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Abstract
Older adults represent a rapidly growing segment of the population in developed countries.
Advancing age is the most powerful risk factor for the development of cardiovascular disease
(CVD), and CVD-related mortality increases markedly in older individuals. Procedures for
patients with CVD, including percutaneous coronary intervention, aortic valve replacement and
implantable cardioverter defibrillators were all initially validated in younger individuals but are
increasingly being applied in older adults who for the most part have been significantly
understudied in clinical trials. While advanced age alone is not a contraindication to these
procedures, with the advent of less invasive methods to manage CVD including percutaneous
techniques to treat both coronary artery disease and valvular heart disease, future research will
need to weigh the potential harms of intervention in a population of older adults with multiple
medical comorbidities and complex physiologic phenotypes against outcomes that include
preventing functional decline and improving quality of life.
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The developed world is aging, and this trend is expected to continue into the foreseeable
future [1,201]; for example, in the USA, the percentage of the population ≥75 years old is
expected to double from 6 to 12% by the year 2050 [202]. Although definitions vary and in
the absence of consensus make comparisons between studies difficult, ‘older adults’ has
been used to refer to all individuals ≥65 years of age, and has been further divided into the
‘young old’ (65–74 years), ‘middle old’ (75–84 years) and ‘oldest old’ (≥85 years) [2].
Cardiovascular disease (CVD) is the leading cause of mortality in older adults in the USA
and Europe, and advancing age is the most powerful risk factor for the development of CVD
as well as CVD-related mortality [1,3].

The majority of cardiac procedures, including percutaneous coronary intervention (PCI),
coronary artery bypass grafting (CABG), valve replacement, pacemakers and implantable
cardioverter defibrillators (ICDs) are performed in patients ≥65 years of age (Figure 1) [3].
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In addition, most procedures are being applied with increasing frequency in this population
[4–6], which may in part reflect the development of less-invasive approaches that have the
potential for reduced procedural and postprocedural complications. For example, PCI now
requires smaller sheaths for arterial access, and bleeding complications appear to be
declining [7]. ICDs used to require a thoracotomy, are currently placed transvenously, and in
the future may be implanted subcutaneoustly [8]. Minimally invasive and transcatheter
aortic valve replacement (AVR) has been employed as an alternative to full sternotomy in a
number of patients [9,10], allowing for faster recovery times.

Despite such advances, the risks of adverse outcomes with these interventions are still
highest in patients of advanced age [11–13]. For example, age-related physiologic changes
make this population more prone to bleeding than younger patients [13,14], which can
complicate periprocedural management (such as anticoagulant use for patients with ST-
elevation myocardial infarction) as well as long-term outcomes. Older adults are also at
increased risk of postoperative and postprocedural renal failure, stroke, respiratory failure
and infection [11,15,16]. Competing life-limiting comorbidities, such as cancer and chronic
lung disease, may attenuate the expected mortality benefit from performing interventions. In
addition, in light of the competing risks and benefits, quality of life and functional capacity
have assumed an increasingly important role as outcomes for therapeutic interventions in
this population, although they have not been widely incorporated into clinical trials.

This review will focus on three procedures that have changed dramatically over the past two
decades: PCI, AVR and ICDs. They currently represent approximately 60% of all cardiac
procedures performed in patients ≥65 years of age [3], and with changing demographics
their numbers are likely to increase significantly in the near future. We will discuss trends in
utilization, data on outcomes (where available) and areas for future research and when
possible, will address the unique challenges in applying these technologies to the oldest old
populations.

Percutaneous coronary intervention
Coronary artery disease (CAD) is the leading cause of death in older adults, and the
prevalence and complications of CAD continue to increase with advancing age [3]. The
advent of PCI, which refers to any catheter-based procedure (typically balloon angioplasty
or more recently stenting) involving the coronary arteries, has significantly changed the
management and outcomes of CAD in older adults. The number of PCI procedures in the
USA tripled between 1995 and 2005 [3], largely owing to the advent of intracoronary stents.
Similar trends have been described in Europe [17]. PCI has become the most frequently
utilized intervention for patients with acute coronary syndromes (ACS) including ST-
elevation myocardial infarction, non-ST-elevation myocardial infarction and unstable angina
[3,4], and rates of alternative therapies including CABG and fibrinolysis have concomitantly
decreased [3,4]. CABG has remained important in the management of older adults with
complex multivessel disease, and techniques such as off-pump surgery have been developed
with the goal of reducing postoperative complications in selected patients [18,19]. CABG
may also provide more durable relief of angina and reduce the need for re-intervention
compared with PCI, albeit with a higher procedure-related stroke risk [20]; however, a full
comparison of these therapies is beyond the scope of this article.

