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Introduction
Implantable cardioverter de ibrillators (ICDs) are
electronic devices that can prevent sudden cardiac death
(SCD) caused by arrhythmic events in patients.
The latest ESC/EAS and ACC/AHA Guidelines deem the
placement of an ICDs appropriate in patients with heart failure
class NYHA II and III in the presence of an ejection fraction less
than or equal to 35% [1,2]. ICDs are usually not indicated in
either class I or IV patients. The Guidelines recommendations
for primary prevention of SCD with ICD implantation do not
take into account the age of the patients but only their life
expectancy which must be at least 1 year.
Our patients usually are over eighty years old with heart
failure and severely reduced ejection fraction. We must
consequently decide if it is right to implant these patients with
an ICD. Is the use of ICD in the patients over 80, in particular
over 90 years old, really make sense becomes particularly
important considering demographic changes that await us in
the coming decades.
Demographic considerations
In the last decades, there has been a progressive change
in the worldwide population, called “demographic transition.”
It is characterized by the transition from a traditional
demographic regime to a modern demographic regime
characterized by low levels of both births and deaths. It
is based on high levels of both birth rates and mortality,
especially for children [3] (Figure 1).
It is more evident in developing countries and is associated
with the progressive aging of the population. In particular,
Italy is involved in this change and represents one of the
longest-lived populations with better health status [4]. In
indeed, in 1863 the median age of death in Italy was 49.29
years, in 1901 it was 62,46 years and in 1951 it was 71.11
years (ISTAT data 2007). Today the life expectancy at birth
is 80.8 years for men and 85.2 for women. According to the
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annual report of the Institute of Statistics, currently, there
are almost ifteen thousand over 100 people in Italy. The
aging of the population is certainly due to medical progress
as well as researches and to the diffusion of healthy lifestyles
and habits (e.g. sport, cultural participation) that in luences
improvement of health status. Nevertheless, because of these
changes, the incidence of chronic diseases is increased. In
particular, it is increasing the prevalence of heart failure and
ventricular dysfunction and the irst causes of death in older
people are cardio-circulatory diseases, following by cancers.
Moreover, the burden of electrophysiological disease in
elderly patients is continuously rising. Atrial ibrillation and
sick sinus syndrome are regarded as “geriatric conditions” and
ventricular arrhythmias in failing hearts affect a large number
of older people [5]. To treat, life threatening arrhythmias,
the implantation of permanent pacemakers (PMK), ICDs and
cardiac resynchronization therapy (CRT), are increased in
the last decades. Decision about if device-based therapy is
necessary in older people (over eighty years, in particular
over ninety years) remains particularly challenging. Indeed,
these therapies may in luence the change in less morbidity
and mortality in selected patients with heart failure and
potential life-threatening arrhythmias (primary prevention).
On the other hand, the complex comorbidity of many older
patients makes them more exposed to the risk of mortality
and peri-procedural complications [6].
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Figure 1: Demographic transition from 1861 to 2010. Istat data 2007.
Ventricular arrhythmias and SCD in the elderly
Premature ventricular beats (PVBs) are frequent in the
elderly, and that is associated with a worse prognosis even
in the absence of underlying cardiomyopathy [7]. The main
causes of sustained ventricular arrhythmias in the elderly
are ischaemic heart disease and dilated cardiomyopathy. In
this setting of patients, frequent is an iatrogenic cause [8].
QT prolongation caused by neurological drugs or secondary
to the use of antiarrhythmic drugs can lead to “torsades de
pointe” which can result in SCD.
In older patients SCD may be caused mainly by malignant
ventricular
arrhythmias,
monomorphic
ventricular
tachycardia (VT) or primary ventricular ibrillation (VF). In
17% cases, is secondary to bradycardia [9] and the primary
cause is coronary artery disease. The elderly population has
an increased incidence of SCD. The annual incidence in an
80-year-old man is about 7 times greater than in a 40-yearold man [20]. In women this trend is much more marked.
