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BACKGROUND Implantable cardioverter-defibrillator (ICD) ther-
apy in elderly patients is controversial because survival benefits
might be attenuated by nonarrhythmic causes of death.

OBJECTIVE The purpose of this study was to investigate the
outcome of septuagenarians and octogenarians after ICD generator
exchange (GE).

METHODS A total of 506 patients undergoing elective GE were
analyzed to determine the incidence of ICD shocks and/or survival
after GE. Patients were divided into a septuagenarian group
(age 70–79 years) and an octogenarian group (age �80 years).
The primary endpoint was death from any cause. Secondary end-
points were survival after appropriate ICD shock and death without
experiencing ICD shocks after GE (“prior death”).

RESULTS The association of the ICD with all-cause mortality and
arrhythmic death was determined for septuagenarians and octoge-
narians. Comparing both groups, similar left ventricular ejection
fraction (35.6% 6 11.2% vs 32.4% 6 8.9%) and baseline
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prevalence of New York Heart Association functional class III or
IV heart failure (17.1% vs 14.7%) were found. During the entire
follow-up period of the study, 42.5% of patients in the septuage-
narian group died compared to 79% in the octogenarian group
(P ,.01). Prior death was significantly more frequent in both age
groups than were appropriate ICD shocks. Predictors of mortality
were common in both groups and included advanced heart failure,
peripheral arterial disease, and renal failure.

CONCLUSION In clinical practice, decision-making for ICD GE
among the elderly should be considered carefully for individual
patients.

KEYWORDS Generator exchange; Implantable cardioverter-defibril-
lator; Octogenarians; Quality of life; Septuagenarians
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Introduction
Implantable cardioverter-defibrillator (ICD) therapy repre-
sents one of the cornerstones for primary and secondary pre-
vention of sudden cardiac death.1 The majority of ICD
recipients are older patients. In the recent ICD landmark
trials, .40% of ICDs were implanted in individuals
.70 years of age, but at the same time most controlled
ICD trials defined age .80 years as an exclusion criterion.2

Following current recommendations, ICD implantations
are “rarely appropriate” in nonagenarians (ie, individuals
�90 years of age).3 In general, a prognosis of 1-year survival
is recommended as a criterion for ICD implantation.
However, this primarily relates to malignant concomitant dis-
eases and severe comorbidities, with less focus on patient
age. In a constantly aging population, many individuals
develop several comorbidities and are prone to die of condi-
tions other than cardiac disease.4 In these patients, ICD
therapy decreases quality of life (QoL) or even prolongs
end-of-life situations.5 The risk (or benefit) of receiving
ICD therapy ranges between 20% and 50% depending on
the indication for primary or secondary prevention.6–8

Patients who have not received shocks during the first
battery life of an ICD have a 25% probability of adequate
ICD therapies at 5-year follow-up after generator exchange
(GE).6 This has been shown to have a negative effect on
QoL, but with the net effect of saving lives.9 Systematic re-
views as well as controlled trials found that approximately
20% of ICD patients suffer from significant psychological
distress with anxiety and depression related to the ICD.10,11

In an elderly population, prognostic considerations may be
less relevant than QoL andmight require an adaptation of ther-
apeutic goals. Accordingly, not replacing the ICD when
battery depletion occurs could be a reasonable option.12

To improve QoL for patients in the late periods of life,
clinicians have raised questions about device deactivation
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KEY FINDINGS

- During follow-up of 4 years after implantable
cardioverter-defibrillator (ICD) exchange due to battery
depletion, mortality was high in older patients: 42% in
the septuagenarian group and 79% in the octogenarian
group.

- Prior death was significantly more frequent than
appropriate ICD therapy in these patients, and the ef-
fect was more pronounced in the octogenarian group.

- Predictors of mortality were advanced heart failure,
peripheral artery disease, and renal failure.

- Complication rates and inappropriate therapies were
similar to those reported in other trials despite the
advanced age of these patient cohorts.
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or exchange,12–14 yet only a minority of patients have
discussed these options with their physician15 and no reliable
data on patients’ wishes are available.

Despite the increasing numbers of ICD exchanges in
elderly patients, only a few reports are available on further
follow-up in an elderly patient population with regard to sur-
vival, concomitant diseases, mode of death, and QoL. There-
fore, we assessed survival, mode of death, necessity of ICD
therapy, psychological distress, and comorbidities in the
follow-up period after ICD exchange in septuagenarians
and octogenarians.
Table 1 Baseline patient data

Age group (y)

P value70–79 �80

Demographic data
No. 399 107
Age (y) 74.4 82.3 .001
Female (%) 41 44 .4
NYHA functional class 2.3 2.7 .1
Years since implantation 7,3 9,5 ,.05
Primary prevention (%) 61 65 .3
Secondary prevention (%) 39 35 .3
No. of previous ICDs 1.3 1.5 .1
Patients with previous shocks (%) 29 30 .4
Patients with ischemic
cardiomyopathy (%)

78 82 .4

Clinical data
Atrial fibrillation (%) 23 32 ,.01
PAD (%) 17 28 ,.05
Methods
This study was an investigator-initiated retrospective, obser-
vational, bicenter cohort study of 506 patients with previous
ICD implantations. After providing written informed con-
sent, patients with a minimum age of 70 years were enrolled
if GE had been performed. Patients were screened at GE sur-
gery and underwent follow-up at their institution during reg-
ular device follow-up.

Patients were questioned about heart failure symptoms,
comorbidities, medications, depression, anxiety, QoL, and
hypothetical deactivation of ICD function at the time of
GE. Patients also were assessed for ejection fraction (EF),
previous ICD therapies, indication for first ICD implantation,
and presumable mode of death, if applicable.

