences of Gender 

At the time of implant, median age between men and women was similar (64.4(57.2-70.8) vs. 

64.9(59.2-69.7) years, p=0.89). There were more CRT-P devices implanted in women (28.6% 

vs. 14.8%, p=0.04). There was no difference in total hospital admissions, total hospital days, 

length of hospital days and DAOH between gender prior to implant (Table 26). Post implant, 

women had lower total hospital days (209 vs. 396, p=0.04) compared to men. However, the 

length of hospital day was longer in women compared to men (7.5(4-11) vs. 4(2-6), p=0.03). 

There were no gender differences observed in DAOH.  

Influences of Type of Devices 

CRT-D devices were the most common devices implanted in our study cohort (81.9%).  

CRT-D patients have more admissions prior to implant (118 vs. 29, p<0.01) and thirty-eight 

(26.2%) of these patients had either survived a cardiac arrest or had had occurrence of 

symptomatic ventricular arrhythmias (Table 26). At 1-year follow-up, CRT-D patients 

continued to have more total hospital admissions (92 vs. 6, p<0.01), total hospital days (589 

vs. 16, p=0.01) and shorter DAOH (p=0.04) compared to CRT-P patients. There were more 

deaths at follow-up in CRT-D group (8 vs. 0, p<0.01).  

Influence of Aetiology of Heart Failure 

Among the cohort of patients, half (50.8%) had underlying NICM and 22.6% had ICM. Patients 

with ICM were older (median age 66.1[59.1-71.3] vs. 62.8[56.3-69.7], p=0.09) but this was 

not statistically significant. Six patients with ICM died within 1-year compared to 2 with NICM 

(15% and 2% respectively; p<0.01). At 1-year follow-up, NICM patients had less total hospital 

days (212 vs. 297, p<0.01) compared to those with ICM but there was no difference between 

total hospital admissions, total patients’ admissions, length of hospital day and DAOH (Table 

26). 
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Influences of Ethnicity 

The majority of the patients were Caucasians (80.8%). Maori patients consisted of only a 

minority of CRT device recipients (5.6%). Prior to implant, Maori patients have longer length 

of hospital stay (14.5(7-21) vs. 3.5 (2-9) days, p<0.01) and shorter DAOH (350 (347.5-356) vs. 

363(357-364), p<0.01) compared to Caucasians (Table 26).  

At 1-year follow-up, there was no difference between the groups in terms of total hospital 

admissions (p=0.06), total patients’ admissions (p=0.15), total hospital days (p=0.11), length 

of hospital stay (p=0.22) and DAOH (p=0.23) between the two groups (Table 26).  

Table 27 showed the results of multivariable linear regression that accounted for 20% of the 

variance in the difference between the DAOH prior and post CRT implant (adjusted R2=0.14, 

F (17,159) =2.35, p=0.030). A significant increase in DAOH was associated with higher QRS 

duration at implant among NYHA Class 1 patients (p=0.0065). Similarly, a significant 

reduction in DAOH was found for history of AF and ICM (p=0.0091). 
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Table 26: Comparison of hospital admissions and DAOH pre- and post CRT implantation between gender, ethnicity, aetiology of heart failure 

and type of devices  

 Male(n=135) Female(n=42) P value 

Median Age (IQR) 64.4 (57.2-70.8) 64.9 (59.2-69.7) 0.89 

Type of devices (%)   0.04 

CRT-P 20 (14.8) 12 (28.6)  

CRT-D 115 (85.2) 30 (71.4)  

Total Hospital Admissions Prior 193 55 0.4 

Total Patients’ Admissions Prior 113 34 0.42 

Total Hospital Days Prior 889 237 0.66 

Length of Hospital Days Prior (median [IQR]) 5 (2.5-7.5) 3.5 (2-5) 0.53 

DAOH prior (median [IQR]) 362 (355-364) 363 (354.8-364) 0.52 

DAOH prior (mean±SD) 358.4±8.6 359.4±7.8 0.67 

Total Hospital Admissions Post 78 20 0.78 

Total Patients Admissions Post 39 8 <0.01 

Total Hospital Days Post 396 209 0.04 

Length of Hospital Days Post (median [IQR]) 4 (2-6) 7.5 (4-11) 0.03 

DAOH after implant (median [IQR]) 365 (363-365) 365 (365-365) 0.22 

DAOH after implant (mean±SD) 354.5±45.7 355.5±42.4 0.89 

Number of Deaths at 1-year follow-up (%) 6 (4.4) 2 (4.8) 0.86 

 
NZ European/Other 

European (n=143) 
Maori (n=10) P value 

Median Age (IQR) 65.5 (58.7-71.2) 59.9 (55.2-66.2) 0.17 

Type of devices (%)   0.88 

CRT-P 30 (21) 2 (20)  

CRT-D 113 (79) 8 (80)  

Total Hospital Admissions Prior 189 21 0.79 

Total Patients’ Admissions Prior 118 10 <0.01 
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Total Hospital Days Prior 813 128 0.68 

Length of Hospital Days Prior (median [IQR]) 3.5(2-9) 14.5 (7-21) <0.01 

DAOH prior (median [IQR]) 363 (357-364) 350 (347.5-356) <0.01 

DAOH prior (mean±SD) 359.3±8.2 352.2±6.1 0.68 

Total Hospital Admissions Post 69 12 0.06 

Total Patients Admissions Post 35 4 0.15 

Total Hospital Days Post 389 76 0.11 

Length of Hospital Days Post (median [IQR]) 3 (1.5-4.5) 10 (5-15) 0.22 

DAOH after implant (median [IQR]) 365 (364-365) 365 (346-365) 0.23 

DAOH after implant (mean±SD) 357.1±40.2 335.2±74.1 0.01 

Number of Deaths at 1-year follow-up (%) 5 (3.5) 1 (10) 0.18 

 ICM (N=40) NICM (N=90) P value 

Median Age (IQR) 66.1 (59.1-71.3) 62.8 (56.3-69.7) 0.09 

Type of devices (%)   0.04 

CRT-P 3 (7.5) 2 (2.2)  

CRT-D 37 (92.5) 88 (97.8)  

Total Hospital Admissions Prior 61 116 0.73 

Total Patients’ Admissions Prior 35 70 <0.01 

Total Hospital Days Prior 298 487 0.41 

Length of Hospital Days Prior (median [IQR]) 6 (3-9) 4.5 (2-7) 0.09 

DAOH prior (median [IQR]) 361 (354.3-364) 363 (356.8-364) 0.09 

DAOH prior (mean±SD) 357.6±9.7 359.6±7.5 0.09 

Total Hospital Admissions Post 35 51 0.07 

Total Patients Admissions Post 13 27 0.58 

Total Hospital Days Post 297 212 <0.01 

Length of Hospital Days Post (median [IQR]) 7 (3.5-10.5) 3 (1.5-4.5) 0.55 

DAOH after implant (median [IQR]) 365 (360.8-365) 365 (361.8-364) 0.58 

DAOH after implant (mean±SD) 337.1±69.7 356.3±40.3 0.58 

Number of Deaths at 1-year follow-up (%) 5 (12.5) 2 (2.2) <0.01 

 CRT-D (N=145) CRT-P (N=32) P value 
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Median Age (IQR) 63.4 (56.8-69.2) 69.3 (60.3-73.9) 0.04 

Total Hospital Admissions Prior 200 48 0.99 

Total Patients’ Admissions Prior 118 29 <0.01 

Total Hospital Days Prior 919 207 0.82 

Length of Hospital Days Prior (median [IQR]) 5 (2.5-7.5) 4(2-6) 0.47 

DAOH prior (median [IQR]) 363 (355-364) 362 (355-364) 0.47 

DAOH prior (mean±SD) 358.7±8.5 358.5±8.4 0.47 

Total Hospital Admissions Post 92 6 <0.01 

Total Patients Admissions Post 43 4 <0.01 

Total Hospital Days Post 589 16 0.01 

Length of Hospital Days Post (median [IQR]) 4 (2-6) 4(2-6) 0.06 

DAOH after implant (median [IQR]) 365 (363-365) 365 (365-365) 0.04 

DAOH after implant (mean±SD) 350.9±49.6 362±3.9 0.01 

Number of Deaths at 1-year follow-up (%) 8 (5.5) 0 <0.01 

Abbreviations: 

CRT-D: cardiac resynchronisation therapy with defibrillator; CRT-P: cardiac resynchronisation therapy with pacemaker; DAOH: days alive and out of hospital; 

ICM: ischaemic cardiomyopathy; IQR: interquartile range; NICM: non-ischaemic cardiomyopathy; SD: standard deviation 
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Table 27: Results of a multiple regression analysis predicting difference between the days alive and out-of-hospital (DAOH) prior and post CRT 

implant  

Variables  β SE p 

Age at implant -0.01 0.34 0.97 

NZ European (reference non-European) -9.99 9.46 0.29 

Maori (reference non-Maori) 10.1 15.3 0.56 

Gender 2.03 8.08 0.80 

LVEF at implant 0.07 0.46 0.87 

eGFR at implant -0.32 0.20 0.11 

QRS Duration at implant 0.14 0.15 0.35 

ICM -3.76 12.3 0.76 

NICM 2.34 10.34 0.82 

Type of Devices 10.55 11.96 0.38 

Primary Prevention -11.54 8.32 0.17 

NYHA Class I (reference class II) 144.89 60.97 0.01 

NYHA Class III (reference class II) 4.91 6.93 0.45 

History of AF -3.38 8.81 0.70 

History of AV node ablation -5.87 13.68 0.67 

History of AF*ICM -43.46 16.46 <0.01 

NYHA Class I*QRS Duration at Implant 0.99 0.36 <0.01 

Abbreviations: 

AF: atrial fibrillation; β: standardised coefficients Beta; BMI: body mass index; CRT-D: cardiac resynchronisation therapy with defibrillator; CRT-P: cardiac 

resynchronisation therapy with pacemaker; eGFR: estimated glomerular filtration rate; ICM; ischaemic cardiomyopathy; LVEF: left ventricular ejection 

fraction; NICM: non-ischaemic cardiomyopathy; NYHA: New York Heart Association; SE: coefficient standard errors 
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Discussion 

We report here the burden of hospitalisations in a real-world cohort of patients with HF 

receiving CRT therapy. Prior to device implantation the patients in our study had frequent 

hospitalisations. During 1-year post-CRT implantation, hospitalisations were reduced by two-

thirds, length of hospital stay decreased and total bed days were virtually halved. Mortality 

rates were low and overall there was a significant increase in DAOH.  

Health-related QoL in HF patients is an important outcome as it reflects the impact of HF on 

individual’s daily lives.353 New York Heart Association (NYHA) classification has been used 

traditionally to assess functional status in HF patients. Although simple, it is subject to inter-

observer variability, captures only a limited range of health status and is applied from a 

physician’s perspective instead of the patient’s.354 The MLHFQ is a commonly used standard 

assessment instrument in clinical practice.355,356 However, the MLHFQ does have limitations 

that include lack of responsiveness to clinical change and sensitivity when differentiating 

across different levels of HF symptom burden and objective measures of the functional capacity 

of the heart compared to NYHA and LVEF.357 The Kansas City Cardiomyopathy Questionnaire 

(KCCQ) is another self-administered, 23-item questionnaire that quantifies physical limitation, 

symptoms (frequency, severity and recent change over time), QoL, social interference and self-

efficacy. KCQQ has been validated in stable and decompensated HF patients and its sensitivity 

was substantially greater than that of the MLHFQ and the 36-Item Short Form Health Survey 

(SF-36) questionnaires.358 The KCCQ score also provides significant incremental predictive 

ability over NYHA for HF outcomes.359 

Recurrent hospitalisations can adversely impact on QoL but assessing numbers or rates of 

admissions alone does not consider the overall burden of disease. DAOH could be used to 

measure QoL in HF patients.352 It captures the number and duration of all hospitalisations as 

well as mortality, provides a readily comprehensible summary of treatment difference and 
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therefore has the potential to add statistical power to detecting treatment differences.352 It also 

gives greater weight to the impact of survival: for example, if a patient has a short 

hospitalisation in week 1 because of worsening HF symptoms but survives and is not 

hospitalised for the remainder of their follow-up, they will have a greater DAOH. A recent 

study by Boriani et al. reported the long-term “real world” outcomes in HF patient with ICDs 

and CRT-Ds devices using mortality, hospitalisations and DAOH.360 In this study, 

comorbidities were one of the key determinants of the DAOH. By reporting DAOH, this study 

has made it possible to assess the global burden of hospitalisation during follow-up, and enable 

us to summarise the absolute treatment effect of ICDs and CRT-Ds on mortality and 

morbidity.360  

Assessing outcomes beyond survival is becoming increasingly important in an era where 

indications for CRT devices are expanding. DAOH puts emphasis on deaths occurring early in 

follow-up and captures the duration of all hospitalisations. In our study, patients implanted with 

CRT actually spent fewer days in hospital, with a reduction in total hospital bed-days over 1-

year period (605 vs. 1126 days, p<0.01). Therefore CRT, using these measures of impact, has 

the potential not only for significant patient benefit but also reducing hospital costs as a result 

of the reduction of total hospitalisation and hospital bed-days with a greater DAOH i.e. patients 

spent more time out of hospital alive.  

We have shown that CRT implantation is associated with increase in DAOH regardless of 

gender and type of devices, consistent with previous studies that women derived similar 

benefits from CRT as men and CRT with or without ICD have major impact on morbidity and 

mortality.83-85 In our study, patients with NICM have less total hospitalisations, shorter length 

of hospital days and increased DAOH. NICM is a known predictor of better response to CRT, 

thus our findings are consistent with published data.98,99 In our study, there was no difference 

in total hospital days and length of stay post CRT implant in patients with ICM despite the 
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reduction in hospitalisations. This could be explained by the fact that patients with ICM had 

more comorbidities (older, more cardiac arrest and lower LVEF). Patients with ICM have more 

vascular risk factors and therefore have high probabilities of staying in hospital for other 

interventions. This could also affect the total hospital days and length of stay. They also have 

more CRTD devices implanted. Despite improvement in DAOH after implant, CRT-D patients 

still had more total hospital admissions, total hospital days and shorter DAOH compared to 

those with CRT-P. About 26% of these ICM patients with CRT-D had had suffered a cardiac 

arrest or symptomatic ventricular arrhythmias. There is also cumulative evidence that 

implanting CRT-D devices is associated with a higher perioperative and postoperative risk of 

major complications compared with CRT-P.211,310 Almost 2/3 of CRT-P patients have 

pacemaker-induced cardiomyopathy. An upgrade to CRT can potentially prevent the reverse 

remodelling associated with chronic right ventricular pacing. Response to CRT further 

decreases the risk for ventricular arrhythmias, sudden cardiac death, and all-cause mortality. 

All these factors likely account for the differences in DAOH between the two groups. 

For Maori patients with HF, CRT implant was associated with reduction in total patients’ 

admissions and length of hospital stay but not DAOH (Table 25). Compared to the Caucasian 

patients, the median length of hospital stay was longer and the median DAOH (p<0.01) was 

shorter prior to CRT implant. Post CRT implant, these were not statistically significant. Maori 

patients in generally are disproportionately represented in adverse health outcomes with higher 

rates of admission and mortality from HF when compared with the non-Maori population.286 

However, the number of Maori patients with CRT in our study was small. Additional studies 

with a larger number of Maori patients are needed to determine if there are other unmeasured 

confounders that might contribute to ethnicity differences and outcomes in our population. 

Taking socio-economic factors into account in future studies, not only ethnicity, would also 

allow to clarify the reasons of such differences noted.  
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Two pairs of clinical variables were found with significant interactions: 1) NYHA Class 1 

symptoms and QRS duration at implant and 2) History of AF and ICM. A significant increase 

in DAOH was associated with higher QRS duration at implant among NYHA Class 1patients. 

NYHA Class I patients have minimal HF symptoms, therefore the chance of hospitalisation 

will be much reduced. QRS duration has been used as an enrolment criterion in multiple CRT 

clinical trials. Response to CRT seems to increase as the QRS duration becomes longer, with 

greatest benefit in QRS duration ≥150ms. In the COMPANION (Comparison of Medical 

Therapy, Pacing, and Defibrillation in Heart Failure) study, CRT-D was better than optimal 

HF therapy at all QRS durations, although the effect was greater with increasing QRS 

duration.84 CRT-P benefited those with QRS duration ≥150ms.84 In the CARE-HF (Cardiac 

Resynchronization-Heart Failure) study, CRT therapy was better than pharmacological therapy 

alone at all QRS durations, although the benefit was greater in those with a QRS duration 

≥160ms.83 Similarly, in MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial 

with Cardiac Resynchronization Therapy) the benefit of CRT-D compared with an ICD alone 

was confined to those with QRS duration ≥150ms.86  

The multivariable analyses for prediction of DAOH demonstrated that history of AF and the 

presence of ICM was associated with lower DAOH. In our study, there was no difference in 

DAOH post CRT implant in patients with ICM despite the reduction in hospitalisations as 

these patients have more comorbidities with high probabilities of staying in hospital for other 

interventions. The benefits of CRT appear to be attenuated in patients with AF. They exhibit 

loss of AV synchronicity, a higher risk for insufficient CRT delivery because of uncontrolled 

ventricular rates, inappropriate ICD shocks, inadequate symptomatic improvement, repeated 

hospitalisation and increased mortality.361,362 Furthermore, in patients with AF, phases of 

effective biventricular capture alternate with phases of competing AF rhythm, which causes 

spontaneous, fusion or pseudofusion beats.104 Such beats render the pacing counters 
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inaccurate for assessing true biventricular capture beats. The combination of these 2 variables 

would result in lower DAOH.  

HF adversely affects QoL in HF patients and results in significant morbidity and mortality.363 

CRT has been shown in multiple studies to improve symptoms, QoL and survival in HF 

patients who remain symptomatic despite optimal medical therapy, and who have LVEF ≤35% 

and left bundle branch block (LBBB) with QRS width ≥120 ms.82-84 Although the mortality 

was low post CRT implant in our study, it was still 4.5% at 1-year. CRT is an expensive therapy. 

Given the limited resources in New Zealand and the high upfront costs of CRT devices, 

identifying appropriate HF patients most likely to benefit from a CRT device is essential. 

