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Objectives: To evaluate an early invasive strategy in elderly patients with non-ST elevation acute coronary
syndrome (ACS).
Methods: All consecutive patients admitted with a diagnosis of non-ST elevation ACS from June 2002 to
February 2004 were enrolled in this registry. Clinical outcome was assessed at 30 days and in long term
follow up.
Results: An early invasive strategy was followed for 439 patients, of whom 159 (36%) were elderly and
had a higher clinical risk profile and greater extent of coronary artery disease (CAD) than the younger
patients. Coronary revascularisation was conducted in 133 (83%) elderly patients and 239 (85%) younger
patients (not significant). At a mean (SD) follow up time of 10.7 (5.2) months overall mortality, cardiac
death, and death plus myocardial infarction were significantly higher among elderly patients than among
younger patients (9.4% v 2.1%, p , 0.001; 6.8% v 1.8%, p , 0.01; 11.3% v 5%, p = 0.02,
respectively). The significant difference in cardiac death between the two groups was related more to
elderly patients being treated by coronary artery bypass grafting (19.3% v 4.9%, p = 0.05) than by
percutaneous coronary intervention (PCI) (2.9% v 1.1%, p = 0.3). Cox regression analysis showed age,
serum creatinine .115 mmol/l, no previous history of CAD, left ventricular ejection fraction . 45%, and
the absence of diabetes to be independent predictors of the occurrence of major adverse cardiac events.
Conclusions: In unselected elderly patients presenting with non-ST elevation ACS an early invasive strategy
is feasible and leads to coronary revascularisation in the majority of cases, resulting in encouraging
immediate and long term clinical results, particularly among PCI treated patients.

R
ecent randomised trials1–4 have shown improved clinical
outcomes among high risk patients with non-ST
elevation acute coronary syndrome (ACS) with an early

invasive strategy including routine use of diagnostic cathe-
terisation and revascularisation as indicated. Apart from the
fact that these recent studies have been appropriately
powered to determine potential differences between treat-
ment strategies, a critical component of these studies has
been the reluctance to enrol elderly patients, particularly
those with co-morbid conditions.5 The elderly constitute an
increasing proportion of patients presenting with non-ST
elevation ACS and are at increased risk because of the greater
extent of coronary artery disease (CAD) and associated co-
morbid conditions. The uncertainty about treatment strate-
gies is further increased by the limited available information
about the outcome of such patients undergoing different
treatment modalities. In a recently published registry of
patients with non-ST elevation ACS,6 over 35% of the patients
were over the age of 75 years, emphasising the growing
importance of examining outcomes in the older age group.
Furthermore, a significant difference was found in the
treatment modalities between elderly patients (invasive
strategy in 39%) and younger patients (invasive strategy in
56%) with a 30 day mortality among elderly patients nearly
fourfold as high as that of the younger population. On the
other hand, a recently published post hoc retrospective
analysis of the TACTICS-TIMI (treat angina with Aggrastat
and determine cost of therapy with an invasive or con-
servative strategy-thrombolysis in myocardial infarction) 18
study showed that an early invasive strategy can significantly

improve outcome among elderly patients with non-ST
elevation ACS—compelling evidence to support a shift
towards an aggressive treatment strategy.7 Thus, we investi-
gated early and late clinical outcome in a consecutive series of
patients presenting with non-ST elevation ACS and system-
atically treated with an early invasive strategy, outlining the
differences between elderly and younger patients.

METHODS
Patients and study protocol
The study population consisted of 463 patients with non-ST
elevation ACS consecutively referred to our coronary care unit
from June 2002 to February 2004. They were prospectively
enrolled in this study if they met at least two of the following
inclusion criteria: (1) angina at rest lasting . 10 minutes
within 12 hours of hospital admission; (2) unequivocal
changes (transient or persistent pathological ST segment
depression of 0.1 mV or T wave inversion in at least two
adjacent leads without pathological Q waves) on ECG during
angina; and (3) cardiac troponin I (cTnI) rise. Exclusion
criteria were (a) inability to provide informed consent; (b)
concomitant non-cardiac life threatening disease; and (c)

