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BACKGROUND: Evidence for the benefit of implantable
cardioverter defibrillators (ICD) in preventing sudden car-
diac death (SCD) in older adults is mixed; age alone may
not predict benefit. Frailty may help identify patients in
whom an ICD does not improve overall mortality risk.
METHODS: Structured search of PubMed, Embase, Web
of Science, and Cochrane Central Register of Controlled
Trials on 1/31/2019, without language restriction, with
terms for ICD, frailty, and mortality. Frailty was defined
broadly using any validated single component (e.g., walk-
ing speed, weight loss) or multi-component tool (e.g., cu-
mulative deficit index). Each study was assessed for qual-
ity and risk of bias.
RESULTS: We identified and screened 2649 titles,
reviewed 280 abstracts, and extracted 71 articles. Nine
articles, including two RCTs, one prospective cohort, and
six retrospective cohort studies met all criteria. The most
common reason for exclusion was a lack of frailty defini-
tion. Frailty definitionswere heterogeneous, including cu-
mulative deficit models, low weight, and walking speed.
Follow-up time for mortality differed: from days to >
6 years. All studies indicated that mortality was higher
amongst individuals identified as frail, regardless of defi-
nition. In one RCT, slow walkers did not benefit from ICD
therapy after 3 years. A cohort of 83,792 Medicare bene-
ficiaries in an ICD registry reported higher 1-year mortal-
ity following ICD in those with frailty or dementia. Four
studies reported an association between being under-
weight and increased mortality following ICD placement.
CONCLUSION: Existing literature suggests that individ-
uals with frailty may not benefit from ICD placement for
primary prevention of SCD.
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INTRODUCTION

Implantable cardioverter defibrillators (ICD) therapy remains the
most effective preventive strategy for sudden cardiac death
(SCD). In the USA, more than 350,000 patients experience
SCD annually.1,2 For primary prevention of SCD, current Amer-
ican College of Cardiology/American Heart Association guide-
lines recommend ICD therapy for patients who are at risk of a
life-threatening ventricular arrhythmia but have already received
optimal medical management. However, benefit of ICD therapy
for primary prevention in older individuals remains unclear.3–5

Current US guidelines do not specify a upper age limit for ICD
placement.6 The broad nature of current guidelines leaves room
for physician discretion, asking practitioners to determine that the
patient has “reasonable expectation of survival for at least a
year”.7 Life expectancy can be challenging to assess for many
older individuals when chronologic age can be a poormarker of a
measure of biologic age.8 Furthermore, current directives from
the Centers for Medicare and Medicaid require that physicians
engage in shared decision-making conversations regarding risks
and benefits before ICD placement for primary prevention.9,10

Adding to this challenge is the conflicting evidence on the
relationship between patient age and survival after ICD place-
ment.11,12 Between the ages of 70 and 90, inwhich there is awide
variation in health status, measures of frailty are often more
accurate predictors of death than age itself.13,14

Frailty is defined as a state of increased vulnerability and
poor resolution of homeostasis following a stressor, which
increases the risk of adverse outcomes including hospitalization,
institutionalization, andmortality.13 This increased vulnerability
may be related to malnutrition or immunosuppression. A nar-
rative review in 2016 suggested that frailty is a major risk factor
for death and readmission in patients who received ICD for both
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primary and secondary prevention of SCD.15 We sought to
update this synthesis with a systematic review to determine
whether frailty identifies older patients who may not benefit
from ICD therapy specifically for primary prevention of SCD.

METHODS

Protocol and Registration

This systematic review was conducted in accordance with the
PRISMA guidelines.16 We did not register a protocol for the
review.

Eligibility Criteria

To be included in this review, studies had to include (1) partici-
pants > 65 years who received an ICD for primary SCD preven-
tion, (2) any accepted definition of frailty, and (3) mortality as an
endpoint. Studies that reported only secondary prevention or
defibrillators with cardiac resynchronization therapy (CRT-D)
were excluded. We did not impose any restriction on the type
of study, publication date, or publication status for the search.We
excluded non-English studies during screening of abstracts.