The incidence of SDC in a woman over 70 is 40 times greater
than in a 45-year-old woman [11]. However, in the elderly
non-sudden death increases much more than SCD, so the
consequent SCD/all-cause mortality ratio is progressively
https://doi.org/10.29328/journal.jccm.1001089

reduced with advancing age. This phenomenon is called “the
paradox of SCD in the elderly” and derived by the fact that the
elderly are a population with high baseline all-cause mortality
risk in which comorbidities play an important role. In the
presence of multiple and severe comorbidities the risk of nonsudden death is higher and this population may not bene it
from the use of a device that reduces the risk of SCD.
Evidence in favor of ICD in the elderly
In ICD trials performed so far, the elderly, have been poorly
researched. A relatively high number of elderly patients have
been enrolled in the MADIT II trial, where about 20% of
patients were over 75 years old [12]. A subgroup analysis of
this study, Huang DT, demonstrated that elderly patients (204
patients aged more than 75 years) have the same reduction
in mortality compared to younger patients (HR 0.56; 95% C.I,
0.29-1.08 vs HR 0.56; 95% C.I, 0.29-1.08) [13]. However, the
follow up in patients ≥ 75 years was short (17.2 months) as
well as patients < 75 years old (20.8 months). Kong et al., in
a meta-analysis including data from four trials on the use of
ICD in primary prevention (MUST, MADIT-II, DEFINITE and
SCD-HeFT), demonstrated that ICD use is effective in reducing
all-cause mortality in patients ≥ 75 years of age [14]. Chan, et
https://www.heighpubs.org/jccm
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al. in a prospective cohort of 965 patients with and without
ischaemic cardiomyopathies (EF ≤ 35%) signi icantly older
than those in primary prevention trials, compared long-term
mortality in patients who did and did not receive ICDs over a
mean follow-up of 34±16 months [15]. This study con irmed
that the use of ICDs was associated with lower all-cause
mortality among older patients and patients with a limited
number of major co morbidities. under-represented. Moreover
45-day complications were not increased in elderly patients.
Data from a registry of cardiac resynchronization therapyde ibrillator (CRT-D) patients of the University of Pittsburgh,
demonstrated, that mortality among CRT-D recipients ≥ 80
years old is higher than in younger patients but isn’t excessive
[17]. Also the risk of inappropriate shocks in older patients is
relatively low and signi icantly less than in younger patients
suggesting that CRT-D should be given due consideration in
elderly patients with heart failure (HF). Further con irmation
that ICD implantation is safe in the elderly was a study of
Al-Khatib, et al. that studied 8581 patients aged ≥ 65 years
who received and ICD [18]. In this study age was not an
independent risk factor for increased complications after
device implantation.
Evidence against ICD in the elderly
In the trials of primary prevention of SCD with ICD, MADITII and SCD-HeFT, the bene it of the device appears clear only
in a mid- to long-term follow-up (2-5 years). Still, the median
survival of elderly patients with an ICD in most studies that
have been seen, is < 5 years [19]. Therefore, the effectiveness
of the ICD in extending life expectation seems marginal. A
meta-analysis on pooled data from three trials (DEFINITE,
SCD-HeFT and MADIT) do not demonstrate a signi icant
survival bene it for the ICD in the elderly [20]. Fauchier, et al. in
a French registry of 5534 primary prevention ICD recipients,
demonstrated, that older age was independently associated
with a higher rate of early complications and a lower rate of
inappropriate therapies [21]. In the secondary prevention
setting, a meta-analysis on pooled data from three trials
(AVID, CIDS and CASH) documented that ICD implantation did
not seem to determine a survival bene it in elderly patients
[22]. The DANISH study that evaluated 1116 patients with
non-ischemic systolic heart failure, did not demonstrated
a bene it on all-cause mortality with ICD implantation.
However, the subgroup analysis demonstrated a possible agedependent correlation between ICD utilization and mortality
with survival bene it evident only in the youngest patients (≤
70 years old) [23].
Biological and chronological age and the concept of frailty
There are two kinds of ages, chronological and biological.
Chronological age is the number of years of one person has
been alive. On the other hand, biological age refers to how old
a person seems to be. The age, depends on our genetics, but
also is impacted by external factors, including diet, exercise,
stress, and smoking. Many gerontologists believe that
https://doi.org/10.29328/journal.jccm.1001089

chronological age does not consider these external factors.