Limitations 

This was a single-centre, retrospective observational study with relatively low sample size. We 

have recently published trends of CRT therapy use for eligible HF patients in New Zealand and 

the data suggests that there is a significant unmet clinical need for CRT implantation in the 

Northern Region.364 Affordability and capacity are of concern in this region. Considering 

current workforce, funding constraints and the conservative approach taken, the published 2010 

New Zealand guidelines (Table 17) have more restrictive recommendations for CRT. This 

could all result in the low sample size. Our data do not provide specific information on the type 

of hospitalisation (HF-related vs non-HF-related) prior and post CRT implantation and on the 

different aspects of non-hospital HF management such as outpatient HF clinics or the use of 

pharmacotherapy after discharge.  

Our study has not included comparison between CRT-responders vs. non-responders. There 

are a significant number of current issues that exist when assessing CRT response. Firstly, the 

CRT response definition is highly dependent on the criteria used to define the response.365 The 

response rates tend to be higher when clinical measures, such as subjective measurements i.e. 
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NYHA class, are used but are much lower when remodelling or outcome measurements are 

used.366 There is no consensus on the optimal timeline to assess response in clinical trials that 

involved CRT. Secondly, response criteria may vary greatly among investigators in different 

trials. Thirdly, multiple different factors between individual patients can affect the CRT 

response. In addition, it is unknown which CRT response definition i.e. improvement in clinical 

symptoms or LV reverse modelling will result in overall improved survival.  

Another limitation is the short follow-up period used in our study (1-year). Borioni et al. 

reported in a study on ICD and CRT-D implantations with a follow-up of minimum 3 years 

and maximum 8 years has suggested that studies with even longer follow-up could beneficially 

use DAOH and themselves advocate the calculation of DAOH “from administrative databases 

with full coverage of long follow-up periods”. Although the results of some studies indicate 

gradual improvement in the QoL up to two years after CRT, others have reported high 

fluctuations (improvement and deterioration over the course of several months) in the first year 

after CRT.87,367 Huynh et al. reported the results of 382 HF patients (61% male, median age 75 

years) from the MARATHON study in Australia that compare predictors of 30-day 

readmission or death with those of an alternative outcome in HF, DAOH within 12 months of 

discharge, which incorporates mortality and all hospitalisations into a single measure.368 The 

study showed that median DAOH within 12 months was 350 days (IQR 302, 363). The final 

predictive model of DAOH included NYHA classification (r=–0.29, p<0.001), LV volume 

index (r=–0.27, p<0.001), LA volume index (r=–0.26, p<0.001), presence of CKD (r=–0.22, 

p=0.007), cognitive function using MoCA score (r=0.21, p<0.001) and presence of life-

threatening arrhythmia (r=–0.16, p=0.002) and this model of DAOH was more predictive than 

the risk score of 30-day readmission or death.368 Therefore, DAOH provides a valuable tool to 

estimate longevity and QoL in HF even the follow-up duration was short. In our study, patients 

implanted in ‘real world’ clinical practice with CRT device have a relatively favourable 
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improvement within a year of the implant. It is also difficult to compare patients before and 

after CRT implant as most of our patients would be hospitalised with their index event leading 

to causing HF in the year prior to the implantation. The main strength of our study was the 

ability to assess the global burden of hospitalisation during follow-up, combining data with 

DAOH summarising the overall impact of CRT on HF mortality and morbidity.   

Conclusion 

HF patients implanted with CRT have greater DAOH within 1-year follow-up. The use of 

DAOH provides an alternative method for measuring the overall positive impact of CRT on 

HF mortality and morbidity. This technique may have more utility in assessing treatment 

impact generally compared to crude mortality or other measures of morbidity or change in 

function and warrants further testing in larger HF and CRT patient cohorts. 
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6.3 OUTCOMES OF HEART FAILURE PATIENTS AFTER 

PRIMARY PREVENTION ICD UNIT GENERATOR 

REPLACEMENT  

Preface 

Under current guidelines, ICDs are implanted for primary prevention of SCD, mainly in those 

with ICM or NICM with LVEF ≤35%, NYHA functional class II/III, on optimal medical 

therapy with good life expectancy and no identifiable reversible causes of low LVEF.276 

However, the current guidelines do not distinguish between patients receiving initial devices 

and those undergoing elective unit generator replacement. A debate continues on how to 

approach patients implanted in primary prevention ICDs referred for elective replacement due 

to battery depletion.  

After the initial ICD implantation, the clinical characteristics of patients may change. HF is a 

chronic disease and can progressively deteriorate, resulting in poor long-term prognosis. The 

number of HF patients approaching the end of their life with an active ICD or CRT-D is on the 

rise. ICDs improve prognosis by treating life-threatening ventricular arrhythmia, but do not 

modify the disease progression. At the end-of-life, ICDs frequently deliver multiple shocks, 

which is a matter of anxiety and poor QoL for both patients and carers.  

The New Zealand Cardiac Implanted Device Registry has recently been developed on the All 

New Zealand Acute Coronary Syndrome – Quality Improvement (ANZACS-QI) platform.274 

Data on ICD implant is still pending. There is lack of data on outcomes of HF patients after 

ICD replacement at time of battery depletion in New Zealand.  

The aim of the research presented in this chapter was: 

• To determine clinical characteristics of HF patients with primary prevention ICD/CRTS 

who underwent unit generator replacement in the Northern Region of New Zealand. 
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• To describe the outcomes of HF patients in the Northern Region of New Zealand 

implanted with primary prevention ICD/CRTS who underwent unit generator 

replacement. 

The research study shows that these patients developed significant co-morbidities during 

follow-up and there were high procedural complication rates. There were no predictors for 

those at lower risk of needing ICD therapy identified. These data may support discussion with 

ICD patients about life expectancy and accumulated comorbidity as this will allow each patient 

to choose in advance what interventions they wish to receive as part of end-of life care. 

The manuscript was submitted as Original Research in Heart Asia and has been accepted for 

publication in December 2018. Heart Asia aims to convey the best cardiology research and 

practice from the developing regions of the world, with the Asia Pacific being a region of 

particular focus to an international audience. 
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Abstract 

Objective 

Data describing outcomes after implantable cardiovert-defibrillator (ICDs) unit generator 

replacement in heart failure (HF) patients with primary prevention devices are limited. 

Method 

Data on HF patients who underwent primary prevention ICD/cardiac resynchronisation 

therapy-defibrillator (CRT-D) implantation from 2007 until mid-2015 who subsequently 

received unit generator replacement were analysed. Outcomes assessed were mortality, 

appropriate ICD therapy and shock, and procedural complications. 

Results 

61 patients of 385 HF patients with primary prevention ICD/CRT-D undergoing unit generator 

replacement were identified. Follow-up period was 1.8 ± 1.5 years after replacement. 43 

(70.5%) patients had not received prior appropriate ICD therapy prior to unit replacement. The 

cumulative risks of appropriate ICD therapy at 1-, 3-, and 5- years after unit replacement in 

those without prior ICD therapy were 0%, 6.2% and 50% compared to 6.2%, 59.8% and 86.6%, 

respectively (p=0.005) in those with prior ICD therapies. No predictive factors associated with 

appropriate ICD therapy after replacement could be identified. 41 (32.8%) patients no longer 

met guideline indications at the time of unit replacement but risks of subsequent appropriate 

ICD interventions were not different compared to those who continued to meet primary 

prevention ICD indications. The 5-year mortality risk after unit replacement was 18.4% and 

there were high procedural complication rates (9.8%). 

Conclusion 

No predictive marker successfully stratified patients no longer needing ICD support 

prospectively. Finding such a marker is important in decision-making about device 
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replacement particularly given the concerns about the complication rates. These factors should 

be considered at the time of ICD unit replacement. 

Introduction 

Implantable cardioverter ‐ defibrillators (ICDs) and cardiac resynchronisation therapy 

defibrillators (CRT‐Ds) are standard treatments for the prevention of sudden cardiac death 

(SCD) in selected heart failure (HF) patients.369 Despite advances in technology, the majority 

of ICD or CRT‐D patients outlive their device and have to undergo 1 or more unit generator 

replacement.370 Registry data has shown that only 1/4 of primary prevention patients will 

experience appropriate ICD therapy during the initial generator service life (or lifespan).229,371 

This means that approximately 75% of patients have not required ICD therapy by the time of 

unit replacement.  

The risk/benefit ratio of ICDs varies over time and should be re-evaluated at the time of 

replacement. Whether these patients require device replacement is still a matter of debate. 

There are many gaps in the current knowledge related to optimal ICD replacement strategy. A 

comprehensive assessment of the overall benefits and implications of ongoing ICD therapy 

should be undertaken based on a patient’s needs and preferences. Shared decision making 

needs to take place allowing valid informed consent prior to the implantation process. 

The New Zealand Cardiac Implanted Device Registry has recently been developed on the All 

New Zealand Acute Coronary Syndrome – Quality Improvement (ANZACS-QI) platform.274 

The first description of data on new pacemaker implants from this Registry has been recently 

published.274 Data on ICD implants is still pending. The aim of our study was to determine the 

clinical characteristics and outcomes of HF patients in the Northern Region of New Zealand 

implanted with primary prevention ICD/CRT-Ds who underwent unit generator replacement. 
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Method 

This was a retrospective observational study. The study protocol was approved by the Central 

Health and Disability Ethics Committee (Ethics ref: 15/CEN/58/AM02).  

The Northern Region of New Zealand is defined as the 4-northernmost District Health Boards 

(DHBs) areas and consists of Auckland DHB, Counties Manukau DHB, Northland DHB, and 

Waitemata DHB. The 4 DHBs in the Northern Region serve 38% of the total New Zealand 

population with an estimated 1.76 million people in this region.292 We have previously reported 

the long-term outcomes of 385 HF patients in the Northern Region of New Zealand with 

primary prevention ICD/CRT-D implanted between 2007 to mid-2015.372 This group of 

patients was followed-up to end of year-2017 until they reached elective replacement of the 

generator due to battery depletion.  

Data collection included patient characteristics, type of device implanted, left ventricular 

ejection fraction (LVEF), renal function using estimated glomerular filtration rate (eGFR) and 

the presence comorbidities at baseline and at the time of generator replacement. 

Echocardiographic assessments were used to assess LVEF prior to ICD generator change. 

Comorbidities of interest included neoplastic disease, atrial fibrillation (AF), and history of 

transient ischaemic attack (TIA)/stroke. Pertinent medication use (beta-blockers, angiotensin-

converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs), and 

antiarrhythmic drugs) at baseline and at the time of generator replacement was reviewed. Data 

were also collected from device interrogation records, which included delivery of appropriate 

therapies (shock or antitachycardia pacing (ATP) for ventricular arrhythmia) and inappropriate 

therapies (shock or ATP for non-ventricular arrhythmia event). Programming the new ICD unit 

generator was based on the published expert consensus statement on optimal ICD programming 

and testing.323  
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Statistical analysis 

Baseline characteristics were summarised as either mean ± standard deviation (SD) or 

frequency with percentage depending on the nature of the data. The paired sample T-test was 

used for comparison of continuous variables and the χ2 was used for comparing frequencies 

between the groups where appropriate. Survival rates over time were depicted in Kaplan-Meier 

curves, and the differences between survival distributions were evaluated with the log-rank 

test. Multivariable logistic regression analysis was performed to identify potential clinical 

predictors of appropriate ICD therapy and death after generator replacement. 

Statistical analyses were performed using SPSS V.25.0 (IBM Software, USA). All statistical 

tests were two-sided. P values <0.05 were considered statistically significant. 

Results 

From year 2007-mid 2015, 385 HF patients were implanted with primary prevention ICD or 

CRT-D. The mean follow-up was 7.7 ± 2.2 years after the initial implantation. At the end of 

follow-up, 95 (24.7%) patients had died and 20 (5.2%) patients had been lost to follow-up as 

they had moved out of the Northern Region. During the follow-up, fifteen (3.9%) patients had 

had their ICD/CRT-D devices deactivated: 10 deactivated the devices prior to their deaths and 

the remaining 5 patients had had their device deactivated as part of their advanced care planning 

(ACP). Fifteen (3.9%) patients had their devices removed during orthotopic cardiac transplant. 

Two patients with no pacing indications had devices extracted due to sepsis and declined 

further reimplantation. One patient died prior to the scheduled generator replacement and two 

patients with no pacing indications decided against replacement after comprehensive medical 

evaluation and discussion.  

Only 61 patients underwent unit generator replacement during the follow-up period. The 

majority were male (n=50, 81.9%) and of European descent (n=39, 63.9%). These patients 
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were more likely to have non-ischaemic cardiomyopathy (NICM) (n=38, 62.3%). ICD was the 

most common device replaced (n=39, 63.9%), and the majority of the ICDs were single-

chamber devices (56.4%). CRT-D comprised of 36.1% device replaced. The mean time 

between the initial implantation and generator replacement was 5.83±2.0 years. The mean 

longevity was 5.8 ± 1.9 years for single-chamber devices, 6.1± 1.4 years for dual-chamber 

devices, 5.7± 0.4 years for subcutaneous ICD (S-ICD) and 5.5 ±1.6 years for CRT-D devices 

(p=0.24).  

Table 28 showed the baseline characteristics of patients at the time of the initial implantation 

and at the time of generator replacement. At the time of generator replacement, patients had a 

significantly higher LVEF (31.2±11. vs. 24.8±5.2, p<0.01), higher prevalence of diabetes 

mellitus (p=0.04) and lower mean eGFR (p=0.02) but no other significant differences were 

found. One patient downgraded from CRT-D to CRT-P at the time of replacement as there was 

significant improvement in LVEF. One patient with no previous ICD therapy downgraded from 

dual chamber ICD to pacemaker at time of generator replacement as part of ACP. For 21 

(34.4%) patients receiving generator replacement, an upgrade/lead addition was also 

performed.  

Indications and predictors of continued ICD use at Unit Generator Replacement  

Forty-one (67.2%) patients fulfilled the guideline criteria based on LVEF for continued ICD 

use at unit generator replacement (Figure 25). 

Among the 8 ICD patients who did not meet the guideline criteria, 50% had received 

appropriate ICD therapy in the intervening years despite improvement in LVEF at time of 

generator replacement. For those with CRT-D, 45.4% fulfilled the guideline criteria for 

replacement. The other 54.5% had demonstrated improvement in LVEF to ≥40% and only 1 

patient had received appropriate ICD therapy prior to generator replacement.  
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Table 28: Characteristics of patients at initial ICD/CRT-D implantation and at the time of ICD/CRT-D replacement  

 Initial Implantation 

(n=61) 

Generator Replacement 

(n=61) 
P Value 

Mean Age 58.2±11.4 64.1±12.1 

<0.01 

Median Age 60.3 (15.8) 65.9 (18.7) 

Mean LVEF (%) 24.8±5.2 31.2±11.6 <0.01 

Type of devices  

ICD 

Single chamber 

Dual chamber 

Subcutaneous IC (S-ICD) 

CRT-D 

 

 

22 

9 

4 

26 

 

 

22 

9 

4 

26 

N/A 

NYHA Heart Failure Class (%) 

Class I 16 (26.2) 23 (37.7) 

0.08 

Class II 32 (52.5) 33 (54.1) 

Class III 13 (21.3) 4 (6.6) 

Class IV 0 1 (16) 

Mean eGFR (ml/min/1.73m2) 70.3±16.7 65.3±19.2 0.02 

History of Atrial fibrillation (%) 15 (24.6) 23 (37.7) 1.0 
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History of TIA/stroke (%) 4 (6.6) 6 (9.8) 0.53 

Neoplastic disease (%) 0 1 (1.6) 0.32 

Diabetes Mellitus (%) 12 (19.7) 16 (26.2) 0.04 

Hypertension (%) 14 (22.9) 16 (26.2) 0.42 

Medications use 

Diuretics (%) 39 (63.9) 37 (60.7) 0.57 

ACE inhibitor or ARB (%) 58 (95.1) 55 (90.2) 0.26 

Beta-blocker (%) 53 (86.9) 55 (90.2) 0.48 

Antiarrhythmic drugs 

Sotalol (%) 7 (11.5) 2 (3.3) 0.16 

Amiodarone (%) 8 (13.1) 13 (21.3) 0.17 

Abbreviations: 

ACE: angiotensin converting enzyme; ARB: angiotensin receptor blockers; eGFR: estimated glomerular filtration rate; ICD: implantable cardioverter 

defibrillator; LVEF: left ventricular ejection fraction; TIA: transient ischaemic attack 

 



258 

Figure 25: ICD indications at elective unit generator replacement 

Abbreviations: 

CRT-D: cardiac resynchronisation therapy with defibrillator; ICD: implantable cardioverter-defibrillator 
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Characteristics of patients who continued to meet criteria for an ICD at the time of replacement 

versus those who no longer met criteria are compared in Table 29. No differences in terms of 

mean age and ethnicity were noted in the two groups.  However, there were significantly higher 

LVEF, more females, more patients with CRT-D use and with NICM as well as higher use of 

ACE inhibitors/ARBs and beta-blockers in those who did not meet guideline criteria.  

Incidence and Predictors of Appropriate ICD therapy After Unit Generator Replacement 

Among the 61 patients who underwent generator replacement, 18 (29.5%) had received prior 

appropriate ICD therapy. Baseline characteristics of those with or without prior appropriate 

ICD therapy are shown in Table 30. Those with prior ICD therapy were more likely to be male 

and more often treated with diuretics and amiodarone at time of generator replacement. 

The mean follow-up was 1.8 ± 1.5 years after generator replacement. During follow-up, 13 

(21.3%) of the 61 patients received appropriate ICD therapy (ATP and/or ICD shocks) after 

unit replacement. The mean time from unit replacement to appropriate ICD therapies was 

0.9±0.9 years. As expected, the occurrence of appropriate ICD therapy after ICD generator 

replacement was considerably higher for patients who met the guideline criteria for ICD (Table 

29) and those with prior ICD therapies (Table 30). The cumulative risks of appropriate ICD 

interventions 1-, 3-, and 5- years after generator replacement in those with prior ICD therapy 

were 6.2%, 59.8% and 86.6% and in those without prior ICD therapies 0%, 6.2% and 50%, 

respectively, log-rank p=0.005 (Figure 26). No predictive factors for lower need of ICD 

therapy could be identified in either groups.  

