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CARDIOVASCULAR DISEASE

Introduction

It is well documented that the burden of
cardiovascular disease increases signifi-
cantly with age. According to Alberta’s
Health and Wellness database
(www.health.gov.ab.ca), between 1998
and 2002, older adults (age ≥ 65 years)
accounted for approximately 10% of the
overall population and for 30% of all hos-
pital emergency department visits related
to coronary syndromes (acute myocardial
infarction [AMI], unstable angina, stable
angina, and chest pain) in the province.
Remarkably, however, older patients
accounted for approximately 80% of all
deaths in this population that occurred
within 30 days of presentation (Figure 1).  

One of the most complex decisions
facing clinicians is whether or not to per-
form coronary revascularization in an older
patient.  Difficulty in making rational treat-
ment decisions for older individuals is
compounded by the limited evidence from
clinical trials regarding the efficacy of dif-
ferent management strategies and on the
impact of comorbidities on procedural out-
comes in this high-risk population.  The
results of the Trial of Invasive versus Med-
ical therapy in Elderly patients (TIME) trial,
the first randomized trial of invasive ver-
sus medical therapy focussed entirely on
patients over the age of 75 years, were
equivocal, with revascularization benefits
in quality of life outcomes and adverse

events observed at six months dissipating
by one year.1–3 The preliminary report
from the Senior Primary Angioplasty in
Myocardial Infarction (SENIOR PAMI) trial
comparing primary angioplasty versus fib-
rinolytic therapy among older patients
with AMI found no mortality benefit asso-
ciated with mechanical reperfusion.4

In a recent systematic review of the lit-
erature, Mehta et al.provided a comprehen-
sive review of reperfusion strategies among
older patients with AMI.5 Our current
review therefore focusses primarily on
recent evidence regarding revascularization
therapies for aging patients with non–ST-
elevation acute coronary syndromes.

Revascularization Rates 
among Older Patients
Prior studies have consistently docu-
mented lower rates of evidence-based
treatments among older patients.
Guigliano et al., in 1991–1992, found both
the use of evidence-based medications
such as acetylsalicylic acid and beta-
blockers as well as referral to cardiac
catheterization to be inversely correlated
with increasing age.6,7 A decade later,
revascularization rates continued to be
significantly lower among older patients.
In 2002, De Servi et al.8 found that an
aggressive strategy (coronary arteriogra-
phy within four days of admission, fol-
lowed by revascularization, if feasible)
was adopted in 39% of older patients
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compared with 56% of younger patients
(p<0.001). An interventional procedure
within 30 days was performed in 30% of
older patients and 48% of younger
patients (P<0.001).  Similarly, data from
the recent Can Rapid Risk Stratification
of Unstable Angina Patients Suppress
Adverse Outcomes With Early Imple-
mentation of the American College of
Cardiology/American Heart Association
Guidelines (CRUSADE) National Quali-
ty Improvement Initiative show that
older patients were more likely to be
treated at smaller, nonacademic hospitals
and less likely to be treated by cardiolo-
gists. The use of an early invasive strate-
gy, defined as diagnostic coronary
angiography within 48 hours of admis-
sion, attenuated with age starting around
the age of 70 years. Only 40% of patients
over age 70 underwent early invasive
care, with the number decreasing to
<20% in individuals past the age of 85
years.9

Effect of Revascularization on 
Outcomes among Older Patients
Although outcomes among older patients
undergoing revascularization have
improved over the years, they continue to
be significantly worse than those observed
among younger patients.10 In an examina-
tion of all patients undergoing percuta-
neous coronary intervention (PCI) between
1989 and 1993, Wennberg et al. found that
PCIs in the older patients were more often
performed in unstable syndromes com-

pared with younger patients.11 Among
octogenarians, 83.2% of PCIs were per-
formed for unstable syndromes.  There was
a statistically significant increase in risk of
death after PCI with advancing age: those
>80 years of age had more than an eight-
fold increase in post–PCI in-hospital death
compared with those <60 years of age. 

Similarly, Batchelor et al. found that
octogenarians undergoing PCI have a
two- to fourfold increase in risk of com-
plications, including death (3.8% vs.
1.1%), stroke (0.58% vs. 0.23%), and Q
wave MI (1.9% vs. 1.3%) compared with
younger patients.10 While the authors
speculate that increasing use of stents
may improve PCI outcomes in older
adults, De Gregorio found significantly
higher rates of procedural outcomes and
significantly worse six-month mortality
among older patients undergoing PCI
with stents.12

The higher mortality among aging
revascularized patients may to some
extent be driven by increased use of coro-
nary artery bypass surgery. Liistro et al.
found that older patients with non-ST
elevation MI undergoing revasculariza-
tion had a significantly higher overall
mortality, cardiac mortality, and death
plus myocardial infarction compared to
younger patients after 10 months of fol-
low-up.13 Although not statistically sig-
nificant, the rate of stroke was also higher
among older patients (1.2% vs. 0.7%).
The authors found that the difference in
cardiac death between the two age

groups was related to a greater propor-
tion of older patients being treated with
coronary artery bypass grafting.13

Medical versus Revascularization 
Therapy in Older Patients
Although older patients undergoing
revascularization appear to have worse
outcomes compared with younger
patients, they appear to have better mor-
tality outcomes and symptom relief com-
pared with older patients who do not
undergo revascularization.  Given the
high morbidity and mortality associated
with conservative therapy, some studies
have even reported a greater absolute
risk along with either similar or larger rel-
ative risk reduction in older individuals
compared to the younger patients.  Fig-
ure 2 (top panel) provides a summary of
the relative risk associated with aggres-
sive versus conservative management
among older patients with non–ST-eleva-
tion acute coronary syndromes.  Among
the 2,220 patients enrolled in the Treat
Angina with Aggrastat and Determine
Cost of Therapy with an Invasive or Con-
servative Strategy-Thrombolysis in
Myocardial Infarction (TACTICS-TIMI)
18 trial, 43% were 65 years of age or
older.14 Among these patients, the early
invasive strategy yielded an absolute
reduction of 4.8 percentage points (8.8%
vs. 13.6%; P = 0.018) and a relative
reduction of 39% in death or MI at six
months. Among the patients older than
75 years of age, the early invasive strat-
egy conferred even an absolute reduc-
tion of 10.8 percentage points (10.8% vs.
21.6%; P = 0.016) and a relative reduction
of 56% in death or MI at six months. 