The study was conducted in accordance with the Declara-
tion of Helsinki and Good Clinical Practice (GCP) standard,
and was approved by the local ethics committee.
Previous stroke (%) 11 21 ,.05
Neurological disorders (%) 12 19 ,.05
Advanced kidney disease (%) 7 27 ,.001
Diabetes (%) 27 26 .3
Hypertension (%) 63 61 .4
COPD (%) 18 16 .4

Patients were considered as having kidney disease if glomerular filtration
rate was ,30 mL/min/1.73 m2.

COPD5 chronic obstructive pulmonary disease; NYHA5 New York Heart
Association; PAD 5 peripheral artery disease.
Study population
Inclusion criteria were any reason for ICD implantations
(including cardiac resynchronization therapy–defibrillator
devices), regardless of ischemic or dilated cardiomyopathy
or channelopathy and GE. Patients with both primary or sec-
ondary prevention indication ICDs were included. We
included only patients in whom their previous ICD had
been implanted for at least 1 year. In all patients, implantation
was performed according to ICD guidelines at the indicated
time. Enrollment started in October 2013 (University Hospi-
tal W€urzburg) and 2015 (University Hospital Brandenburg).
The administrative censoring date was 2020. Exclusion
criteria were dementia or any other state of absent legal
competence. Baseline patients characteristics are listed
Table 1.
Endpoints
The primary endpoint was death from any cause. Secondary
endpoints were survival after appropriate ICD therapy and
death without experiencing ICD shocks after GE (stated as
“prior death”). Appropriate ICD shock for ventricular tachy-
cardia (VT) or ventricular fibrillation (VF) was defined as
delivery of shock therapy in the respective tachycardia
zone, which was programmed individually for each patient.
In general, the VT zone was programmed at .180 bpm
and the VF zone.220 bpm. Programming was not standard-
ized but was determined individually in each patient at the
discretion of the treating physician to prevent early (and
painful) ICD shocks.
Mode of death
Mode of death was assigned according to the physician’s
discretion. Device interrogation was performed physically
in case of inpatient settings or per telemedicine in outpatient
settings. Arrhythmic death was assigned if device interroga-
tion revealed an arrhythmia that could not be terminated.
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Statistical analysis
The primary endpoint was survival after elective GE. The
incidence of the primary endpoint, stratified by age group,
was estimated by Kaplan-Meier curves. The log-rank test
was used to calculate P values, and hazard ratios (HRs) and
confidence intervals (CIs) were generated from a multivariate
Cox proportional hazards model. Clinically important predic-
tors of outcome were used in a multivariate Fine and Gray
model for competing risk analysis (appropriate ICD shock
or prior death), using nonarrhythmicmortality as a competing
risk and appropriate ICD shock as an endpoint. Cumulative
incidence curves were used to display appropriate ICD shock
or prior death separated by age group. Standardized self-
report questionnaires were used for psychometric assess-
ments, that is, Hospital Anxiety and Depression Scale
(HADS) subscales for anxiety and depression assessment.
Data analysis was conducted using SPSS Version 20 (IBM,
Germany) and R software Version 3.4.0 (R Core Team,
Vienna, Austria; http://www.r-project.org).
Results
Patient characteristics
Among 506 elderly patients who underwent ICD GE, 399
were between 70–79 years of age, and 107 patients were
�80 years at the time of battery exchange. Left ventricular
EF was 32% in the age group 70–79 years (septuagenarians)
and 33.7% in the age group �80 years (octogenarians).
Average New York Heart Association functional classifica-
tion was 2.3 in the younger group and 2.7 in the older group.
Septuagenarians received 6 medications on average and had
6 comorbidities; octogenarians received 8 medications on
average and had 8 comorbidities. In the septuagenarian group
41% of patients were female vs 44% in the octogenarian
group. Septuagenarians had a statistical average of 1.3 prior
ICD GEs with 7.3 years since initial implantation, and octo-
genarians had 1.5 prior GEs with an average of 9.5 years
since initial ICD implantation. Median follow-up was
4.3 years in both groups. Baseline characteristics are listed
in Table 1. In the septuagenarian group 61% of ICDs were
implanted for primary prevention; in the octogenarian group
65% had an indication for primary prevention for the first im-
plantation. Octogenarian patients were more likely to exhibit
atrial fibrillation, peripheral artery disease, previous stroke,
neurological disorders, and reduced kidney function
compared to septuagenarian patients. Hypertension, chronic
lung disease, and diabetes were similar across both age
groups.
Mortality
Over mean follow-up of 4.3 years, older patients (octogenar-
ians) had a higher all-cause mortality. During the entire
follow-up period of the study, 42.5% patients (168/399) in
the septuagenarian group died compared with 79%
(85/107) in the octogenarian group (P ,.01). Kaplan-Meier
estimates of the time to the primary endpoint of death from
any cause are shown in Figure 1A.
Deaths increased with older age after both primary and
secondary prevention implantations. Statistically significant
(P ,.05) predictors of mortality were common to both
groups and included advanced heart failure, peripheral arte-
rial disease, and renal failure (glomerular filtration rate
,30 mL/min/1.73 m2) (Table 2). Death after appropriate
shock during previous battery lifetimes was highest in the
octogenarian group (Figure 1B). However, there was no pre-
dictive value of appropriate shocks during earlier battery
cycles. Adjusted HR for death per year was 1.08 (95% CI
0.98–1.44; P 5 .17) for septuagenarians and 1.04 (95% CI
0.94–1.59; P 5 .08) for octogenarians.