For the 20 patients who underwent ICD device replacement (despite no longer meeting 

accepted indications for primary prevention ICD therapy), 10% received appropriate ICD 

therapies compared to 26.8% who continued to meet primary prevention ICD indications 

(p<0.01). The cumulative risks of appropriate ICD interventions after 1-, 3-, and 5- years after 

generator replacement in those who no longer met indications were 0%, 25% and 62.5% and 
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in those who continued to meet primary prevention ICD indications were 3%, 28.4% and 85.9% 

respectively, log-rank p=0.23 (Figure 27).  
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Table 29: Characteristics of patients who met or did not meet criteria for primary prevention ICD at the time of Unit Generator Replacement  

 
Met Guideline Criteria 

(n=41) 

Did Not Meet Guideline Criteria 

(n=20) 
P value 

Gender (%) 

Male 36 (87.8) 14 (70) 

0.02 

Female 5 (12.2) 6 (30) 

Type of Device (%) 

ICD 31 (75.6) 8 (40) 

0.04 

CRT-D 10 (24.4) 12 (60) 

Cardiomyopathy (%) 

ICM 17 (41.5) 2 (10) <0.01 

NICM 21 (51.2) 17 (85)  

Other causes 3 (7.3) 1 (5)  

Mean LVEF (%) 24.7±5.4 44.5±9.2 0.01 

Mean eGFR (ml/min/1.73m2) 62.6±17.6 67.6±21.5 0.19 

Hypertension (%) 12 (29.3) 4 (20) 0.11 
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Diabetes Mellitus (%) 12 (29.3) 4 (20) 0.11 

Atrial Fibrillation (%) 16 (39) 8 (40) 0.89 

History of Stroke/TIA (%) 5 (12.2) 1 (5) 0.07 

Medications Use At Generator Replacement 

ACE inhibitor or ARB (%) 35 (85.3) 20 (100) <0.01 

Beta-blocker (%) 35 (85.3) 20 (100) <0.01 

Anti-arrhythmic Drugs 

Amiodarone (%) 9 (21.9) 4 (20) 0.44 

ICD therapy prior to generator replacement (%) 13(31.7) 5(25) 0.27 

ICD therapy after generator replacement (%) 11(26.8) 2(10) <0.05 

Abbreviations: 

ACE: angiotensin converting enzyme; ARB: angiotensin receptor blockers; CRT-D: cardiac resynchronisation therapy with defibrillator; eGFR: estimated 

glomerular filtration rate; ICD: implantable cardioverter defibrillator; ICM: ischaemic cardiomyopathy; LVEF: left ventricular ejection fraction; NICM: 

non-ischaemic cardiomyopathy; TIA: transient ischaemic attack 

 



263 

Table 30: Baseline clinical and demographic characteristics of patients with and without prior ICD therapy  

Characteristic 
Patients with prior ICD 

therapy (n=18) 

Patients without prior ICD 

therapy (n=43) 
p Value 

Mean age at implantation 59.9 ± 9.3 57.5 ± 12.1 0.42 

Mean age at replacement 66.1 ±9.5 63.2 ± 13 0.29 

Gender (%) 

Male 17 (94.4) 33 (76.7) 

<0.01 

Female 1 (5.6) 10 (23.3) 

Type of Device (%) 

ICD 13 (72.2) 26 (60.5) 

0.05 

CRT-D 5 (27.8) 17 (39.5) 

Cardiomyopathy (%) 

ICM 7 (38.9) 12 (27.9) 

0.81 NICM 11 (61.1) 27 (62.8) 

Other causes 0 4 (9.3) 

Mean LVEF at Implant (%) 25.6 ± 5.8 24.6 ± 5.0 0.39 
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Mean LVEF at replacement (%) 27.6 ± 8.3 32 ± 11.9 0.13 

Mean eGFR at Implant  61.8 ± 9.1 62.1 ± 14.2 0.12 

Mean eGFR at Replacement  58.8 ± 18.2 66.4 ± 19.3 0.19 

Medications At Initial Implant 

Diuretics (%) 15 (83.3) 22 (51.2) <0.01 

ACE inhibitor/ARB (%) 18 (100) 38 (88.4) 0.02 

β-Blocker (%) 14 (77.8) 37 (86) 0.01 

Amiodarone (%) 3 (16.7) 5 (11.6) 0.29 

Medications At Replacement 

Diuretics (%) 13 (72.2) 24 (55.8) <0.01 

ACE inhibitor/ARB (%) 17 (94.4) 38 (88.4) 0.14 

Β-blockers (%) 15 (83.3) 40 (93) 0.03 

Sotalol (%) 1 (5.6) 1 (2.3) 0.32 

Amiodarone (%) 9 (50) 4 (9.3) <0.01 

ICD Therapy After Replacement (%) 10 (55.6) 3 (7) <0.01 
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ATP 10 3 <0.01 

ICD Shocks 7 1 <0.01 

Inappropriate ICD Therapy After Replacement (%)  0 1 (2.3) 0.19 

Number of Death After Replacement (%) 1 (5.6) 4 (9.3) 0.33 

Abbreviations: 

ACE: angiotensin converting enzyme; ARB: angiotensin receptor blockers; CRT-D: cardiac resynchronisation therapy with defibrillator; eGFR: estimated 

glomerular filtration rate; ICD: implantable cardioverter defibrillator; ICM: ischaemic cardiomyopathy; LVEF: left ventricular ejection fraction; NICM: non-

ischaemic cardiomyopathy 
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Figure 26: Subsequent ICD therapies after elective unit generator replacement in patients with prior ICD therapies compared with those without 

prior ICD therapies  
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Figure 27: Subsequent ICD therapies after elective unit generator replacement in patients with no ICD indications compared with patients with 

ICD indications 
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Complications 

There were total of 6 (9.8%) procedure-related complications with 3 (50%) of these 

complications occurring in patients undergoing additional transvenous lead during replacement 

or upgrade to CRT-D. Early complications (<30 days after generator replacement) occurred in 

1 (1.6%) patients who developed haematoma that was treated conservatively on an outpatient 

basis. Other complications (8.2%) (>30 days) included the need for reoperation resulting from 

lead malfunction due to increasing threshold and poor sensing in 4 patients (6.6%) and infection 

requiring intravenous antibiotics in 1 patient (1.6%).  

Mortality 

A total of 5 patients (8.2%) died during follow-up after generator replacement, all from end 

stage HF. The mean time from death after generator replacement was 1.1 ± 1.3 years. The 1-

year,3-year and 5-year mortality risk was 5.2%, 8.2% and 18.4%, respectively. During follow-

up, 1 (5.6%) of the 18 patients who received prior ICD therapy died after generator 

replacement. Of 48 with no prior ICD therapy, 4 patients (8.3%) died after generator 

replacement. There was no difference in mortality rate between the two groups (log-rank 

p=0.57, HR 5.14; 95% Confidence interval [CI], 4.54 to 5.75, p=0.33) (Figure 28). No 

predictors of survival were identified. 
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Figure 28: Kaplan Meier survival curve in patients with prior ICD therapies compared with patients without prior ICD therapies  
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Discussion 

Unsurprisingly, we found that patients who had previously undergone primary prevention 

ICD/CRT-D implantation were likely to develop significant co-morbidities during follow up 

until the time of elective ICD/CRT-D unit generator replacement. Although 32.8% patients no 

longer met primary prevention guideline indications at the time of generator replacement, the 

risks of subsequent appropriate ICD interventions were not different compared to those who 

continued to meet primary prevention ICD indications. 21.3% of patients received appropriate 

ICD therapy after generator replacement and the occurrence of appropriate ICD therapy was 

considerably higher for those with prior ICD interventions. However, there were no predictors 

found to stratify those at lower risk of needing ICD therapy, in whom avoidance of ongoing 

ICD support might have been an option.  

Current guidelines do not distinguish between de novo ICD implantation and those undergoing 

elective unit generator replacement. The study by Kini et al. showed that approximately 26% 

of patients who receive primary prevention ICDs no longer met guideline-driven indications 

for an ICD at the time of generator replacement. Furthermore these patients had a significantly 

lower rate of subsequent ICD therapies.373 Our study shows that a significant proportion 

(32.8%) of patients who receive their initial ICD for primary prevention on the basis of a low 

LVEF undergo generator replacement despite improved LVEF and not requiring ICD therapy 

in the intervening years. However, the cumulative risks of appropriate ICD interventions after 

generator replacement were no different than those with ongoing indications. This may be 

explained by the small number of patients, and our results would be consistent with lower 

subsequent ICD therapies rate observed in those no longer meeting guideline-driven 

indications.  
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There is a general trend towards replacing ICD regardless of the patient’s clinical evolution 

during the device lifetime. In the results of the European Heart Rhythm Association survey, 

the overwhelming majority of centres in Europe reported that they replaced ICDs at the end of 

battery life.374 Only in a small subset (<10%) of patients with ICD for primary prevention and 

without ventricular arrhythmias since implantation, ICD was not replaced.374 Similar in our 

study, 32.8% of the patients who no longer met the guidelines for primary prevention ICD had 

their ICD replaced at the end of battery life. Only 2 patients required appropriate ICD therapies 

in this group after generator replacement. Patients without ICD therapies are at significantly 

lower risk of ICD therapies post generator replacement, especially if the LVEF has improved, 

and the risk of appropriate ICD therapy and/or rapid ventricular arrhythmia, albeit persisting 

over time, decreases significantly over the years.375 Shared discussions should occur with 

patients about the evidence, healthcare goals, risk tolerances, and feelings about life and death 

trade-offs to enable high-quality decisions about ICD replacement. ICD unit generator 

replacement is an ideal time to re-evaluate health care goals and explore personal preferences 

regarding continuing ICD therapy. However, not many health care professions feel comfortable 

about this discussion. Furthermore, many patients due for replacement of their ICD unit 

generator did not realise they could opt out and many underestimated the risks of ICD 

replacement. A study by Lewis et al. showed that 51.9% of the patients did not know that ICD 

unit generator replacement was optional.376 Of these, 27% would have considered no 

replacement. In the study, 20% of the patients believed ICD replacement carried no surgical 

risk and 17% perceived there was no risk of surgical infection.376 Therefore it is important to 

discuss risk and benefits before deciding whether to continue with ICD therapy as such a 

discussion would allow a patient and the treating physician to review their healthcare goals and 

reassess their views on risk and benefits. By exploring these topics, physicians can better 

integrate patient preference into decision-making. 
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Although primary prevention patients are at risk of developing ventricular arrhythmias, studies 

showed that only 35% receives appropriate ICD therapy for ventricular tachycardia (VT) or 

ventricular fibrillation (VF).377,378 Therefore, a significant number of patients have not 

developed ventricular arrhythmias requiring therapy during the first ICD service-life. This 

raises the issue of whether or not such patients actually need a replacement. In two large ICD 

registries of all primary prevention patients who underwent first ICD unit generator 

replacement without prior ICD therapies, 11% experienced appropriate ICD therapy during 

follow-up after generator replacement.379 Van Welsenes et al reported that although the 

majority of primary prevention ICD patients do not have ventricular arrhythmias during first 

battery service-life, a substantial number of these patients subsequently get appropriate ICD 

therapy after replacement with a cumulative 5-year incidence for appropriate ICD therapy of 

37% (95% CI: 33–42%)).380 The results of the INcidence free SUrvival after ICD REplacement 

(INSURE) trial showed that at least 20% of patients without prior ICD therapies received 

appropriate ICD therapies within 3 years of generator replacement.371. Similarly, in our cohort, 

21.3% of patients received appropriate ICD therapy after generator replacement and the 5-year 

cumulative incidence of appropriate therapies was 29.9%. No predictors of appropriate ICD 

therapy after replacement were identified in our study, precluding the ability to identify patients 

who may not benefit from ICD replacement. These results are consistent with previously 

published data.371,379  

The results from the National Cardiovascular Data Registry (NCDR) ICD Registry showed that 

>40% of patients died within 5 years following routine ICD unit generator replacement.381 AF, 

HF and LVEF were independently associated with poorer survival in patients following routine 

ICD unit generator replacement at the end of expected battery life.381 In addition, non-cardiac 

comorbidities including chronic lung disease, cerebrovascular disease, diabetes, and worsening 

renal function were also independently associated with worse survival.381 At time of generator 
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replacement, our cohort patients had developed more comorbidities. Although no predictors of 

survival could be identified, the 1-, 3- and 5-year mortality risk in our patients following ICD 

unit generator replacement were 5.2%, 8.2% and 18.4%, respectively. These findings 

underscore the importance of evaluating patients’ entire clinical history at the time of ICD 

generator replacement, with particular attention to accumulated comorbidities that may limit 

life expectancy and the potential of benefiting from ongoing treatment with ICD therapy.  

In our study, 24.7% of the patients had died prior to end of battery service life and 3.9% patients 

had their ICD/CRT-D devices deactivated prior to their deaths or as part of ACP. HF is chronic 

disease and can progressively deteriorate, resulting in poor long-term prognosis. ICDs improve 

prognosis by treating life-threatening ventricular arrhythmia, but do not modify HF progression 

nor contribute positively to quality of life of these patients. The 2013 British Heart Foundation 

guidelines state that the appropriateness of maintaining ICD therapy must be regularly 

reviewed as part of monitoring of the patient’s progressive disease if there is any change in 

clinical status including the development of a life-limiting disease.382 Similarly, Joint guidance 

from Resuscitation Council UK, Heart Rhythm UK/Arrhythmia Alliance and British 

Cardiovascular Society advises that patients approaching end of life should be offered a choice 

of ICD deactivation to avoid shocks in the latter stages of their illness.383 

Careful decision making before ICD replacement is important because there is a potential risk 

of complications related to ICD replacement.109,384 In the REPLACE registry, there was a major 

complication rate of 4.0% in patients who had a generator replacement without a plan to add a 

transvenous lead.109 Complications were highest in patients who had an upgrade to or a revised 

CRT device (18.7%; 95% CI, 15.1 to 22.6).109 Our cohort had a higher complication rate due 

to additional transvenous lead or upgrade, similar to published data that adverse event rates 

increase from pacemaker to ICD to CRT.210,385  
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Limitations 

Our study should be interpreted in light of its potential limitations. Our study cohort was 

retrospectively recruited but prospectively followed up. The numbers of patients in our study 

were small, and the number of patients followed out after two years was small. Our population 

of patients receiving primary prevention ICD was also generally younger than in most Western 

Countries, especially the United States. Our study was observational and involved patients in 

the Northern Region of New Zealand; with a different socio-economic and ethnicity mix and 

will be different from other regions in New Zealand. Given the paucity of data on ICD unit 

generator replacement in New Zealand, this study represents real-world data on the outcomes 

of these patients.  

Conclusion 

Most patients who undergo primary prevention ICD unit generator replacement in Northern 

Region of New Zealand did not receive appropriate ICD therapy during the first generator 

longevity. One-third of patients who receive ICDs for primary prevention may no longer meet 

guideline criteria for continued ICD use at time of elective generator replacement. However, 

these patients appear to still be at risk of SCD. Notably, there were no predictors for lower 

occurrence of ventricular arrhythmias. Our findings alone should not guide clinical decision-

making for patients eligible for ICD replacement. However, these data may support ACP 

discussion with potential ICD patients about life expectancy and accumulated comorbidity as 

this will allow each patient to choose in advance what interventions they wish to receive as part 

of end-of life care. 
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7.1 KEY RESULTS AND SIGNIFICANCE 

The literature review and data presented in Chapters 1 to 3 demonstrated that ICDs can reduce 

all-cause mortality in HF patients with impaired LVEF. Moreover, there is robust evidence for 

favourable survival benefits and symptom improvement of CRT in the management of selected 

HF patients. However, which group of HF patients with impaired LVEF should receive a CRT-

P alone or a CRT-D device remains a key question.  

Chapter 4 describes the role of a simple risk score to identify HF patients who are more likely 

to benefit from CRT-D versus those who should be treated with a CRT-P, even when fulfilling 

ICD implantation criteria. Co-morbidities have an important impact on selection for 

prescription of devices given the potential for device-related complications against the potential 

benefit from the ICD.  

Chapter 5 reports three observational studies describing the trends of health utilisation 

outcomes of HF patients with ICD/CRT-D and CRT-P in the Northern Region of New Zealand. 

It showed that effective ICD/CRT-D in appropriately selected HF patients resulted in a very 

low incidence of arrhythmic death. The incidence of hospitalisation for both ventricular 

arrhythmias and HF was significantly lower in the CRT-D group suggesting that where 

appropriate this should be the device of choice for HF patients. Significant challenges remain 

with improving access to device therapy and optimising the prescription of appropriate devices 

to maximise the benefit and minimise the harm to those who do get devices implanted. We 

have also demonstrated a difference between the use of a CRT-D and CRT-P in this region. 

CRT devices are commonly used in HF patients, but the coverage of the eligible populations 

is found to be low currently. Although there has been a significant increase in ICD implantation 

rates, gender imbalances remain in New Zealand, in keeping with the demographics of 

ischaemic heart disease and systolic dysfunction between genders. The study showed that 
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despite the higher perioperative complications in women who received primary prevention 

ICDs, they derived similar benefits in terms of long-term survival to men.  

In Chapter 6 the burden of hospitalisations is described, using the novel measure of “Days alive 

and out of hospital” (DAOH) in HF patients implanted with CRT devices in the Northern 

Region of New Zealand. Major findings are patients implanted with a CRT device have 

relatively favourable outcome with fewer total hospitalisation, fewer total hospital days and 

increase in DAOH within the 1-year follow-up compared to 12-months before implant. 

The final study in Chapter 6 describes the outcomes of HF patients with primary prevention 

ICD/CRT-D who underwent ICD unit generator replacement due to battery depletion. These 

patients often developed significant co-morbidities during follow-up post initial implant and 

suffered high procedural complication rates at time of replacement generator procedures. 

Although one-third of these patients no longer met primary prevention guideline indications at 

the time of unit generator replacement, the risks of subsequent appropriate ICD interventions 

were no different compared to those who continued to meet primary prevention ICD indications. 

There were no identifiable predictors to select those at lower risk of SCD and of needing ICD 

therapy. The findings are important since decision-making about ICD replacement particularly 

given the concerns about the complication rates and appropriate use of resources is an area of 

clinical uncertainty. It highlights the needs for on-going research.  

7.2 FUTURE IMPLICATIONS 

The use of device therapy in the treatment of patients with HF adds a new dimension to the 

spectrum of treatment modalities for this increasingly prevalent condition. Device therapy 

provides incremental benefits to selected HF patients already receiving optimal medical 

therapy. Improvements in QoL and survival in these selected HF patients have been observed 

in multiple clinical trials.63,84,87,218,346,351,386,387  
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Given the growing evidence base, there has been a meaningful evolution of the indications for 

device therapy over the years. Not all HF patients meet the criteria for device therapy and not 

all patients who received CRT respond favourably to CRT. Current imaging modalities for 

ventricular dys-synchrony have not yet been shown to improve patient selection for CRT.205 A 

key unanswered question is how to improve CRT patient selection criteria, by determining 

better predictors for CRT response. There are a still significant number of current issues that 

exist when assessing CRT response. Firstly, there is no consensus on CRT response definition 

and it is highly dependent on the criteria used to define the response.365 Response rates tend to 

be higher when clinical measures, such as NYHA or LVEF, are used but are much lower when 

remodelling of the left ventricle measured by echocardiography or outcome measurements are 

used.366 There is no consensus on the optimal timeline to assess CRT response in clinical trials. 

