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Aims Cardiac resynchronization therapy (CRT) with a defibrillator (CRT-D) has downsides of high cost and inappropriate
shocks compared to CRT without a defibrillator (CRT-P). Recent data suggest that the survival benefit of implantable
cardioverter defibrillator (ICD) therapy is attenuated in the older age group. We hypothesized that, among octogen-
arians eligible for cardiac resynchronization therapy, CRT-P confers similar morbidity and mortality benefits as CRT-D.

Methods and
results

We compared morbidity and mortality outcomes between consecutive octogenarian patients eligible for CRT therapy
who underwent CRT-P implantation at Barzilai MC (n ¼ 142) vs. those implanted with CRT-D for primary prevention
indication who were prospectively enrolled in the Israeli ICD Registry (n ¼ 104). Among the 246 study patients, mean
age was 84+ 3 years, 74% were males, and 66% had ischaemic cardiomyopathy. Kaplan–Meier survival analysis showed
that at 5 years of follow-up the rate of all-cause mortality was 43% in CRT-P vs. 57% in the CRT-D group [log-rank
P ¼ 0.13; adjusted hazard ratio (HR) ¼ 0.79, 95% CI 0.46–1.35, P ¼ 0.37]. Kaplan–Meier analysis also showed no sig-
nificant difference in the rates of the combined endpoint of heart failure or death (46 vs. 60%, respectively, log-rank
P ¼ 0.36; adjusted HR was 0.85, 95% CI 0.51–1.44, P ¼ 0.55). A Cox proportional hazard with competing risk model
showed that re-hospitalizations for cardiac cause were not different for the two groups (adjusted HR 1.35, 95% CI 0.7–
2.6, P ¼ 0.37).

Conclusion Our data suggest that, in octogenarians with systolic heart failure, CRT-P therapy is associated with similar morbidity
and mortality outcomes as CRT-D therapy.
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Introduction
The older population remains largely under-represented in most
implantable cardioverter defibrillator (ICD) and cardiac resynchro-
nization therapy with defibrillator (CRT-D) trials.1 The use of
CRT-D or cardiac resynchronization therapy with pacing (CRT-P)
in clinical practice is an important question, with significant

implications in terms of costs,2,3 as well as inappropriate shocks4

and device-related complications.5,6 Furthermore, advanced co-
morbidities that are more common in the older age groups1 may at-
tenuate the survival benefit of ICD therapy.7

Sub-analyses of several randomized control trials suggested that
ICD therapy is associated with a reduction in all-cause mortality in
older patients compared with younger ones.1,8,9 However, in a
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meta-analysis including five primary prevention ICD trials,10 ICD
therapy in older patients was not associated with a significant reduc-
tion in mortality. Furthermore, recent data suggest that mortality
among older patients who receive cardiac resynchronization ther-
apy is mostly due to non-sudden cardiac death causes,11 and that
the risk of ventricular tachyarrhythmias is attenuated in this
population.12,13

Accordingly, we hypothesized that implantation of a CRT-P de-
vice will confer similar morbidity and mortality benefit as CRT-D
therapy in a population of octogenarians with systolic heart failure
(HF) and a prolonged QRS duration who were enrolled and pro-
spectively followed up in a real-world setting.

Methods

Study design and population
CRT-P group: The study group included all consecutive patients
≥80 years who underwent CRT-P implantation according to guidelines
(de novo implantation or upgrade from a permanent pacemaker) in
Barzilai University Medical Center between 2006 and 2013 (n ¼ 142).
Patients were enrolled and prospectively followed up in a local registry.
Inclusion criteria were: ejection fraction (EF) ≤ 35% with congestive
heart failure (CHF) and QRS ≥ 120 ms; or EF ≤ 40% with either com-
plete atrio-ventricular (AV) block or with atrial fibrillation (AF) and ra-
pid ventricular response despite rate-control drugs that were planned
for future AV node ablation. The registry was approved by the ethics
committee of our institution, and all patients provided written informed
consent.

CRT-D group: The study group was compared to a control group of
patients ≥80 years that were implanted with CRT-D for primary pre-
vention of sudden cardiac death according to guidelines14 and were en-
rolled in the Israeli ICD Registry between 2010 and 2015 (n ¼ 104). We
did not include upgrades from ICD to CRT-D but included upgrades
from pacemakers to CRT-D. The Israeli Registry is a prospective registry
of all patients undergoing implantation or replacement of an ICD or
CRT-D in all 22 implanting centres in the country. The registry is a col-
laborative effort between the community of cardiac electrophysiolo-
gists, care providers, industry, and payers, and is managed by the

Israeli Association for Cardiovascular Trials (I-ACT). The registry was
approved by the ethics committee of each participating institution,
and all patients provided written informed consent. For the purpose
of the present study, we included only patients undergoing de novo
CRT-D implantation.