Abbreviations: ACS, acute coronary syndrome; CABG, coronary
artery bypass grafting; CAD, coronary artery disease; CI, confidence
interval; CK, creatine kinase; cTnI, cardiac troponin I; LVEF, left
ventricular ejection fraction; MACE, major adverse cardiac events; OR,
odds ratio; PCI, percutaneous coronary intervention; TACTICS-TIMI, treat
angina with Aggrastat and determine cost of therapy with an invasive or
conservative strategy-thrombolysis in myocardial infarction
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severe haemodynamic impairment or cardiogenic shock
(hypotension with systolic blood pressure , 90 mm Hg and
heart rate . 100 beats/min, not caused by hypovolaemia and
requiring inotropic support or balloon counterpulsation); we
applied no upper age limit.
Of the 463 patients initially selected for the study, 24 (5%)

were lost to the follow up protocol. Thus, 439 patients (303
men; mean (SD) age 68.1 (11.2) years, range 30–92 years)
constituted the final study group. The research protocol was
approved by the hospital ethics committee, and one of the
investigators obtained informed consent from each patient.
All patients were required to undergo coronary angiogra-

phy within 24–48 hours of admission. Blood samples for
determination of cTnI, creatine kinase (CK), and CK-MB
concentrations were obtained on admission and every six
hours thereafter up to 48 hours and at 6, 12, 18, and 24 hours
after percutaneous coronary intervention (PCI), if performed.

Myocardial revascularisation and concomitant drugs
PCI and stent implantation were performed according to
institutional standards. Single vessel disease was defined as
the presence of a single or multiple stenoses . 50% in a
single coronary vessel. Multivessel disease was defined as the
presence of single or multiple stenoses . 50% in more than
one coronary vessel. In patients with single vessel disease, the
culprit lesion was considered to be the most severely stenosed
lesion in the affected vessel. In patients with multivessel
disease, the culprit lesion was defined as a substantially
stenosed lesion in the vessel that corresponded most closely
to the ischaemic area as determined by ST-T segment changes
during chest pain. Heparin was given intravenously to
achieve an activated clotting time of 250–300 seconds or
> 200 seconds if the patient was taking glycoprotein IIb/IIIa
receptor antagonists. Postprocedural heparin infusion was
continued for 12 hours. All patients received aspirin (100–
300 mg) before and after PCI. Ticlopidine (500 mg) or
clopidogrel (loading dose 300 mg followed by 75 mg/day)
was administered before PCI and daily thereafter for at least
30 days. Upstream or downstream glycoprotein IIb/IIIa was
given according to the house physician’s and operator’s
preference.
The indication for surgical or percutaneous myocardial

revascularisation was based on the extent of CAD and the
patient’s surgical risk profile.8 Patients with multivessel CAD
were considered candidates for coronary artery bypass
grafting (CABG) in the following cases: (1) acceptable
surgical risk; (2) left main disease; (3) multivessel disease
with long and diffuse lesions; (4) multivessel disease with
more than one chronic total occlusion of a major vessel; and
(5) multivessel disease and concomitant moderate to severe
ischaemic mitral insufficiency. In patients with multivessel
disease for whom PCI was considered suitable, an attempt
was made to achieve complete myocardial revascularisation if
clinically indicated.
PCI was performed in the same session as diagnostic

angiography. CABG was performed within a week after
diagnostic angiography. Treatment with glycoprotein IIb/IIIa
and platelet ADP receptor antagonists was discontinued
immediately after diagnostic coronary angiography.