Secondly, response criteria vary greatly among clinical trials. Symptomatic improvement does 

not always correlate with improvement in echo or functional assessment parameters, and vice 

versa. In addition, the best criteria to determine CRT response remains unknown. Finally, 

different factors between individual patients can affect CRT response. Ultimately, the long-

term goal of device therapy for HF patients should include improvement of symptoms, QoL 

and survival.  

Having data to support clinical decision-making in this increasingly complex area requires a 

national registry. Patient registries provide an opportunity for quality improvement of service 

as well as for research into patient outcomes. Data can be used to highlight geographic areas 

of need. Clinicians should be committed to the continuous improvement of clinical practice 

and patient outcomes. Having a national registry can also provide real world clinical 

information to support the refinement of guidelines including practical application of 

selection/referral process that optimise patients’ outcomes. The New Zealand Cardiac 

Implanted Device Registry has recently been developed on the All New Zealand Acute 
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Coronary Syndrome – Quality Improvement (ANZACS-QI) platform.274 This registry collects 

consistent information on cardiac device implantations in New Zealand to aid quality 

improvement initiatives and to allow examination of equity of access to therapy. The New 

Zealand Cardiac Implanted Device Registry is mandated by the Ministry of Health and 

participation from all ICD/CRT implanting centres in New Zealand is now required.  

7.3 CONCLUSION 

The findings presented within this thesis provides further information on device implantation 

in HF population and outcomes in the local context of New Zealand Northern Region, 

highlighting the relative paucity of local data and lack of evidence-based medicine being 

applied in the NZ context. The thesis provides an overview of the current practice of device 

therapy in HF patients and the corresponding outcomes in the Northern region of New Zealand. 

It emphasises the need for database and registry data to enable future ongoing research 

examining equity of access to device therapy, outcomes and complications in “real-world” HF 

patients. 

In conclusion, reporting of follow-up data from the New Zealand Cardiac Implanted Device 

Registry is a critical tool to monitor the use of device therapy in HF patients. The regional 

variation of ICD /CRT implant in HF population can be a helpful starting point to discuss the 

possible treatment gaps in regard to the implementation of evidence-based guideline directed 

device therapy for HF patients in New Zealand. The follow-up data will enable more optimal 

patient selection in device therapy for HF management as well as ensuring adherence to the 

optimal management for patients with implanted devices. 
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APPENDIX 

Editorial for the manuscript contained in Chapter 6 

 



281 

 

 



282 

REFERENCES 

1. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology (ESC)Developed with the special contribution of 
the Heart Failure Association (HFA) of the ESC. Eur Heart J 2016;37:2129-200. 
2. Butler J, Fonarow GC, Zile MR, et al. Developing Therapies for Heart Failure with Preserved 
Ejection Fraction: Current State and Future Directions. JACC Heart failure 2014;2:97-112. 
3. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart failure. Nature reviews 
Cardiology 2011;8:30-41. 
4. Heidenreich PA, Albert NM, Allen LA, et al. Forecasting the Impact of Heart Failure in the 
United States: A Policy Statement From the American Heart Association. Circulation Heart failure 
2013;6:606-19. 
5. Kannel WB, Plehn JF, Cupples LA. Cardiac failure and sudden death in the Framingham Study. 
Am Heart J 1988;115:869-75. 
6. Writing Group M, Go AS, Mozaffarian D, et al. Heart Disease and Stroke Statistics—2014 
Update: A Report From the American Heart Association. Circulation 2014;129:e28-e292. 
7. Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart 2007;93:1137-46. 
8. Sakata Y, Shimokawa H. Epidemiology of Heart Failure in Asia. Circulation Journal 
2013;77:2209-17. 
9. Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of cardiovascular diseases: part I: general 
considerations, the epidemiologic transition, risk factors, and impact of urbanization. Circulation 
2001;104:2746-53. 
10. Atherton JJ, Hayward CS, Wan Ahmad WA, et al. Patient Characteristics From a Regional 
Multicenter Database of Acute Decompensated Heart Failure in Asia Pacific (ADHERE International - 
Asia Pacific). Journal of Cardiac Failure 2012;18:82-8. 
11. Arroll B, Doughty R, Andersen V. Investigation and management of congestive heart failure. 
BMJ 2010;341:c3657. 
12. Barker WH, Mullooly JP, Getchell W. Changing incidence and survival for heart failure in a well-
defined older population, 1970-1974 and 1990-1994. Circulation 2006;113:799-805. 
13. Ambrosy AP, Fonarow GC, Butler J, et al. The Global Health and Economic Burden 
of Hospitalizations for Heart Failure. Journal of the American College of Cardiology 2014;63:1123-33. 
14. Cowie MR, Mosterd A, Wood DA, et al. The epidemiology of heart failure. European Heart 
Journal 1997;18:208-25. 
15. Jhund PS, MacIntyre K, Simpson CR, et al. Long-Term Trends in First Hospitalization for Heart 
Failure and Subsequent Survival Between 1986 and 2003. A Population Study of 51 Million People 
2009;119:515-23. 
16. Schaufelberger M, Swedberg K, Köster M, Rosén M, Rosengren A. Decreasing one-year 
mortality and hospitalization rates for heart failure in Sweden. Data from the Swedish Hospital 
Discharge Registry 1988 to 2000 2004;25:300-7. 
17. Shafazand M, Schaufelberger M, Lappas G, Swedberg K, Rosengren A. Survival trends in men 
and women with heart failure of ischaemic and non-ischaemic origin: data for the period 1987–2003 
from the Swedish Hospital Discharge Registry. European Heart Journal 2009;30:671-8. 
18. McLean AS, Eslick GD, Coats AJS. The epidemiology of heart failure in Australia. International 
Journal of Cardiology 2007;118:370-4. 
19. Wasywich CA, Gamble GD, Whalley GA, Doughty RN. Understanding changing patterns of 
survival and hospitalization for heart failure over two decades in New Zealand: utility of ‘days alive 
and out of hospital’ from epidemiological data. European Journal of Heart Failure 2010;12:462-8. 
20. Gheorghiade M, Bonow RO. Chronic heart failure in the United States: a manifestation of 
coronary artery disease. Circulation 1998;97:282-9. 
21. Zipes DP, Wellens HJ. Sudden cardiac death. Circulation 1998;98:2334-51. 



283 

22. Goldberger JJ, Buxton AE, Cain M, et al. Risk stratification for arrhythmic sudden cardiac death: 
identifying the roadblocks. Circulation 2011;123:2423-30. 
23. Zheng Z-J, Croft JB, Giles WH, Mensah GA. Sudden Cardiac Death in the United States, 1989 to 
1998. Circulation 2001;104:2158-63. 
24. Mahmood SS, Wang TJ. The epidemiology of congestive heart failure: the Framingham Heart 
Study perspective. Global heart 2013;8:77-82. 
25. Poole-Wilson PA, Uretsky BF, Thygesen K, et al. Mode of death in heart failure: findings from 
the ATLAS trial. Heart 2003;89:42-8. 
26. Investigators* TS. Effect of Enalapril on Survival in Patients with Reduced Left Ventricular 
Ejection Fractions and Congestive Heart Failure. New England Journal of Medicine 1991;325:293-302. 
27. Investigators* TS. Effect of Enalapril on Mortality and the Development of Heart Failure in 
Asymptomatic Patients with Reduced Left Ventricular Ejection Fractions. New England Journal of 
Medicine 1992;327:685-91. 
28. Goldman S, Johnson G, Cohn JN, Cintron G, Smith R, Francis G. Mechanism of death in heart 
failure. The Vasodilator-Heart Failure Trials. The V-HeFT VA Cooperative Studies Group. Circulation 
1993;87:VI24-31. 
29. Sweeney MO. Sudden Death in Heart Failure Associated with Reduced Left Ventricular 
Function: Substrates, Mechanisms, and Evidence-Based Management, Part II. Pacing and Clinical 
Electrophysiology 2001;24:1002-22. 
30. Kannel WB, Schatzkin A. Sudden death: lessons from subsets in population studies. J Am Coll 
Cardiol 1985;5:141B-9B. 
31. Sweeney MO. Sudden death in heart failure associated with reduced left ventricular function: 
substrates, mechanisms, and evidence-based management, Part I. Pacing Clin Electrophysiol 
2001;24:871-88. 
32. Watson RDS, Gibbs CR, Lip GYH. Clinical features and complications. BMJ : British Medical 
Journal 2000;320:236-9. 
33. Hollifield JW. Potassium and magnesium abnormalities: diuretics and arrhythmias in 
hypertension. Am J Med 1984;77:28-32. 
34. Siegel D, Hulley SB, Black DM, et al. Diuretics, serum and intracellular electrolyte levels, and 
ventricular arrhythmias in hypertensive men. JAMA 1992;267:1083-9. 
35. Buxton AE, Marchlinski FE, Waxman HL, Flores BT, Cassidy DM, Josephson ME. Prognostic 
factors in nonsustained ventricular tachycardia. Am J Cardiol 1984;53:1275-9. 
36. Bigger JT, Jr., Fleiss JL, Kleiger R, Miller JP, Rolnitzky LM. The relationships among ventricular 
arrhythmias, left ventricular dysfunction, and mortality in the 2 years after myocardial infarction. 
Circulation 1984;69:250-8. 
37. Cupples LA, Gagnon DR, Kannel WB. Long- and short-term risk of sudden coronary death. 
Circulation 1992;85:I11-8. 
38. Myerburg RJ, Velez M, Rosenberg DG, Fenster J, Castellanos A. Automatic external 
defibrillators for prevention of out-of-hospital sudden death: effectiveness of the automatic external 
defibrillator. J Cardiovasc Electrophysiol 2003;14:S108-16. 
39. Myerburg RJ, Fenster J, Velez M, et al. Impact of community-wide police car deployment of 
automated external defibrillators on survival from out-of-hospital cardiac arrest. Circulation 
2002;106:1058-64. 
40. Mirowski M, Mower MM, Reid PR. The automatic implantable defibrillator. American Heart 
Journal 1980;100:1089-92. 
41. PCD Investigator Group. Clinical outcome of patients with malignant ventricular 
tachyarrhythmias and a multiprogrammable implantable cardioverter-defibrillator implanted with or 
without thoracotomy: an international multicenter study. . J Am Coll Cardiol 1994;23:1521-30. 
42. Gollob MH, Seger JJ. Current Status of the Implantable Cardioverter-Defibrillator. Chest 
2001;119:1210-21. 



284 

43. Grimm W, Flores BF, Marchlinski FE. Electrocardiographically documented unnecessary, 
spontaneous shocks in 241 patients with implantable cardioverter defibrillators. Pacing Clin 
Electrophysiol 1992;15:1667-73. 
44. Marchlinski FE, Callans DJ, Gottlieb CD, Schwartzman D, Preminger M. Benefits and lessons 
learned from stored electrogram information in implantable defibrillators. J Cardiovasc Electrophysiol 
1995;6:832-51. 
45. Bardy GH, Yee R, Jung W. Multicenter experience with a pectoral unipolar implantable 
cardioverter-defibrillator. Active Can Investigators. J Am Coll Cardiol 1996;28:400-10. 
46. Rosenqvist M, Beyer T, Block M, den Dulk K, Minten J, Lindemans F. Adverse events with 
transvenous implantable cardioverter-defibrillators: a prospective multicenter study. European 7219 
Jewel ICD investigators. Circulation 1998;98:663-70. 
47. Neuzner J, Pitschner HF, Schlepper M. Programmable VT detection enhancements in 
implantable cardioverter defibrillator therapy. Pacing Clin Electrophysiol 1995;18:539-47. 
48. Schaumann A, von zur Muhlen F, Gonska BD, Kreuzer H. Enhanced detection criteria in 
implantable cardioverter-defibrillators to avoid inappropriate therapy. Am J Cardiol 1996;78:42-50. 
49. Schaumann A. Managing atrial tachyarrhythmias in patients with implantable cardioverter 
defibrillators. Am J Cardiol 1999;83:214D-7D. 
50. Mirowski MM, Reid PR, Winkle RA, et al. Mortality in patients with implanted automatic 
defibrillators. Annals of Internal Medicine 1983;98:585-8. 
51. Winkle RA, Mead RH, Ruder MA, et al. Long-term outcome with the automatic implantable 
cardioverter-defibrillator. Journal of the American College of Cardiology 1989;13:1353-61. 
52. The Antiarrhythmics versus Implantable Defibrillators (AVID) Investigators. A Comparison of 
Antiarrhythmic-Drug Therapy with Implantable Defibrillators in Patients Resuscitated from Near-Fatal 
Ventricular Arrhythmias. New England Journal of Medicine 1997;337:1576-84. 
53. Connolly SJ, Gent M, Roberts RS, et al. Canadian Implantable Defibrillator Study (CIDS): A 
Randomized Trial of the Implantable Cardioverter Defibrillator Against Amiodarone. Circulation 
2000;101:1297-302. 
54. Kuck KH, Cappato R, Siebels J, Ruppel R. Randomized comparison of antiarrhythmic drug 
therapy with implantable defibrillators in patients resuscitated from cardiac arrest : the Cardiac Arrest 
Study Hamburg (CASH). Circulation 2000;102:748-54. 
55. McMurray JJV, Adamopoulos S, Anker SD, et al. ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure 2012: The Task Force for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in collaboration with the 
Heart Failure Association (HFA) of the ESC. European Heart Journal 2012;33:1787-847. 
56. Deo R, Albert CM. Epidemiology and genetics of sudden cardiac death. Circulation 
2012;125:620-37. 
57. Singh SN, Carson PE, Fisher SG. Nonsustained ventricular tachycardia in severe heart failure. 
Circulation 1997;96:3794-5. 
58. Gorgels APM, Gijsbers C, de Vreede-Swagemakers J, Lousberg A, Wellens HJJ. Out-of-hospital 
cardiac arrest-the relevance of heart failure. The Maastricht Circulatory Arrest Registry. European 
Heart Journal 2003;24:1204-9. 
59. Stecker EC, Vickers C, Waltz J, et al. Population-Based Analysis of Sudden Cardiac Death With 
and Without Left Ventricular Systolic Dysfunction: Two-Year Findings from the Oregon Sudden 
Unexpected Death Study. Journal of the American College of Cardiology 2006;47:1161-6. 
60. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN, Hafley G. A Randomized Study of 
the Prevention of Sudden Death in Patients with Coronary Artery Disease. New England Journal of 
Medicine 1999;341:1882-90. 
61. Moss AJ, Hall WJ, Cannom DS, et al. Improved Survival with an Implanted Defibrillator in 
Patients with Coronary Disease at High Risk for Ventricular Arrhythmia. New England Journal of 
Medicine 1996;335:1933-40. 



285 

62. Moss AJ, Zareba W, Hall WJ, et al. Prophylactic Implantation of a Defibrillator in Patients with 
Myocardial Infarction and Reduced Ejection Fraction. New England Journal of Medicine 2002;346:877-
83. 
63. Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an implantable cardioverter-defibrillator for 
congestive heart failure. N Engl J Med 2005;352:225-37. 
64. Epstein AE, DiMarco JP, Ellenbogen KA, et al. 2012 ACCF/AHA/HRS focused update 
incorporated into the ACCF/AHA/HRS 2008 guidelines for device-based therapy of cardiac rhythm 
abnormalities: a report of the American College of Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines and the Heart Rhythm Society. Circulation 2013;127:e283-352. 
65. Ezekowitz JA, Rowe BH, Dryden DM, et al. Systematic Review: Implantable Cardioverter 
Defibrillators for Adults with Left Ventricular Systolic Dysfunction. Annals of Internal Medicine 
2007;147:251-62. 
66. Ezzat VA, Lee V, Ahsan S, et al. A systematic review of ICD complications in randomised 
controlled trials versus registries: is our 'real-world' data an underestimation? Open Heart 
2015;2:e000198. 
67. Kadish A, Dyer A, Daubert JP, et al. Prophylactic Defibrillator Implantation in Patients with 
Nonischemic Dilated Cardiomyopathy. New England Journal of Medicine 2004;350:2151-8. 
68. Bigger  JTJ. Prophylactic Use of Implanted Cardiac Defibrillators in Patients at High Risk for 
Ventricular Arrhythmias after Coronary-Artery Bypass Graft Surgery. New England Journal of Medicine 
1997;337:1569-75. 
69. Bänsch D, Antz M, Boczor S, et al. Primary Prevention of Sudden Cardiac Death in Idiopathic 
Dilated Cardiomyopathy: The Cardiomyopathy Trial (CAT). Circulation 2002;105:1453-8. 
70. Strickberger SA, Hummel JD, Bartlett TG, et al. Amiodarone versus implantable cardioverter-
defibrillator:randomized trial in patients with nonischemicdilated cardiomyopathy and 
asymptomaticnonsustained ventricular tachycardia—AMIOVIRT. Journal of the American College of 
Cardiology 2003;41:1707-12. 
71. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA Guideline for the Management of 
Heart Failure: A Report of the American College of Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines. Journal of the American College of Cardiology 2013;62:e147-e239. 
72. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure. European Journal of Heart Failure 2016;18:891-975. 
73. Køber L, Thune JJ, Nielsen JC, et al. Defibrillator Implantation in Patients with Nonischemic 
Systolic Heart Failure. New England Journal of Medicine 2016;375:1221-30. 
74. Cheng S, Larson MG, Keyes MJ, et al. Relation of QRS width in healthy persons to risk of future 
permanent pacemaker implantation. Am J Cardiol 2010;106:668-72. 
75. Eriksson P, Hansson PO, Eriksson H, Dellborg M. Bundle-branch block in a general male 
population: the study of men born 1913. Circulation 1998;98:2494-500. 
76. Imanishi R, Seto S, Ichimaru S, Nakashima E, Yano K, Akahoshi M. Prognostic significance of 
incident complete left bundle branch block observed over a 40-year period. Am J Cardiol 2006;98:644-
8. 
77. Rautaharju PM, Ge S, Nelson JC, et al. Comparison of mortality risk for electrocardiographic 
abnormalities in men and women with and without coronary heart disease (from the Cardiovascular 
Health Study). Am J Cardiol 2006;97:309-15. 
78. Lund LH, Jurga J, Edner M, et al. Prevalence, correlates, and prognostic significance of QRS 
prolongation in heart failure with reduced and preserved ejection fraction. European Heart Journal 
2013;34:529-39. 
79. Abdel-Qadir HM, Tu JV, Austin PC, Wang JT, Lee DS. Bundle branch block patterns and long-
term outcomes in heart failure. Int J Cardiol 2011;146:213-8. 
80. Abraham WT, Fisher WG, Smith AL, et al. Cardiac Resynchronization in Chronic Heart Failure. 
New England Journal of Medicine 2002;346:1845-53. 



