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ABSTRACT
Objective Studies have shown beneficial effects of
cardiac resynchronisation therapy (CRT) on mortality
among patients with heart failure. 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
a CRT device with pacing alone (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 2nd 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 internal cardioverter-defibrillator
if patients were deemed non-responders to CRT. 27% of
the CRT-P patients with ischaemic cardiomyopathy met
indications for potential internal cardioverter-defibrillator
implantation for primary prevention. These were older
patients with poorer baseline function in comparison
with CRT-D patients with devices for primary prevention.
Once these differences were adjusted for, there was no
difference in outcome between the groups.
Conclusions 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.

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 clin-
ically important improvements in exercise capacity
and health related quality of life (QOL).1–3 Patients
may receive a CRT device with a defibrillator
(CRT-D) or CRTwith pacing alone (CRT-P).
The 2013 European Society of Cardiology guide-

line suggests that CRT is recommended in patients
with CHF with LVEF ≤35% who remain in
New York Heart Association (NYHA) functional

classes II, III and ambulatory IV; despite adequate
medical treatment.4 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 recom-
mended when indicated. In the UK, the National
Institute for Health and Care Excellence (NICE)
recommended CRTwith a pacing device as a treat-
ment option for people with CHF fulfilling similar
criteria on optimal pharmacological treatment.5

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 with an ICD alone.6 The risks of lead
problems and coronary dissection were significantly
higher in patients who received CRT-D which
remained a concern.6 A recent systematic review
showed some benefits of CRT-D over CRT-P in the
all-cause death rate after 1-year follow-up.7

However, the crucial question regarding the choice
of 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 to benefit from CRT-D.

METHODS
This study was a single-centre, retrospective obser-
vational 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 guid-
ance 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
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were followed up in the pacing and general clinics. Patient infor-
mation and data were retrospectively retrieved and analysed at
the end of the follow-up period. Response to CRTwas defined
as improvement in NYHA functional class. The primary end
point of the study was all-cause mortality.

Statistical analysis
We estimated a sample size of 140 per arm (280 total) would be
needed to provide 80% power (p<0.05, two sided) to detect a
50% change in the hazard ratio (HR) between groups (CRT-D
and CRT-P), assuming a median survival of 36 months and a
follow-up of 30 months.8 9

Continuous variables are presented as mean±SD, and cat-
egorical data as counts or percentages. Analysis and comparisons
of continuous data were performed using ANOVA, while 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 pro-
portional hazards models were used to explore univariate and
multivariate predictors of events. Initial exploratory covariates
of age, gender, atrial fibrillation, aetiology of heart failure, dia-
betes, hypertension, QRS morphology, QRS duration, LVEF,
serum sodium and serum creatine were used. 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 pre-
dictive factors by assessing whether there was a significant differ-
ence in the HR for death between subgroups. A two-sided
probability level of <0.05 was considered statistically significant.
All calculations were performed using SPSS V.20.0 (IBM
Software, USA).

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 character-
istics of the two groups are shown in table 1. Compared with
the patients who received CRT-P, those who had CRT-D
implanted were younger, more likely to be men and have ischae-
mic cardiomyopathy, and with milder symptoms. They also
received more amiodarone compared with those who had
CRT-P.

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% CI
for difference: −103 to 81 days, p=0.82). There was a signifi-
cant 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 (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 1). Adjusting for baseline

differences, the HR for CRT-D remained insignificant at all time
points.

Responders versus non-responders
In the CRT-D and CRT-P groups, the response rates were
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-ups, 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). Overall 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 among 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 mor-
tality 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 2 shows results of the univariate and multivariate survival
analyses. Younger age, dilated cardiomyopathy, hypertension,

Table 1 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

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
Creatine—mmol/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.
ACEI/ARB, ACE inhibitor or angiotensin receptor blocker; AF, atrial fibrillation; ALP,
alkaline phosphatase; ALT, alanine aminotransferase; AVN, atrioventricular node;
CRT-D, cardiac resynchronisation therapy with a defibrillator device; CRT-P, cardiac
resynchronisation therapy with biventricular pacing; NYHA, New York Heart
Association.
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higher sodium, lower creatine, use of ACE inhibitors or angio-
tensin receptor blockers, and the use of β-blockers, all predicted
survival. In multivariate analysis, younger age, female gender,
hypertension, higher serum sodium, lower creatine 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.