Definitions and outcome measures
Successful PTCA was defined as the restoration of TIMI 3
grade flow and residual stenosis ( 30% at the end of the
procedure. Major adverse cardiac events (MACE) were
defined as death, non-fatal reinfarction, non-fatal stroke,
and repeat revascularisation. All deaths were considered to be
of cardiac origin unless a non-cardiac origin was established
clinically or at necropsy. Reinfarction was diagnosed as
follows: (1) an increase of CK or its isoform to at least twice

the upper limit of the normal reference range; (2) an increase
of CK or its isoform to three times the upper limit of the
normal value within 48 hours after PCI or to five times the
upper limit after CABG9; or (3) development of a new Q wave
on the ECG in at least two contiguous leads. For purposes of
survival analyses, only one event (the first that occurred) was
tabulated for each patient. After hospital discharge, patients
were referred to their private physician, who regulated
treatment. No attempt was made to standardise treatment.
All patients were asked to return to our outpatient clinic for
evaluation by one of the investigators six months after
discharge and annually thereafter. For those patients who did
not return to the clinic at the designated time, follow up
information was collected by telephone interview.

Statistical analysis
Continuous data are expressed as mean (SD). Baseline data
were compared by means of the Fisher’s exact test for
categorical variables and unpaired t test for normally
distributed continuous variables. Kaplan-Meier survival
analysis was used to assess event-free survival at 12 months.
The multivariate Cox proportional hazards regression model
was used to identify independent predictors of long term
mortality and MACE. Clinical, demographic, and angio-
graphic variables that were significantly different between
survivors and non-survivors in the univariate model (age,
diabetes, left main stenosis, history of CAD, left ventricle
ejection fraction (LVEF), serum creatinine concentration), as
well as those known to have prognostic value (cTnI rise, sex,

Table 1 Baseline clinical characteristics

Age ,75
(n = 280)

Age >75
(n = 159) p Value

Men 224 (80%) 79 (49.6%) ,0.0001
Family history of CAD 40 (14%) 2 (1.2%) ,0.0001
Smoking 44 (15.7%) 2 (1.2.%) ,0.001
Hypertension 104 (37.1%) 64 (40.2%) NS
Diabetes 57 (20.3%) 32 (20.1%) NS
Hypercholesterolaemia 70 (25%) 22 (13.8%) ,0.01
History of CAD 78 (27.8%) 35 (22.0%) NS
Previous myocardial
revascularisation

38 (13.6%) 13 (8.2%) NS

Carotid artery disease 11 (3.9%) 13 (8.1%) 0.07
Peripheral artery disease 7 (2.5%) 7 (4.4%) NS
Serum creatinine (mg/ml) 1.0 (0.6) 1.2 (0.3) 0.05
LVEF (%) 55.2 (7.6) 50.4 (7.3) 0.02
ECG changes 210 (75%) 138 (87%) 0.01
cTnI rise 146 (52%) 99 (62%) 0.04
GP IIb/IIIa inhibitors 106 (37.8%) 45 (28.3%) 0.04

Data are number (%) or mean (SD).
CAD, coronary artery disease; cTnI, cardiac troponin I; GP, glycoprotein;
LVEF, left ventricular ejection fraction; NS, not significant.

Table 2 Angiography and myocardial revascularisation

Age ,75
(n = 280)

Age >75
(n = 159) p Value

CAD
No CAD 20 (7%) 9 (5%) NS
Single vessel disease 130 (46%) 58 (36%) 0.04
Multivessel disease 134 (48%) 92 (59%) 0.04

Left main stenosis 39 (13%) 28 (17%) NS
Myocardial revascularisation 239 (85%) 133 (83%) NS

No revascularisation performed 41 (15%) 26 (16.3%) NS
PCI 178 (63%) 102 (64.4%) NS
Multivessel intervention 70 (25%) 32 (20.3%) NS

CABG 61 (22%) 31 (19%) NS

Data are number (%).
CABG, coronary artery bypass grafting; PCI, percutaneous coronary
intervention.
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the use of IIb/IIIa receptor antagonists, and multivessel
disease), were included in the Cox model. A probability value
of p ( 0.05 was considered significant. Statistical analysis
was performed with SPSS 8.0 for Windows (SPSS Inc,
Chicago, Illinois, USA).