We also assessed survival after appropriate shock in the
current ICD lifetime (Figure 1B). After a survived appro-
priate shock, 80% of patients in the septuagenarian group
were alive after 6 months. The 1-, 2-, and 3-year survival
rates were 78%, 68%, and 62%, respectively. In the octoge-
narian group, 78% of patients were alive after 6 months, with
1-, 2-, and 3-year survival rates of 68%, 43%, and 41%,
respectively. Comparing prior death vs appropriate ICD
shock, we found that prior death was significantly more
frequent in both age groups than was appropriate therapy
(Figures 1C and 1D, and Supplemental Table 1).
Modes of death
A total of 252 deaths were included in the analysis. During
median follow-up of 4.3 years [interquartile range 2.7–5.4
years], 168 patients in the septuagenarian group after ICD
GE died vs 85 patients in the octogenarian group. Heart fail-
ure death and non–cardiac death were the most common
modes of death for both groups. Sudden (arrhythmic) death
accounted for 5% of all deaths in the septuagenarian group
and 7% of all deaths in the octogenarian group. Arrhythmic
death was defined as death during VT/VF episodes recorded
in the ICD memory. Causes of antiarrhythmic death were
pneumonia/chronic obstructive pulmonary disease, sepsis,
stroke/intracranial bleeding, terminal heart failure, terminal
kidney failure, progressive neurological disorders, and acute
myocardial infarction (Figure 2). The most significant differ-
ences with regard to mode of death between the 2 age groups
were terminal heart failure (43% in septuagenarians vs 29%
in octogenarians; P ,.05) and increase in stroke/intracranial
bleeding in the same group (5% vs 17%; P ,.05).
ICD use following previous ICD shocks
In the septuagenarian group, 29% had an appropriate ICD
shock for VT or VF during previous generator lifetimes;
71% had no former ICD shocks. In the octogenarian group,
30% had earlier ICD shocks; 70% had no previous shocks.

During follow-up, the rates of appropriate ICD shocks in
septuagenarians with (n 5 115) and without (n 5 284)
former appropriate ICD shocks were 41% and 19% (adjusted
HR 1.89; 95%T CI 1.21–2.21; P,.001), respectively. In the
octogenarian group, rates of ICD shocks with (n 5 32) and
without (n 5 75) former appropriate ICD shocks were 22%
and 17% (adjusted HR 1.75; 95% CI 1.11–2.31; P ,.01),

http://www.r-project.org


Figure 1 A: Unadjusted survival of the septuagenarian group (blue line) and the octogenarian group (orange line). There is an unadjusted 37% difference in
survival between the 2 age groups. B:Unadjusted survival of the septuagenarian group (blue line) and the octogenarian group (orange line) after the first implant-
able cardioverter-defibrillator (ICD) shock after generator exchange. There is a 20% decrease in survival in the first 6 months after an appropriate ICD shock.
C:Cumulative incidence of first appropriate ICD therapy and prior death after ICD exchange in the septuagenarian group.D:Cumulative incidence of first appro-
priate ICD therapy and prior death after ICD exchange in the octogenarian group.

Table 2 Multivariate cox regression analysis for predictors of
total mortality in septuagenarians and octogenarians

HR 95% CI P value

Septuagenarians
Female 0.97 0.68–1.43 .97
NYHA functional class III–IV 1.57 1.23–2.01 .01
Previous shock 1.08 0.98–1.44 .17
Atrial fibrillation 1.26 0.86–1.91 .08
PAD 2.13 1.52–3.11 .001
Previous stroke 1.13 0.75–2.98 .053
Neurological disorders 1.41 1.01–1.96 .05
Advanced kidney disease 1.76 1.29–2.37 .001
Diabetes 1.23 0.91–1.91 .079
Hypertension 1.16 0.81–1.87 .247
COPD 1.29 0.91–1.89 .131
Ischemic cardiomyopathy 1.03 0.78–1.58 .113
Secondary prevention 1.06 0.69–1.64 .79

Octogenarians
Female 0.99 0.61–1.48 .097
NYHA functional class III–IV 1.61 1.13–2.31 .01
Previous shock 1.04 0.94–1.59 .08
Atrial fibrillation 1.21 0.88–1.97 .08
PAD 2.18 1.49–2.19 .001
Previous stroke 1.17 0.65–2.18 .053
Neurological disorders 1.41 1.07–1.83 .05
Advanced kidney disease 1.91 1.31–2.45 .001
Diabetes 1.13 0.81–1.73 .079
Hypertension 1.21 0.77–1.65 .247
COPD 1.12 0.79–1.87 .131
Ischemic cardiomyopathy 1.07 0.82–1.61 .13
Secondary prevention 1.02 0.72–1.58 .89

CI 5 confidence interval; HR 5 hazard ratio; other abbreviations as in
Table 1.
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respectively. The results were similar if we looked at primary
or secondary indications (Table 3 and Figure 3A).