Several studies in the last two decades found that utilization of reperfusion therapy for ACS
was lower in patients of advanced age [12,21,22]. Recent data, however, indicate that this
trend is changing [3,4,23]. In the US Worcester Heart Attack Study, the percentage of
patients ≥75 years of age hospitalized for acute myocardial infarction (AMI) who underwent
PCI increased from 5% in 1999 to 19% in 2005 [4]. A Canadian study of nearly 30,000
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patients ≥80 years of age admitted with AMI between 1996 and 2007 found that the use of
PCI increased from 2 to 25% (Figure 2) [23]. In this group, 1-year mortality improved over
time but was still high (47 vs 41%), underscoring the poor prognosis of a significant
subgroup of this population.

Whether the increased application of PCI to older adults with ACS leads to improved
outcomes is a matter of debate, as no definitive evidence from a randomized trial exists [24].
In general, patients of advanced age with ACS undergoing PCI have higher rates of
postprocedural bleeding, renal failure, vascular complications, stroke, periprocedural AMI
and early mortality compared with younger individuals [24–26]. While there is no absolute
contraindication to PCI, it is generally thought that the risk outweighs the benefit in the
setting of active bleeding, hemorrhagic stroke, advanced dementia and in patients who have
contraindications to antiplatelet therapy [27,28]. Bleeding rates and vascular complications
after PCI are higher in older women than men, although the exact mechanism is unclear
[7,29]. While bleeding complications are highest in older adults, they appear to be
decreasing over time, which may be related to smaller sheath sizes and safer antithrombotic
regimens [7,30].

Although the risks of intervening in older adults remain higher than in younger individuals,
subgroup analyses of several studies suggest that there may still be a benefit to intervening
in selected patients (Table 1) [17,23,31]; for example, in the Treat Angina with Aggrastat
and Determine Cost of Therapy with Invasive or Conservative Strategy – Thrombolysis In
Myocardial Infarction (TACTICS-TIMI) 18 trial, which enrolled patients with non-ST-
elevation myocardial infarction across nine countries to an early invasive versus
conservative strategy, there was a relative risk reduction of 56% in death or MI in patients
≥75 years of age at 6 months in the invasive arm, which was significantly greater than in
younger individuals [31]. This trial and others excluded prior gastrointestinal bleeding,
stroke or advanced renal insufficiency, all of which are more common in older adults; the
application of clinical trial evidence to this population is therefore somewhat limited. The
decision to perform PCI remains a very individualized one (Table 2), and the risks of
adverse events (most notably bleeding and renal failure) must be carefully weighed against
the potential benefits.

Aortic valve replacement
Aortic stenosis (AS) is the most prevalent valvular pathology in older adults [32]; it is
infrequent in younger patients except in the presence of a bicuspid aortic valve. Exact
population estimates of AS vary, but prevalence appears to increase with advancing age
[33,34]. In subjects ≥65 years of age enrolled in the Cardiovascular Health Study, the
prevalence of AS was 2% [33], while for subjects aged 75–86 years in the Helsinki Aging
study, AS was present in over 13% of participants [34]. Once moderate AS is present, the
disease progresses on average by a decrease in valve area of 0.1 cm2 per year and an
increase in mean pressure gradient of 7 mmHg per year, though there is marked variability
among individual patients [35].

