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Background: Because it is unclear whether implantable cardioverter-defibrillators (ICDs) are equally effective in patients of all ages,
we investigated the association of age with long-term clinical outcomes of patients who underwent ICD implantation.

Methods and Results: A total of 416 consecutive patients (mean age: 69 years) from 4 tertiary hospitals who underwent ICD
implantation or were upgraded from an existing permanent pacemaker between January 2011 and November 2022 were enrolled
and divided into 3 groups based on age: <65 years (n=158), 6574 years (n=138), and >75 years (n=120). We compared the incidence
of all-cause death and adverse cardiovascular events, including cardiac death, appropriate ICD therapy, and heart failure hospitalization.
During a median follow-up period of 3.2 years (interquartile range: 1.1-5.6 years), 120 patients died. Older patients had a higher
cumulative incidence of all-cause death and composite adverse cardiovascular events. The cumulative incidence of cardiac death
and appropriate ICD therapies did not differ significantly; however, the incidence of hospitalization for heart failure increased with
age. In multivariate analysis, age was independently associated with all-cause death but not composite adverse outcomes.

Conclusions: Age had a significant effect on subsequent all-cause death, but not on adverse cardiovascular events in patients with

ICDs, suggesting that age should not be the only indication considered for ICD implantation.
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effective in preventing sudden cardiac death, as shown

by randomized clinical trials that evaluated the effi-
cacy of primary prevention ICDs.1-3 Nonetheless, it is still
unclear whether they are equally effective in patients of all
ages. One of the reasons for the uncertainty about the
effectiveness of ICDs in elderly people is the differences in
efficacy and side effects between those reported in land-
mark clinical trials and those observed in real-world elderly
patients. Past trials have enrolled patients with a mean age
of approximately 60-65 years,'3 so the proportion of
elderly patients may have been underrepresented in such
trials compared with the proportion of such patients
treated in real-world practice. Some trials have evaluated

Implantable cardioverter-defibrillators (ICDs) are

the efficacy of ICDs in elderly patients,*? a population that
is the fastest growing worldwide, and for which heart fail-
ure (HF) is an increasingly important public health issue.
In addition, both the incidence and mortality rate of coro-
nary artery disease have improved substantially over past
decades,!? so the results of previous trials may not be rele-
vant to current clinical practice. Therefore, we examined
the real-world long-term clinical outcomes of consecutive
adult patients of all ages with ICDs.

Methods

This retrospective observational study was conducted
according to the principles of the Declaration of Helsinki,
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Table 1. Baseline Patient Characteristics
o e Sl IS puawe

Age, years 69 (58-76) 54 (46-60) 71 (67-73) 80 (77-83) <0.001
Male sex, n (%) 314 (76) 123 (78) 105 (76) 86 (72) 0.485
Body mass index, kg/m? 22.3 (19.5-25.1) 23.3 (20.8-27.3) 22.3 (18.9-24.7) 20.7 (18.8-23.7) <0.001
Follow-up, years 3.2 (1.1-5.6) 3.7 (1.4-6.6) 3.1 (1.0-5.4) 2.8 (0.9-4.8) 0.006
Past history, n (%)

Hypertension 161 (39) 50 (32) 55 (40) 56 (47) 0.037

Dyslipidemia 144 (35) 53 (34) 58 (42) 33 (28) 0.047

Diabetes mellitus 122 (29) 33 (21) 48 (35) 41 (34) 0.012

CAD 160 (38) 49 (31) 65 (47) 46 (38) 0.018

Atrial fibrillation 127 (31) 35 (22) 40 (29) 52 (43) 0.001
Echocardiography

LVEF, % 42 (27.5-61) 45 (27-65) 41 (30-56) 40 (27-56) 0.294

LVDd, mm 54 (47-61) 52 (46-60) 55 (49-61) 54 (46-63) 0.268

LVDs, mm 43 (31-53) 39 (29-51) 45 (31-53) 43 (31-56) 0.282

LAD, mm 42 (36-48) 38 (32-44) 42 (37-48) 44 (39-50) <0.001

IVSTd, mm 10 (8-12) 9 (8-11) 11 (9-13) 11 (9-13) <0.001

LVPWTd, mm 10 (9-12) 9.5 (8-11) 10 (9-12) 10 (9-12) 0.011
Laboratory data

Hemoglobin, g/dL 13.0£2.3 13.7+2.2 12.7+2.2 12.3+2.0 <0.001

Cr, mg/dL 1.06 (0.81-1.445) 0.95 (0.79-1.24) 1.11 (0.90-1.55) 1.1 (0.86—1.595) 0.001