Statistically significant (P,.05) predictors of appropriate
ICD shocks were previous ICD shocks during earlier battery
life times, advanced heart failure, peripheral artery disease,
and advanced kidney disease in both septuagenarians and oc-
togenarians. Predictors of prior death (before an ICD shock
occurred) were advanced New York Heart Association func-
tional class III–IV, peripheral arterial disease, and advanced
kidney disease, which were common to both age groups
(Supplemental Table 1).
Previous ICD criteria
Reasons for first ICD implantation were either secondary
prophylaxis or an indication for primary prophylaxis due to
heart failure with reduced EF or European Society of Cardi-
ology guideline recommendations for channelopathies or car-
diomyopathies. In the septuagenarian group, 87% of patients
still met the original ICD criteria at the time point of ex-
change; in the octogenarian group, 82% of patients still met
the criteria (Figure 3B). The reason for not meeting the
criteria was improvement of EF in both age groups. However,
in the patients who received a new ICD generator, fluctua-
tions in EF occurred during the observation period. There-
fore, the improvement was expected to not be persistent. In
septuagenarian group 33% of patients who met the previous
criteria during exchange had an appropriate shock during
follow-up vs 20% in the octogenarian group. Among patients
who did not meet previous criteria, 9% in the septuagenarian



Figure 2 Modes of antiarrhythmic death separated by age group. Terminal heart failure (HF) was the leading mode of death in both age groups. The prevalence
of neurological disorders increased in the octogenarian group. CKD 5 chronic kidney disease; COPD 5 chronic obstructive pulmonary disease; ICB 5 intra-
cranial bleeding; MI 5 myocardial infarction.
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group had an appropriate shock during follow-up and 11% in
the octogenarian group. There was no significant difference
in the number of patients who received shocks with regard
to the persistence of previous ICD indications.
Patient views
In the septuagenarian group, 17% had depression, 24% had
anxiety, 26% had concerns related to ICD shocks and tech-
nical problems, and 29% described a low perceived control
in life. One-third of patients (34%) received at least 1 shock
Table 3 Predictors of appropriate ICD therapy

HR 95% CI P value

Septuagenarians
NYHA functional class III–IV 1.49 1.17–2.09 .01
PAD 2.02 1.51–3.01 .01
Previous shocks 1.89 1.21–2.21 .001
Previous stroke 1.21 0.69–2.34 .06
Neurological disorders 1.39 0.97–1.91 .06
Advanced kidney disease 1.79 0.89–2.41 .001
Diabetes 1.13 0.81–1.85 .07
Secondary prevention 1.19 0.79–1.82 .07

Octogenarians
NYHA funcional class III–IV 1.32 1.07–2.12 .01
PAD 2.21 1.56–2.91 .01
Previous shocks 1.75 1.11–2.31 .01
Previous stroke 1.34 0.71–2.09 .07
Neurological disorders 1.42 0.87–1.85 .08
Advanced kidney disease 1.57 0.79–2.22 .001
Diabetes 1.09 0.68–1.76 .06
Secondary prevention 1.23 0.72–1.78 .06

Independent multivariable Fine and Gray models for prediction of appro-
priate implantable cardioverter-defibrillator (ICD) therapy in septuagenar-
ians and octogenarians. Predictors for appropriate ICD therapy with P ,.1
are listed. Nonsignificant predictors (P ..1) were female gender, ejection
fraction,35%, persistence of previous ICD criteria, atrial fibrillation, hyper-
tension, chronic obstructive pulmonary disease, and ischemic cardiomyopa-
thy in both groups.

Abbreviations as in Tables 1 and 2.
prior ICD GE and their experience was significantly
correlated with a higher perception of symptoms (eg, anxiety)
compared to patients who did experience any shock in the
past (24% vs 10%, respectively; P ,.01).

In the octogenarian group, 23% reported symptoms of
depression, 19% had anxiety, 22% complained of concerns
related to the ICD, and 33% mentioned a low perceived con-
trol in life; 30% had received at least 1 shock prior to ICDGE.
Again, this correlated with a higher percentage of symptoms
(eg, anxiety) compared to those without any incidence of
shock (19% vs 9%, respectively; P ,.01) (Tables 4 and 5).

When asked the hypothetical question to decide for or
against GE in case of a future study contribution at the time
of battery depletion of the ICD, most participants in the
septuagenarian group stated that they would like to renew
the ICD even if no shock therapy had been necessary
(92%), 3% declined GE, and 5% had no opinion. In the octo-
genarian group, 61% voted for exchange, 9% declined GE,
and 30% had no opinion (Figure 4).
Complications due to GE and inappropriate ICD
therapy
Pocket hematomas attributable to device replacement
requiring reoperation occurred in 12 patients (3.1%) in the
septuagenarian group and 2 patients (1.9%) in the octoge-
narian group. A major complication requiring clinical inter-
ventions was hospital-acquired pneumonia (3 patients
[0.75%] in the septuagenarian group and 2 patients [2%] in
the octogenarian group). We observed no pocket infections
and no deaths related to GE. No lead complications related
to GE occurred in our patients.

In the septuagenarian group, inappropriate ICD shocks
occurred in 9% of patients before ICD exchange and 7% of
patients after ICD exchange. In the octogenarian group, inap-
propriate ICD shocks occurred in 7% of patients before ICD
exchange and 8% of patients after ICD exchange.



Figure 3 A: Implantable cardioverter-defibrillator (ICD) use after previous therapies during earlier generator lifetimes. The number of patients in the septu-
agenarian group with secondary prevention indication or previous ICD shocks who received an ICD shock during follow-up compared to the octogenarian group.
B: Assessment for relevance of prior ICD criteria. Most patients still met the previous criteria from the first ICD implantation at the time of ICD generator
exchange. Nevertheless, patients who did not meet the previous criteria experienced appropriate ICD shocks during follow-up.
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Discussion
Implantation of an ICD is an established therapy for preven-
tion of sudden cardiac death.16–24 In an aging population with
an increasing number of ICD implantations, the number of
elderly patients considered for ICD GE due to battery
discharge is continuously increasing.25 However, data sup-
porting the clinical effectiveness of the ICD in patients at
older ages are inconsistent.19,26–32 The few elderly patients
selected for admission into large randomized clinical trials
are not representative of the real-world elderly population.
We hypothesize that the assumption of persistent ICD benefit
in the elderly population is questionable, as any advantage of
the device with regard to arrhythmic death may be attenuated
by a higher total nonarrhythmic mortality rate.33 Therefore,
we assessed the outcomes of 506 patients with age.70 years
after ICD GE.