286 

81. Young JB, Abraham WT, Smith AL, et al. Combined Cardiac Resynchronization and Implantable 
Cardioversion Defibrillation in Advanced Chronic Heart Failure. JAMA: The Journal of the American 
Medical Association 2003;289:2685-94. 
82. Higgins SL, Hummel JD, Niazi IK, et al. Cardiac resynchronization therapy for the treatment of 
heart failure in patients with intraventricular conduction delay and malignant ventricular 
tachyarrhythmias. J Am Coll Cardiol 2003;42:1454-9. 
83. Cleland JGF, Daubert J-C, Erdmann E, et al. The Effect of Cardiac Resynchronization on 
Morbidity and Mortality in Heart Failure. New England Journal of Medicine 2005;352:1539-49. 
84. Bristow MR, Saxon LA, Boehmer J, et al. Cardiac-Resynchronization Therapy with or without 
an Implantable Defibrillator in Advanced Chronic Heart Failure. New England Journal of Medicine 
2004;350:2140-50. 
85. Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC guidelines on cardiac pacing and 
cardiac resynchronization therapy: the task force on cardiac pacing and resynchronization therapy of 
the European Society of Cardiology (ESC). Developed in collaboration with the European Heart Rhythm 
Association (EHRA). Europace 2013;15:1070-118. 
86. Moss AJ, Hall WJ, Cannom DS, et al. Cardiac-Resynchronization Therapy for the Prevention of 
Heart-Failure Events. New England Journal of Medicine 2009;361:1329-38. 
87. Tang ASL, Wells GA, Talajic M, et al. Cardiac-Resynchronization Therapy for Mild-to-Moderate 
Heart Failure. New England Journal of Medicine 2010;363:2385-95. 
88. Santangeli P, Di Biase L, Pelargonio G, et al. Cardiac resynchronization therapy in patients with 
mild heart failure: a systematic review and meta-analysis. J Interv Card Electrophysiol 2011;32:125-35. 
89. Lindenfeld J, Feldman AM, Saxon L, et al. Effects of Cardiac Resynchronization Therapy With 
or Without a Defibrillator on Survival and Hospitalizations in Patients With New York Heart Association 
Class IV Heart Failure. Circulation 2007;115:204-12. 
90. Looi KL, Gajendragadkar PR, Khan FZ, et al. Cardiac resynchronisation therapy: pacemaker 
versus internal cardioverter-defibrillator in patients with impaired left ventricular function. Heart 
2014;100:794-9. 
91. Poole JE, Johnson GW, Hellkamp AS, et al. Prognostic Importance of Defibrillator Shocks in 
Patients with Heart Failure. New England Journal of Medicine 2008;359:1009-17. 
92. Thijssen J, van Rees JB, Venlet J, et al. The mode of death in implantable cardioverter-
defibrillator and cardiac resynchronization therapy with defibrillator patients: Results from routine 
clinical practice. Heart Rhythm 2012;9:1605-12. 
93. Goldenberg I, Vyas AK, Hall WJ, et al. Risk Stratification for Primary Implantation of a 
Cardioverter-Defibrillator in Patients With Ischemic Left Ventricular Dysfunction. Journal of the 
American College of Cardiology 2008;51:288-96. 
94. Barra S, Looi K-L, Gajendragadkar PR, Khan FZ, Virdee M, Agarwal S. Applicability of a risk score 
for prediction of the long-term benefit of the implantable cardioverter defibrillator in patients 
receiving cardiac resynchronization therapy. Europace 2015. 
95. Marijon E, Leclercq C, Narayanan K, et al. Causes-of-death analysis of patients with cardiac 
resynchronization therapy: an analysis of the CeRtiTuDe cohort study. Eur Heart J 2015;36:2767-76. 
96. Carson P, Anand I, O'Connor C, et al. Mode of death in advanced heart failure: the Comparison 
of Medical, Pacing, and Defibrillation Therapies in Heart Failure (COMPANION) trial. J Am Coll Cardiol 
2005;46:2329-34. 
97. Barsheshet A, Goldenberg I, Moss AJ, et al. Response to preventive cardiac resynchronization 
therapy in patients with ischaemic and nonischaemic cardiomyopathy in MADIT-CRT. Eur Heart J 
2011;32:1622-30. 
98. Goldenberg I, Moss AJ, Hall WJ, et al. Predictors of response to cardiac resynchronization 
therapy in the Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization 
Therapy (MADIT-CRT). Circulation 2011;124:1527-36. 
99. Hsu JC, Solomon SD, Bourgoun M, et al. Predictors of super-response to cardiac 
resynchronization therapy and associated improvement in clinical outcome: the MADIT-CRT 



287 

(multicenter automatic defibrillator implantation trial with cardiac resynchronization therapy) study. 
J Am Coll Cardiol 2012;59:2366-73. 
100. Schuchert A, Muto C, Maounis T, et al. Lead complications, device infections, and clinical 
outcomes in the first year after implantation of cardiac resynchronization therapy-defibrillator and 
cardiac resynchronization therapy-pacemaker. Europace 2013;15:71-6. 
101. Eckstein J, Koller MT, Zabel M, et al. Necessity for Surgical Revision of Defibrillator Leads 
Implanted Long-Term. Causes and Management 2008;117:2727-33. 
102. Maisel WH, Kramer DB. Implantable Cardioverter-Defibrillator Lead Performance. Circulation 
2008;117:2721-3. 
103. Hauser RG, Katsiyiannis WT, Gornick CC, Almquist AK, Kallinen LM. Deaths and cardiovascular 
injuries due to device-assisted implantable cardioverter–defibrillator and pacemaker lead extraction. 
Europace 2010;12:395-401. 
104. Gasparini M, Regoli F, Galimberti P, Ceriotti C, Cappelleri A. Cardiac resynchronization therapy 
in heart failure patients with atrial fibrillation. Europace 2009;11:v82-v6. 
105. Gasparini M, Auricchio A, Metra M, et al. Long-term survival in patients undergoing cardiac 
resynchronization therapy: the importance of performing atrio-ventricular junction ablation in 
patients with permanent atrial fibrillation. Eur Heart J 2008;29:1644-52. 
106. Alam MB, Munir MB, Rattan R, et al. Battery longevity in cardiac resynchronization therapy 
implantable cardioverter defibrillators. Europace 2014;16:246-51. 
107. Uslan DZ, Gleva MJ, Warren DK, et al. Cardiovascular Implantable Electronic Device 
Replacement Infections and Prevention: Results from the REPLACE Registry. Pacing and Clinical 
Electrophysiology 2012;35:81-7. 
108. Johansen JB, Jørgensen OD, Møller M, Arnsbo P, Mortensen PT, Nielsen JC. Infection after 
pacemaker implantation: infection rates and risk factors associated with infection in a population-
based cohort study of 46299 consecutive patients. European Heart Journal 2011;32:991-8. 
109. Poole JE, Gleva MJ, Mela T, et al. Complication Rates Associated With Pacemaker or 
Implantable Cardioverter-Defibrillator Generator Replacements and Upgrade Procedures. Results 
From the REPLACE Registry 2010;122:1553-61. 
110. Koelling TM, Chen RS, Lubwama RN, L'Italien GJ, Eagle KA. The expanding national burden of 
heart failure in the United States: the influence of heart failure in women. American Heart Journal 
2004;147:74-8. 
111. Rathore SS, Foody JM, Wang Y, et al. Sex, quality of care, and outcomes of elderly patients 
hospitalized with heart failure: Findings from the National Heart Failure Project. American Heart 
Journal 2005;149:121-8. 
112. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke statistics--2012 update: a 
report from the American Heart Association. Circulation 2012;125:e2-e220. 
113. Agvall B, Dahlstrom U. Patients in primary health care diagnosed and treated as heart failure, 
with special reference to gender differences. Scand J Prim Health Care 2001;19:14-9. 
114. Heiat A, Gross CP, Krumholz HM. Representation of the elderly, women, and minorities in 
heart failure clinical trials. Arch Intern Med 2002;162:1682-8. 
115. Buxton AE, Lee KL, DiCarlo L, et al. Electrophysiologic Testing to Identify Patients with 
Coronary Artery Disease Who Are at Risk for Sudden Death. New England Journal of Medicine 
2000;342:1937-45. 
116. Xu Y-Z, Friedman PA, Webster T, et al. Cardiac Resynchronization Therapy: Do Women Benefit 
More Than Men? Journal of Cardiovascular Electrophysiology 2012;23:172-8. 
117. Leyva F, Foley PWX, Chalil S, Irwin N, Smith REA. Female Gender is Associated with a Better 
Outcome after Cardiac Resynchronization Therapy. Pacing and Clinical Electrophysiology 2011;34:82-
8. 
118. Sipahi I, Chou JC, Hyden M, Rowland DY, Simon DI, Fang JC. Effect of QRS morphology on 
clinical event reduction with cardiac resynchronization therapy: Meta-analysis of randomized 
controlled trials. American Heart Journal 2012;163:260-7.e3. 



288 

119. Sipahi I, Fang JC. QRS Duration Criteria to Select Patients for Cardiac Resynchronization 
Therapy: CRT Should Be Reserved for a QRS Duration ≥150 ms: Pro. Circulation: Arrhythmia and 

Electrophysiology 2013;6:436-42. 
120. Zusterzeel R, Curtis JP, Caños DA, et al. Sex-Specific Mortality Risk by QRS Morphology and 
Duration in Patients Receiving CRT: Results From the NCDR. Journal of the American College of 
Cardiology 2014;64:887-94. 
121. Zusterzeel R, Selzman KA, Sanders WE, et al. Cardiac resynchronization therapy in women: Us 
food and drug administration meta-analysis of patient-level data. JAMA Internal Medicine 
2014;174:1340-8. 
122. Barra S, Providencia R, Duehmke R, et al. Sex specific outcomes with addition of defibrillation 
to resynchronization therapy in heart failure patients. Heart (In Press) 2017. 
123. Jacobs AK. Coronary Revascularization in Women in 2003: Sex Revisited. Circulation 
2003;107:375-7. 
124. Lichtman JH, Wang Y, Jones SB, et al. Age and sex differences in inhospital complication rates 
and mortality after percutaneous coronary intervention procedures: evidence from the NCDR((R)). Am 
Heart J 2014;167:376-83. 
125. Reynolds MR, Cohen DJ, Kugelmass AD, et al. The Frequency and Incremental Cost of Major 
Complications Among Medicare Beneficiaries Receiving Implantable Cardioverter-Defibrillators. 
Journal of the American College of Cardiology 2006;47:2493-7. 
126. Peterson PN, Daugherty SL, Wang Y, et al. Gender Differences in Procedure-Related Adverse 
Events in Patients Receiving Implantable Cardioverter-Defibrillator Therapy. Circulation 
2009;119:1078-84. 
127. Russo AM, Daugherty SL, Masoudi FA, Wang Y, Curtis J, Lampert R. Gender and outcomes after 
primary prevention implantable cardioverter-defibrillator implantation: Findings from the National 
Cardiovascular Data Registry (NCDR). Am Heart J 2015;170:330-8. 
128. Ranasinghe I, Parzynski CS, Freeman JV, et al. Long-Term Risk for Device-Related 
Complications and Reoperations After Implantable Cardioverter-Defibrillator Implantation: An 
Observational Cohort Study. Annals of Internal Medicine 2016;165:20-9. 
129. Rho RW, Patton KK, Poole JE, et al. Important differences in mode of death between men and 
women with heart failure who would qualify for a primary prevention implantable cardioverter-
defibrillator. Circulation 2012;126:2402-7. 
130. Stewart GC, Chen C-Y, Stevenson LW, et al. Outcomes Among Medicare Beneficiaries are 
Optimized When Primary ICD Implant Occurs During an Elective Rather Than Unplanned 
Hospitalization. Circulation 2013;128:A11117. 
131. U.S. Census Bureau. An Aging Nation: The Older Population in the United States. 
www.census.gov/popest. 2014. 
132. Huang DT, Sesselberg HW, McNitt S, et al. Improved survival associated with prophylactic 
implantable defibrillators in elderly patients with prior myocardial infarction and depressed 
ventricular function: a MADIT-II substudy. J Cardiovasc Electrophysiol 2007;18:833-8. 
133. Santangeli P, Di Biase L, Dello Russo A, et al. Meta-analysis: age and effectiveness of 
prophylactic implantable cardioverter-defibrillators. Ann Intern Med 2010;153:592-9. 
134. Lee DS, Tu JV, Austin PC, et al. Effect of Cardiac and Noncardiac Conditions on Survival After 
Defibrillator Implantation. Journal of the American College of Cardiology 2007;49:2408-15. 
135. Expósito V, Rodríguez-Mañero M, González-Enríquez S, et al. Primary prevention implantable 
cardioverter-defibrillator and cardiac resynchronization therapy-defibrillator in elderly patients: 
results of a Spanish multicentre study. Europace 2015. 
136. Tsai V, Goldstein MK, Hsia HH, et al. Influence of Age on Perioperative Complications Among 
Patients Undergoing Implantable Cardioverter-Defibrillators for Primary Prevention in the United 
States. Circulation: Cardiovascular Quality and Outcomes 2011;4:549-56. 

http://www.census.gov/popest


289 

137. Parkash R, Stevenson WG, Epstein LM, Maisel WH. Predicting early mortality after implantable 
defibrillator implantation: A clinical risk score for optimal patient selection. American Heart Journal 
2006;151:397-403. 
138. Bilchick KC, Stukenborg GJ, Kamath S, Cheng A. Prediction of Mortality in Clinical Practice for 
Medicare Patients Undergoing Defibrillator Implantation for Primary Prevention of Sudden Cardiac 
Death. Journal of the American College of Cardiology 2012;60:1647-55. 
139. Coresh J, Selvin E, Stevens LA, et al. PRevalence of chronic kidney disease in the united states. 
JAMA 2007;298:2038-47. 
140. Garg AX, Clark WF, Haynes RB, House AA. Moderate renal insufficiency and the risk of 
cardiovascular mortality: Results from the NHANES I. Kidney Int 2002;61:1486-94. 
141. Heywood JT, Fonarow GC, Costanzo MR, Mathur VS, Wigneswaran JR, Wynne J. High 
Prevalence of Renal Dysfunction and Its Impact on Outcome in 118,465 Patients Hospitalized With 
Acute Decompensated Heart Failure: A Report From the ADHERE Database. Journal of Cardiac Failure 
2007;13:422-30. 
142. Ezekowitz J, McAlister FA, Humphries KH, et al. The association among renal insufficiency, 
pharmacotherapy, and outcomes in 6,427 patients with heart failure and coronary artery disease. 
Journal of the American College of Cardiology 2004;44:1587-92. 
143. McAlister FA, Ezekowitz J, Tonelli M, Armstrong PW. Renal Insufficiency and Heart Failure: 
Prognostic and Therapeutic Implications From a Prospective Cohort Study. Circulation 2004;109:1004-
9. 
144. Stack AG, Bloembergen WE. A cross-sectional study of the prevalence and clinical correlates 
of congestive heart failure among incident US dialysis patients. American Journal of Kidney Diseases 
2001;38:992-1000. 
145. Dries DL, Exner DV, Domanski MJ, Greenberg B, Stevenson LW. The prognostic implications of 
renal insufficiency in asymptomatic and symptomatic patients with left ventricular systolic dysfunction. 
J Am Coll Cardiol 2000;35:681-9. 
146. US Renal Data System. USRDS 2006 Annual Data Report: Atlas of Chronic Kidney Disease and 
End-Stage Renal Disease in the United States. Bethesda, MD: National Institutes of Health, National 
Institute of Diabetes and Digestive and Kidney Diseases.; 2006. 
147. Goldenberg I, Moss AJ, McNitt S, et al. Relations Among Renal Function, Risk of Sudden Cardiac 
Death, and Benefit of the Implanted Cardiac Defibrillator in Patients With Ischemic Left Ventricular 
Dysfunction. American Journal of Cardiology 2006;98:485-90. 
148. Hager CS, Jain S, Blackwell J, Culp B, Song J, Chiles CD. Effect of Renal Function on Survival 
After Implantable Cardioverter Defibrillator Placement. American Journal of Cardiology 
2010;106:1297-300. 
149. Charytan DM, Patrick AR, Liu J, et al. Trends in the Use and Outcomes of Implantable 
Cardioverter-Defibrillators in Patients Undergoing Dialysis in the United States. American Journal of 
Kidney Diseases 2011;58:409-17. 
150. Bardy  GH, Smith  WM, Hood  MA, et al. An Entirely Subcutaneous Implantable Cardioverter–
Defibrillator. New England Journal of Medicine 2010;363:36-44. 
151. El-Chami MF, Levy M, Kelli HM, et al. Outcome of Subcutaneous Implantable Cardioverter 
Defibrillator Implantation in Patients with End-Stage Renal Disease on Dialysis. J Cardiovasc 
Electrophysiol 2015;26:900-4. 
152. Wong MCG, Kalman JM, Pedagogos E, et al. Bradycardia and Asystole Is the Predominant 
Mechanism of Sudden Cardiac Death in Patients With Chronic Kidney Disease. Journal of the American 
College of Cardiology 2015;65:1263-5. 
153. Theuns DAMJ, Smith T, Hunink MGM, Bardy GH, Jordaens L. Effectiveness of prophylactic 
implantation of cardioverter-defibrillators without cardiac resynchronization therapy in patients with 
ischaemic or non-ischaemic heart disease: a systematic review and meta-analysis. Europace 
2010;12:1564-70. 