NICE guidance for ICD implantation
Of the 146 patients that had CRT-D 49% were for primary pre-
vention 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 preven-
tion 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 pre-
vention are shown in table 3. Compared with 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).

DISCUSSION
Our single-centre observational study suggests that a potential
survival benefit of CRT-D over CRT-P at 1 year was not signifi-
cant 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 dys-
function 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 ana-
lysis. In our cohort, patients who did not receive an ICD for
primary prevention despite meeting NICE guidance for implant-
ation, had a poorer prognosis than those receiving an ICD, but
the difference was explained by poorer baseline functional
status.

Figure 1 Kaplan-Meier survival curve for all-cause mortality
across the whole study stratified by device type. CRT-P, cardiac
resynchronisation therapy with pacing; CRT-D, cardiac resynchronisation
therapy with a defibrillator.

Table 2 Univariate and multivariate predictors of mortality

Predictors HR
Univariate
95% CI p Value HR

Multivariate
95% CI p Value

Age 1.03 1.01 to 1.05 0.003* 1.03 1.00 to 1.05 0.03*
Age >75 years old 1.23 0.82 to 1.85 0.32
Male gender 1.62 0.98 to 2.68 0.06 2.09 1.18 to 3.71 0.012*
Atrial fibrillation 1.40 0.92 to 2.14 0.12
Ischaemic (vs dilated) cardiomyopathy 1.46 1.01 to 2.12 0.048* 1.14 0.76 to 1.72 0.52
Diabetes mellitus 0.86 0.50 to 1.48 0.58
Hypertension 0.33 0.12 to 0.91 0.032* 0.31 0.12 to 0.86 0.02*
Left bundle branch block 0.65 0.38 to 1.11 0.12
QRS width 0.99 0.99 to 1.00 0.61
Preprocedure LVEF 0.98 0.96 to 1.00 0.11
Sodium 0.98 0.97 to 0.99 <0.001* 0.90 0.86 to 0.94 <0.001*
Creatine 1.01 1.01 to 1.02 <0.001* 1.004 1.007 to 1.009 0.02*
ACEI/ARB use 0.50 0.29 to 0.88 0.016* 0.65 0.35 to 1.20 0.17
β blocker use 0.63 0.43 to 0.92 0.015* 0.61 0.41 to 0.91 0.014*
Spironolactone use 0.72 0.48 to 1.08 0.11
CRT-D (vs CRT-P) 0.76 0.50 to 1.17 0.21 0.76 0.48 to 1.12 0.23

*Two-sided p<0.05.
ACEI/ARB, ACE inhibitor or angiotensin receptor blocker; CRT-D, cardiac resynchronisation therapy with a defibrillator device; CRT-P, cardiac resynchronisation therapy with biventricular
pacing; HR, hazard ratio.
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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 SCD.10 11 The Sudden
Cardiac Death in Heart Failure trial was the first to show that
ICD reduced all-cause mortality in patients with ischaemic and
non-ischaemic cardiomyopathy.12 In the COMPANION
(Comparison of Medical Therapy, Pacing and defibrillation in
Heart Failure) trial, all-cause mortality and all-cause hospitalisa-
tion were reduced by CRT-D and CRT-P compared
with medical therapy.2 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 the CRT-D and CRT-P arms.13 One of the most
important mechanisms of action for the benefit of CRT is
reverse remodelling, which takes time to evolve.14 Given
enough time, one may expect a significant reduction in mortal-
ity with CRT-P implanted patients and there is currently
no robust evidence that the potential early benefit conferred by
an ICD is durable. 15–17