RESULTS
Baseline patient characteristics
There were 159 (36%) patients over the age of 75 years (mean
age 79.2 (4.1) years) and 280 (64%) aged , 75 years (mean
age 61.9 (8.7) years). Table 1 reports the baseline clinical
characteristics of the two groups. Elderly patients were more
likely to be women with a lower incidence of hypercholester-
olaemia,10 smoking habit,11 and family history of CAD.12

Certain characteristics traditionally associated with higher
risk among patients with ACS, including lower LVEF, higher
serum creatinine, increased cTnI concentrations, and ECG
changes, were more common among elderly patients.
However, despite their higher risk profile, fewer elderly than
young patients were taking glycoprotein IIb/IIIa inhibitors.

Coronary angiography and revascularisation
Table 2 reports the angiographic variables and revascularisa-
tion rates. There was no difference in lack of angiographic
evidence of coronary stenosis between the two groups.
However, multivessel disease was more common in the
elderly population. Myocardial revascularisation was per-
formed in 133 (83%) elderly patients and in 239 (85%) (not
significant) younger patients with no difference between the
groups in the technique, percutaneous or surgical, that was
applied. Table 3 reports the clinical and angiographic
characteristics of patients undergoing PCI and CABG. CABG

was indicated because of left main stenosis . 60% in 16
(10%) elderly patients and in 32 (11%) (not significant)
younger patients and for the presence of three vessel disease
with multiple lesions or chronic total occlusions in 12 (7%)
elderly patients and 29 (10%) (not significant) younger
patients. Patients undergoing CABG had more severe
coronary disease and a lower LVEF. Logistic Euroscore was
4.9 (4) in younger patients and 13.2 (9) in elderly patients
(p , 0.001).

Early and late clinical outcome
The mean (SD) duration of clinical follow up was 10.7 (5.2)
months (range 6–24 months). During this period, 13 (3%)
patients had a non-fatal reinfarction, 4 (0.9%) had a
disabling stroke, and 21 (4.8%) died. Additional revascular-
isation procedures were performed in 44 (10%) patients
(table 4).
At 30 days, death and death plus non-fatal myocardial

infarction were significantly more common among elderly
than among younger patients (3.1% v 0.3%, p = 0.02 and
5.6% v 1%, p = 0.01, respectively). A trend towards a higher
mortality was observed among patients who underwent
CABG than among those who underwent PCI (3.2% v 0.7%,
p = 0.09) and among elderly than among younger patients
in each treatment modality (6.4% v 1.6%, p = 0.2 for CABG
and 1.9% v 0% for PCI, p = 0.1).
At long term follow up, overall mortality, cardiac death,

and death plus non-fatal myocardial infarction were sig-
nificantly more common among elderly than among younger
patients (9.4% v 2.1%, p , 0.001; 6.8% v 1.8%, p , 0.01;
11.3% v 5%, p = 0.02, respectively). However, the significant
difference in cardiac death between the two groups was
related more to patients treated by CABG (19.3% v 4.9%,
p = 0.05) than to those treated by PCI (2.9% v 1.1%,
p = 0.3). The difference in cardiac mortality between elderly
patients treated by CABG and those treated by PCI (19.3% v
2.9%, p , 0.01) became not significant after adjustment for
LVEF.
Event-free survival was 80.5% in elderly patients versus

87.1% in younger patients (p = 0.07). Figure 1 reports the
12 month Kaplan-Meier event-free survival.
Multivariate regression analysis by the Cox model for the

entire population showed age (odds ratio (OR) 1.09, 95%
confidence interval (CI) 1.02 to 1.15), serum creatinine
. 115 mmol/l (OR 1.6, 95% CI 1.18 to 2.24), the absence of
left main disease (OR 0.26, 95% CI 0.10 to 0.66), the absence
of a history of CAD (OR 0.30, 95% CI 0.10 to 0.86), and LVEF
. 45% (OR 0.91, 95% CI 0.88 to 0.95) to be independent

Table 3 Clinical and angiographic variables in patients
undergoing PCI and CABG

PCI (n = 280) CABG (n = 92) p Value

Age (years) 67.9 (11.7) 68.2 (10.0) NS
Men 204 (72.8%) 61 (66.3%) NS
Diabetes 68 (24.2%) 15 (16.3%) NS
Carotid artery disease 20 (7.1%) 4 (4.3%) NS
Peripheral artery disease 13 (4.6%) 1 (1.1%) NS
Serum creatinine (mg/ml) 1.1 (0.7) 1.1 (0.20 NS
LVEF (%) 54 (5.3) 46.2 (11.3) ,0.001
Multivessel disease 139 (46.5%) 77 (83.6%) ,0.0001
Left main stenosis 14 (5%) 46 (50%) ,0.0001

Data are number (%) or mean (SD).