For the present study we combined the two data sources. According-
ly, the total study population comprised 246 patients.

Data collection and follow-up
For the study population in Barzilai University Medical Center, data
were prospectively collected in a registry of all patients implanted
with CRT-P in this centre. Data were collected from the index hospital-
ization at the time of initial CRT-P implantation or device upgrade. Col-
lected variables included demographic and clinical characteristics,
indication for device implantation, comorbidities, electrocardiogram,
left ventricular EF, haemoglobin concentration and serum creatinine le-
vels, previous treatments, device manufacturer, device type, and unique
device identifier. Follow-up was of study patients enrolled between
2006 and 2013. Follow-up visits were initiated within 3 months of device
implantation and subsequently at 6-month intervals thereafter. Clinical
and device-related events occurring during follow-up were captured
during device clinic visits from patient interviews, hospitalization re-
cords, and a national population registry.

For the control group of CRT-D patients from the Israeli ICD Regis-
try, data were prospectively collected from the index hospitalization at
the time of initial device implantation by the local electrophysiologist at
the implanting centre and entered into a secure (firewall- and password-
protected) web-based electronic case report form. Collected variables
were similar to the CRT-P group. Follow-up was of study patients en-
rolled between July 2010 and February 2015. All patients who have
had their devices implanted at the 22 participating centres continued
to have their devices followed at the implanting hospital. Follow-up visits
were initiated within 3 months of device implantation and subsequently
at 6-month intervals. Clinical and device-related events occurring during
follow-up were captured during device clinic visits at the implanting hos-
pital from patient interviews, hospitalization records, national popula-
tion registry, and contact by the Registry coordinator with the
primary care physician. Completeness of the data regarding clinical
events and its quality was continually assessed by the coordinating cen-
tre (I-ACT) through data checks and monitoring visits at the Registry
sites.

Study endpoints
Study endpoints were as follows: death, time to first hospitalization and
readmission to hospital for the management of HF, and the combined
endpoint of HF or death.

Statistical analysis
Baseline patient clinical characteristics and procedural data were com-
pared for the CRT-P vs. the CRT-D groups. The x2 test was used for
dichotomous variables; analysis of variance was used for continuous
variables.

A logistic regression was used to create propensity score. Baseline
variables and interactions were regressed in order to calculate condi-
tional predictive probability for each subject to be in the CRT-P group.
Variables entered into the model included: age, gender, history of IHD,
prior stroke, dyslipidemia, hypertension, diabetes mellitus, and
New York Heart Association (NYHA) class. Interaction terms included
age and gender. The predictive probability, a continuous variable (0–1),
was then stratified into five quintiles and added as a propensity score in
the multivariate analysis.

What’s new?
† We compared morbidity and mortality outcomes between

octogenarian patients eligible for cardiac resynchronization
therapy (CRT) therapy who underwent cardiac resynchroni-
zation therapy with pacing (CRT-P) implantation vs. those im-
planted with cardiac resynchronization therapy with
defibrillator (CRT-D) for primary prevention indication.

† At 5 years of follow-up the rate of all-cause mortality was not
statistically different between CRT-P vs. CRT-D groups.

† There was no significant difference in the rates of the com-
bined endpoint of heart failure or death.

† Re-hospitalizations for cardiac cause were not different for
the two groups.
Our data suggest that, in octogenarians with systolic heart
failure, CRT-P therapy is associated with similar morbidity
and mortality outcomes as CRT-D therapy.
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Survival plots were created using Kaplan–Meier method to compare
between CRT-P and CRT-D. P-value was calculated using log-rank test
with a P-value ,0.05 considered significant.

In order to evaluate the association between death and CHF to car-
diac resynchronization therapy (CRT) groups, a multivariate analysis was
performed using a Cox proportional hazards regression model adjusting
for the propensity score in model. Since CHF event-free might be par-
tially due to missed opportunity to observe CHF before death, an ana-
lysis of CHF outcome was performed as a competing risk model using
Fine and Gray’s approach for modelling, where a death event was de-
fined as a competing event and CHF was defined as an event of interest.

The I-ACT at Sheba Medical Center performed all statistical analysis.
Data were analysed using SAS statistical software (version 9.4, SAS Insti-
tute, Inc., Cary, NC, USA).