In the last decades, we have seen how the improvement of
health status in older population increases the opportunity
of implantation of PMK, ICDs and CRT. A part of these older
patients can present complex comorbidity that makes this
population more fragile. Thus, in frailty, there is a dif iculty
in determining risk-bene it trade-offs when these options are
considered for older adults. It has become clear that age alone
is insuf icient to characterize these patients and determine
their eligibility for device-based therapies [24]. The concept
of frailty has emerged as a means of better characterizing the
resiliency of older adults beyond their age and comorbidities
to re ine estimates of predicted risk and guide decisions
for individualized care. Frailty is a condition, characterized
by a loss of biological reserves, which leads to failure of
homeostatic mechanisms following stressor events [25].
Frialty, is an emerging concept in modern healthcare due to
its association with adverse health outcomes and frequent
hospital admissions. The prevalence in hospitalized elderly
patients it is estimated to be between 24.7% and 80%. The
variability is due to varying populations, de initions and
diagnostic criteria [26]. In literature there are many pieces of
evidences about the association between frailty and negative
outcomes in chronic disease, especially in the cardio-vascular
ield. Indeed, frailty is correlated to the worst outcomes
in patients affected by heart failure and acute coronary
syndrome. Frailty is becoming an instrument more frequently
used to decision-making in the therapeutic-diagnostic process
in elderly patients suffering from speci ic pathologies. Frailty
is certainly an independent predictor of non-response to CRT
and a higher risk of hospitalization for HF and mortality [27].
On the other hand, there are few contrasting data regarding
the association between frailty and device-based therapy
[28]. No frailty index has yet been validated to assess a
patient’s eligibility for device implantation. Furthermore,
there is a different conceptualization of frailty among older
people from professional de initions of frailty, across physical,
cognitive and social domains T, they reject the application
of the concept of frailty to themselves. They also highlight
the importance of functional independence to maintain an
acceptable quality of life [29]. A recent study shows that there
is an agreement between patient-reported and physiciansassigned Clinical Frailty Score in “well” and mildly frail older
people. The patient-reported Clinical Frailty Score is lower
than that estimated by physicians in “managing-well” people
and moderately and severely frail people [30]. Thus, there is
discordance in less-frail patients. Finally, there are emerging
data that shows that device-based therapies are associated
with high levels of patient acceptability and satisfaction [31].
Importance of comorbidities in patients with indication to ICD

In elderly patients, both cardiac and extracardiac
comorbidities are frequent. With regards to cardiac
comorbidities, very important is heart failure (HF) that has a
prevalence between 10% and 20% in subjects aged 70-80 years
https://www.heighpubs.org/jccm
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and probably they have the same need for ICD or pacemaker
implantation, even if life expectancy is short in these patients
[32]. About 50% of HF patients have more than 75 years. In HF
patients, 50% present preserved ejection fraction HF. Sudden
cardiac death affects 6 to 9 times more frequently in HF patients
than in the general population [33].

Diabetes mellitus (DM) is an important independent
predictor of morbidity and mortality [34]. However, diabetic
patients have the same bene it from ICD therapy as nondiabetic patients, even if they are sicker and they can have
a higher mortality rate overall [35]. Moreover, DM is not
a predictor of inadequate response to CRT, and diabetic HF
patients treated with CRT have similar prognosis as nondiabetic HF patients [36].
The prevalence of atrial ibrillation (AF) increases
signi icantly with age and as the NYHA class increases, it pass
from the 5% of NYHA 1 to 40% of NYHA IV in patients with
HF [37]. AF is associated with a higher risk of cardiac events
and mortality. AF, per se, do not change the indication to use a
device in elderly patients, while, it can in luence the choice of
the device and its mode of operation. Van Boven, et al. showed
that in patients treated with CRT-D, AF is an independent risk
factor, not only for mortality, but also for appropriate and
inappropriate shocks [38].