290 

154. Uhlig K, Balk EM, Earley A, et al. Assessment on Implantable Defibrillators and the Evidence 
for Primary Prevention of Sudden Cardiac Death. Evidence Report/Technology Assessment2013 Jun 
26 of Sudden Cardiac Death. 
155. Hammill SC, Kremers MS, Stevenson LW, et al. Review of the Registry's Fourth Year, 
Incorporating Lead Data and Pediatric ICD Procedures, and Use as a National Performance Measure. 
Heart Rhythm 2010;7:1340-5. 
156. Chen C-Y, Stevenson LW, Stewart GC, et al. Impact of Baseline Heart Failure Burden on Post-
Implantable Cardioverter-Defibrillator Mortality Among Medicare Beneficiaries. Journal of the 
American College of Cardiology 2013;61:2142-50. 
157. Solomon SD, Dobson J, Pocock S, et al. Influence of Nonfatal Hospitalization for Heart Failure 
on Subsequent Mortality in Patients With Chronic Heart Failure. Circulation 2007;116:1482-7. 
158. Sanders GD, Hlatky MA, Owens DK. Cost-Effectiveness of Implantable Cardioverter–
Defibrillators. New England Journal of Medicine 2005;353:1471-80. 
159. Colquitt JL, Mendes D, Clegg AJ, et al. Implantable cardioverter defibrillators for the treatment 
of arrhythmias and cardiac resynchronisation therapy for the treatment of heart failure: systematic 
review and economic evaluation. Health Technol Assess 2014;18. 
160. Landolina M, Gasparini M, Lunati M, et al. Long-Term Complications Related to Biventricular 
Defibrillator Implantation. Rate of Surgical Revisions and Impact on Survival: Insights From the Italian 
ClinicalService Database 2011;123:2526-35. 
161. Surawicz B, Childers R, Deal BJ, Gettes LS. AHA/ACCF/HRS Recommendations for the 
Standardization and Interpretation of the Electrocardiogram. Journal of the American College of 
Cardiology 2009;53:976-81. 
162. Baldasseroni S, Opasich C, Gorini M, et al. Left bundle-branch block is associated with 
increased 1-year sudden and total mortality rate in 5517 outpatients with congestive heart failure: A 
report from the Italian network on congestive heart failure. American Heart Journal 2002;143:398-
405. 
163. Kerwin WF, Botvinick EH, O’Connell JW, et al. Ventricular contraction abnormalities in dilated 
cardiomyopathy: effect of biventricular pacing to correct interventricular dyssynchrony. Journal of the 
American College of Cardiology 2000;35:1221-7. 
164. Rao HB, Krishnaswami R, Kalavakolanu S, Calambur N. Ventricular dyssynchrony patterns in 
left bundle branch block, with and without heart failure. Indian Pacing Electrophysiol J 2010;10:115-
21. 
165. Heyndrickx GR, Vantrimpont PJ, Rousseau MF, Pouleur H. Effects of asynchrony on myocardial 
relaxation at rest and during exercise in conscious dogs. American Journal of Physiology - Heart and 
Circulatory Physiology 1988;254:H817-H22. 
166. Xiao HB, Lee CH, Gibson DG. Effect of left bundle branch block on diastolic function in dilated 
cardiomyopathy. British Heart Journal 1991;66:443-7. 
167. luliano S, Fisher SG, Karasik PE, Fletcher RD, Singh SN. QRS duration and mortality in patients 
with congestive heart failure. American Heart Journal 2002;143:1085-91. 
168. Zimetbaum PJ, Buxton AE, Batsford W, et al. Electrocardiographic Predictors of Arrhythmic 
Death and Total Mortality in the Multicenter Unsustained Tachycardia Trial. Circulation 2004;110:766-
9. 
169. Cazeau S, Ritter P, Bakdach S, et al. Four Chamber Pacing in Dilated Cardiomyopathy. Pacing 
and Clinical Electrophysiology 1994;17:1974-9. 
170. Leclercq C, Cazeau S, Le Breton H, et al. Acute hemodynamic effects of biventricular DDD 
pacing in patients with end-stage heart failure. Journal of the American College of Cardiology 
1998;32:1825-31. 
171. Saxon LA, Kerwin WF, Cahalan MK, et al. Acute Effects of Intraoperative Multisite Ventricular 
Pacing on Left Ventricular Function and Activation/Contraction Sequence in Patients with Depressed 
Ventricular Function. Journal of Cardiovascular Electrophysiology 1998;9:13-21. 



291 

172. Gras D, Leclercq C, Tang ASL, Bucknall C, Luttikhuis HO, Kirstein-Pedersen A. Cardiac 
resynchronization therapy in advanced heart failure the multicenter InSync clinical study☆. European 

Journal of Heart Failure 2002;4:311-20. 
173. Yu CM, Chau E, Sanderson JE, et al. Tissue Doppler echocardiographic evidence of reverse 
remodeling and improved synchronicity by simultaneously delaying regional contraction after 
biventricular pacing therapy in heart failure. Circulation 2002;105:438-45. 
174. Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC Guidelines on cardiac pacing and 
cardiac resynchronization therapy: The Task Force on cardiac pacing and resynchronization therapy of 
the European Society of Cardiology (ESC). Developed in collaboration with the European Heart Rhythm 
Association (EHRA). Eur Heart J 2013. 
175. Ghio S, Freemantle N, Scelsi L, et al. Long-term left ventricular reverse remodelling with 
cardiac resynchronization therapy: results from the CARE-HF trial. Eur J Heart Fail 2009;11:480-8. 
176. Abraham WT, Young JB, León AR, et al. Effects of Cardiac Resynchronization on Disease 
Progression in Patients With Left Ventricular Systolic Dysfunction, an Indication for an Implantable 
Cardioverter-Defibrillator, and Mildly Symptomatic Chronic Heart Failure. Circulation 2004;110:2864-
8. 
177. Linde C, Abraham WT, Gold MR, St. John Sutton M, Ghio S, Daubert C. Randomized Trial of 
Cardiac Resynchronization in Mildly Symptomatic Heart Failure Patients and in Asymptomatic Patients 
With Left Ventricular Dysfunction and Previous Heart Failure Symptoms. Journal of the American 
College of Cardiology 2008;52:1834-43. 
178. Daubert C, Gold MR, Abraham WT, et al. Prevention of disease progression by cardiac 
resynchronization therapy in patients with asymptomatic or mildly symptomatic left ventricular 
dysfunction: insights from the European cohort of the REVERSE (Resynchronization Reverses 
Remodeling in Systolic Left Ventricular Dysfunction) trial. J Am Coll Cardiol 2009;54:1837-46. 
179. Wang TJ, Larson MG, Levy D, et al. Temporal relations of atrial fibrillation and congestive heart 
failure and their joint influence on mortality: the Framingham Heart Study. Circulation 2003;107:2920-
5. 
180. Dong K, Shen WK, Powell BD, et al. Atrioventricular nodal ablation predicts survival benefit in 
patients with atrial fibrillation receiving cardiac resynchronization therapy. Heart Rhythm 
2010;7:1240-5. 
181. Gasparini M, Auricchio A, Regoli F, et al. Four-year efficacy of cardiac resynchronization 
therapy on exercise tolerance and disease progression: the importance of performing atrioventricular 
junction ablation in patients with atrial fibrillation. J Am Coll Cardiol 2006;48:734-43. 
182. Linde C, Leclercq C, Rex S, et al. Long-term benefits of biventricular pacing in congestive heart 
failure: results from the MUltisite STimulation in cardiomyopathy (MUSTIC) study. Journal of the 
American College of Cardiology 2002;40:111-8. 
183. Healey JS, Hohnloser SH, Exner DV, et al. Cardiac Resynchronization Therapy in Patients With 
Permanent Atrial Fibrillation: Results From the Resynchronization for Ambulatory Heart Failure Trial 
(RAFT). Circulation: Heart Failure 2012;5:566-70. 
184. Wilton SB, Leung AA, Ghali WA, Faris P, Exner DV. Outcomes of cardiac resynchronization 
therapy in patients with versus those without atrial fibrillation: a systematic review and meta-analysis. 
Heart Rhythm 2011;8:1088-94. 
185. Ganesan AN, Brooks AG, Roberts-Thomson KC, Lau DH, Kalman JM, Sanders P. Role of AV 
Nodal Ablation in Cardiac Resynchronization in Patients With Coexistent Atrial Fibrillation and Heart 
Failure: A Systematic Review. Journal of the American College of Cardiology 2012;59:719-26. 
186. Smith GL, Lichtman JH, Bracken MB, et al. Renal Impairment and Outcomes in Heart Failure: 
Systematic Review and Meta-Analysis. Journal of the American College of Cardiology 2006;47:1987-
96. 
187. Adelstein EC, Shalaby A, Saba S. Response to Cardiac Resynchronization Therapy in Patients 
with Heart Failure and Renal Insufficiency. Pacing and Clinical Electrophysiology 2010;33:850-9. 



292 

188. Lin G, Gersh BJ, Greene EL, Redfield MM, Hayes DL, Brady PA. Renal function and mortality 
following cardiac resynchronization therapy. European Heart Journal 2011;32:184-90. 
189. Bleeker GB, Schalij MJ, Molhoek SG, et al. Relationship Between QRS Duration and Left 
Ventricular Dyssynchrony in Patients with End-Stage Heart Failure. Journal of Cardiovascular 
Electrophysiology 2004;15:544-9. 
190. Bleeker GB, Schalij MJ, Molhoek SG, et al. Frequency of left ventricular dyssynchrony in 
patients with heart failure and a narrow QRS complex. The American Journal of Cardiology 
2005;95:140-2. 
191. Ghio S, Constantin C, Klersy C, et al. Interventricular and intraventricular dyssynchrony are 
common in heart failure patients, regardless of QRS duration. Eur Heart J 2004;25:571-8. 
192. Achilli A, Sassara M, Ficili S, et al. Long-term effectiveness of cardiac resynchronization therapy 
in patients with refractory heart failure and “narrow” QRS. Journal of the American College of 
Cardiology 2003;42:2117-24. 
193. Bleeker GB, Holman ER, Steendijk P, et al. Cardiac Resynchronization Therapy in Patients With 
a Narrow QRS Complex. Journal of the American College of Cardiology 2006;48:2243-50. 
194. Yu C-M, Chan Y-S, Zhang Q, et al. Benefits of Cardiac Resynchronization Therapy for Heart 
Failure Patients With Narrow QRS Complexes and Coexisting Systolic Asynchrony by Echocardiography. 
Journal of the American College of Cardiology 2006;48:2251-7. 
195. Beshai JF, Grimm RA, Nagueh SF, et al. Cardiac-Resynchronization Therapy in Heart Failure 
with Narrow QRS Complexes. New England Journal of Medicine 2007;357:2461-71. 
196. Thibault B, Harel F, Ducharme A, et al. Cardiac Resynchronization Therapy in Patients With 
Heart Failure and a QRS Complex <120 Milliseconds: The Evaluation of Resynchronization Therapy for 
Heart Failure (LESSER-EARTH) Trial. Circulation 2013;127:873-81. 
197. Ruschitzka F, Abraham WT, Singh JP, et al. Cardiac-Resynchronization Therapy in Heart Failure 
with a Narrow QRS Complex. New England Journal of Medicine 2013;369:1395-405. 
198. McCullough PA, Hassan SA, Pallekonda V, et al. Bundle branch block patterns, age, renal 
dysfunction, and heart failure mortality. International journal of cardiology 2005;102:303-8. 
199. Haghjoo M, Bagherzadeh A, Farahani MM, Haghighi ZO, Sadr-Ameli MA. Significance of QRS 
morphology in determining the prevalence of mechanical dyssynchrony in heart failure patients 
eligible for cardiac resynchronization: particular focus on patients with right bundle branch block with 
and without coexistent left-sided conduction defects. Europace 2008;10:566-71. 
200. Fantoni C, Kawabata M, Massaro R, et al. Right and Left Ventricular Activation Sequence in 
Patients with Heart Failure and Right Bundle Branch Block: A Detailed Analysis Using Three-
Dimensional Non-Fluoroscopic Electroanatomic Mapping System. Journal of Cardiovascular 
Electrophysiology 2005;16:112-9. 
201. Adelstein EC, Saba S. Usefulness of Baseline Electrocardiographic QRS Complex Pattern to 
Predict Response to Cardiac Resynchronization. The American Journal of Cardiology 2009;103:238-42. 
202. Egoavil CA, Ho RT, Greenspon AJ, Pavri BB. Cardiac resynchronization therapy in patients with 
right bundle branch block: Analysis of pooled data from the MIRACLE and Contak CD trials. Heart 
Rhythm 2005;2:611-5. 
203. Nery PB, Ha AC, Keren A, Birnie DH. Cardiac resynchronization therapy in patients with left 
ventricular systolic dysfunction and right bundle branch block: A systematic review. Heart Rhythm 
2011;8:1083-7. 
204. Tompkins C, Kutyifa V, McNitt S, et al. Effect on Cardiac Function of Cardiac Resynchronization 
Therapy in Patients With Right Bundle Branch Block (from the Multicenter Automatic Defibrillator 
Implantation Trial With Cardiac Resynchronization Therapy [MADIT-CRT] Trial). The American Journal 
of Cardiology 2013. 
205. Chung ES, Leon AR, Tavazzi L, et al. Results of the Predictors of Response to CRT (PROSPECT) 
trial. Circulation 2008;117:2608-16. 
206. Santos AB, Kraigher-Krainer E, Bello N, et al. Left ventricular dyssynchrony in patients with 
heart failure and preserved ejection fraction. Eur Heart J 2014;35:42-7. 



293 

207. Linde C, Mealing S, Hawkins N, Eaton J, Brown B, Daubert JC. Cost-effectiveness of cardiac 
resynchronization therapy in patients with asymptomatic to mild heart failure: insights from the 
European cohort of the REVERSE (Resynchronization Reverses remodeling in Systolic Left Ventricular 
Dysfunction). Eur Heart J 2011;32:1631-9. 
208. Fox M, Mealing S, Anderson R, Dean J, Stein K. The clinical effectiveness and cost-effectiveness 
of cardiac resynchronisation (biventricular pacing) for heart failure: systematic review and economic 
model. Health Technology Assessment 2007;11:248. 
209. Leon AR, Abraham WT, Curtis AB, et al. Safety of transvenous cardiac resynchronization 
system implantation in patients with chronic heart failure: combined results of over 2,000 patients 
from a multicenter study program. J Am Coll Cardiol 2005;46:2348-56. 
210. Duray GZ, Schmitt J, Cicek-Hartvig S, Hohnloser SH, Israel CW. Complications leading to 
surgical revision in implantable cardioverter defibrillator patients: comparison of patients with single-
chamber, dual-chamber, and biventricular devices. Europace 2009;11:297-302. 
211. Romeyer-Bouchard C, Da Costa A, Dauphinot V, et al. Prevalence and risk factors related to 
infections of cardiac resynchronization therapy devices. European Heart Journal 2010;31:203-10. 
212. National Institute for Health and Clinical Excellence. NICE technology appraisal guidance 120. 
Cardiac resynchronisation therapy for the treatment of heart failure. May 2007. 
213. Chen S, Ling Z, Kiuchi MG, Yin Y, Krucoff MW. The efficacy and safety of cardiac 
resynchronization therapy combined with implantable cardioverter defibrillator for heart failure: a 
meta-analysis of 5674 patients. Europace 2013;15:992-1001. 
214. Jiang M, He B, Zhang Q. Comparison of CRT and CRT-D in heart failure: Systematic review of 
controlled trials. International journal of cardiology 2012;158:39-45. 
215. Uretsky BF, Sheahan RG. Primary prevention of sudden cardiac death in heart failure: will the 
solution be shocking? J Am Coll Cardiol 1997;30:1589-97. 
216. MERIT-HF Study G. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL 
Randomised Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet 1999;353:2001-7. 
217. Sutton MG, Plappert T, Hilpisch KE, Abraham WT, Hayes DL, Chinchoy E. Sustained reverse left 
ventricular structural remodeling with cardiac resynchronization at one year is a function of etiology: 
quantitative Doppler echocardiographic evidence from the Multicenter InSync Randomized Clinical 
Evaluation (MIRACLE). Circulation 2006;113:266-72. 
218. Cleland JG, Daubert JC, Erdmann E, et al. Longer-term effects of cardiac resynchronization 
therapy on mortality in heart failure [the CArdiac REsynchronization-Heart Failure (CARE-HF) trial 
extension phase]. Eur Heart J 2006;27:1928-32. 
219. Chong D, Tan BY, Ho KL, Liew R, Teo WS, Ching CK. Clinical markers of organ dysfunction 
associated with increased 1-year mortality post-implantable cardioverter defibrillator implantation. 
Europace 2013;15:508-14. 
220. Zaman S, Narayan A, Thiagalingam A, et al. Long-Term Arrhythmia-Free Survival in Patients 
with Severe Left Ventricular Dysfunction and No Inducible Ventricular Tachycardia Post Myocardial 
Infarction. Circulation 2013. 
221. Theuns DA, Schaer BA, Soliman OI, et al. The prognosis of implantable defibrillator patients 
treated with cardiac resynchronization therapy: comorbidity burden as predictor of mortality. 
Europace 2011;13:62-9. 
222. Healey JS, Hallstrom AP, Kuck KH, et al. Role of the implantable defibrillator among elderly 
patients with a history of life-threatening ventricular arrhythmias. Eur Heart J 2007;28:1746-9. 
223. Henyan NN, White CM, Gillespie EL, Smith K, Coleman CI, Kluger J. The impact of gender on 
survival amongst patients with implantable cardioverter defibrillators for primary prevention against 
sudden cardiac death. J Intern Med 2006;260:467-73. 
224. Ghanbari H, Dalloul G, Hasan R, et al. Effectiveness of implantable cardioverter-defibrillators 
for the primary prevention of sudden cardiac death in women with advanced heart failure: a meta-
analysis of randomized controlled trials. Arch Intern Med 2009;169:1500-6. 