HbA1c, % 5.9 (5.6-6.5) 5.7 (5.4-6.3) 6.0 (5.7-6.7) 6.0 (5.8-6.4) 0.001

BNP, pg/mL 320.7 (87.7-664.2) 137.8 (32.1-453.9)  375.8 (106.7-640.0)  447.6 (188.7-979.2) <0.001
Medications, n (%)

ACE inhibitors/ARBs 216 (52) 78 (49) 77 (56) 61 (51) 0.522

B-blockers 318 (76) 104 (66) 116 (84) 98 (82) <0.001

Amiodarone 198 (48) 79 (50) 65 (47) 54 (45) 0.670

Anticoagulant 170 (41) 50 (32) 54 (39) 66 (55) <0.001
Device therapy <0.001

TV-ICD 244 (59) 100 (63) 85 (62) 59 (49)

S-ICD 41 (10) 24 (15) 13 (9) 4(3)

CRTD 131 (31) 34 (22) 40 (29) 57 (48)
Secondary prevention 265 (64) 115 (73) 94 (68) 56 (47) <0.001

Values are expressed as mean }standard deviation, median (interquartile range), or numbers (proportion, %). ACE, angiotensin-converting
enzyme; ARB, angiotensin Il receptor blocker; BNP, B-type natriuretic peptide; CAD, coronary artery disease; Cr, creatinine; CRTD, cardiac
resynchronization therapy with a defibrillator; HbA1c, hemoglobin A1c; IVSTd, interventricular septal thickness at end-diastole; LAD, left atrial
diameter; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction;
LVPWTd, left ventricular posterior wall thickness at end-diastole; S-ICD, subcutaneous implantable cardioverter-defibrillator; TV-ICD, transve-
nous implantable cardioverter-defibrillator.

and was approved by the ethics committees of Kushiro
City General Hospital (2022-10), Hakodate Municipal
Hospital (2023-103), Sunagawa City Medical Center (2023-5),
and the National Hospital Organization Hokkaido Medical
Center. Participants were informed of the study through
information posted at each institution using the opt-out
method. A total of 416 consecutive patients from 4 tertiary
hospitals (Kushiro City General Hospital, Hakodate
Municipal Hospital, Sunagawa City Medical Center, and
National Hospital Organization Hokkaido Medical Center)
who underwent ICD implantation or were upgraded from
an existing permanent pacemaker between January 2011
and November 2022 were enrolled. The analysis included
all types of ICD therapy, including transvenous and sub-
cutaneous ICDs with or without cardiac resynchronization
therapy (CRT). The indications for ICD were determined
according to the guidelines of the Japanese Circulation
Society.13 All 416 patients were included in this study. Of

them, 10 patients underwent device upgrades from a per-
manent pacemaker to an ICD, and 12 patients underwent
device upgrades from a permanent pacemaker to a CRT
defibrillator.

The clinical data of all patients were retrospectively ana-
lyzed. Echocardiographic examinations were performed
within 2 months before ICD implantation or upgrade from
an existing permanent pacemaker.