Studies have demonstrated that in patients with CHF who
received either ICD or CRT-D for primary or secondary preven-
tion, the most common cause of death was progressive heart
failure.18 19 In the prospective study of Thijssen et al19 that
examined the modes of death in 2859 ICD and CRT-D patients

over a 14-year period, the annual mortality rate was 5%. The
proportion of patients who died suddenly was low and compar-
able for primary and secondary ICD and CRT-D patients.19 The
8-year cumulative incidence of SCD was 2.1% (95% CI 0.3% to
4.0%) in primary prevention ICD patients, 3.2% (95% CI 1.6%
to 4.8%) in secondary prevention ICD patients and 3.6% (95%
CI 1.8% to 5.3%) in CRT-D patients (log rank p=0.026).19

A recent small study involving a subgroup of patients post myo-
cardial infarction with severe LV dysfunction that have a nega-
tive electrophysiological study showing no inducible ventricular
tachycardia can do without the protection of an ICD with low
rates of arrhythmias or death.20

In our study, the potential advantage of a CRT-D device over
CRT-P was attenuated after 1 year. It suggests that in individuals
with severe and worsening CHF due to systolic LV dysfunction,
CHF complications other than ventricular tachyarrhythmias
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 pres-
sure, serum sodium and serum creatine were important predic-
tors of outcome. Comorbidities, such as myocardial infarction
and renal failure play a pivotal role in the prognosis of a patient
with CRT-D.21 Hyponatraemia has also been recognised as an
independent predictor of outcome in patients with LV dysfunc-
tion and an ICD. Factors such as age, and underlying comorbid-
ities should 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.22–25 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 is modest when
patients are carefully selected.26 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 indica-
tions 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 with
those who received CRT-D, and thus, a higher number of
deaths were observed. However, once baseline comorbidities
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 SCD compared with heart
failure-related deaths decreases.10 11 Newer guidance highlights
the lack of data comparing CRT-D and CRT-P directly, and sug-
gests that ICD therapy is favoured in younger patients with life
expectancy estimated at greater than 1 year, who have milder
symptoms and less comorbidity.4 Our results add weight to
these recommendations. Consideration of comorbidities and
known predictors of mortality will help to identify patients who
are most likely to derive relative benefit 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 (€6000; $8250) and a

Table 3 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

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—mmol/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.
ACEI/ARB, ACE inhibitor or angiotensin receptor blocker; AF, atrial fibrillation; ALP,
alkaline phosphatase; ALT, alanine aminotransferase; AVN, atrioventricular node;
CRT-D, cardiac resynchronisation therapy with a defibrillator device; CRT-P, cardiac
resynchronisation therapy with biventricular pacing; ICD, internal cardioverter
defibrillator; NYHA, New York Heart Association.
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CRT-D system to cost over £17 000 (€20 400; $27 200). It sug-
gested that CRT-P was cost-effective at a threshold of £20 000
(€24 000; $33 000) per quality adjusted life year, but that
CRT-D was effective only at a threshold of £40 000 (€48 000;
$66 000) per quality adjusted life year.27 A Belgian cost-benefit
analysis concluded that although there may be a survival benefit
from CRT-D over CRT-P, the incremental clinical benefit
appeared too marginal to warrant a threefold higher device
price for CRT-D.28 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 situ-
ation 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.

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. In
common with other non-randomised studies however, unrecog-
nised differences within the groups may well have introduced
bias. We did not define the mode of death in all patients or
identify CRT-D associated complications (eg, 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 inhibitors,
angiotensin receptor blockers or β blockers which had been
shown to prevent worsening CHF and SCD may reduce the sur-
vival differences between the two groups.29 However, ‘all-cause
mortality’ has been used widely as an end point 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.30 In a practical setting, the definition of

CRT response should extend to measure patient outcomes; that
is, 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
with prospective follow-up such as ours provides a useful per-
spective for both clinicians deciding on an individual patient
basis, and for health policy decisions and funding.

CONCLUSION
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 defib-
rillator apparently attenuated with time. Our results add to
existing literature suggesting that CRT-D confers an early sur-
vival benefit, but this was lost in the longer term. Balancing
patients’ comorbidities and the potential for device related com-
plications against the potential benefit from the defibrillator is
recommended on a case-by-case basis.
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