Results

Patient population
Among the total 246 study patients, mean age was 83.5+3 years;
74% were males and 66% had ischaemic cardiomyopathy. The
CRT-P group included a total of 142 patients and the CRT-D group
included 104 patients. Baseline demographic and clinical character-
istics of the two groups are presented in Tables 1 and 2.

Compared to patients in the CRT-D group, those who received
CRT-P therapy displayed a higher frequency of baseline clinical risk
factors, including an older age and more advanced HF symptoms. In

the CRT-D group, the proportions of males were higher vs. the
CRT-P group and they had increased frequency of ischaemic heart
disease. Other co-morbidities and medications were not significant-
ly different between the two groups (Tables 1 and 2).

Risk of mortality by device type
Kaplan–Meier survival analysis (Figure 1) showed that at 5 years of
follow-up the cumulative probability of all-cause mortality was non-
significantly lower in the CRT-P group compared with the CRT-D
group (43 vs. 57%, respectively, log-rank P ¼ 0.13 for the overall dif-
ference during follow-up between the two groups). Consistently,
the adjusted hazard ratio (HR) of mortality between the CRT-P
and CRT-D groups (adjusted for age, sex, and propensity score)
was 0.79 (95% CI 0.46–1.35; P ¼ 0.37) (Table 3).

Risk of mortality and heart failure events
by device type
Consistent with the all-cause mortality outcome, Kaplan–Meier
analysis (Figure 2) showed that at 5 years of follow-up the cumulative
combined probability of a first hospitalization for HF or all-cause
mortality (whichever occurred first) was similar between CRT-P
and CRT-D patients (46 and 60% respectively; log-rank P ¼ 0.36
for the overall difference during follow-up between the two groups).
Similarly, multivariate analysis (adjusted for age, sex, and the propen-
sity score for CRT-P implantation), did not show a statistically signifi-
cant difference between CRT-P vs. CRT-D patients with regard to
the combined endpoint of a first HF hospitalization or all-cause mor-
tality [HR ¼ 0.85 (95% CI 0.51–1.44); P ¼ 0.55] (Table 3).

Risk of hospitalizations
There was no significant difference in the number of hospitalizations
between the two patient groups (56% for both, P ¼ 0.95).

Of the 142 CRT-P patients, 81 patients had available data regard-
ing cause of first hospitalization. Of the 104 CRT-D patients, 51 pa-
tients had available data regarding cause of first hospitalization.
Figure 3 shows that in both CRT-P and CRT-D groups the most
common cause of hospitalization after implantation was a non-
cardiac cause.

A Cox proportional hazard with competing risk model was
performed, where mortality was a competing event and cardiac
re-hospitalization was an event of interest. It showed that re-
hospitalizations for cardiac cause were not different between the
CRT-P and CRT-D groups (adjusted HR 1.35, 95% CI 0.7–2.6,
P ¼ 0.37) (Table 3).

Discussion
Our study analysed a group of octogenarian patients with HF and
decreased left ventricular (LV) function implanted with CRT-P in a
single centre in a ‘real-world scenario’, and compared them to a
CRT-D group of octogenarian patients from the Israeli ICD Registry.
This registry has a prospective nature with detailed longitudinal
follow-up. We found that at 5 years of follow-up there was no stat-
istical difference between the CRT-P and the CRT-D groups regard-
ing all-cause mortality and the combined outcome of all-cause
mortality and first hospitalization for HF. Although there was a trend

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline demographic and clinical
characteristics of study population

Variable CRT-D
(N 5 104)

CRT-P
(N 5 142)

P-value

Age—mean (years) 82.3+2.4 84.5+3.0 ,0.001

Age—median (range,
years)