Defining Frailty

Although there is no consensus definition, there are currently two
leading theories of frailty: the phenotype model defined by Fried
and colleagues and the cumulative deficit model developed by
Rockwood and colleagues.14,17 The phenotype model defines
frailty as meeting three or more of five criteria: weight loss,
exhaustion, weakness (grip strength), slow walking speed, and
low physical activity.14 The cumulative deficit model assesses
frailty by summing health-related deficits associated with aging
that occur over the lifespan, including morbidity, function, mood,
cognition, and disability.17 In addition to these two theories, there
are multiple definitions that include a single component (e.g., gait
speed, weight loss), or multiple components (e.g., comprehensive
geriatric assessment, allostatic load).18 In order to include as
many articles as possible in this review, we built our search string
to capture any of the currently used definitions of frailty, from the
single component to complex multi-component definitions, as
has been recommended in other systematic reviews that included
the term frailty.18 Low BMI was included as a proxy for weight
loss or poor nutrition.19

Information Sources

Studies were identified by searching electronic databases and
scanning reference lists of articles. The search was applied to
MEDLINE, Embase, Web of Science, and the Cochrane Cen-
tral Register of Controlled Trials on January 31, 2019.

Search

The search string was constructed with the help of an experi-
enced medical librarian using three components: frailty, ICD,

and mortality. Terms representing frailty such as hand or grip
strength, gait speed, mobility, weight loss, and functional
impairment were used. Further details on the search string
used are available in the appendix.

Study Selection

Eligibility assessment was performed independently in an
unblinded standardized manner by two reviewers. Disagree-
ments between reviewers were resolved by consensus. Titles,
abstracts, and articles were screened by two reviewers (ARO,
MYC) with an additional reviewer to resolve discrepancies
(JAD) using Endnote X7. Information was extracted from
each included study on (1) type of article, (2) study question,
(3) characteristics of participants: population, age, number of
participants, (4) frailty definition, and (5) mortality definition:
peri-operative, in-hospital, and cause.

Level of Evidence

The level of evidence was determined by (1) study design: a
randomized controlled trial or a cohort study, (2) any frailty
definition, (3) generalizability, and (4) bias: statistical power,
conflict of interest, and validity of methods. The quality of
studies was appraised using the Newcastle/Ottawa Scale
(NOS). Criteria for quality assessment are shown in Appendix
Fig. 2.

RESULTS

The selection process for the articles included in this review is
illustrated in Appendix Fig. 1. The database search yielded a
total of 2649 records. Of these, 574 duplicate records were
excluded. In total, 280 abstracts were identified for screening,
and 71 articles were selected for full-text assessment. Nine
articles were identified for final inclusion in the review, in-
cluding two randomized controlled trials, six retrospective
cohort studies, and one prospective cohort study. Measures
of frailty included a variation of the cumulative deficit model
(1 study), low physical activity (3 studies), weight loss/low
BMI (3 studies), allostatic overload (1 study), and advanced
age with comorbidity (1 study). Follow-up time for mortality
differed in each study: from 1 day to 6 years. Sample size also
varied across studies with smallest sample of 77 and largest
sample of 98,437 (Table 1). Meta-analysis could not be per-
formed due to the significant differences amongst studies in
frailty definition and mortality outcomes.
The two RCTs included both used a marker of physical

activity to assess frailty and found that low physical activity,
either by self-report or measured was associated with in-
creased risk of mortality. Piotrowicz and colleagues adminis-
tered the Short Form-12 Health Survey to participants in the
Multicenter Automatic Defibrillator Implantation Trial II
(MADIT-II) measuring baseline physical function prior to
ICD placement and at subsequent follow-ups. Participants
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with a baseline physical component score below the median
35 were nearly twice as likely to die (HR 1.89, 95% CI 1.34–
2.65) as those with a score above the median.20 Fishbein et al.
used the 6-min walk test (6MWT) to assess function and
predict survival following ICD placement in a pre-specified
subgroup of the Sudden Cardiac Death in Heart Failure Trial
(SCD-HEFT). Risk of mortality amongst those with ICD vs
placebo was assessed by tertile of 6MWT at baseline. In the
highest tertile, all-cause mortality was 7% (n = 28) vs placebo
17.8% (n = 60), compared to 12.4% (n = 44) vs placebo 21.6%
(n = 78) in the middle tertile, and 28% (n = 92) vs placebo
24.7% (n = 83) in the lowest tertile. Every 50-m improvement
in 6MWT distance was associated with an adjusted hazard
ratio of 0.88 (95% CI 0.81–0.96). Overall, ICD therapy sub-
stantially benefited patients who were in the top two tertiles of
6MWT distance but not patients from the lowest tertile, a
marker of frailty.21