The key findings of this study were as follows. (1) Mortal-
ity increases with age in ICD patients. (2) Prior death is
significantly more frequent than appropriate ICD shocks
and was more pronounced in the octogenarian group. (3) Pre-
dictors of mortality were advanced heart failure, peripheral
artery disease, and renal failure. (4) Complication rates and
inappropriate therapies were similar to those reported in other
trials despite the advanced age of these patient cohorts.

In our analysis, we found that mortality over follow-up of
4.3 years was 42% in the septuagenarian group and 79% in
the octogenarian group. We also observed that the majority
Table 4 Percentage of patients who suffered from psychological
distress

Age group (y) 70–79 �80

Anxiety 23/10* 19/9*
Depression 17/16 23/22
Low perceived control in life 29/19* 33/30
Technical concerns 26/24 22/20

Values are given as % patients with prior implantable cardioverter-
defibrillator shocks/% patients without prior shocks.
*P ,.05 for differences in groups with and without shocks.
of patients died without experiencing ICD shocks. These
data highlight that the benefits of ICD therapy likely diminish
over time. For most individuals in our cohort, the propor-
tional risk of arrhythmic death decreased over time because
of an age-related increase in competing risks of nonarrhyth-
mic death. ICDs are able to prevent only arrhythmic causes
of death; therefore, it is likely that the benefit associated
with ICD therapy vanishes over time, leading to a very low
rate of ICD use in this patient population.

Other trials showed similar 1-year mortality rates in geri-
atric ICD patients, ranging from 10%–30% depending on
comorbidities34 and .50% in octogenarians.35 After appro-
priate ICD therapy (from the new ICD, after GE), survival
was approximately 80% in both age groups after 6 months
in our trial. Although overall mortality was high in our
patients, persistent survival after an ICD shock suggests
that there is a subset of patients who benefit from ICD GE
and subsequent ICD therapy in terms of prognosis. Of note,
in that specific elderly population the pure lifesaving effect
of the ICD may be outweighed by a low QoL.

We observed terminal heart failure as a leading mode of
death in both patient groups, although neurological disorders
were increased in the older patient group. Predictors of death
were advanced renal failure, peripheral artery disease, and
secondary prevention as indication for the first implantation.
Table 5 Multivariate cox regression analysis for predictors of
anxiety or depression

HR 95% CI P value

Anxiety
Age 70–79 y 1.16 0.78–2.11 .13
Age .80 y 1.08 0.88–1.34 .17
Previous shock 1.82 0.81–2.16 .05

Depression
Age 70–79 y 1.13 0.74–2.18 .06
Age .80 y 1.31 1.03–1.97 .07
Previous shock 1.91 1.29–2.37 .01

Abbreviations as in Table 2.



Figure 4 Patient views on generator exchange (GE). Most patients preferred implantable cardioverter-defibrillator GE after being asked the hypothetical ques-
tion whether GE exchange should take place in case of battery depletion. The number of patients with no clear opinion increased in the octogenarian group.
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Ischemic cardiomyopathy and secondary prevention were
not significant predictors.

ICD registries have shown that the majority of ICDs are
implanted in patients .60 years of age, and .40% of new
ICDs are implanted in patients.70 years of age. The average
battery lifetime of ICDs currently is between 4 and 8 years, so
patients face ICDGE for battery discharge after that period of
time. In parallel, health conditions usually deteriorate during
that period, with progression of congestive heart failure , pul-
monary or kidney disease, or frailty-related disorders. Data
from Medicare patients from the National Cardiovascular
Data Registry show that 1-year mortality was 22% for ICD
patients with frailty, and subsequent observational studies
found that patients with a predicted 1-year mortality risk of
20% did not benefit from an ICDs.34,36 A meta-analysis by
Santangeli et al37 reported on pooled data from the
DEFINITE (Defibrillators in Non-Ischemic Cardiomyopathy
Treatment Evaluation), SCD-HeFT (Sudden Cardiac Death
in Heart Failure Trial), and MADIT (Multicenter Automatic
Defibrillator Implantation Trial) studies but was unable to
demonstrate a significant survival benefit of the ICD in the
elderly. A different meta-analysis pooled individual patient
data from all 3 secondary prevention trials comparing ICD
to amiodarone (AVID [Antiarrhythmics Versus Implantable
Defibrillators], CIDS [Canadian Implantable Defibrillator
Study], and CASH [Cardiac Arrest Study–Hamburg]) and
concluded that ICD therapy did not seem to offer a survival
benefit in secondary prevention patients �75 years of age.32

Recent findings from the EU-CERT-ICD (EUropean
Comparative Effectiveness Research to Assess the Use of
Primary ProphylacTic Implantable Cardioverter-
Defibrillators) Registry showed that younger patients
,75 years benefit from ICD implantation, whereas older
patients �75 years did not benefit from ICD implantation.38

In the DANISH (DANish Randomized, Controlled, Multi-
center Study to Assess the Efficacy of Implantable Cardi-
overter Defibrillator in Patients With Non-ischemic
Systolic Heart Failure on Mortality) trial, patients with
dilated cardiomyopathy ,68 years benefited from ICD
implantation, whereas older patients �68 years did not
benefit.39 These results show that, in line with our observa-
tions, ICD battery renewal in older patients does not neces-
sarily improve prognosis in terms of survival.