82 (81–83) 84 (83–86) ,0.001

Male 89 (86%) 92 (65%) ,0.001

Medical history

Permanent pacemaker 18 (17%) 41 (29%) 0.036

Pacemaker dependent 8 (8%) 17 (12%) 0.27

Ischaemic heart disease 62 (87%) 101 (71%) 0.009

Prior CABG 49 (47%) 34 (24%) ,0.001

NYHA class ≥II 104 (100%) 133 (94%) ,0.001

AF/flutter 40 (38%) 64 (45%) 0.07

Prior CVA 17 (16%) 25 (18%) 0.8

Chronic lung disease 10 (10%) 10 (7%) 0.5

Dyslipidemia 72 (69%) 96 (68%) 0.8

Chronic renal failure on
dialysis

2 (2%) 4 (3%) 1.000

Hypertension 83 (81%) 117 (82%) 0.7

Diabetes mellitus 45 (44%) 46 (32%) 0.07

Data are presented as n (%) of the patients with available data or as mean+ SD.
AF, atrial fibrillation; CABG, coronary artery bypass graft; CRT-D, cardiac
resynchronization therapy-defibrillator; CRT-P, cardiac resynchronization
therapy-pacemaker; CVA, cerebrovascular accident; NYHA, New York Heart
Association.
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towards a higher risk of first hospitalization for HF in the CRT-P
group, it did not reach statistical significance. We found no signifi-
cant difference in the number of hospitalizations between the two
patient groups, and in both CRT-P and CRT-D groups the most
common cause of hospitalization after implantation was a non-car-
diac cause. Re-hospitalizations for cardiac cause were not different
between the groups. These findings suggest that in octogenarian pa-
tients, implantation of CRT-P alone without defibrillator therapy
can be considered as an alternative to CRT-D.

Despite the fact that the elderly population is growing in Western
countries, implantation of ICD/CRT-D in an older population with
HF is still debatable because prospective randomized trials of ICD
and CRT-D therapy enrolled mostly younger patients who had a
mean age less than 65 years. The prevalence of HF and the mortality
associated with HF increases directly with age.15 Furthermore, ad-
vanced co-morbidities that are more common in the older age
groups1 may attenuate the survival benefit of ICD therapy.7 Thus,
caution should be exhibited when extrapolating data to an older
population. The 2013 European Society of Cardiology Task Force
had the opinion that no strict recommendations can be made, and
merely offered guidance regarding the selection of patients for
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Table 2 Baseline medications and laboratory studies of the study population

Variable CRT-D (N 5 104) CRT-P (N 5 142) P-value

Medications on admission

ACE-I/ARB 76 (74%) 98 (70%) 0.46

Beta blockers 79 (77%) 112 (79%) 0.6

Antiarrhythmic 18 (18%) 22 (16%) 0.8

Thienopyridine anti-platelet 19 (24%) 28 (20%) 0.45

Aspirin 57 (73%) 92 (65%) 0.2

Coumadin 21 (27%) 38 (27%) 0.99

Diagnostic and laboratory studies

LVEF moderate dysfunction (30–39%), mean+ SD 28 (27%) 23 (16%) 0.001

LVEF Severe dysfunction (,30%), mean+ SD 75 (72%) 101 (71%) 0.001

QRS duration—mean (ms) 133.8+30.4 134.0+32.4 0.9

QRS duration—median (range, ms) 136 (118–160) 138 (115.5–158) 0.9

Haemoglobin—mean (g/dL) 12+1.9 12.7+1.7 0.015

Haemoglobin—median (range, g/dL) 12.4 (10.8–13.2) 12.4 (11.6–14) 0.015

eGFR—mean (median, mL/min/1.73 m2) 57+52.7 (52) 49.4+19.4 (47.5) 0.152

Creatinine—mean (mg/dL) 1.7+2.1 1.5+0.7 0.87

Creatinine—median (range, mg/dL) 1.3 (1.1–1.8) 1.4 (1.1–1.7) 0.868

Data are presented as n (%) of the patients with available data or as mean+ SD.
ACE-I/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CRT-D, cardiac resynchronization therapy-defibrillator; CRT-P, cardiac resynchronization
therapy-pacemaker; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate.
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Figure 1 Kaplan–Meier estimate of the probability of all-cause
mortality among octogenarians implanted with CRT-P vs. CRT-D.
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Table 3 Risk of endpoints—adjusted model for survival
and CHF

CRT-P endpoint
(vs. CRT-D)

Adjusted HRa CI 95% P-value

Mortality 0.79 0.46–1.35 0.37

Combined mortality and
CHF

0.85 0.51–1.44 0.55

Cardiac re-hospitalizationb 1.35 0.70–2.61 0.372

CHF, congestive heart failure; CI, confidence interval; CRT-D, cardiac
resynchronization therapy-defibrillator; CRT-P, cardiac resynchronization
therapy-pacemaker; HR, hazard ratio.
aModel was adjusted for age, sex, and propensity score.
bA cox proportional hazard with competing risk model was performed, where
mortality is a competing event and cardiac re-hospitalization is an event of interest.
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CRT-D vs. CRT-P, based on overall clinical condition, device-related
complications, and cost.14 Our data further support these recom-
mendations, suggesting that in the octogenarian age-group treat-
ment with CRT-P may be non-inferior to CRT-D therapy.