After the onset of symptoms, which are classically manifested by angina, syncope or heart
failure, the mean survival for individuals with severe AS is 2–3 years with a high risk of
sudden death [35]. AVR is the standard of care in patients who are considered an acceptable
operative risk. Since its first use in 1960 [36], several advances have been made in operative
and postoperative management that have significantly reduced procedure-related morbidity
and mortality [5]. Concurrently, older patients who were once considered too high risk,
especially those ≥80 years of age, are now being operated on routinely [5,15,37]. Analysis
of over 100,000 patients undergoing isolated AVR in the North American Society of
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Thoracic Surgeons (STS) database found that between 1997 and 2006 the mean age
increased, and despite an increase in comorbidities (e.g., diabetes, hypertension,
cerebrovascular disease and renal failure), overall operative mortality fell by 24% [5]. The
proportion of patients 80 years or older increased from 13.4% in 1997 to 19.7% in 2006
(Figure 3) [5]. A number of case series of patients aged ≥80 [15,38,39] and even ≥90 [37]
years of age have been published (Table 3), with 5-year survival rates above 50%. In
appropriately selected candidates, quality of life outcomes have been impressive; for
example, in a case series of patients ≥80 years of age undergoing AVR, postoperative
physical and mental health functional scores on the Medical Outcomes Short Form-36
(SF-36) were comparable to the general population of similar age not undergoing surgery
[40].

While older patients are undergoing AVR with increasing frequency, age remains an
important risk factor for mortality as well as postoperative complications including stroke,
renal failure, bleeding and prolonged ventilation [11,15,37,38]. In the Society of Thoracic
Surgeons (STS) database between 2002 and 2006, overall in-hospital mortality was 3.2%,
and age of 80 years (compared with 50 years) was associated with an odds ratio of 3.34 for
this outcome [11]. For patients ≥80 years, case series have estimated the operative mortality
for AVR at approximately 10%, with combined AVR/CABG conferring a higher risk than
isolated AVR [38–41]. Postoperative complication rates vary (Table 3), likely representing
heterogeneous patient populations; arrhythmias such as atrial fibrillation are the most
common, and are relatively benign; however, other problems such as prolonged mechanical
ventilation or stroke can be permanently disabling. Factors that predict operative success
(and complications) after AVR in the oldest old population are still being elucidated, and as
many studies to date are derived from a single site their generalizability is limited. Geriatric-
specific impairments such as frailty are just beginning to be explored, and appear to add
important predictive value to traditional risk models [42].

Patients with severe AS who meet guideline-specified criteria for AVR and do not undergo
surgery are less well studied, although they represent a significant proportion of the AS
population [43,44]. Reasons for not undergoing AVR are likely to be multifactorial and may
include patients’ and/or their caregivers’ declining to be considered for surgery,
cardiologists’ reluctance to refer for surgery secondary to contraindications, such as life-
limiting comorbidities (e.g., prior stroke, dementia or malignancy), and surgeons declining
to proceed owing to high operative risk [44]. For patients who are not candidates for AVR,
treatment has traditionally been palliative. Studies of medical therapy for severe AS have
been disappointing; for example, several well-designed randomized trials of statin therapy
(with the goal of inhibiting the inflammatory process) have demonstrated no effect in
slowing progression of the disease [45,46].

However, the paradigm for treatment of AS candidates at high-operative risk may be
changing with transcatheter aortic valve implantation (TAVI), which theoretically avoids
many of the risks associated with open-heart surgery including a sternotomy, aortotomy and
exposure to cardiopulmonary bypass [47]. In a study of 50 patients (mean age 82 years) with
symptomatic severe AS who were considered too high risk for conventional AVR, this
procedure was successful in 86% of patients, and 35 of 43 individuals (81%) who had
undergone successful TAVI were alive at 1-year follow-up [47]. Another study of 646 high-
risk patients (mean age 81 years) undergoing TAVI found a 97% procedural success rate,
and 30-day mortality was 8% [48]. The US-based Placement of Aotric Transcatheter Valve
(PARTNER) trial, which randomized 358 nonoperative candidates (mean age 83 years) with
severe AS to TAVI versus conventional therapy (including balloon valvuloplasty) found a
20% absolute risk reduction in mortality with TAVI (30.7 vs 50.7%) at 1 year [10]. New
York Heart Association (NYHA) class was improved in the surviving TAVI patients at 1
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year (compared with controls), although the rate of stroke 30 days post-procedure was
higher (5.0 vs 1.1%), which was attributed to the intervention itself [10]. Based on studies to
date, other procedure-related adverse events include vascular complications (10–30%), heart
block (5–10%) and tamponade (2–5%) [10,48,49]. Operator experience appears to play an
important role in procedural success [49]. As this technique evolves and further studies are
completed, it may become a more routine option for older adults who are not surgical
candidates, or even as a minimally invasive alternative for those deemed an acceptable
surgical risk.