An important additional aspect when considering ICD
replacement in the elderly is QoL, which may change drasti-
cally with advancing age. There is little but inconsistent QoL
data on the use of ICDs in elderly patients, which is a paradox
because QoL often is a critical factor in clinical decision-
making in the elderly.40-42 Shared decision-making processes
may help to determine the solution for individual patients43,44

but is hampered by the lack of data from randomized trials.
In general, although older patients with ICDs exhibit

decreased physical functioning, a higher frequency of comor-
bidities, and worsening of symptoms that negatively impact
on QoL, younger patients with ICDs tend to experience
increased psychological distress, anxiety, and depres-
sion.11,40-42 Patient perceptions of ICD deactivation are
heterogeneous, and most felt that the decision should be the
physician’s responsibility.45

In our patients, we observed consistently that .20% of
patients reported symptoms of depression, anxiety, or
ICD-related concerns, regardless of the age group. The
number of patients increased after they had received appro-
priate ICD shocks. Important in this context is that complica-
tion rates and rates of inappropriate ICD therapy were similar
in other trials of younger patients.46

Consequently, the absolute benefit of ICDs in a typical,
elderly, community-based, well-treated population with heart
failure might be small. These observations highlight the need
to offer ICD therapy to the patient cohort that most likely will
benefit, specifically, to those who remain at high risk for sud-
den death despite additional therapy and those who are able
and willing to balance prolonged survival and QoL with
regard to advancing comorbidities. Predictors of mortality
were advanced heart failure, advanced kidney disease, and
peripheral artery disease. Mortality was higher in
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octogenarians compared to septuagenarians. Of note, mortal-
ity of older patients was similar to an age-matched general
population irrespective of delivery of ICD therapy.47

Study limitations
This study was based on patients from only 2 centers and was
not prospective or randomized. Further, this study was not
designed to develop a score for prediction of ICD use in an
elderly population.
Conclusion
Older patients with ICDs have a high incidence of nonar-
rhythmic death. In this patient group, the ICD does not afford
the same survival benefit as that seen in younger patients.
High mortality rates in a geriatric population and nonarrhyth-
mic deaths counteract the protective effects of ICDs. There-
fore, clinical decision-making for ICD GE among elderly
patients should be considered carefully for individual
patients until randomized trials provide a more solid basis
for clinical decision-making.

Funding Sources: This work was supported by “Gesundheitscampus Bran-
denburg” of the Brandenburg MFWK (Ministerium f€ur Wissenschaft, For-
schung und Kultur [Ministry of Science, Research and Cultural Affairs]
from the federal state of Brandenburg), (Grant GeCa H228-05/002/005) to
Oliver Ritter and we acknowledge funding by the Brandenburg Medical
School publication fund supported by the Ministry of Science, Research
and Cultural Affairs of the State of Brandenburg.

Disclosures: The authors declare that they have no competing interests.

Authorship: All authors attest they meet the current ICMJE criteria for
authorship.

Patient Consent: Patients provided written informed consent.

Ethics Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice (GCP) standard, and was
approved by the local ethics committee.
Appendix
Supplementary Data
Supplementary data associated with this article can be found
in the online version at 10.1016/j.hroo.2023.05.001.
References
1. Tracy CM, Epstein AE, Darbar D, 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–e75.

2. Epstein AE, Kay GN, Plumb VJ, et al. Implantable cardioverter-defibrillator pre-
scription in the elderly. Heart Rhythm 2009;6:1136–1143.

3. Russo AM, Stainback RF, Bailey SR, et al. ACCF/HRS/AHA/ASE/HFSA/SCAI/
SCCT/SCMR 2013 appropriate use criteria for implantable cardioverter-
defibrillators and cardiac resynchronization therapy: a report of the American Col-
lege of Cardiology Foundation Appropriate Use Criteria Task Force, Heart Rhythm
Society, American Heart Association, American Society of Echocardiography,
Heart Failure Society of America, Society for Cardiovascular Angiography and In-
terventions, Society of Cardiovascular Computed Tomography, and Society for
Cardiovascular Magnetic Resonance. J Am Coll Cardiol 2013;61:1318–1368.

4. Kurtz SM, Ochoa JA, Lau E, et al. Implantation trends and patient profiles for
pacemakers and implantable cardioverter defibrillators in the United States:
1993–2006. Pacing Clin Electrophysiol 2010;33:705–711.
5. Kinch Westerdahl A, Sj€oblom J, Mattiasson AC, Rosenqvist M, Frykman V.
Implantable cardioverter-defibrillator therapy before death: high risk for painful
shocks at end of life. Circulation 2014;129:422–429.

6. Merchant FM, Jones P,Wehrenberg S, LloydM, Saxon LA. Incidence of defibril-
lator shocks after elective generator exchange following uneventful first battery
life. J Am Heart Assoc 2014;3:e001289.

7. van der Heijden AC, Borleffs CJW, Buiten MS, et al. The clinical course of pa-
tients with implantable cardioverter-defibrillators: extended experience on clin-
ical outcome, device replacements, and device-related complications. Heart
Rhythm 2015;12:1169–1176.

8. Erkapic D, Sperzel J, Stiller S, et al. Long-term benefit of implantable cardi-
overter/defibrillator therapy after elective device replacement: results of the INci-
dence free SUrvival after ICD REplacement (INSURE) trial—a prospective
multicentre study. Eur Heart J 2013;34:130–137.

9. da Silva KR, Costa R, Rodrigues CG, et al. Quality of life in patients with implant-
able cardioverter-defibrillator: systematic review of randomized controlled trials.
Eur J Cardiovasc Nurs 2018;17:196–206.

10. Magyar-Russell G, Thombs BD, Cai JX, et al. The prevalence of anxiety and
depression in adults with ICDs: a systematic review. J Psychosom Res 2011;
71:223–231.