The primary outcome of this study was all-cause death.
Secondary outcomes were adverse cardiovascular events,
comprising cardiac death, appropriate ICD therapy, and
hospitalization for HF. Non-arrhythmic death, defined as
death without experiencing appropriate ICD therapy at
any time during follow-up, was also analyzed. Cardiac
death was defined as death attributable to a cardiovascular
origin. Device detection settings, such as atrial/ventricular
sensitivity, were individually determined for each patient.
In addition, we also evaluated the ventricular tachycardia/
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Figure 1. Distribution of age and
underlying heart diseases. (A) Age
distribution for the study population.
(B) Distribution of underlying heart
diseases among all study patients by
age group. Brugada, Brugada syn-
drome; CAS, coronary artery spasm;
DCM, dilated cardiomyopathy; HHD,
28% hypertensive heart disease; HCM,
hypertrophic cardiomyopathy; IHD,
ischemic heart disease; IVF, idio-
pathic ventricular fibrillation (exclud-
ing Brugada and LQT); LQT, long QT
VHD syndrome; Mis, miscellaneous; NIHD,
= CAS non-ischemic heart disease; PICM,
] pacing-induced cardiomyopathy;

= Mis. VHD, valvular heart disease.

fibrillation (VT/VF) score and non-arrhythmic mortality
score, which are included in the MaDIT-ICD score.4
However, we excluded non-sustained VT and New York
Heart Association (NYHA) category because these data
could not be retrieved for all patients.

The reported complications were classified into the fol-
lowing categories: lead-related (lead dislodgement, dissec-
tion, or perforation, including tamponade, and need for
lead replacement for twitching), access-related (hematoma
and pneumothorax), and infection.

Statistical Analysis

Where appropriate, continuous variables are presented as
meanzxstandard deviation or median and interquartile
range. We divided the patients into 3 groups based on age:
<65 years, 65-74 years, and >75 years. Baseline variables
were compared among the 3 groups by the chi-square test
for categorical data or by one-way analysis of variance

followed by Bonferroni’s post hoc test or the Kruskal-
Wallis test followed by Dunn’s post-test for multiple com-
parisons. The cumulative incidence of clinical outcomes
was estimated using Kaplan-Meier curves, and a log-rank
test was performed to calculate the episode-free rate over
time. Cox regression analysis was performed to evaluate
the influence of age on all-cause death and adverse cardio-
vascular events. Four models adjusting for the combina-
tion of the following variables based on their clinically
relevant association with the primary outcome were con-
structed: Model 1, unadjusted; Model 2, adjusted for sex;
Model 3, adjusted for items in Model 2 and hypertension,
diabetes mellitus, hemoglobin, and creatinine; and Model
4, adjusted for items in Model 3 and cardiovascular risk
factors, including left ventricular ejection fraction (LVEF),
left atrial diameter, log B-type natriuretic peptide (BNP),
p-blockers and amiodarone use, CRT, and secondary pre-
vention.'325 All tests were 2-tailed, and statistical signifi-

Circulation Reports Vol.7, January 2025



18

HAGIWARA H et al.

All-cause mortality Adverse cardiovascular events
1.0 1.0
Age 275y Age 275
1 Age 65-74 y Ag o 74y
0.8 Age <65y 0.8 g o-fay
® 8 Age <65y
2 . 2
[0} [0}
=l 0.6 =l
g 2
. 2
8 044 g
E :
3 3
0.2
Log-rank test p < 0.001 Log-rank test p = 0.034
0 4
T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Follow-up period (years) Follow-up period (years)
Number at risk Number at risk
Agez75y 120 67 41 18 4 0 0 Age275y 120 55 28 10 2 0 0
Age 65-74y 138 81 55 27 6 1 0 Age65-74y 138 63 41 18 5 1 0
Age<65y 158 108 73 43 21 5 2 Age<65y 158 86 57 31 13 4 2
Cardiac death Appropriate ICD therapy HF hospitalization
0.8 0.89 0.8
— Age 275y
— Age 275y == Age 275y m— Age 65-74 y
| m— Age 65-74y | = Age65-74y | m— Age < 65y
— Age < 65y m— Age <65y
06 0.6 0.6
8 g Log-rank test p = 0.327 3
E 041 Log-rank testp = 0.511 5 0.4 § 041
£ H 2
3 E 3
02 021 021
o 0 o|# Log-rank test p <0.001
; ; A A M S S S S S P
Follow-up period (years) Follow-up period (years) Follow-up period (years)
Number at risk Number at risk Number at risk
Agez75y 120 41 4 0 Agez75y 120 38 3 0 Age275y 120 29 3 0
Age65-74y 138 55 6 0 Age 65-74y 138 48 5 0 Age 65-74y 138 48 5 0
Age<65y 1158 & 2 2 Age<65y 158 61 17 2 Age<65y 158 69 16 2