Selection for TAVI may be assisted by risk-stratification tools including the STS Cardiac
Surgery Risk Model [11,203] and the European System for Cardiac Risk Operative
Evaluation (EuroSCORE) [50,204], which were developed with data submitted from
surgeons in the USA and Europe respectively. Randomized trials have to date utilized these
risk scores in selecting candidates who are ‘high-risk’ or ‘inoperable’ for traditional AVR
[10,51]. However, these scores may overestimate surgical mortality in the oldest old
population [15]. In addition, they do not provide vital functional information that can be
obtained from other geriatric measures, such as frailty or gait speed, which may provide
distinctly different information and further improve prediction of outcomes [42,52].

In addition to stratifying patients for mortality and the appropriate intervention, increasing
attention is being paid to quality of life measures including physical function [40,53,54],
NYHA functional class [10,40,54], depression [53,54] and discharge to the nonhome setting
[42,55]. Although the focus of most trials remains mortality, it is recognized that the
intervention itself may be debilitating in selected subgroups, especially the frail elderly.
Further knowledge regarding these outcomes and the risk factors associated with them will
help in providers’ discussions with patients about the potential benefits and risks associated
with intervention.

Implantable cardioverter defibrillators
Implantable cardioverter defibrillators are designed to deliver an electrical shock to
terminate a potentially fatal rhythm disturbance, such as sustained ventricular tachycardia or
ventricular fibrillation. In the 1980s the first ICDs were placed in three patients with
refractory malignant arrhythmias and required a thoracotomy for implantation [56]. Over
time, less invasive (transvenous) systems were developed, although overall utilization
remained low. Until the early part of the last decade, ICDs were used mainly for secondary
prevention of sudden cardiac death (SCD) in patients with a prior history of life-threatening
arrhythmia [57–59]. Two major randomized trials, Multicenter Automatic Defibrillator
Implantation II (MADIT II) [60] and Sudden Cardiac Death in Heart Failure (SCD-HeFT)
[61], changed this paradigm by demonstrating the effectiveness of ICDs in the primary
prevention of SCD in patients with a depressed left ventricular ejection fraction (LVEF).
Based largely on these results, both US and European guidelines have recommended
placement of an ICD for primary prevention of SCD in patients with congestive heart failure
and LVEF <35% who have a life expectancy of greater than 1 year [62,63].

After the publication of MADIT II and SCD-HeFT, the volume of ICDs implanted increased
markedly, in both the young and older population (Figure 4) [6,16,64–66]. Between 1997
and 2004, the number of ICDs placed in the USA increased from 22,922 to 66,545 [6]. In
2006, the first year of the Centers for Medicare Services-mandated National ICD Registry,
the number had increased to 108,341 [64]. Data from Europe are similar, and although
regional variations exist, there has been a 75% increase in the number if ICDs placed in
Western Europe between 2004 and 2008 [66]. Recent studies have shown that a significant
proportion of ICDs are placed in older adults, including the oldest old population, with
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estimates of the proportion of US ICD recipients ≥80 years of age ranging between 12 and
18% [16,65]. With the changing demographics in the USA and Europe, this proportion is
likely to increase in the future.

An additional procedure of increasing frequency in older adults with heart failure has been
the placement of biventricular pacemakers for cardiac resynchronization therapy (CRT).
These devices, which can be combined with defibrillator capabilities (known as CRT-D),
have been shown to reduce hospitalization and mortality in eligible individuals (LVEF
<35%, QRS >120 ms, NYHA class III or IV) [67]. CRT-D devices constitute over 50% of
defibrillator implants in patients >80 years of age, and represent a greater proportion of
defibrillator-capable devices than in younger individuals [65]. They are more technically
challenging to place than conventional ICDs, as they require the insertion of a pacing lead in
the coronary sinus, and in addition to longer procedure times they can carry an increased
risk of complications.