11. Schulz SM, Ritter O, Zniva R, et al. Efficacy of a web-based intervention for
improving psychosocial well-being in patients with implantable cardioverter-
defibrillators: the randomized controlled ICD-FORUM trial. Eur Heart J 2020;
41:1203–1211.

12. Padeletti L, Arnar DO, Boncinelli L, et al. EHRA expert consensus statement on
the management of cardiovascular implantable electronic devices in patients near-
ing end of life or requesting withdrawal of therapy. Europace 2010;
12:1480–1489.

13. Goldstein NE, Back AL, Morrison RS. Titrating guidance: a model to guide phy-
sicians in assisting patients and family members who are facing complex deci-
sions. Arch Intern Med 2008;168:1733–1739.

14. Lampert R, Hayes DL, Annas GJ, et al. HRS expert consensus statement on the
Management of cardiovascular implantable electronic devices (CIEDs) in patients
nearing end of life or requesting withdrawal of therapy. Heart Rhythm 2010;
7:1008–1026.

15. Thylén I, Moser DK, Chung ML, Miller J, Fluur C, Str€omberg A. Are ICD recip-
ients able to foresee if they want to withdraw therapy or deactivate defibrillator
shocks? Int J Cardiol Heart Vessels 2013;1:22–31.

16. Cazeau S, Leclercq C, Lavergne T, et al. Effects of multisite biventricular pacing
in patients with heart failure and intraventricular conduction delay. N Engl J Med
2001;344:873–880.

17. BristowMR, Saxon LA, Boehmer J, et al. Cardiac-resynchronization therapy with
or without an implantable defibrillator in advanced chronic heart failure. N Engl J
Med 2004;350:2140–2150.

18. Moss AJ, Zareba W, Hall WJ, Klein H, et al; Multicenter Automatic Defibrillator
Implantation Trial II Investigators. Prophylactic implantation of a defibrillator in
patients with myocardial infarction and reduced ejection fraction. N Engl J Med
2002;346:877–883.

19. Bardy GH, Lee KL, Mark DB, et al; Sudden Cardiac Death in Heart Failure Trial
(SCD-HeFT) Investigators. Amiodarone or an implantable cardioverter-
defibrillator for congestive heart failure. N Engl J Med 2005;352:225–237.

20. The Antiarrhythmics Versus Implantable Defibrillators (AVID) Investigators. A
comparison of antiarrhythmic drug therapy with implantable defibrillators in pa-
tients resuscitated from near-fatal ventricular arrhythmias. N Engl J Med 1997;
337:1576–1583.

21. 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;101:1297–1302.

22. Kuck KH, Cappato R, Siebels J, Ruppel R. Randomized comparison of antiar-
rhythmic drug therapy with implantable defibrillators in patients resuscitated
from cardiac arrest: the Cardiac Arrest Study Hamburg (CASH). Circulation
2000;102:748–754.

23. Moss AJ, Hall WJ, Cannom DS, et al. Improved survival with an implanted defi-
brillator in patients with coronary disease at high risk for ventricular arrhythmia.
Multicenter Automatic Defibrillator Implantation Trial Investigators. N Engl J
Med 1996;335:1933–1940.

24. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN, Hafley G. A ran-
domized study of the prevention of sudden death in patients with coronary artery
disease. Multicenter Unsustained Tachycardia Trial Investigators. N Engl J Med
1999;341:1882–1890.

25. Wiener JM, Tilly J. Population ageing in the United States of America: implica-
tions for public programmes. Int J Epidemiol 2002;31:776–781.

26. Kong MH, Al-Khatib SM, Sanders GD, Hasselblad V, Peterson ED. Use of
implantable cardioverter-defibrillators for primary prevention in older patients:
systematic review and meta-analysis. Cardiol J 2011;18:503–514.

https://doi.org/10.1016/j.hroo.2023.05.001
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref1
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref1
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref1
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref1
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref1
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref2
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref2
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref3
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref4
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref4
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref4
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref5
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref5
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref5
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref5
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref6
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref6
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref6
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref7
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref7
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref7
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref7
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref8
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref8
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref8
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref8
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref9
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref9
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref9
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref10
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref10
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref10
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref11
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref11
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref11
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref11
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref12
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref12
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref12
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref12
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref13
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref13
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref13
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref14
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref14
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref14
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref14
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref15
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref15
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref15
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref15
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref16
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref16
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref16
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref17
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref17
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref17
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref18
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref18
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref18
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref18
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref19
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref19
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref19
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref20
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref20
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref20
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref20
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref21
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref21
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref21
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref22
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref22
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref22
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref22
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref23
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref23
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref23
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref23
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref24
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref24
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref24
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref24
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref25
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref25
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref26
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref26
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref26


390 Heart Rhythm O2, Vol 4, No 6, June 2023
27. Huang DT, Sesselberg HW, McNitt S, et al; MADIT-II Research Group. 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;18:833–838.

28. Chan PS, Nallamothu BK, Spertus JA, et al. Impact of age and medical comorbid-
ity on the effectiveness of implantable cardioverter-defibrillators for primary pre-
vention. Circ Cardiovasc Qual Outcomes 2009;2:16–24.

29. Earley A, Persson R, Garlitski AC, Balk EM, Uhlig K. Effectiveness of implant-
able cardioverter defibrillators for primary prevention of sudden cardiac death in
subgroups: a systematic review. Ann Intern Med 2014;160:111–121.