Efficacy of cardiac resynchronization
therapy with defibrillator vs. cardiac
resynchronization therapy with pacing
The use of CRT-D or CRT-P in clinical practice is an important
question with significant implications in terms of costs,2,3 as well
as inappropriate device therapy,4 and device-related complica-
tions.5,6 Furthermore, advanced co-morbidities that are more com-
mon in the older age groups1 may attenuate the survival benefit of
ICD therapy.7

All available cost-effectiveness estimates for CRT have been
based on the results of randomized trials of selected patient popula-
tions with relatively short follow-up. Using a lifetime time horizon

and comparison with optimal medical therapy, the cost-
effectiveness values for both CRT-P and CRT-D appear to be in
line with benchmark of $50 000/QUALY, commonly used within
threshold values in USA, Europe and WHO for many developed re-
gions in the world.2 Thus, clinical judgment of the patient’s profile in
the context of current evidence may provide the basis of choosing
between the devices. Since no direct comparisons of the relative
cost-effectiveness of these two approaches are available, the assess-
ment is mainly based on projections of available short-term follow-
up data, or on mathematical modelling. For example, Fox et al.3 have
shown that when both CRT-P and CRT-D were considered as com-
peting technologies with each other and optimal pharmacological
therapy (three-way probabilistic analysis), and at the same
willingness-to-pay threshold, there was a 68% probability that
CRT-P provided the highest expected net benefit.

Recent analysis from the MADIT-CRT trial showed that risk of
ventricular arrhythmias was significantly reduced in CRT patients
with normalization of EF; however, the risk of inappropriate ICD
therapy was unchanged, suggesting that these patients may do bet-
ter by a downgrade to CRT-P at device change.4 Thus, by inducing
favourable remodelling of the LV, CRT may reduce the substrate for
ventricular arrhythmias.

A few studies have attempted to directly compare outcomes be-
tween CRT-P vs. CRT-D patients.16– 18 The only randomized trial to
have CRT-P and CRT-D arms—the COMPANION trial19—did not
show a significant benefit of CRT-D over CRT-P for the primary
endpoint. However, the study was not powered to compare these
two treatments. Non-randomized studies that compared outcomes
of these two treatment options have yielded conflicting results,5,16–18

and a Bayesian network meta-analysis concluded that evidence from
randomized trials is insufficient to prove the superiority of CRT-D
over CRT-P.20

The CeRtiTuDe multicentre prospective cohort study11 found
that when compared to CRT-D patients, at 2 years, excess mortality
in CRT-P recipients was mainly due to non-sudden cardiac death,
suggesting that CRT-P patients, as currently selected in routine clin-
ical practice, would not potentially benefit from the addition of a de-
fibrillator. Similar to our findings and those of other groups,16 they
demonstrated that CRT-P patients, as chosen in routine clinical prac-
tice, were older, more likely to be female, with less ischaemic heart
disease and more advanced HF. The rates of HF hospitalization were
greater in the CRT-P group, which is in line with the greater HF mor-
tality in this group. This was probably related to a sicker population
with more co-morbidity, older age, and potentially more severe HF.

When comparing CRT-D and CRT-P in the older vs. younger
population: a single-centre retrospective small study focusing on
the octogenarian patients who received CRT with or without defib-
rillator has shown that octogenarian patients had improvement in
HF symptoms and LV systolic function comparable to the younger
patients, with similar procedural complication rates; advanced age
was not an independent factor for decreased survival after
CRT-D implantation.18

Our findings extend prior data by directly comparing CRT-P vs.
CRT-D in octogenarians using prospective real-world data. We
showed that CRT-D does not have a survival benefit over CRT-P
or a benefit for the combined endpoint of survival and hospitaliza-
tions for HF in the population ≥80 years of age.
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Figure 2 Kaplan–Meier estimate of the probability of survival
free of combined endpoint (all-cause mortality and first hospital-
ization for heart failure) among octogenarians implanted with
CRT-P vs. CRT-D.
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Efficacy of implantable cardioverter
defibrillator in elderly patients
The prevalence of HF and the mortality associated with HF in-
creases directly with age.15 There is a controversy whether ICD is
associated with an attenuated or even lack of clinical benefit in older
patients with systolic HF compared with young patients: in two ana-
lyses of the MADIT-II trial, compared with conventional therapy,
ICD was associated with a reduction in all-cause mortality in older
patients (≥75 years) compared with younger ones.1,8 However, in a
meta-analysis including five primary prevention ICD trials,10 ICD
therapy in older patients was not associated with a significant reduc-
tion in mortality.