In a cohort study that used physical activity as a marker of
frailty, results were similar. Kramer et al. reported that mean
baseline activity was inversely correlated with mortality in a
cohort of 98,437 US patients followed for a median of
2.2 years after ICD placement. Baseline activity was defined
as mean minutes per day considered active from day 30 to day
60 after ICD implantation. A decrease of 30-min baseline
activity was correlated with a 48% increased hazard ratio for
death. Mean 4-year survival was much lower in the least active
quintile compared to the most active quintile (0.76 vs 0.91).22

In cohort studies that used low BMI or weight loss as a
marker of frailty, low BMI was associated with a higher
mortality rate, although no consensus on the cutoff of BMI
was given. Schernthaner et al. conducted a retrospective co-
hort study including 77 patients who received ICDs in Austria
with a median age of 67, followed for a mean 24.5 months and
concluded that BMI ≤ 26.0 kg/m2 is an independent predictor
of mortality (p = 0.024).23 Similarly, Jahangir and colleagues
found that the presence of obesity or overweight BMI was
associated with lower post-ICD mortality compared to those
with normal BMI group in a group of patients in Wisconsin.24

Hsu and coworkers used US national cardiovascular registry
data to examine outcomes for 83,312 patients and found that
those who were underweight (BMI ≤ 18.5 kg/m2) had more
than twofold higher odds of in-hospital death comparing to
normal weight patients.25

Zhan and colleagues defined frailty as advanced age and
the presence of comorbidities and reported that the in-
hospital mortality rate following ICD placement was low,
at 0.75%, consistent with other types of cardiac device
implantation, including CRT-D (0.93%), CRT-P (1.40%),
and pacemakers (1.12%). However, amongst those who
received an ICD and were frail, there was an increased risk
of in-hospital mortality compared to those with no comor-
bid conditions (OR 2.97, p < 0.01). For those who were
aged 75–84 the odds ratio for in-hospital mortality was
1.18 (p < 0.01). However, the OR for those > 85 was not
significant at 0.85.26

Green and colleagues used the Johns Hopkins Adjusted
Clinical Group (ACG) System, a tool that analyzes health
insurance claims and enrollment records to predict a person’s
future healthcare utilization, as their definition of frailty. The
ACG System frailty markers included 10 categories: falls,
difficulty walking, social support needs, weight loss, fecal
incontinence, urine incontinence, decubitus ulcer, severe vi-
sion impairment, dementia, and malnutrition. The study re-
ported that 1-year mortality following ICD placement was
22% for patients with frailty but only 12% in the overall
cohort.27 Using baseline psychological and psychosomatic
profile, Gostoli and colleagues found that traditional psycho-
logical risk factors such as depression, anxiety and type-D
personality are not good predictors of post-ICD mortality.
However, patients with severe allostatic overload, or the in-
ability to cope with stress, are less likely to survive (HR 0.18,
95% CI 0.06–0.51, p < 0.001).28,29