294 

225. Santangeli P, Pelargonio G, Dello Russo A, et al. Gender differences in clinical outcome and 
primary prevention defibrillator benefit in patients with severe left ventricular dysfunction: a 
systematic review and meta-analysis. Heart Rhythm 2010;7:876-82. 
226. Yung D, Birnie D, Dorian P, et al. Survival after implantable cardioverter-defibrillator 
implantation in the elderly. Circulation 2013;127:2383-92. 
227. Neyt M, Stroobandt S, Obyn C, et al. Cost-effectiveness of cardiac resynchronisation therapy 
for patients with moderate-to-severe heart failure: a lifetime Markov model. BMJ Open 
2011;1:e000276. 
228. Fornwalt BK, Sprague WW, BeDell P, et al. Agreement Is Poor Among Current Criteria Used to 
Define Response to Cardiac Resynchronization Therapy. Circulation 2010;121:1985-91. 
229. van Welsenes GH, van Rees JB, Borleffs CJW, et al. Long-term follow-up of primary and 
secondary prevention implantable cardioverter defibrillator patients. EP Europace 2011;13:389-94. 
230. Barsheshet A, Moss AJ, Huang DT, McNitt S, Zareba W, Goldenberg I. Applicability of a risk 
score for prediction of the long-term (8-year) benefit of the implantable cardioverter-defibrillator. J 
Am Coll Cardiol 2012;59:2075-9. 
231. Kraaier K, Scholten MF, Tijssen JG, et al. Early mortality in prophylactic implantable 
cardioverter-defibrillator recipients: development and validation of a clinical risk score. Europace 
2014;16:40-6. 
232. Morani G, Gasparini M, Zanon F, et al. Cardiac resynchronization therapy-defibrillator 
improves long-term survival compared with cardiac resynchronization therapy-pacemaker in patients 
with a class IA indication for cardiac resynchronization therapy: data from the Contak Italian Registry. 
Europace 2013;15:1273-9. 
233. Schliamser JE, Kadish AH, Subacius H, et al. Significance of follow-up left ventricular ejection 
fraction measurements in the Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation 
trial (DEFINITE). Heart Rhythm 2013;10:838-46. 
234. Steinberg BA, Al-Khatib SM, Edwards R, et al. Outcomes of implantable cardioverter-
defibrillator use in patients with comorbidities: results from a combined analysis of 4 randomized 
clinical trials. JACC Heart Fail 2014;2:623-9. 
235. Seidl K, Senges J. Geographic Differences in Implantable Cardioverter Defibrillator Usage. 
Journal of Cardiovascular Electrophysiology 2002;13:S100-S5. 
236. Epstein AE, DiMarco JP, Ellenbogen KA, et al. ACC/AHA/HRS 2008 Guidelines for Device-Based 
Therapy of Cardiac Rhythm Abnormalities: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 
ACC/AHA/NASPE 2002 Guideline Update for Implantation of Cardiac Pacemakers and Antiarrhythmia 
Devices) developed in collaboration with the American Association for Thoracic Surgery and Society 
of Thoracic Surgeons. J Am Coll Cardiol 2008;51:e1-62. 
237. Al-Khatib SM, Stevenson WG, Ackerman MJ, et al. 2017 AHA/ACC/HRS Guideline for 
Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death. 
Circulation 2018;138:e272-e391. 
238. Borne RT, Peterson PN, Greenlee R, et al. Temporal Trends in Patient Characteristics and 
Outcomes Among Medicare Beneficiaries Undergoing Primary Prevention Implantable Cardioverter-
Defibrillator Placement in the United States, 2006–2010. Results from the National Cardiovascular 
Data Registry’s Implantable Cardioverter-Defibrillator Registry 2014;130:845-53. 
239. Hohnloser SH, Kuck KH, Dorian P, et al. Prophylactic Use of an Implantable Cardioverter–
Defibrillator after Acute Myocardial Infarction. New England Journal of Medicine 2004;351:2481-8. 
240. Steinbeck G, Andresen D, Seidl K, et al. Defibrillator Implantation Early after Myocardial 
Infarction. New England Journal of Medicine 2009;361:1427-36. 
241. Al-Khatib SM, Hellkamp A, Curtis J, et al. Non–Evidence-Based ICD Implantations in the United 
States: Results from the NCDR-ICD Registry. JAMA : the journal of the American Medical Association 
2011;305:43-9. 



295 

242. Steinberg JS, Mittal S. The Federal Audit of Implantable Cardioverter-Defibrillator Implants: 
Lessons Learned. Journal of the American College of Cardiology 2012;59:1270-4. 
243. Fogel RI, Epstein AE, Mark Estes NA, et al. The Disconnect Between the Guidelines, the 
Appropriate Use Criteria, and Reimbursement Coverage Decisions: The Ultimate Dilemma. Journal of 
the American College of Cardiology 2014;63:12-4. 
244. Komajda M, Follath F, Swedberg K, et al. The EuroHeart Failure Survey programme--a survey 
on the quality of care among patients with heart failure in Europe. Part 2: treatment. Eur Heart J 
2003;24:464-74. 
245. van Veldhuisen DJ, Charlesworth A, Crijns HJGM, Lie KI, Hampton JR. Differences in drug 
treatment of chronic heart failure between European countries. European Heart Journal 1999;20:666-
72. 
246. Veldhuisen Dirk J, Maass Alexander H, Priori Silvia G, et al. Implementation of device therapy 
(cardiac resynchronization therapy and implantable cardioverter defibrillator) for patients with heart 
failure in Europe: changes from 2004 to 2008. European Journal of Heart Failure 2009;11:1143-51. 
247. Zhan C, Baine WB, Sedrakyan A, Steiner C. Cardiac Device Implantation in the United States 
from 1997 through 2004: A Population-based Analysis. Journal of General Internal Medicine 
2008;23:13-9. 
248. Al-Khatib SM, Sanders GD, Carlson M, et al. Preventing tomorrow's sudden cardiac death 
today: Dissemination of effective therapies for sudden cardiac death prevention. American Heart 
Journal 2008;156:613-22. 
249. Piccini JP, Hernandez AF, Dai D, et al. Use of Cardiac Resynchronization Therapy in Patients 
Hospitalized With Heart Failure. Circulation 2008;118:926-33. 
250. Dickstein K, Bogale N, Priori S, et al. The European cardiac resynchronization therapy survey. 
European Heart Journal 2009;30:2450-60. 
251. Raatikainen MJP, Arnar DO, Zeppenfeld K, et al. Statistics on the use of cardiac electronic 
devices and electrophysiological procedures in the European Society of Cardiology countries: 2014 
report from the European Heart Rhythm Association. EP Europace 2015;17:i1-i75. 
252. National Institute for Health and Clinical Excellence. NICE technology appraisal guidance on 
implantable cardioverter defibrillators for arrhythmias (TA95) 2006. 
253. Epstein AE, DiMarco JP, Ellenbogen KA, et al. ACC/AHA/HRS 2008 Guidelines for Device-Based 
Therapy of Cardiac Rhythm Abnormalities: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 
ACC/AHA/NASPE 2002 Guideline Update for Implantation of Cardiac Pacemakers and Antiarrhythmia 
Devices): developed in collaboration with the American Association for Thoracic Surgery and Society 
of Thoracic Surgeons. Circulation 2008;117:e350-408. 
254. National Institute for Health and Clinical Excellence. NICE Technology appraisal guidance 
[TA314]. 2014. 
255. Pacemakers and Implantable Defibrillators: A Two Year National Survey for 2003 and 2004. 
British Heart Rhythm Society. 2003/2004. 
256. Arribas F, Auricchio A, Boriani G, et al. Statistics on the use of cardiac electronic devices and 
electrophysiological procedures in 55 ESC countries: 2013 report from the European Heart Rhythm 
Association (EHRA). EP Europace 2014;16:i1-i78. 
257. Cubbon RM, Witte KK, Kearney LC, et al. Performance of 2014 NICE defibrillator implantation 
guidelines in heart failure risk stratification. Heart 2016. 
258. National Cardiac Rhythm Management Audit. British Heart Rhythm Society.April 2015-March 
2016. 
259. Tanno K, Miyoshi F, Watanabe N, et al. Are the MADIT II Criteria for ICD Implantation 
Appropriate for Japanese Patients? Circulation Journal 2005;69:19-22. 
260. Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac death in the United States, 1989 to 
1998. Circulation 2001;104:2158-63. 



296 

261. Asia Pacific Heart Rhythm Society. The Asia Pacific Heart Rhythm Society (APHRS) White 
Book.2015. 
262. Lau CP, Tse HF, Mond HG. The impact of reimbursement on the usage of pacemakers, 
implantable cardioverter defibrillators and radiofrequency ablation. J Interv Card Electrophysiol 
2006;17:177-81. 
263. Chia YMF, Teng TK, Tan ESJ, et al. Disparity Between Indications for and Utilization of 
Implantable Cardioverter Defibrillators in Asian Patients With Heart Failure. Circ Cardiovasc Qual 
Outcomes 2017;10. 
264. Statistic New Zealand. National Population Estimates: At 30 June 2016. 
http://archive.stats.govt.nz/browse_for_stats/population/estimates_and_projections/NationalPopul
ationEstimates_HOTPAt30Jun16.aspx. Wellington: Statistics New Zealand; 2016. 
265. Larsen PD, De Silva P, Harding SA, Woodcock E, Lever NA. Use of implantable cardioverter 
defibrillators in the New Zealand context from 2000 to 2007. N Z Med J 2010;123:76-85. 
266. Mond HG, Whitlock RM. The Australian and New Zealand cardiac pacing and implantable 
cardioverter-defibrillator survey: calendar year 2005. Heart Lung Circ 2008;17:85-9. 
267. Camm AJ, Nisam S. European utilization of the implantable defibrillator: has 10 years changed 
the 'enigma'? Europace 2010;12:1063-9. 
268. van Veldhuisen DJ, Maass AH, Priori SG, et al. Implementation of device therapy (cardiac 
resynchronization therapy and implantable cardioverter defibrillator) for patients with heart failure in 
Europe: changes from 2004 to 2008. Eur J Heart Fail 2009;11:1143-51. 
269. Dickstein K, Vardas PE, Auricchio A, et al. 2010 Focused Update of ESC Guidelines on device 
therapy in heart failure. European Journal of Heart Failure 2010;12:1143-53. 
270. Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC Guidelines on cardiac pacing and 
cardiac resynchronization therapy: The Task Force on cardiac pacing and resynchronization therapy of 
the European Society of Cardiology (ESC). Developed in collaboration with the European Heart Rhythm 
Association (EHRA). Europace 2013. 
271. Smith W. New Zealand primary implantable cardioverter defibrillator implantation and 
biventricular pacing guidelines. N Z Med J 2010;123:86-96. 
272. Park RE, Greenslade JM, Matthewson SP, Troughton RW, Melton IC, Crozier IG. Cardiac 
Resynchronisation Therapy: The Christchurch Experience. Heart, Lung and Circulation 2008;17:S4-S5. 
273. Martin A, Sinclair S, Lever N, Stewart J. The Green Lane and Auckland City Hospital cardiac 
resynchronisation therapy experience. N Z Med J 2013;126:54-61. 
274. Larsen PD, Kerr AJ, Hood M, et al. Pacemaker Use in New Zealand - Data From the New Zealand 
Implanted Cardiac Device Registry (ANZACS-QI 15). Heart Lung Circ 2016. 
275. Buxton A, Goldberg S, Hirshfeld JW, et al. Refractory ergonovine-induced coronary vasospasm: 
Importance of intracoronary nitroglycerin. The American Journal of Cardiology 1980;46:329-34. 
276. Epstein AE, DiMarco JP, Ellenbogen KA, et al. 2012 ACCF/AHA/HRS focused update 
incorporated into the ACCF/AHA/HRS 2008 guidelines for device-based therapy of cardiac rhythm 
abnormalities: a report of the American College of Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines and the Heart Rhythm Society. J Am Coll Cardiol 2013;61:e6-75. 
277. Chase D, Roderick PJ, Burnley H, Gallagher PJ, Roberts PR, Morgan JM. Is there unmet need 
for implantable cardioverter defibrillators? Findings from a post-mortem series of sudden cardiac 
death. EP Europace 2008;10:741-6. 
278. Plummer CJ, Irving RJ, McComb JM. The incidence of implantable cardioverter defibrillator 
indications in patients admitted to all coronary care units in a single district*. EP Europace 2005;7:266-
72. 
279. Mond HG, Crozier I. The Australian and New Zealand Cardiac Pacemaker and Implantable 
Cardioverter-Defibrillator Survey: Calendar Year 2013. Heart, Lung and Circulation 2015;24:291-7. 
280. McHale B, Harding SA, Lever NA, Larsen PD. A national survey of clinician's knowledge of and 
attitudes towards implantable cardioverter defibrillators. EP Europace 2009;11:1313-6. 

http://archive.stats.govt.nz/browse_for_stats/population/estimates_and_projections/NationalPopulationEstimates_HOTPAt30Jun16.aspx
http://archive.stats.govt.nz/browse_for_stats/population/estimates_and_projections/NationalPopulationEstimates_HOTPAt30Jun16.aspx


297 

281. Sadarmin PP, Wong KCK, Rajappan K, Bashir Y, Betts TR. Barriers to patients eligible for 
screening investigations and insertion of primary prevention implantable cardioverter defibrillators. 
EP Europace 2014;16:1575-9. 
282. Goldman  L. Cost-Effectiveness in a Flat World — Can ICDs Help the United States Get Rhythm? 
New England Journal of Medicine 2005;353:1513-5. 
283. Tan L, Blakely TA. Mortality by ethnic group to 2006: is extending census-mortality linkage 
robust? N Z Med J 2012;125:62-75. 
284. Ministry of Health. Health Loss in New Zealand 1990–2013: A report from the New Zealand 
Burden of Diseases, Injuries and Risk Factors Study. Wellington: Ministry of Health; 2016. 
285. Chan WC, Wright C, Riddell T, et al. Ethnic and socioeconomic disparities in the prevalence of 
cardiovascular disease in New Zealand. N Z Med J 2008;121:11-20. 
286. Riddell T. Heart failure hospitalisations and deaths in New Zealand: patterns by deprivation 
and ethnicity. N Z Med J 2004;118:U1254. 
287. Tukuitonga CF, Bindman AB. Ethnic and gender differences in the use of coronary artery 
revascularisation procedures in New Zealand. N Z Med J 2002;115:179-82. 
288. Mehta S. Health needs assessment of Asian people living in the Auckland region. Auckland: 
Northern DHB Support Agency; 2012. 
289. Klug D, Balde M, Pavin D, et al. Risk Factors Related to Infections of Implanted Pacemakers 
and Cardioverter-Defibrillators: Results of a Large Prospective Study. Circulation 2007;116:1349-55. 
290. Scott PA, Whittaker A, Zeb M, et al. Rates of Upgrade of ICD Recipients to CRT in Clinical 
Practice and the Potential Impact of the More Liberal Use of CRT at Initial Implant. Pacing and Clinical 
Electrophysiology 2012;35:73-80. 
291. Bogale N, Witte K, Priori S, et al. The European Cardiac Resynchronization Therapy Survey: 
comparison of outcomes between de novo cardiac resynchronization therapy implantations and 
upgrades. European Journal of Heart Failure 2011;13:974-83. 
292. Statistics New Zealand. District Health Boards Ethnic Group Population Projections, 2014–43 
(2013-Base) – 2016 Update. Wellington: Statistics New Zealand; 2016. 
293. Curtis JP, Luebbert JJ, Wang Y, et al. Association of physician certification and outcomes 
among patients receiving an implantable cardioverter-defibrillator. JAMA 2009;301:1661-70. 
294. Curtis AB, Yancy CW, Albert NM, et al. Cardiac resynchronization therapy utilization for heart 
failure: Findings from IMPROVE HF. American Heart Journal 2009;158:956-64. 
295. Lund LH, Braunschweig F, Benson L, Ståhlberg M, Dahlström U, Linde C. Association between 
demographic, organizational, clinical, and socio-economic characteristics and underutilization of 
cardiac resynchronization therapy: results from the Swedish Heart Failure Registry. European Journal 
of Heart Failure 2017:n/a-n/a. 
296. Sridhar ARM, Yarlagadda V, Parasa S, et al. Cardiac Resynchronization Therapy: US Trends and 
Disparities in Utilization and Outcomes. Circulation: Arrhythmia and Electrophysiology 
2016;9:e003108. 
297. Eucomed Statistics. Cardiac Rhythm Management Products. www.eucomed.org/medical-
technology/fact-figures. 2005-2013. 
298. Tang WH, Boehmer J, Gras D. Multispecialty approach: the need for heart failure disease 
management for refining cardiac resynchronization therapy. Heart Rhythm 2012;9:S45-50. 
299. Fonarow GC, Yancy CW, Hernandez AF, Peterson ED, Spertus JA, Heidenreich PA. Potential 
impact of optimal implementation of evidence-based heart failure therapies on mortality. Am Heart J 
2011;161:1024-30 e3. 
300. Bridgman PG, Ashrafi AN, Mann S, Whalley GA, collaborators S. Survey of clinical 
echocardiography in New Zealand (SCANZ). N Z Med J 2008;121:34-44. 
301. Buckley BA, Poppe K, Farnworth MJ, Whalley G. Regional differences in echocardiography 
provision in New Zealand--results from the 2013 SCANZ Workforce Survey. N Z Med J 2015;128:47-55. 
302. A Foley T, V Mankad S, Anavekar N, et al. Measuring Left Ventricular Ejection Fraction – 
Techniques and Potential Pitfalls2012. 

http://www.eucomed.org/medical-technology/fact-figures
http://www.eucomed.org/medical-technology/fact-figures


298 

303. Marsan NA, Bleeker GB, van Bommel RJ, et al. Comparison of time course of response to 
cardiac resynchronization therapy in patients with ischemic versus nonischemic cardiomyopathy. Am 
J Cardiol 2009;103:690-4. 
304. Wikstrom G, Blomstrom-Lundqvist C, Andren B, et al. The effects of aetiology on outcome in 
patients treated with cardiac resynchronization therapy in the CARE-HF trial. Eur Heart J 2009;30:782-
8. 
305. Yu C-M, Chan JY-S, Zhang Q, et al. Biventricular Pacing in Patients with Bradycardia and Normal 
Ejection Fraction. New England Journal of Medicine 2009;361:2123-34. 
306. Zhang XH, Chen H, Siu CW, et al. New-onset heart failure after permanent right ventricular 
apical pacing in patients with acquired high-grade atrioventricular block and normal left ventricular 
function. J Cardiovasc Electrophysiol 2008;19:136-41. 
307. Khurshid S, Epstein AE, Verdino RJ, et al. Incidence and predictors of right ventricular pacing-
induced cardiomyopathy. Heart Rhythm 2014;11:1619-25. 
308. Sweeney MO, Hellkamp AS, Ellenbogen KA, et al. Adverse effect of ventricular pacing on heart 
failure and atrial fibrillation among patients with normal baseline QRS duration in a clinical trial of 
pacemaker therapy for sinus node dysfunction. Circulation 2003;107:2932-7. 
309. Tracy CM, Epstein AE, Darbar D, et al. 2012 ACCF/AHA/HRS Focused Update of the 2008 
Guidelines for Device-Based Therapy of Cardiac Rhythm AbnormalitiesA Report of the American 
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. 
Journal of the American College of Cardiology 2012;60:1297-313. 
310. Kirkfeldt RE, Johansen JB, Nohr EA, Jorgensen OD, Nielsen JC. Complications after cardiac 
implantable electronic device implantations: an analysis of a complete, nationwide cohort in Denmark. 
Eur Heart J 2014;35:1186-94. 
311. Zeitler EP, Hellkamp AS, Schulte PJ, et al. Comparative Effectiveness of Implantable 
Cardioverter Defibrillators for Primary Prevention in Women. Circ Heart Fail 2016;9:e002630. 
312. Klein L, Grau-Sepulveda MV, Bonow RO, et al. Quality of care and outcomes in women 
hospitalized for heart failure. Circ Heart Fail 2011;4:589-98. 
313. Nicol ED, Fittall B, Roughton M, Cleland JG, Dargie H, Cowie MR. NHS heart failure survey: a 
survey of acute heart failure admissions in England, Wales and Northern Ireland. Heart 2008;94:172-
7. 
314. Al-Khatib SM, Hellkamp AS, Hernandez AF, et al. Trends in Use of Implantable Cardioverter-
Defibrillator Therapy Among Patients Hospitalized for Heart Failure. Have the Previously Observed Sex 
and Racial Disparities Changed Over Time? 2012;125:1094-101. 
315. Hernandez AF, Fonarow GC, Liang L, et al. Sex and racial differences in the use of implantable 
cardioverter-defibrillators among patients hospitalized with heart failure. JAMA 2007;298:1525-32. 
316. MacFadden DR, Crystal E, Krahn AD, et al. Sex differences in implantable cardioverter-
defibrillator outcomes: findings from a prospective defibrillator database. Ann Intern Med 
2012;156:195-203. 
317. Providência R, Marijon E, Lambiase PD, et al. Primary Prevention Implantable Cardioverter 
Defibrillator (ICD) Therapy in Women—Data From a Multicenter French Registry. Journal of the 
American Heart Association 2016;5. 
318. Seegers J, Conen D, Jung K, et al. Sex difference in appropriate shocks but not mortality during 
long-term follow-up in patients with implantable cardioverter-defibrillators. EP Europace 
2016;18:1194-202. 
319. Conen D, Arendacka B, Rover C, et al. Gender Differences in Appropriate Shocks and Mortality 
among Patients with Primary Prophylactic Implantable Cardioverter-Defibrillators: Systematic Review 
and Meta-Analysis. PLoS One 2016;11:e0162756. 
320. Moss AJ, Schuger C, Beck CA, et al. Reduction in inappropriate therapy and mortality through 
ICD programming. N Engl J Med 2012;367:2275-83. 