Chronic kidney disease (CKD) is a severe condition
associated with high morbidity and mortality and a decrease
in quality of life. SCD is more frequent in patients with CKD
and remains one of the primary causes of death among these
vulnerable patients [39]. Bansal, et al. in a large cohort of
patients who underwent primary prevention ICD implantation,
do not found evidence that rates of shocks and ATP therapy
were different among those with and without CKD. These
results suggest that potential concerns for more frequent or
inappropriate ICD therapies should not preclude appropriate
primary prevention ICD implantation among patients with
CKD who are known to be at high risk for SCD [40].
It follows that older patients with comorbidities and with a
reasonable expectation of survival, may have an improvement
in their prognosis from the use of devices like ICDs and CRT.
The problem is that it is dif icult to standardized criteria for
de ine good life expectancy. Some authors have tried to create
risk scores to predict mortality in ICD recipients [41].
Risk scores
Many risk strati ication scores have been created to
estimate the risk of patients that can receive an ICD involving
different parameters.
Goldenberg et al., in a MADIT-II sub-study, developed a
simple risk strati ication score for primary therapy with ICD
[42]. They strati ied the patients allocated in the conventional
therapy arm according to the presence of ive easy clinical
https://doi.org/10.29328/journal.jccm.1001089

parameters such as age > 70 years, NYHA > II, blood urea
nitrogen (BUN) > 26 mg/dl, QRS > 120 msec and atrial
ibrillation. The study suggests a U-shaped pattern for ICD
ef icacy, with evident bene it in intermediate-risk patients and
reduced ef iciency in lower- and higher-risk subsets. Anné, et
al. validated this risk score in a cohort of elderly patients [43].
The authors retrospectively analysed all clinical and survival
data of 179 patients ≥ 75 years with an ICD. The mortality
of the cohort was compared with ICD patients aged 60-70
years originating from the same database and to an age- and
a sex-matched cohort of Dutch persons. Survival was worse
in elderly patients than younger patients and in the age- and
sex-matched group of elderly persons. However, survival was
not signi icantly worse when comparing elderly ICD patients
without additional risk factors to the general population.
Another risk score, de ined SHOCKED, is based on the
analysis of data from more than 45.000 primary prevention
ICD patients [44].The authors studied a development cohort
and validation cohort of Medicare bene iciaries receiving
ICD and evaluated death prediction within 4 years from ICD
implantation. About 40% of these patients were ≥ 75 years of
age. The model was based on 7 clinically relevant predictors
of mortality identi ied from complete model results: ≥ 75
years of age, NYHA III, atrial ibrillation, chronic obstructive
pulmonary disease, chronic kidney disease, LVEF ≤ 20%, and
diabetes mellitus. This model accurately identi ies patients at
highest risk for death after device implantation.
Another algorithm was developed by Kraaier, et al.
that studied 861 prophylactic recipients with ischaemic or
non-ischaemic dilated cardiomyopathy (DCM) [43]. Four
clinical parameters were considered: age ≥ 75 years, LVEF ≤
20%, history of atrial ibrillation and estimated glomerular
iltration rate (GFR) ≤ 30 mL/min/1.73m2. The co-presence of
these factors in luenced the mortality of the patients, and this
data, subsequently, was validated in 706 primary prevention
patients [45].
Chong, et al. demonstrated that clinical comorbidities (liver
or respiratory or renal dysfunction, anaemia, prior cerebral
vascular injury) act synergistically to increase mortality risk.
Patients with clinical markers involving ≥ 2 organ systems had
a 38% 1-year mortality rate despite the ICD implantation [46].

Conclusion
The researches we have described in this review could
assist in our understanding of current recommendations that
only elderly patients with a reasonable expectation of survival,
with good functional status for one year, should receive ICDs.
As there is no standardization of a ‘reasonable expectation of
survival, physicians generally rely on their clinical judgment.
To quantify the impact of a speciﬁc organ dysfunction on
survival, it is necessary to use a multidisciplinary assessment.
Elderly patients that still have a discrete survival probability
https://www.heighpubs.org/jccm
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could be the target of ICD implantation, in particular when
there are no additional clinical risk factors. The presence or
absence of additional clinical risk factors should be considered
when deciding to implant an ICD since they strongly correlate
with survival. The use of a risk score can help physicians
when deciding if the patient needs to be addressed to ICD
implantation.
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