In the Fast Revascularisation during
InStability in Coronary artery disease
(FRISC II) invasive trial, 52% of all patients
that were enrolled were 65 years or older.
There was a significant reduction in death,
myocardial infarction, or both at six
months (RR=0.66, 95% CI 0.50–0.89) and
symptoms of angina at six months
(RR=0.53, 95% CI 0.44–0.64) in older
patients who underwent invasive therapy
than in those who received medical ther-
apy.15 After one year of follow-up there
was still a significant reduction in death,

Figure 1: Proportion of Older and Younger Patients Presenting to the
Emergency Department (left panel); Proportion of 30-day Deaths Accounted
for by Older Patients (right panel)

Source: Alberta Health and Wellness database (www.health.gov.ab.ca).
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myocardial infarction, or both (RR=0.63, 95% CI 0.48–0.83) in
patients who were 65 years or older.

The Randomized Intervention Trial of unstable Angina
(RITA)-3 also found a reduction in refractory or severe angina
for patients who were assigned to interventional therapy com-
pared with patients who were assigned to medical therapy after
one year of follow-up. There was no significant difference in
death or myocardial infarction. After subgroup analysis, age
did not seem to influence the outcome.16

PCI versus CABG for Older Patients
The relative risks associated with coronary artery bypass
grafting (CABG) versus PCI in older adults are summarized
in Figure 2 (bottom panel). The Bypass Angioplasty Revas-
cularization Investigation (BARI) randomized trial showed
that patients 65 years or older had less recurrent angina and
were less likely to undergo repeat procedures after revascu-
larization compared to younger patients.17 The investigators
found that CABG resulted in a greater relief of angina and
fewer repeat procedures than patients who underwent PCI.
This trial also showed significantly better survival rate in
patients 65 years or older who underwent CABG than in
patients who underwent PCI after five years of follow-up
(85.7% and 81.4% respectively). 

In contrast, the Angina With Extremely Serious Operative
Mortality Evaluation (AWESOME) study, which compared

long-term survival of PCI with CABG for the treatment of
patients with medically refractory myocardial ischemia and at
least one additional risk factor for an adverse outcome, found
no significant difference in 36-month survival rates among older
patients (age > 70) who underwent bypass versus percutaneous
intervention.18

There is limited evidence on the efficacy of emerging
health technologies among older patients.  One of the few
studies that examined this issue (by Demaria et al.) found a
better outcome in operative mortality and stroke in octoge-
narians with off-pump coronary artery bypass grafting sur-
gery (OPCAB) compared to cardiopulmonary bypass
(CPB).19 Approximately 94% of the patients in this registry
with CPB and 90% of the patients with OPCAB had unstable
angina. The operative mortality was 15.9% in the CPB group
and 4.8% in the OPCAB group (P=0.004). There were four
postoperative strokes (6.3%) in the CPB group and none (0%)
in the OPCAB group (P=0.004). The type of surgery (CPB or
OPCAB) was also an independent predictor of operative
mortality and stroke (OR=4.171).

Conclusion
Although older adults represent the fastest-growing popu-
lation segment in North America and face the greatest risk
of coronary disease, few randomized clinical trials have
examined the efficacy of cardiovascular therapies among
this age group. In fact, older adults have historically been
under-represented in randomized controlled trials examin-
ing the efficacy of new cardiovascular therapies.20,21 As doc-
umented by Lee et al., patients aged 75 years or older
accounted for 2% of all patients enrolled in acute coronary
syndrome clinical trials between 1960 and 1990.20 In more
recent trials (patients enrolled after 1995) the percentage has
increased to 13% but continues to figure well below the esti-
mated 50% of older women and 70–80% older men with the
disease.21–24 The issue of generalizing results observed in
clinical trials to the broader population of patient is also a
concern.  There is evidence to suggest that Canadian
patients enrolled in clinical trials are more often male and
have less comorbid disease.25 With these caveats in mind,
evidence from observational studies suggests that older
patients have a lower likelihood of undergoing revascular-
ization procedures and a higher likelihood of adverse out-
comes compared with younger patients.  However, among
aging patients, revascularization (either PCI or CABG)
appears to be associated with better outcomes compared
with more conservative therapy, thereby suggesting that
these patients deserve the same consideration as younger
patients in the use of coronary interventions.  
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Evidence from clinical trials on the efficacy of different management strategies and the impact of comorbidities on procedural outcomes
for coronary syndromes is limited in the older population.

The use of evidence-based medications such as acetylsalicylic acid and beta-blockers, referral to cardiac catheterization, and 
revascularization rates attenuate with increasing age.

While aging patients’ revascularization (either PCI or CABG) outcomes compare unfavourably to younger adults, they appear to have 
better mortality outcomes and symptom relief compared with older patients who do not undergo revascularization.

The number of patients aged 75 years or older enrolled in acute coronary syndrome clinical trials remains low but has increased in the 
last ten years, which will ultimately yield valuable information about this population segment.
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