Figure 2. Survival analyses of long-term clinical outcomes based on age: <65 years, 65-74 years, and 275 years. (A) All-cause
death. (B) Composite of adverse cardiovascular events: cardiac death, appropriate ICD therapy, and HF hospitalization. (C)
Cardiac death, (D) appropriate ICD therapy, and (E) HF hospitalization. HF, heart failure; ICD, implantable cardioverter-defibrillator.

cance was set at P<(.05. All analyses were performed using
Stata MP64 version 15 (StataCorp, College Station, TX,
USA).

Results

The baseline characteristics of the 416 patients and the
frequency distribution of their ages are shown in Table 1
and Figure 1A. The mean patient age was 69 years, and
76% of the patients were male. Patients aged <65 years had
lower levels of hemoglobin, creatinine, and hemoglobin
Alc and a higher prevalence of diabetes mellitus compared
with the other 2 groups. Patients aged =75 years had a
higher prevalence of atrial fibrillation compared with the
other 2 groups. A decrease in body mass index and an

increase in plasma BNP levels were observed with increas-
ing age category. No significant difference in LVEF was
observed across the groups. Patients aged <65 years had
the lowest baseline treatment rate with -blockers com-
pared with the other 2 groups. Further, patients aged >75
years had the highest baseline treatment rate with antico-
agulants and the lowest proportion of secondary preven-
tion ICDs. The major underlying diseases among all
patients included ischemic heart disease (IHD) (27%) and
dilated cardiomyopathy (25%) (Figure 1B). The incidence
of IHD (21%) was lower than that of dilated cardiomy-
opathy (28%) in the >75-year-old group.

During a median follow-up period of 3.2 years (inter-
quartile range: 1.1-5.6 years), 120 patients (29%) died.
Kaplan-Meier analyses revealed that all-cause death
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occurred significantly less frequently in patients aged <65
years and tended to occur more frequently in patients aged
>75 years (Figure 2A). The 1-year Kaplan-Meier event-free
estimates were 95% in the <65-year-old group, 91% in the
65-74-year-old group, and 90% in the >75-year-old group
(log-rank P=0.204). Composite outcomes occurred signifi-
cantly less frequently in patients aged <65 years and tended
to occur more frequently in patients aged >75 years
(Figure 2B). For each component of the composite out-
come, the cumulative incidences of cardiac death and
appropriate ICD therapy were comparable between groups
(Figure 2C,D). A total of 32 cardiac deaths were reported:
30 due to HF and 2 due to electrical storm. Appropriate
ICD therapy was administered with antitachycardia pac-
ing in 42 patients and ICD shock in 39 patients (some were
previously unsuccessful with antitachycardia pacing).
However, HF hospitalization tended to occur most fre-
quently in patients aged =75 years (Figure 2E). Cox pro-
portional hazard analyses indicated that age was associated
with an increased risk of all-cause death even after full
adjustment by major confounders, with a hazard ratio of
1.04 (95% confidence interval (CI) 1.01-1.06, P=0.004)
(Table 2). However, this model demonstrated that age was
not an independent determinant of adverse cardiovascular
events, with a hazard ratio of 1.02 (95% CI 0.99-1.03,
P=0.219). As for HF hospitalization, the hazard ratio after
full adjustment of major confounders was 1.04 (95% CI
1.01-1.07, P=0.008). Cardiac death and appropriate ICD
therapy were not associated with age (Table 3).
Kaplan-Meier analyses revealed that non-arrhythmic
death occurred significantly more frequently in patients
aged >75 years (Supplementary Figure 1). The patients aged
275 years had the lowest VI/VF score and the highest non-
arrhythmic mortality score (Supplementary Tables 1,2).
Moreover, we divided the study cohort into 2 subgroups
according to etiology: IHD and non-THD (NIHD). We
compared all-cause death and composite primary out-
comes by age between the IHD and NIHD groups. In
patients with THD, Kaplan-Meier analyses revealed that
all-cause death tended to occur more frequently in patients
aged >75 years (Figure 3A), but adverse cardiovascular
events were comparable between groups (Figure 3B). For
each component of the composite outcome, the cumulative
incidences of cardiac death, appropriate ICD therapy, and
HF hospitalization were comparable (Figure 3C-E). In
contrast, in patients with NIHD, Kaplan-Meier analyses
revealed that all-cause death and adverse cardiovascular