A question remains as to whether patients ≥80 years of age derive a survival benefit from
ICDs similar to that seen in younger patients [68,69]. The mean ages in MADIT II and
SCD-HeFT were 64 and 60 years, respectively, and the rate of comorbidities common in
older adults including advanced renal insufficiency and cerebrovascular disease was low
[60,61]. The subgroup of patients in MADIT II >70 years of age (35% of the population)
randomized to ICD appeared to have a reduction in mortality compared with non-ICD
patients, while no such effect was seen in the subgroup of patients ≥65 years of age (34% of
the population) in SCD-HeFT. While it has been argued that older adult ICD recipients have
improved survival compared with non-ICD matched controls [70,71], there is general
consensus that large-scale outcomes data are lacking in the oldest old population [69].
Placement of the device for primary prevention is contraindicated if life expectancy is less
than 1 year [62], although in practice this if often a difficult determination. A single-center
case series of 107 consecutive patients ≥80 years of age undergoing ICD implantation found
that 1-year mortality was approximately 20%, while another retrospective study of 225
patients ≥80 years found that 16.4% died within a year [72,73]. Median survival was 4.2 and
3.6 years, respectively, and was worse in both studies in patients with low ejection fraction.
Future research with large datasets including national ICD registries [74,75] may help in
better defining predictors of early mortality after implantation.

Complications, which include bleeding, infection and cardiac perforation, range from 5 to
10% in reported registries of older adults [16,76] and appear to increase with advancing age
[16]. Advancing age has been associated with a decreasing likelihood of SCD compared
with death from other causes [65,77], and older ICD recipients are considerably more likely
to die of nonarrhythmic causes than arrhythmia within the first year of implantation [78].
Other quality-of-life considerations, including inappropriate shocks (which may constitute
up to half of all therapies delivered) and changing the mode of death (reducing the
likelihood of a painless sudden death) are increasingly being emphasized as important
aspects of device therapy that should be discussed with patients prior to implantation [79].

In the absence of a definitive randomized trial in patients ≥80 years of age, the decision to
place an ICD for primary prevention needs to take into account comorbid conditions (such
as malignancy and advanced chronic obstructive pulmonary disease) that may limit the
mortality benefit derived from an appropriate ICD discharge, as well as patient preferences
concerning aggressiveness of therapy at the end of life. In eligible patients who do not wish
to receive ICD shocks but desire an improved quality of life, a CRT pacing only device
(without defibrillator capability) may be considered [80].
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Novel approaches for study
Inclusion of frail older adults in clinical trials

Aging is associated with the development of comorbid conditions and age-related
impairments in multiple organ systems that are independently predictive of morbidity and
mortality [81,82]. These include comorbidities such as chronic renal disease, anemia and
cognitive dysfunction, as well as frailty (defined as a physiologic state of increased
vulnerability to stressors that results from decreased physiologic reserves) [81], sarcopenia
(age-related loss in skeletal muscle mass) and functional disability. While certain factors
(such as advanced renal disease) frequently serve as exclusion criteria for clinical trials,
others (such as frailty) are often not formally measured prior to enrollment or as an outcome.

An emerging area of research is focusing on pre-procedural measurement of geriatric
syndromes, such as frailty and their association with outcomes after cardiac interventions
[42,83,84]. For example, a recent study of patients undergoing cardiac surgery found that
slow gait speed, an indicator of frailty, provided incremental benefit to standard risk
measures (in this case the STS score) in predicting postoperative morbidity and mortality
[42]. This measure, as well as formal assessments of cognition and muscle strength, are
relatively simple to perform and may play an increasing future role in risk stratification prior
to major interventions.

Incorporation of functional & quality of life outcomes
Patient-centered decision-making involves the recentering of care to explicitly incorporate
patients’ perspectives [85], including full disclosure of diagnostic information as well as
incorporating patient preferences into the therapeutic plan. In older adults this decision-
making should ideally incorporate age-related impairments (which include cognitive
impairment, falls, incontinence, low BMI, dizziness, vision and hearing impairment,
physical function impairment and muscle strength) [86,87] and their effect on outcomes.
While half of all patients over 65 years of age have one or more of these conditions [86],
they are often under-recognized [87]. Research is beginning to examine the association of
specific impairments with adverse outcomes after cardiac interventions; for example,
patients with impairments in ADLs, cognition or ambulation are more likely to die after
cardiac surgery [42,54] and are more likely to be discharged to long-term institutional care
[52]. Further research is necessary to better elucidate the relationship between specific
geriatric impairments and functional and mortality outcomes.