Table 4 Early and late clinical outcome

Age ,75
(n = 280)

Age >75
(n = 159) p Value

30 day mortality 1 (0.3%) 5 (3.1%) 0.02
PCI 0 2 (1.9%) NS
CABG 1 (1.6%) 2 (6.4%) NS

30 day death + non-fatal MI 3 (1%) 9 (5.6%) 0.01
Long term outcome
Overall mortality 6 (2.1%) 15 (9.4%) ,0.001
Death + non-fatal MI 14 (5%) 18 (11.3%) 0.02
Cardiac death 5 (1.8%) 11 (6.8%) ,0.01

PCI 1.1% 2.9% NS
CABG 4.9% 19.3% 0.05

MI 8 (2.8%) 5 (3.1%) NS
Repeat revascularisation

PTCA 21 (7.5%) 15 (9.4%) NS
CABG 6 (2.1%) 2 (1.2%) NS

Stroke 2 (0.7%) 2 (1.2) NS
Event-free survival 244 (87.1%) 128 (80.5%) 0.07

Data are number (%).
MI, myocardial infarction.
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Figure 1 Kaplan-Meier cumulative plot for 12 month event-free survival
among elderly (E) and younger (Y) patients who completed follow up.
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predictors of long term mortality. Age (OR 1.03, 95% CI 1.00
to 1.06), serum creatinine . 115 mmol/l (OR 1.41, 95% CI
1.11 to 1.81), the absence of a history of CAD (OR 0.46, 95%
CI 0.27 to 0.80), LVEF . 45% (OR 0.96, 95% CI 0.93 to 0.99),
and the absence of diabetes (OR 0.54, 95% CI 0.31 to 0.97)
were independent predictors of long term MACE occurrence
(fig 2). No significant difference in MACE occurrence was
observed between patients with cTnI rise and those without
in the entire population (84.0% v 85.3%, respectively, not
significant), as well as between elderly (78.3% v 81.8%,
respectively, not significant) and younger (86.5% v 87.6%,
respectively, not significant) cohorts analysed separately.

DISCUSSION
As reported in other studies, our results confirm that elderly
patients constitute a significant portion (about 30%) of the
total population requiring medical care for non-ST elevation
ACS with a worse cardiac risk profile than that of younger
patients.13 14 In elderly patients undergoing myocardial
revascularisation either by CABG or by PCI, morbidity and
mortality are higher than those observed in younger
patients.15–17 This observation has raised clinicians’ thresholds
for considering aggressive revascularisation strategies for the
elderly with non-ST elevation ACS. Furthermore, early
randomised trials focusing on early invasive strategy in
patients with ACS excluded the elderly, such that data from
younger patients have had to be extrapolated to older age
groups in the clinical arena.
The results of the present study indicate that an early

invasive strategy, including routine use of diagnostic cathe-
terisation within 24–48 hours of admission and revascular-
isation as indicated, is feasible for a substantial proportion of
elderly patients with non-ST elevation ACS with a reasonable
amount of major complications occurring during hospitalisa-
tion and long term follow up. In particular in the present

study, although results of PCI were worse in elderly than in
younger patients, the number of adverse events in elderly
patients was acceptable, since 30 day mortality was 1.9% and
long term cardiac mortality was 2.9%, figures that compare
favourably with previously reported data in this population.
Morrison et al18 reported a 30 day survival of 87% among 131
patients > 70 years of age treated with angioplasty for
unstable angina. In the experience reported by Munoz et al19