Table 2. Cox Regression Model for All-Cause Death
All-cause death

Incidence of 120 (29)
events (%)

HR 95% CI P value
Model 1 1.05 1.04-1.07 <0.001
Model 2 1.05 1.04-1.07 <0.001
Model 3 1.05 1.03-1.06 <0.001
Model 4 1.05 1.02-1.08 0.001

Values are presented as numbers (proportion, %). Model 1 unad-
justed; Model 2 adjusted for sex; Model 3 adjusted for items in
Model 2 and hypertension, diabetes mellitus, hemoglobin, and
Cr; Model 4 adjusted for items in Model 3 and cardiovascular risk
factors, including LVEF, LAD, log BNP, B-blockers and amioda-
rone use, CRTD, and secondary prevention. Cl, confidence inter-
val; HR, hazard ratio. Other abbreviations as in Table 1.

events tended to occur more frequently in patients aged
>75 years (Figure 4A,B). For each component of the com-
posite outcome, the cumulative incidences of cardiac death
and appropriate ICD therapy were comparable between
the groups (Figure 4C-E). However, HF hospitalization
tended to occur in patients with a higher age.

We compared the all-cause death and composite outcomes
between the IHD and NIHD groups for each age group.
All-cause death and adverse cardiovascular events occurred
more frequently in patients with IHD (Supplementary
Figure 2A,B). When divided into 3 groups based on age,
there were no significant differences, except for adverse car-
diovascular events, in patients aged <65 years (Supplementary
Figure 2C-H).

As no consensus has been reached on whether ion channel
diseases should be included in the category of cardiomy-
opathy,?6-28 we performed a Cox regression analysis that
excluded inherited cardiac arrhythmias?®3° (Supplementary
Figures 3,4). In the NIHD group excluding hereditary
arrhythmias, the cumulative incidences of all-cause death
and cardiovascular events were similar to those in the NIHD
group including hereditary arrhythmias (Supplementary
Figure 3A,B). For each component of the composite out-
come, the cumulative incidences of cardiac death, appro-
priate ICD therapy, and HF hospitalization were comparable
(Supplementary Figure 3C-E). No significant differences in
all-cause death and composite outcomes were observed

Table 3. Cox Regression Model for Adverse Events
Adverse cardiovascular

events Cardiac death Appropriate ICD therapy HF hospitalization

Incidence of 150 (36) 32 (8) 80 (19) 86 (21)
event (%)

HR 95% Cl P value HR 95% Cl P value HR 95% Cl P value HR 95% Cl P value
Model 1 1.02 1.01-1.03 0.001 1.04 1.01-1.07 0.016 1.00 0.98-1.01 0.635 1.05 1.02-1.07 <0.001
Model 2 1.02 1.01-1.04 0.001 1.04 1.01-1.07 0.017 1.00 0.98-1.01 0.653 1.05 1.03-1.07 <0.001
Model 3 1.02 1.00-1.03 0.008 1.03 0.99-1.06 0.235 1.00 0.98-1.01 0.790 1.04 1.02-1.06 <0.001
Model 4 1.01 0.99-1.04 0.210 1.03 0.96-1.10 0.468 0.99 0.96-1.02 0.401 1.05 1.01-1.08 0.013

Values are presented as numbers (proportion, %). Model 1 unadjusted; Model 2 adjusted for sex; Model 3 adjusted for items in Model 2 and
hypertension, diabetes mellitus, hemoglobin, and Cr; Model 4 adjusted for items in Model 3 and cardiovascular risk factors, including LVEF,
LAD, log BNP, B-blockers and amiodarone use, CRTD, and secondary prevention. HF, heart failure; ICD, implantable cardioverter-defibrillator.