The major outcome in most clinical trials of cardiac interventions has been mortality, and
reductions in this end point serve as a strong incentive for widespread adoption of new
therapies. This was seen relatively recently with ICDs for primary prevention of SCD; the
number of devices increased fivefold in a 10-year period during which several major
randomized trials, predominantly focused on mortality, were published [6,64]. Given the
association of age with increasing mortality, the benefit derived from the aforementioned
interventions may be attenuated owing to competing causes of death in the oldest old
population; thus, quality-of-life considerations play an increasingly important role. Using
the example of ICDs, while the device may terminate a potential arrhythmia, there is also the
possibility of inappropriate shocks, hospitalizations for shocks (both appropriate and
inappropriate) and device-related complications such as infection [61]. In addition, as the
likelihood of SCD, which is often painless, is reduced with an ICD, patients are more likely
to die of other symptomatic heart failure-related etiologies such as progressive pump failure
or pulmonary edema [88], or alternately other noncardiac illnesses.

The concept of time tradeoff, where patients are asked how many years they would be
willing to give up in order to spend their remaining years in their current health, may have

Dodson and Maurer Page 7

Aging health. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



some utility in ICD discussions [89]; patients may want to avoid hospitalizations for shocks,
device-related complications or decompensated heart failure, even though there is a
theoretical mortality benefit. Research has shown that patients often know little about the
risks and benefits of ICDs; they frequently overestimate their potential for life-saving
therapy, and know little about adverse events, such as inappropriate shocks [79]. Informed
discussions at the time of evaluation for device placement in older adults are thus critically
important.

As quality of life becomes an increasingly important goal of therapeutic interventions for
older adults with CVD, a greater understanding of the process of accessing choices and
choosing between treatment options is likely to become important. Indeed, providing
choices to patients has become a central tenet of good quality clinical care. Accordingly,
rather than focusing on the multiple measures that are employed to define quality of life and
the various domains that are hypothesized to define a good quality of life, focusing on the
process of how individuals access choices and choose among them [90,91] may provide
important guidance for clinicians in understanding how best to apply the multitude of
cardiovascular procedures that are increasingly being offered to older adults. Such an
approach may prove essential in evaluating the optimal approach for an individual with a
complex physiologic state, in whom treating the host is preferable to treating the disease.

Directions for clinical trials
Recent editorials have brought to light the under-representation of older adults (particularly
the oldest old population) with multiple medical comorbidities in most major clinical trials
[92,93]. Although the rationale for this phenomenon may have been to isolate and treat a
single pathologic mechanism, or minimize the risk of doing harm in those with relative
contraindications, the realities of an aging population make further study imperative.

One potential mechanism to study older adults with multiple comorbidities in clinical trials
may be to investigate multifaceted interventions that address several domains
simultaneously. For example, a study to evaluate the effectiveness of TAVI in frail older
adults with AS may incorporate the procedure itself, as well as referral to a structured
rehabilitation program. A study of CRT therapy in patients with heart failure may also
include a multidisciplinary team approach to management, with identification of geriatric
impairments and interventions to reduce heart failure-related hospitalization. A trial of PCI
for stable angina may also incorporate therapy for depression, which co-occurs commonly
with angina in older adults [94,95]. Such approaches inherently embrace the complexity of
CVD in older adults, recognizing that even the most effective procedures need to be applied
in the context of care that is directed at multiple causal or contributing factors to the overall
clinicalphenotype.

Conclusion & future perspective
The aging of the developed world has led to an increase in the global burden of CVD, and
this trend will continue into the foreseeable future. Cardiac interventions are increasingly
being applied in older adults, which reflects these changing demographics as well as the
decreased invasiveness of procedures over time. In the oldest old population, there is little
evidence from randomized trials – registry data may provide vital information to inform
clinical decisions. Considerations such as functional capacity and quality of life, are
increasingly being recognized as important goals of therapy. Future studies should
incorporate specific measures relevant to an aging population both in the selection of
candidates and in the evaluation of outcomes. Finally, in light of the inherent heterogeneity
of aging individuals, a simple, straightforward and widely relevant approach to determining
the application of the growing number of cardiovascular procedures in older adults is not
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likely. Rather, individualized, patient-centric care that assists patients, family members and
caregivers in accessing the growing available choices and choosing among them, is likely to
be extremely useful.
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Executive summary

• The majority of cardiac interventions are performed in patients ≥65 years of
age.

• Utilization of three procedures – percutaneous coronary intervention (PCI),
aortic valve replacement and implantable cardioverter defibrillators (ICD) – has
increased substantially over time in this population.

• Less-invasive approaches may partially account for increased utilization.