Current guidelines21 suggest that age is not among the criteria
considered for appropriate use of ICD and that the decision to im-
plant an ICD in the elderly should consider the consequences of the
device on quality of life.17

Older patients and patients with major comorbidities have been
excluded from major ICD trials.1 Thus, data on the efficacy of ICD in
elderly patients are limited and come primarily from observational
retrospective studies and subgroup analysis of randomized trials.
Results of these studies were inconsistent because the definition
of ‘elderly’, as well as the medical treatment, was varied.

The MADIT-II9 and MUSTT22 investigators developed a risk pre-
diction model in which advanced age was shown to be one of the
risk factors improving the benefit of ICD. However, in prospective
registries of primary and secondary prevention ICD recipients, it
was found that whereas elderly patients exhibited increased mortal-
ity after ICD implantation, rates of appropriate device shocks were
similar across age groups.23 A meta-analysis combining data from
trials on primary prevention of sudden cardiac death (SCD)24 found
that ICD therapy reduced all-cause mortality in patients ≥75 years
of age in the absence of ICD-related complications.

However, a different analysis suggested that ICD therapy might
be less beneficial in elderly patients with severe LV dysfunction.12

Similarly, pooled data from secondary prevention trials revealed
that ICD therapy significantly reduced all-cause and arrhythmic
death in patients ≤75 years old, but not in patients .75 years.25

In addition, in a MADIT-II sub-study, no significant decrease in
quality-adjusted life-years for patients ≥65 years was established
with ICD.26

Efficacy of cardiac resynchronization
therapy with defibrillator in elderly
patients
The MADIT-CRT Trial27 showed that during an average follow-up
of 2.4 years, CRT-D decreased the risk of HF events in relatively
asymptomatic patients with a low EF and wide QRS complex. The
superiority of CRT-D over ICD alone in the primary endpoint
(death from any cause or a nonfatal HF event) was driven by a
41% reduction in the risk of HF events (primarily when QRS .

150 ms). There was no significant difference in the overall risk of
death. These effects were preserved for patients ≥75 years, with
no significant increase in the rate of device-related adverse events
vs. younger ones.28

Based on recent real-world data of elderly patients (.75 years)
enrolled in the Israeli ICD Registry,23 we have shown that elderly

patients implanted with CRT-D experienced a significant reduction
in the risk for HF, arrhythmic events, and mortality events to a level
similar to that experienced by their younger counterparts, whereas
this effect was not shown among old patients who received
ICD-only therapy. Similarly, the CARE-HF trial showed that in pa-
tients with moderate to severe HF and cardiac dyssynchrony,
CRT without a defibrillator reduces the risk of death, during a
mean follow-up of 29.4 months.29

Heidenreich et al.30 showed that 39% of CRT-Ds in the United
States were implanted in patients ≥75 years, and that compared
to ICD only, CRT-D was associated with better survival at 1 and
4 years of follow-up across all age groups. Another sub-study of
the MADIT-CRT trial further showed that in patients with LBBB
and mild HF symptoms, aging is associated with a significant de-
crease in the incidence of ventricular tachyarrhythmias and appro-
priate ICD shocks.12 These data support our findings and suggest
that CRT-P may confer similar benefit to CRT-D in older patients.13

Limitations
Our study has several limitations. First, Kaplan–Meier analysis
showed a trend towards higher mortality rate in the CRT-D group,
despite the fact that this group was younger than the CRT-P group.
However, this difference was not statistically significant, most prob-
ably due to the small size of the study population.

Second, we compared two different cohorts—patients implanted
with CRT-P in a single centre vs. patients implanted with CRT-D in
22 centres that were included in a national registry. The difference in
the characteristics of the patient groups and in the intensity and
mode of follow-up could have affected the results of rates and
causes of hospitalizations.

Third, the two groups were significantly different regarding per-
centage of patients upgraded from pacemakers. Continuous RV pa-
cing may deteriorate the LV function and NYHA class, and it is well
known that these patients benefit from CRT. Thus, both groups may
not be fully comparable. However, the percentage of patients with
pacing dependency was not statistically different between the
groups, thus we believe that outcomes of these cohorts can be
compared.

Fourth, the limited number of HF events reduced our ability to
evaluate difference in HF hospitalizations as a separate endpoint.