30. Boriani G, Ricci R, Toselli T, Ferrari R, Branzi A, Santini M. Implantable cardi-
overter defibrillators: from evidence of trials to clinical practice. Eur Heart J Suppl
2007;9:I66–I73.

31. Kaya E, Senges J, Hochadel M, et al. Distribution and impact of age in patients
with implantable cardioverter-defibrillators regarding early complications and
1-year clinical outcome: results from the German Device Registry. J Interv
Card Electrophysiol 2021;62:83–93.

32. 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;28:1746–1749.

33. Barra S, Providencia R, Paiva L, Heck P, Agarwal S. Implantable cardioverter-
defibrillators in the elderly: rationale and specific age-related considerations.
Europace 2015;17:174–186.

34. Green AR, Leff B, Wang Y, et al. Geriatric conditions in patients undergo-
ing defibrillator implantation for prevention of sudden cardiac death: prev-
alence and impact on mortality. Circ Cardiovasc Qual Outcomes 2016;
9:23–30.

35. Scheurlen C, van den Bruck J, W€ormann J, Plenge T, Sultan A, Steven D, L€uker J.
ICD therapy in the elderly: a retrospective single-center analysis of mortality.
Herzschrittmacherther Elektrophysiol 2021;32:250–256.

36. Barsheshet A, Moss AJ, Huang DT, McNitt S, Zareba W, Goldenberg I. Applica-
bility of a risk score for prediction of the long-term benefit of the implantable car-
dioverter-defibrillator. J Am Coll Cardiol 2012;59:2075–2079.
37. Santangeli P, Di Biase L, Dello RA, et al. Meta-analysis: age and effectiveness of
prophylactic implantable cardioverter defibrillators. Ann Intern Med 2010;
153:592–599.

38. Zabel M, Willems R, Lubinski A, et al; EU-CERT-ICD Study Investigators. Clin-
ical effectiveness of primary prevention implantable cardioverter-defibrillators:
results of the EU-CERT-ICD controlled multicentre cohort study. Eur Heart J
2020;41:3437–3447.

39. Køber L, Thune JJ, Nielsen JC, et al. Defibrillator implantation in patients with
nonischemic systolic heart failure. N Engl J Med 2016;375:1221–1223.

40. LevyWC, Lee KL, Hellkamp AS, et al. Maximizing survival benefit with primary
prevention implantable cardioverter-defibrillator therapy in a heart failure popula-
tion. Circulation 2009;120:835–842.

41. Cr€ossmann A, Schulz SM, K€uhlkamp V, et al. A randomized controlled trial of
secondary prevention of anxiety and distress in a German sample of patients
with an implantable cardioverter defibrillator. PsychosomMed 2010;72:434–441.

42. Ritter O, Bauer WR. Use of “IEGM Online” in ICD patients—early detection of
inappropriate classified ventricular tachycardia via home monitoring. Clin Res
Cardiol 2006;95:368–372.

43. Groenveld HF, Coster JE, van Veldhuisen DJ, Rienstra M, Blaauw Y, Maass AH.
Downgrade of cardiac defibrillator devices to pacemakers in elderly heart failure
patients: clinical considerations and the importance of shared decision-making.
Neth Heart J 2021;29:243–252.

44. Hess PL, Matlock DD, Al-Khatib SM. Decision-making regarding primary pre-
vention implantable cardioverter-defibrillators among older adults. Clin Cardiol
2020;43:187–195.

45. Hill L, McIlfatrick S, Taylor B, Dixon L, Harbinson M, Fitzsimons D. Patients’
perception of implantable cardioverter defibrillator deactivation at the end of
life. Palliat Med 2015;29:310–323.

46. Moss AJ, Schuger C, Beck CA, et al. Reduction in inappropriate therapy and mor-
tality through ICD programming. N Engl J Med 2012;367:2275–2283.

47. Br€ullmann S, Dichtl W, Paoli U, et al. Comparison of benefit and mortality of
implantable cardioverter-defibrillator therapy in patients aged �75 years versus
those ,75 years. Am J Cardiol 2012;109:712–717.

http://refhub.elsevier.com/S2666-5018(23)00109-5/sref27
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref27
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref27
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref27
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref28
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref28
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref28
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref29
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref29
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref29
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref30
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref30
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref30
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref31
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref31
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref31
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref31
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref32
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref32
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref32
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref33
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref33
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref33
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref34
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref34
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref34
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref34
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref35
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref35
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref35
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref35
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref35
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref36
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref36
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref36
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref37
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref37
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref37
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref38
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref38
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref38
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref38
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref39
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref39
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref40
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref40
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref40
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref41
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref41
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref41
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref41
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref41
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref42
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref42
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref42
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref43
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref43
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref43
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref43
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref44
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref44
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref44
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref45
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref45
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref45
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref46
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref46
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref47
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref47
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref47
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref47
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref47
http://refhub.elsevier.com/S2666-5018(23)00109-5/sref47

	Defibrillator exchange in the elderly
	Introduction
	Methods
	Study population
	Endpoints
	Mode of death
	Statistical analysis

	Results
	Patient characteristics
	Mortality
	Modes of death
	ICD use following previous ICD shocks
	Previous ICD criteria
	Patient views
	Complications due to GE and inappropriate ICD therapy

	Discussion
	Study limitations

	Conclusion
	Funding Sources
	Disclosures
	Authorship
	Patient Consent
	Ethics Statement
	Appendix Supplementary Data
	References