with 76 patients > 75 years of age, of whom 79% had
unstable angina, hospital mortality was 6.6%. In another
registry20 of 449 patients with ACS aged > 70 years, an
invasive approach was used in 168 (37%) patients and in-
hospital mortality was 3.1% in the total population, 0.8% in
patients aged , 80 years, and 6.1% in those aged > 80 years.
Furthermore, in these registries selection criteria for the
invasive approach were not specified, and patients who
underwent angiography were indeed at lower risk than were
those treated medically. Our data are similar to those
reported in a recent published post hoc analysis of the
TACTICS-TIMI 18 trial7 where the six month death and
myocardial infarction rate was 10.8% in elderly patients
treated with an early invasive strategy versus 21.6% in those
treated conservatively (p = 0.01). However, in that trial
elderly patients with co-morbid conditions were excluded
and consequently the results may not be directly transferred
to an unselected elderly non-ST elevation ACS patient
population. The present study had the advantage of examin-
ing an unselected cohort of consecutive patients with non-ST
elevation ACS. Since it was a single centre study, it was
possible to ensure that all elderly patients with ACS
hospitalised within a given time period were included, thus
avoiding selection bias, which may be a critical factor in the
less exact reporting that may occur in multicentre registries.
Lastly, an early invasive strategy with percutaneous or
surgical revascularisation was completed in almost the whole

Age

SCr > 115 µmol/l

Diabetes

LVEF > 45%

Male sex

No LM stenosis

No CAD history

Gp IIb/IIIa inhibitor

Troponin I (ng/l)

2.01.51

ORs
0.50.0

p = 0.3

p = 0.3

p = 0.9

p < 0.0001

p = 0.004

Risk of deathLower Higher

p = 0.002

p = 0.9

p = 0.02

p = 0.004

Age

SCr > 115 µmol/l

No diabetes

LVEF > 45%

Female sex

No LM stenosis

No history of CAD
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Troponin I (ng/l)

2.01.51
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0.50.0

p = 0.8
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p = 0.08

p = 0.04
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Figure 2 Odds ratios (ORs) and 95% confidence intervals for death (left) and major adverse cardiac events (MACE; right) during long term follow up
of patients with non-ST elevation acute coronary syndrome. CAD, coronary artery disease; Gp, glycoprotein; LM, left main; LVEF, left ventricle ejection
fraction; SCr, serum creatinine.
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population with no differences in terms of the technique,
surgical or percutaneous, applied in both cohorts.
Mortality among elderly patients undergoing CABG in our

study was 6.4% at 30 days and 19.3% in the long term. These
rates may be explained by the high value of logistic Euroscore
(13%) of these patients. Similar results were reported from a
monocentre study21 of 388 octogenarians undergoing isolated
CABG with an overall in-hospital mortality of 9.1% (ranging
from 6.7% in elective procedures to 21% in emergent
procedures) and in a larger multicentre experience22 of 4743
octogenarians undergoing CABG with an in-hospital mortal-
ity of 8.1%.
In our study MACE occurrence did not differ between

patients with and without a cTnI rise. Previous trials23 24

showed that among patients with clinically documented ACS,
even small increases in cTnI identify high risk patients who
benefit significantly from an early invasive strategy.
However, all of our patients underwent early coronary
angiography and most underwent myocardial revascularisa-
tion, independently of cTnI. This observation probably
explains the similar MACE occurrence between patients with
cTnI rise and those without.

Study limitations
The main limitations of the study are that it was not a
randomised trial capable of providing a completely unbiased
assessment of treatment effects. Furthermore, as a single
centre study, findings may have been influenced by local
patient referral and physician practice patterns and, there-
fore, need to be confirmed in additional patient cohorts.
However, we examined an unselected cohort of consecutive
patients with non-ST elevation ACS ensuring that all elderly
patients with ACS hospitalised within a given time period
were included.

Conclusions
Data from the present study show that in unselected elderly
patients presenting with non-ST elevation ACS an early
invasive strategy is feasible and leads to coronary revascular-
isation in the majority of cases, resulting in encouraging
immediate and long term clinical results, particularly among
PCI treated patients. The growing prevalence of elderly
patients presenting with non-ST elevation ACS prompts
further investigations in dedicated randomised clinical trials
to assess the appropriate strategy to apply in this setting.
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