Conclusions
In a real-world scenario, outcomes of octogenarians implanted with
CRT-P are similar to those implanted with CRT-D regarding rates of
mortality and the combination of HF and death. These findings sug-
gest that, in older patients, implantation of CRT-P alone, without de-
fibrillator therapy, may be considered as an alternative to
CRT-D. The presented data question the appropriateness and ap-
plicability of current guidelines for ICD back-up in elderly patients
with HF. Future prospective studies and larger study groups are
needed to confirm our findings.

Acknowledgements
The authors thank Medtronic Israel for the financial support for the
statistical analysis.

A. Laish-Farkash et al.1362
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article-abstract/19/8/1357/2952415 by Biblioteca di scienze sociali user on 26 June 2020



Conflict of interest: none declared.

References
1. Goldenberg I, Moss AJ. Treatment of arrhythmias and use of implantable

cardioverter-defibrillators to improve survival in elderly patients with cardiac dis-
ease. Clin Geriatr Med 2007;23:205–19.

2. Boriani G, Mantovani LG, Biffi M, Schalij MJ, Martignani C, Leclercq C et al. Cardiac
resynchronization therapy: a cost or an investment? Europace 2011;13(Suppl 2):
ii32–8.

3. Fox M, Mealing S, Anderson R, Dean J, Stein K, Price A et al. The clinical effective-
ness and cost-effectiveness of cardiac resynchronization (biventricular pacing) for
heart failure: systematic review and economic model. Health Technol Assess 2007;
11:248.

4. Ruwald MH, Solomon SD, Foster E, Kutyifa V, Ruwald AC, Sherazi S et al. Left ven-
tricular ejection fraction normalization in cardiac resynchronization therapy and
risk of ventricular arrhythmias and clinical outcomes: results from the Multicenter
Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Ther-
apy (MADIT-CRT) trial. Circulation 2014;130:2278–86.

5. Kutyifa V, Geller L, Bogyi P, Zima E, Aktas MK, Ozcan EE et al. Effect of cardiac re-
synchronization therapy with implantable cardioverter defibrillator versus cardiac
resynchronization therapy with pacemaker on mortality in heart failure patients: re-
sults of a high-volume, single-centre experience. Eur J Heart Fail 2014;16:1323–30.

6. Schuchert A, Muto C, Maounis T, Frank R, Boulogne E, Polauck A et al. MASCOT
study group. Lead complications, device infections, and clinical outcomes in the first
year after implantation of cardiac resynchronization therapy-defibrillator and car-
diac resynchronization therapy-pacemaker. Europace 2013;15:71–6.

7. Goldenberg I, Moss AJ, McNitt S, Zareba W, Andrews ML, Hall WJ et al. Multicen-
ter Automatic Defibrillator Implantation Trial II Investigators. Relations among re-
nal function, risk of sudden cardiac death, and benefit of the implanted cardiac
defibrillator in patients with left ventricular dysfunction. Am J Cardiol 2006;98:
485–90.

8. Huang DT, Sesselberg HW, McNitt S, Noyes K, Andrews ML, Hall WJ et al. Im-
proved 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.

9. Goldenberg I, Vyas AK, Hall WJ, Moss AJ, Wang H, He H et al. MADIT-II Investiga-
tors. Risk stratification for primary implantation of a cardioverter-defibrillator in pa-
tients with ischemic left ventricular dysfunction. J Am Coll Cardiol 2008;51:288–96.

10. Santangeli P, Di Biase L, Dello Russo A, Casella M, Bartoletti S, Santarelli P et al.
Meta-analysis: age and effectiveness of prophylactic implantable cardioverter-
defibrillators. Ann Intern Med 2010;153:592–9.

11. Marijon E, Leclercq C, Narayanan K, Boveda S, Klug D, Lacaze-Gadonneix J 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.

12. Aktas MK, Goldenberg I, Moss AJ, Huang DT, Kutyifa V, Wang PJ et al. Comparison
of age (,75 years versus ≥75 years) to risk of ventricular tachyarrhythmias and
implantable cardioverter defibrillator shocks (from Multicenter Automatic Defib-
rillator Implantation Trial with Cardiac Resynchronization Therapy). Am J Cardiol
2014;114:1855–60.

13. Achilli A, Turreni F, Gasparini M, Lunati M, Sassara M, Santini M et al. Efficacy of car-
diac resynchronization therapy in very old patients: the Insync/Insync ICD Italian
Registry. Europace 2007;9:732–8.

14. Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G, Breithardt
OA, et al. 2013 ESC guidelines on cardiac pacing and cardiac resynchronization
therapy. Europace 2013;15:1070–118.