DISCUSSION

In this systematic review, we found that frailty, defined ac-
cording to varying validated methods, was consistently asso-
ciated with higher risk of mortality after ICD placement. Six of
the nine studies included used a single marker of frailty, while
three studies used multi-domain instruments. The main find-
ing of this systematic review is that older patients who had
measures associated with frailty and received an ICD for
primary prevention of SCD had a higher mortality risk than
those who were not frail. Although assessment of frailty
varied, the main finding remained consistent throughout all
nine studies.
Our findings are also consistent with literature in other high-

risk cohorts of older adults, such as those with chronic dis-
eases. Chronic diseases and frailty are inseparable under
Rockwood’s cumulative deficit approach to frailty. Chronic
diseases contribute to frailty by decreasing a person’s physio-
logical reserve.17 A recent study by Bansal et al. examined
outcomes in 5877 matched patients with an average age of 73.
This study found that ICD placement was not associated with
improved survival in patients with chronic kidney disease
(adjusted hazard ratio, 0.96; 95% CI 0.87–1.06) but rather
ICD placement was associated with an increased risk of hos-
pitalization due to heart failure (adjusted relative risk, 1.49;
95% CI 1.33–1.60) and all-cause hospitalization (adjusted
relative risk, 1.25; 95% CI 1.20–1.30).30 Frailty status was
not evaluated in this study.
The ideal frailty instrument remains elusive, and dozens of

tools are currently in wide use in the literature.13 Given the
heterogeneous definition of frailty in the current literature and
the search for the most efficient and accurate screening tool for
frailty, there is an ongoing debate as to the value of a single
component instrument versus multi-domain instrument when
designing a standardized quantitative method for measuring
frailty.31 Every instrument examined in our systematic review
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has its advantages and limitations, and not all meet the classic
definitions of frailty. Physical activity can be surveyed or
observed. However, accuratemeasurement of physical activity
can be affected by response bias and the Hawthorne effect:
participants may under-report or over-report their physical
activity on a survey and act differently when knowing that
they are being observed. The 6MWT is a popular measure of
functional status often used to assess a patient’s response to
medical intervention. It is typically performed on a 30-m walk
course and requires technicians who are well-trained. Results
may differ due to factors such as technician and encourage-
ment.32 A reasonable surrogate for the 6MWT is gait speed,
which highly correlates with the 6MWT.33 Gait speed similar-
ly suffers some of the limitations of 6MWT but requires
shorter walk and has better retest reliability.34 In the case of
Kramer and coworkers, baseline activity was recorded via the
ICD device, which may not be helpful in determining a
patient’s ICD eligibility prior to implantation. However, slow
walking speed is highly correlated with risk of mortality, has
been shown to be an excellent screen for frailty, and has been
advocated as an ideal single marker of frailty and can be
relatively simple to incorporate into a busy clinical setting.35

Weight is a quick and simple snapshot of a patient’s phys-
ical status, but BMI does not account for body composition,
genetics, or rate of weight change and may not be an adequate
marker of frailty.36 The studies examined arbitrarily used the
median or the World Health Organization (WHO) cutoffs to
categorize their participants. One recurrent finding amongst
the studies included in this review was that obesity did not
negatively impact mortality rate. This may be explained by the
J-shaped paradox of BMI.37 Obese patients may have more
stable hemodynamic status, more muscle and fat mass, and
thereforemore energy reserves to resist poor outcomes, where-
as low BMI may indicate frailty, poor nutritional status, or
decreased immune functions.37 Nevertheless, the combination
of obesity and decreased muscle mass or strength, a condition
known as sarcopenic obesity, may also expose patients to
adverse outcomes. Because the three studies that measured
BMI did not measure muscle mass, we were not able to
determine if patients had sarcopenic obesity.38

Allostatic load and the ACG System were multi-domain
instruments that incorporated elements of geriatric assessment.
Allostatic load is a concept of cumulative wear and tear on the
body for survival proposed by McEwen in 1998.39 It has been
used as an index of multisystem physiological dysregulation
including cardiovascular, metabolic, inflammatory, and neuro-
endocrine systems to predict frailty development.28 The oper-
ational definition of allostatic overload used by Gostoli and
coworkers was developed by Fava and colleagues and focused
on overwhelming stressors and clinical manifestations of dis-
tress.40 A detailed interview of stressful life events is required
to fully assess an individual’s mental health and therefore may
not be a time-efficient instrument to assess frailty.
Related to the cumulative deficit model of frailty, Green and