Other abbreviations as in Tables 1,2.
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Figure 3. Survival analyses for the long-term clinical outcomes of ischemic heart disease by age group: <65 years, 65-74 years,
and >75 years. (A) All-cause death. (B) Composite of adverse cardiovascular events: cardiac death, appropriate ICD therapy,
and HF hospitalization. (C) Cardiac death, (D) appropriate ICD therapy, and (E) HF hospitalization. HF, heart failure; ICD, implant-
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between the IHD and NIHD without inherited cardiac
arrhythmias (Supplementary Figure 4A,B). In addition, no
significant differences between IHD and NIHD without
inherited cardiac arrhythmias were observed in any age
group (Supplementary Figure 4C—H).

Complications occurred in 24 (5.8%) patients. Of them,
12 patients had lead-related complications: perforation in
3 patients, right ventricular lead dislodgement in 2 patients,
left ventricular lead dislodgement in 4 patients, lead frac-
ture in 1 patient, left ventricular lead replacement because
of frequent phrenic nerve stimulation in 1 patient, and
intrathoracic placement of a subcutaneous implantable
defibrillator lead in 1 patient. Two patients had access-
related complications, and 2 patients had hematomas. A
total of 10 patients developed infectious complications.

Discussion

This study used real-world data to evaluate the effect of
age on long-term clinical outcomes in patients with ICD.
The data supporting the clinical efficacy of ICD in elderly
patients are ambiguous and sometimes contradictory.
Yung et al. observed that although elderly patients showed
higher mortality rates after ICD implantation, the rates of
appropriate shocks were similar across age groups.3! Our
study results indicated that ICD implantation may be ben-
eficial for elderly patients. However, Krahn et al. reported
a diminishing proportional risk of sudden cardiac death
with advancing age.3* Prior landmark studies have sug-
gested that the survival benefit for elderly patients receiv-
ing ICDs may be limited,*3 but the recommendations for
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therapy, and HF hospitalization. (C) Cardiac death, (D) appropriate ICD therapy, and (E) HF hospitalization. HF, heart failure; ICD,
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ICD implantation in European and American guidelines
are not clear regarding age recommendations.3334 The dis-
cussed benefits of ICD implantation in elderly patients are
controversial. Age was not an exclusion criterion in previ-
ous clinical trials that evaluated the effectiveness of ICDs,
but in contrast to real-world clinical practice, clinical trials
usually limit the enrollment of patients aged over 75
years.3 However, because of aging populations and the
increasing total number of patients living with HF world-
wide, the number of elderly patients requiring ICD implan-
tation is increasing.

We retrospectively analyzed the data of consecutive
cases from 2011 to 2022. In our study, the median age of
patients at the time of ICD implantation or upgrade was
69 years, with the largest proportion of patients aged 70-74

years. The major finding of this study was that age was
significantly associated with all-cause death but not with
adverse cardiovascular events, particularly cardiac death,
and appropriate ICD therapy (Figure 5). Non-cardiac
health issues become more prevalent with advancing age,
but ICDs may prevent arrhythmogenic death and prolong
survival at any age. Our findings suggest a benefit of ICD
implantation in elderly patients, which is contrary to the
results of previous studies,*3 possibly because we included
patients who were older than those in the previous reports.
According to current ICD guidelines, ICD therapy is rec-
ommended for patients with a reasonable expectation of
meaningful survival of 21 year.3 There was no difference
in mortality rate at 1 year after ICD implantation among
our 3 study groups, and we consider there was no over-
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indication for elderly patients in this study.

The Seattle Proportional Risk Model score, which is
calculated from 10 variables, including age, indicates that
the risk of sudden cardiac death is greater in younger
patients with HF .37 That study excluded patients with pre-
vious ICD implantation, and the discrepancy with the
results of the present study may be related to the preven-
tion of cardiac death by appropriate ICD therapy. In
Japan, markedly lower ICD use has been reported:
approximately 7% of patients with HF receive primary
prevention ICD. If ICD implantation increases in the
future, cardiac death rates may become similar across all
generations, as observed in the present study.