15. Barsheshet A, Shotan A, Cohen E, Garty M, Goldenberg I, Sandach A et al. HFSIS
Steering Committee and Investigators. Predictors of long-term (4-year) mortality

in elderly and young patients with acute heart failure. Eur J Heart Fail 2010;12:
833–40.

16. Morani G, Gasparini M, Zanon F, Casali E, Spotti A, Reggiani A et al. Cardiac resyn-
chronization therapy-defibrillator improves long-term survival compared with car-
diac resynchronization therapy-pacemaker in patients with class IA indication for
cardiac resynchronization therapy: data from the Contak Italian Registry. Europace
2013;15:1273–9.

17. Looi KL, Gajendragadkar PR, Khan FZ, Elsik M, Begley DA, Fynn SP et al. Cardiac
resynchronization therapy: pacemaker versus internal cardioverter-defibrillator
in patients with impaired left ventricular function. Heart 2014;100:794–9.

18. Killu AM, Wu JH, Friedman PA, Shen WK, Webster TL, Brooke KL et al. Outcomes
of cardiac resynchronization therapy in the elderly. Pacing Clin Electrophysiol 2013;
36:664–72.

19. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T et al. Compari-
son of Medical Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION)
Investigators. Cardiac-resynchronization therapy with or without an implantable
defibrillator in advanced chronic heart failure. N Engl J Med 2004;350:2140–50.

20. Lam SK, Owen A. Combined resynchronization and implantable defibrillator ther-
apy in left ventricular dysfunction: Bayesian network meta-analysis of randomized
controlled trials. BMJ 2007;335:925.

21. Priori SG, Blomström-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J, et al.
2015 ESC Guidelines for the management of patients with ventricular arrhythmias
and the prevention of sudden cardiac death. Europace 2015;17:1601–87.

22. Buxton AE, Lee KL, Hafley GE, Pires LA, Fisher JD, Gold MR et al. MUSTT Inves-
tigators. Limitations of ejection fraction for prediction of sudden death risk in pa-
tients with coronary artery disease: lessons from the MUSTT study. J Am Coll Cardiol
2007;50:1150–7.

23. Suleiman M, Goldenberg I, Haim M, Schliamser JE, Boulos M, Ilan M et al. The Israeli
Working Group on Pacing and Electrophysiology. Clinical characteristics and out-
comes of elderly patients treated with an implantable cardioverter-defibrillator or
cardiac resynchronization therapy in a real-world setting: data from the Israeli ICD
Registry. Heart Rhythm 2014;11:435–41.

24. Kong MH, Al-Khatib SM, Sanders GD, Hasselblad V, Peterson ED. Use of implan-
table cardioverter-defibrillators for primary prevention in older patients: a system-
atic literature review and meta-analysis. Cardiol J 2011;18:503–14.

25. Healey JS, Hallstrom AP, Kuck KH, Nair G, Schron EP, Roberts RS 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.

26. Noyes K, Corona E, Zwanziger J, Hall WJ, Zhao H, Wang H et al. Multicenter Auto-
matic Defibrillator Implantation Trial II. Health-related quality of life consequences
of implantable cardioverter defibrillators: results from MADIT II. Med Care 2007;
45:377–85.

27. Moss AJ, Hall WJ, Cannom DS, Klein H, Brown MW, Daubert JP et al. MADIT-CRT
Trial Investigators. Cardiac-resynchronization therapy for the prevention of heart-
failure events. N Engl J Med 2009;361:1329–38.

28. Penn J, Goldenberg I, Moss AJ, McNitt S, Zareba W, Klein HU et al. MADIT-CRT
Trial Investigators. Improved outcome with preventive cardiac resynchronization
therapy in the elderly: a MADIT-CRT substudy. J Cardiovasc Electrophysiol 2011;
22:892–7.

29. Cleland JGF, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger L et al.
Cardiac Resynchronization-Heart Failure (CARE-HF) Study Investigators. The ef-
fect of cardiac resynchronization on morbidity and mortality in heart failure.
N Engl J Med 2005;352:1539–49.

30. Heidenreich PA, Tsai V, Bao H, Curtis J, Goldstein M, Curtis L et al. Does age influ-
ence cardiac resynchronization therapy use and outcome? JACC Heart Fail 2015;3:
497–504.

CRT-P vs. CRT-D in octogenarians 1363
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article-abstract/19/8/1357/2952415 by Biblioteca di scienze sociali user on 26 June 2020



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