colleagues used an algorithm to identify ICD-9 codes from the

ACG System that correspond to geriatric conditions. Of inter-
est, Green et al. emphasized that dementia alone significantly
increases mortality risk. Zhan and coworkers defined frailty as
a construct of advanced age with comorbidities. Although this
deviates from the classic cumulative deficit model of frailty, it
is what the authors chose as their definition of frailty. While
those with multi-morbidity had a clearly increased risk of in-
hospital mortality, the role of advanced age was unclear. In
recent years, it has become clear that although the risk of
frailty rises with age, frailty is a better predictor than age alone
and is often independent of age.
To our knowledge, this is the first systematic review spe-

cifically evaluating the impact of frailty on mortality in older
patients who have undergone ICD implantation for primary
prevention of sudden cardiac death. One narrative review,
published in 2016, examined the implications of frailty in
elderly patients with general electrophysiological conditions,
including the need for ICDs.15 Bibas et al. concluded that frail
patients tend to fare far worse than nonfrail patients who
undergo ICD and CRT therapies for both primary and second-
ary prevention of SCD.15 Our systematic review updates this
narrative review by performing a systematic literature search
using a broad definition of frailty, focusing specifically on
ICDs for primary prevention of SCD. This allowed us to
include 8 additional studies, 2 of which were published after
the prior review.
The benefit of frailty assessment in patient selection for

cardiac intervention has been widely recognized in the last
few years, including determining eligibility for left ventricular
assist device, and for routine cardiovascular care generally.41,
42 However, increased screening for frailty also raises impor-
tant unanswered questions, particularly when deciding wheth-
er to replace or deactivate a patient’s ICD, balancing quality of
life and lifespan.43 Our review addresses this knowledge gap
in patient selection for ICD placement and demonstrates the
importance of considering aging syndromes, such as frailty, to
identifying older individuals who may not benefit from ICD
placement. Ongoing efforts in validating frailty as a risk factor
for ICD placement include the FRAIL-D study and the Safety
of Implantable Cardioverter Defibrillator (ICD) Implantation
in the Elderly trial to be completed 2020.
Our study has several limitations. Non-English articles were

excluded during the screening process and could have con-
tributed to the limited number of relevant studies found. Not
all selected studies solely examined the impact of frailty on
mortality in older patients undergoing ICD placement; studies
also examined therapies such as CRT, CRT-D. Because ICD
was not the main objective in several studies, important ICD
patient characteristics could not be isolated.
Seven of the nine studies included are cohort studies and

only two randomized controlled studies. All nine studies were
published within the last 12 years. Although we have con-
structed our frailty criteria based on prevailing models of
frailty and similar systematic reviews that examine frailty
and other cardiac interventions, it is difficult to capture all
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relevant studies because of the elusive definition of frailty.
Chronic conditions that could render an individual frail, such
as dementia, COPD, and chronic kidney disease, were not part
of the search criteria. Green et al. found that approximately
10% of Medicare patient who received ICD for heart failure in
their study population had dementia or frailty.27 However, not
all chronic conditions lead to frailty; disentangling frailty from
comorbidity and disability has been advocated.14 Further-
more, although mortality is a standard outcome, because of
the varying definitions of frailty that introduce a high degree of
heterogeneity we could not perform a meta-analysis of the
results, as has been noted in other systematic reviews
attempting to synthesize data on frailty and outcomes.18

Our study also has several strengths. The article selection
process for this review was robust. Relevant electronic data-
bases were included in the search. The search string was
constructed based on both Fried’s physical phenotype model
of frailty and Rockwood’s cumulative deficit theory of frailty,
as well as individual components and performance measures,
as has been done in other systematic reviews of frailty.18 This
review focused solely on ICD, excluding CRT-D, thus isolat-
ing the mortality benefits and risks of defibrillator on patients
at risk for sudden cardiac death but not necessarily for heart
failure.

CONCLUSION

In summary, although ICD implantation has been shown to
decrease the risk of SCD, in this systematic review, we found
that ICD therapy may not benefit all older adults, especially
those with frailty. Despite the limited number of studies found,
all studies offer evidence that patients who are identified as
frail are at increased risk of mortality after ICD implantation.
Randomized controlled trials for ICDs that incorporate aging
syndromes, such as frailty, are needed to identify which older
in older adults will benefit.
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