• Outcomes data are lacking in the oldest old population (≥85 years of age).

Percutaneous coronary intervention

• Percutaneous coronary intervention has become the most common intervention
for treatment of acute coronary syndromes.

• PCI rates have traditionally been lower in older adults; however, this trend is
changing.

• Complication rates (e.g., bleeding, renal failure, stroke and mortality) increase
with advancing age, although overall complications appear to be decreasing over
time.

• The benefits of PCI are unclear in patients with comorbidities (advanced renal
insufficiency, active bleeding, stroke and dementia) that served as exclusion
criteria for most clinical trials.

Aortic valve replacement

• While the average age and comorbidities of aortic valve replacement recipients
have increased over the past decade, mortality has declined.

• Octogenarians are now operated on routinely.

• Assessment of functional measures (e.g., gait speed) may be helpful in
preoperative risk stratification.

• Transcatheter aortic valve implantation has shown early promise and may
become a routine alternative for patients deemed high surgical risk.

Implantable cardioverter defibrillators

• Based on several randomized studies, ICDs were approved for the primary
prevention of sudden cardiac death in patients with symptomatic heart failure
and ejection fraction <35%.

• Most patients in these trials were relatively young with few comorbidities.

• The use of ICDs has increased significantly, and by current estimates the
proportion of device recipients ≥80 years of age is as high as 18% and growing.

• Comorbid conditions, overall life expectancy and individual preferences must be
considered in patients of very advanced age who meet criteria for an ICD.

Future perspective

• Future clinical trials should include more older adults, with a wide range of
comorbidities, to reflect real-world practice.

• Outcomes other than mortality, including quality of life and prevention of
functional decline, will be important to evaluate.
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• Investigating multifaceted interventions related to both cardiovascular disease
and aging-related impairments may be beneficial.

• A greater understanding of the process of accessing choices and choosing
between treatment options is likely to become increasingly important.
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Figure 1. Inpatient procedures including percutaneous coronary intervention, coronary artery
bypass grafting, implantable cardioverter defibrillators and pacemaker valves by age in the USA
in 2006
Data taken from [3].
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Figure 2. Trend in revascularization strategies for patients hospitalized with acute myocardial
infarction in Canada from 1996 to 2006
Cath: Cardiac catheterization; PCI: Percutaneous coronary intervention.
Data taken from [21].

Dodson and Maurer Page 19

Aging health. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Proportion of aortic valve recipients ≥80 years of age in the Society of Thoracic
Surgeons Database in 1997 versus 2006
AVR: Aortic valve replacement.
Data taken from [5].
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Figure 4. Number of implantable cardioverter defibrillators placed in the USA from 1997 to
2006
ICD: Implantable cardioverter defibrillator.
Data taken from [6,64].
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Table 2

Factors influencing decision-making for interventions in older adults.

Intervention Complications (%) Cardiac measures Geriatric measures Ref.

PCI Mortality <1
Myocardial infarction 8–18
Bleeding 5–20
Renal failure 3–6
Stroke <1

Coronary anatomy
Clinical presentation
(e.g., ACS vs stable
angina, shock etc.)

Functional status (ADLs, IADLs,
submaximal exercise such as hall walk)
Quality of life (e.g., Seattle Angina
Questionnaire, KCCQ), felt restrictions
living status (independent vs long-term
care)
Frailty
Sarcopenia and muscle function
Cognition including memory and
executive function
Time tradeoff

[92,100–109]

AVR Mortality 4–10
Infection 6
Respiratory failure 5–20
Renal failure 5–24
Stroke 1–9

Aortic valve gradient
Left ventricular function
NYHA class

[5,15,38, 39,92,108]

ICD Infection 1–2
Bleeding 1–3
Recurrent, inappropriate
ICD
shocks 10–24
Anxiety 13–38

Left ventricular function
NYHA class
Dyssynchrony (for ICD
+ CRT)

[75,76,92, 109–111]

ACS: Acute coronary syndromes; ADL: Activity of daily living; AVR: Aortic valve replacement; CRT: Cardiac resynchronization therapy; IADL:
Instrumental activity of daily living; ICD: Implantable cardioverter defibrillator; KCCQ: Kansas City Cardiomyopathy Questionnaire; NYHA:
New York Heart Association; PCI: Percutaneous coronary intervention.
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