299 

321. Gasparini M, Proclemer A, Klersy C, et al. Effect of long-detection interval vs standard-
detection interval for implantable cardioverter-defibrillators on antitachycardia pacing and shock 
delivery: The advance iii randomized clinical trial. JAMA 2013;309:1903-11. 
322. Saeed M, Hanna I, Robotis D, et al. Programming Implantable Cardioverter-Defibrillators in 
Patients with Primary Prevention Indication to Prolong Time to First Shock: Results from the PROVIDE 
Study. Journal of Cardiovascular Electrophysiology 2014;25:52-9. 
323. Wilkoff BL, Fauchier L, Stiles MK, et al. 2015 HRS/EHRA/APHRS/SOLAECE expert consensus 
statement on optimal implantable cardioverter-defibrillator programming and testing. Journal of 
Arrhythmia 2016;32:1-28. 
324. Kosiborod M, Lichtman JH, Heidenreich PA, et al. National Trends in Outcomes Among Elderly 
Patients with Heart Failure. The American Journal of Medicine 2006;119:616.e1-.e7. 
325. Ahluwalia SC, Gross CP, Chaudhry SI, et al. Impact of Comorbidity on Mortality Among Older 
Persons with Advanced Heart Failure. Journal of General Internal Medicine 2012;27:513-9. 
326. Jaarsma T, Johansson P, Agren S, Stromberg A. Quality of life and symptoms of depression in 
advanced heart failure patients and their partners. Curr Opin Support Palliat Care 2010;4:233-7. 
327. Brostrom A, Johansson P. Sleep disturbances in patients with chronic heart failure and their 
holistic consequences-what different care actions can be implemented? Eur J Cardiovasc Nurs 
2005;4:183-97. 
328. Riegel B, Weaver TE. Poor Sleep and Impaired Self-Care: Towards a Comprehensive Model 
Linking Sleep, Cognition, and Heart Failure Outcomes. European journal of cardiovascular nursing : 
journal of the Working Group on Cardiovascular Nursing of the European Society of Cardiology 
2009;8:337-44. 
329. Godfrey C, Harrison MB, Medves J, Tranmer JE. The symptom of pain with heart failure: a 
systematic review. J Card Fail 2006;12:307-13. 
330. Evangelista LS, Sackett E, Dracup K. Pain and heart failure: Unrecognized and untreated. 
European journal of cardiovascular nursing : journal of the Working Group on Cardiovascular Nursing 
of the European Society of Cardiology 2009;8:169-73. 
331. Haworth JE, Moniz-Cook E, Clark AL, Wang M, Waddington R, Cleland JGF. Prevalence and 
predictors of anxiety and depression in a sample of chronic heart failure patients with left ventricular 
systolic dysfunction. European Journal of Heart Failure 2005;7:803-8. 
332. Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression in heart failure a meta-
analytic review of prevalence, intervention effects, and associations with clinical outcomes. J Am Coll 
Cardiol 2006;48:1527-37. 
333. Schleifer SJ, Macari-Hinson MM, Coyle DA, et al. The nature and course of depression 
following myocardial infarction. Arch Intern Med 1989;149:1785-9. 
334. Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on the pathogenesis of 
cardiovascular disease and implications for therapy. Circulation 1999;99:2192-217. 
335. Evans DL, Charney DS, Lewis L, et al. Mood disorders in the medically ill: scientific review and 
recommendations. Biol Psychiatry 2005;58:175-89. 
336. Havranek EP, Spertus JA, Masoudi FA, Jones PG, Rumsfeld JS. Predictors of the onset of 
depressive symptoms in patients with heart failure. J Am Coll Cardiol 2004;44:2333-8. 
337. Lesman-Leegte I, Jaarsma T, Sanderman R, Linssen G, van Veldhuisen DJ. Depressive 
symptoms are prominent among elderly hospitalised heart failure patients. Eur J Heart Fail 
2006;8:634-40. 
338. Johansson P, Dahlstrom U, Brostrom A. Consequences and predictors of depression in patients 
with chronic heart failure: implications for nursing care and future research. Prog Cardiovasc Nurs 
2006;21:202-11. 
339. van Melle JP, de Jonge P, Spijkerman TA, et al. Prognostic association of depression following 
myocardial infarction with mortality and cardiovascular events: a meta-analysis. Psychosom Med 
2004;66:814-22. 



300 

340. Barth J, Schumacher M, Herrmann-Lingen C. Depression as a risk factor for mortality in 
patients with coronary heart disease: a meta-analysis. Psychosom Med 2004;66:802-13. 
341. Hasper D, Hummel M, Kleber FX, Reindl I, Volk HD. Systemic inflammation in patients with 
heart failure. Eur Heart J 1998;19:761-5. 
342. Parissis JT, Venetsanou KF, Mentzikof DG, Ziras NG, Kefalas CG, Karas SM. Tumor necrosis 
factor-alpha serum activity during treatment of acute decompensation of cachectic and non-cachectic 
patients with advanced congestive heart failure. Scand Cardiovasc J 1999;33:344-50. 
343. Tsutamoto T, Wada A, Maeda K, et al. Angiotensin II type 1 receptor antagonist decreases 
plasma levels of tumor necrosis factor alpha, interleukin-6 and soluble adhesion molecules in patients 
with chronic heart failure. Journal of the American College of Cardiology 2000;35:714-21. 
344. McEwen BS. The neurobiology of stress: from serendipity to clinical relevance11Published on 
the World Wide Web on 22 November 2000. Brain Research 2000;886:172-89. 
345. Irwin M. Psychoneuroimmunology of Depression: Clinical Implications. Brain, Behavior, and 
Immunity 2002;16:1-16. 
346. Cleland JG, Calvert MJ, Verboven Y, Freemantle N. Effects of cardiac resynchronization therapy 
on long-term quality of life: an analysis from the CArdiac Resynchronisation-Heart Failure (CARE-HF) 
study. Am Heart J 2009;157:457-66. 
347. Kloch Badelek M, Klocek M, Czarnecka D, Wojciechowska W, Wilinski J, Kawecka Jaszcz K. 
Impact of cardiac resynchronisation therapy on physical ability and quality of life in patients with 
chronic heart failure. Kardiol Pol 2012;70:581-8. 
348. Nichols GA, Reynolds K, Kimes TM, Rosales AG, Chan WW. Comparison of Risk of Re-
hospitalization, All-Cause Mortality, and Medical Care Resource Utilization in&#xa0;Patients With 
Heart Failure and Preserved Versus Reduced Ejection Fraction. American Journal of Cardiology 
2015;116:1088-92. 
349. Cheng RK, Cox M, Neely ML, et al. Outcomes in patients with heart failure with preserved, 
borderline, and reduced ejection fraction in the Medicare population. American Heart Journal 
2014;168:721-30.e3. 
350. Bello NA, Claggett B, Desai AS, et al. Influence of Prior Heart Failure Hospitalization on 
Cardiovascular Events in Patients with Reduced and Preserved Ejection Fraction. Circulation Heart 
failure 2014;7:590-5. 
351. McAlister FA, Ezekowitz J, Hooton N, et al. Cardiac Resynchronization Therapy for Patients 
With Left Ventricular Systolic Dysfunction. JAMA: The Journal of the American Medical Association 
2007;297:2502-14. 
352. Ariti CA, Cleland JGF, Pocock SJ, et al. Days alive and out of hospital and the patient journey in 
patients with heart failure: Insights from the Candesartan in Heart failure: Assessment of Reduction in 
Mortality and morbidity (CHARM) program. American Heart Journal 2011;162:900-6. 
353. Heo S, Moser DK, Riegel B, Hall LA, Christman N. Testing the Psychometric Properties of the 
Minnesota Living With Heart Failure Questionnaire. Nursing Research 2005;54:265-72. 
354. Raphael C, Briscoe C, Davies J, et al. Limitations of the New York Heart Association functional 
classification system and self-reported walking distances in chronic heart failure. Heart 2007;93:476-
82. 
355. Rector TS, Cohn JN. Assessment of patient outcome with the Minnesota Living with Heart 
Failure questionnaire: reliability and validity during a randomized, double-blind, placebo-controlled 
trial of pimobendan. Pimobendan Multicenter Research Group. Am Heart J 1992;124:1017-25. 
356. Garin O, Ferrer M, Pont À, et al. Disease-specific health-related quality of life questionnaires 
for heart failure: a systematic review with meta-analyses. Quality of Life Research 2009;18:71-85. 
357. Bennett SJ, Oldridge NB, Eckert GJ, et al. Comparison of quality of life measures in heart failure. 
Nurs Res 2003;52:207-16. 
358. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of the Kansas 
City Cardiomyopathy Questionnaire: a new health status measure for heart failure. Journal of the 
American College of Cardiology 2000;35:1245-55. 



301 

359. Hawwa N, Vest AR, Kumar R, et al. Comparison Between the Kansas City Cardiomyopathy 
Questionnaire and New York Heart Association in Assessing Functional Capacity and Clinical Outcomes. 
Journal of Cardiac Failure 2017;23:280-5. 
360. Boriani G, Berti E, Belotti LMB, et al. Cardiac device therapy in patients with left ventricular 
dysfunction and heart failure: ‘real-world’ data on long-term outcomes (mortality, hospitalizations, 
days alive and out of hospital). European Journal of Heart Failure 2016;18:693-702. 
361. Khadjooi K, Foley PW, Chalil S, et al. Long-term effects of cardiac resynchronisation therapy in 
patients with atrial fibrillation. Heart 2008;94:879-83. 
362. Gasparini M, Leclercq C, Lunati M, et al. Cardiac resynchronization therapy in patients with 
atrial fibrillation: the CERTIFY study (Cardiac Resynchronization Therapy in Atrial Fibrillation Patients 
Multinational Registry). JACC Heart failure 2013;1:500-7. 
363. Go AS, Mozaffarian D, Roger VL, et al. Executive Summary: Heart Disease and Stroke 
Statistics—2014 Update. A Report From the American Heart Association 2014;129:399-410. 
364. Looi K-L, Gavin A, Sidhu K, et al. Utilization of cardiac resynchronization therapy in patients 
with heart failure in the Northern Region of New Zealand. J Arrhythmia 2018;00:1-9. 
365. Task Force C, Daubert J-C, Saxon L, et al. 2012 EHRA/HRS expert consensus statement on 
cardiac resynchronization therapy in heart failure: implant and follow-up recommendations and 
managementA registered branch of the European Society of Cardiology (ESC), and the Heart Rhythm 
Society; and in collaboration with the Heart Failure Society of America (HFSA), the American Society 
of Echocardiography (ASE), the American Heart Association (AHA), the European Association of 
Echocardiography (EAE) of the ESC and the Heart Failure Association of the ESC (HFA).Endorsed by the 
governing bodies of AHA, ASE, EAE, HFSA, HFA, EHRA, and HRS. EP Europace 2012;14:1236-86. 
366. Achilli A, Peraldo C, Sassara M, et al. Prediction of Response to Cardiac Resynchronization 
Therapy: The Selection of Candidates for CRT (SCART) Study. Pacing and Clinical Electrophysiology 
2006;29:S11-S9. 
367. Mastenbroek MH, Pedersen SS, Meine M, Versteeg H. Distinct trajectories of disease-specific 
health status in heart failure patients undergoing cardiac resynchronization therapy. Quality of Life 
Research 2016;25:1451-60. 
368. Huynh Quan L, Negishi Kazuaki, De Pasquale Carmine G, et al. Determinants of Days Alive and 
Out of Hospital in Heart Failure. Circulation 2016;134. 
369. Priori SG, Blomström-Lundqvist C, Mazzanti A, et al. 2015 ESC Guidelines for the management 
of patients with ventricular arrhythmias and the prevention of sudden cardiac deathThe Task Force 
for the Management of Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac 
Death of the European Society of Cardiology (ESC)Endorsed by: Association for European Paediatric 
and Congenital Cardiology (AEPC). EP Europace 2015;17:1601-87. 
370. Biffi M, Ziacchi M, Bertini M, et al. How to truly value implantable cardioverter-defibrillators 
technology: Up-front cost or daily cost? International Journal of Technology Assessment in Health Care 
2011;27:201-6. 
371. Erkapic D, Sperzel J, Stiller S, et al. Long-term benefit of implantable cardioverter/defibrillator 
therapy after elective device replacement: results of the INcidence free SUrvival after ICD 
REplacement (INSURE) trial—a prospective multicentre study. European Heart Journal 2013;34:130-7. 
372. Looi KL, Sidhu K, Cooper L, et al. Long-term outcomes of heart failure patients who received 
primary prevention implantable cardioverter-defibrillator: An observational study. J Arrhythm 
2018;34:46-54. 
373. Kini V, Soufi MK, Deo R, et al. Appropriateness of primary prevention implantable 
cardioverter-defibrillators at the time of generator replacement: are indications still met? J Am Coll 
Cardiol 2014;63:2388-94. 
374. Tilz R, Boveda S, Deharo J-C, Dobreanu D, Haugaa KH, Dagres N. Replacement of implantable 
cardioverter defibrillators and cardiac resynchronization therapy devices: results of the European 
Heart Rhythm Association survey. EP Europace 2016;18:945-9. 



302 

375. Alsheikh-Ali AA, Homer M, Maddukuri PV, Kalsmith B, Estes NA, MS. L. Time-Dependence of 
Appropriate Implantable Defibrillator Therapy in Patients with Ischemic Cardiomyopathy. Journal of 
Cardiovascular Electrophysiology 2008;19:784-9. 
376. Lewis KB, Nery PB, Birnie DH. Decision making at the time of icd generator change: 
Patients&#39; perspectives. JAMA Internal Medicine 2014;174:1508-11. 
377. Moss AJ, Greenberg H, Case RB, et al. Long-term clinical course of patients after termination 
of ventricular tachyarrhythmia by an implanted defibrillator. Circulation 2004;110:3760-5. 
378. Borleffs CJ, van Rees JB, van Welsenes GH, et al. Prognostic importance of atrial fibrillation in 
implantable cardioverter-defibrillator patients. J Am Coll Cardiol 2010;55:879-85. 
379. Yap SC, Schaer BA, Bhagwandien RE, et al. Evaluation of the need of elective implantable 
cardioverter-defibrillator generator replacement in primary prevention patients without prior 
appropriate ICD therapy. Heart 2014;100:1188-92. 
380. Van Welsenes GH, Van Rees JB, Thijssen J, et al. Primary Prevention Implantable Cardioverter 
Defibrillator Recipients: The Need for Defibrillator Back‐Up After an Event‐Free First Battery Service‐

Life. Journal of Cardiovascular Electrophysiology 2011;22:1346-50. 
381. Kramer DB, Kennedy KF, Spertus JA, et al. Mortality risk following replacement implantable 
cardioverter-defibrillator implantation at end of battery life: Results from the NCDR®. Heart Rhythm 
2014;11:216-21. 
382. Beattie J. ICD deactivation at the end of life: Principles and practice. London: British Heart 
Foundation; 2013. 
383. British Medical Association, Resuscitation Council (UK), The Royal College of Nursing. 
Decisions relating to cardiopulmonary resuscitation. 3rd ed. London: British Medical Association; 2016. 
384. Daubert JP, Zareba W, Cannom DS, et al. Inappropriate implantable cardioverter-defibrillator 
shocks in MADIT II: frequency, mechanisms, predictors, and survival impact. J Am Coll Cardiol 
2008;51:1357-65. 
385. Takahashi T, Bhandari AK, Watanuki M, Cannom DS, Sakurada H, Hiraoka M. High Incidence 
of Device-Related and Lead-Related Complications in the Dual-Chamber Implantable Cardioverter 
Defibrillator Compared With the Single-Chamber Version. Circulation Journal 2002;66:746-50. 
386. Daubert JC, Saxon L, Adamson PB, et al. 2012 EHRA/HRS expert consensus statement on 
cardiac resynchronization therapy in heart failure: implant and follow-up recommendations and 
management. Heart Rhythm 2012;9:1524-76. 
387. Goldenberg I, Gillespie J, Moss AJ, et al. Long-term benefit of primary prevention with an 
implantable cardioverter-defibrillator: an extended 8-year follow-up study of the Multicenter 
Automatic Defibrillator Implantation Trial II. Circulation 2010;122:1265-71. 

 

 

 