In this study, we evaluated non-arrhythmic death,
defined as death without experiencing appropriate ICD
therapy at any time during follow-up. We also evaluated
the VI/VF and non-arrhythmic mortality scores without
the non-sustained VT score or NYHA category, because
those data could not be retrieved for all patients. The
MADIT-ICD benefit score is a risk prediction score of
prophylactic ICD therapy developed by weighing the
patient’s specific risk of VT/VF against the competing risk
of non-arrhythmic death. The results suggested that ICD
implantation in patients aged >75 years may offer little
benefit compared with implantation in other age groups,
as the risk reduction for sudden cardiac death was smaller
and more non-arrhythmia-related deaths occurred. How-
ever, in this study, the cumulative incidence of appropriate
ICD therapy was comparable among the groups, probably
because this score has been proposed to predict the likeli-

hood of prophylactic ICD benefit. In this study, 64% of
patients underwent secondary prevention ICD implanta-
tion. Although age was not an exclusion criterion for the
study patients, the usual limit to enrolling patients =75
years old may explain the differences between the present
study results and those of previous reports. Interestingly,
among the VT/VF score variables, significant differences
were observed for atrial arrhythmia, myocardial infarc-
tion, and age. Patients aged =75 years had the highest
incidence of atrial arrhythmia, but similar incidence of
myocardial infarction as in patients aged <65 years.
Among patients aged <75 years, 2 points were added to the
VT/VF score, which seems to offer an advantage to this
population.

Several randomized trials have demonstrated the effi-
cacy of ICD therapy for IHD.3¥3 Recently, the Danish
Study to Assess the Efficacy of ICDs in Patients with Non-
Ischemic Systolic Heart Failure on Mortality reported that
prophylactic ICD implantation in patients with NIHD and
reduced LVEF was not associated with all-cause death.’
Therefore, many past studies have distinguished between
ITHD and NIHD, and guidelines do the same.3* Therefore,
in this study we evaluated the prognosis by age for IHD
and NIHD. Among patients with IHD, patients aged <65
years had lower all-cause death, and appropriate ICD
therapy tended to be more frequent in younger patients.
The benefits may be stronger in younger patients with
IHD. In contrast, older patients with NIHD had higher
all-cause death, although there were no differences in car-
diac death or appropriate ICD therapy among the 3 age
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groups. Among patients with NTHD, the benefits may be
equal across all age groups. Moreover, in all age groups,
we compared the prognoses between the IHD and NIHD
groups. In patients <65 years of age and 65-74 years of
age, patients with IHD tended to be at a higher risk of all-
cause death and adverse cardiovascular events than
patients with NIHD. However, in patients =75 years of
age, the risk was similar for both IHD and NIHD. In
elderly patients, distinguishing between THD and NTHD
may be unnecessary.

Study Limitations

First, comparing elderly ICD recipients with non-implanted
controls is the most convincing way to examine the effec-
tiveness of ICDs in elderly patients, but we could not
identify all patients who refused ICD implantation despite
having an indication it. Therefore, it was not possible to
compare elderly ICD recipients with non-implanted con-
trols. Our study showed that although there was a differ-
ence in all-cause deathg, age was not associated with
cardiac death or appropriate ICD therapy, suggesting the
effectiveness of ICD in elderly patients. Second, this was a
retrospective study. Therefore, device detection or therapy
settings were individually determined for each patient. We
were unable to collect data on history of NSVT, frailty,
and dementia in all patients. We may have missed ven-
tricular tachyarrhythmia outside the device detection zone.
However, we were able to include elderly patients who are
unlikely to be registered in a prospective study.

In conclusion, age had a significant effect on all-cause
death but not on adverse cardiovascular events in patients
with ICDs. These results provide evidence that age should
not be the only indication considered for ICD implanta-
tion, and such decisions should be made carefully and
individually.
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