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Predictors of early and late outcome of percutaneous coronary intervention 
in octogenarians
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Objective — To evaluate the short and long-term results of percutaneous coronary interventions
(PCI) in patients aged 80 years or older and to identify predictors of event-free survival.
Methods and results — Clinical and angiographic data from all patients undergoing percutaneous
coronary intervention in our institution are prospectively collected and stored in a computerized
database. The clinical and angiographic characteristics of all patients aged 80 years or older under-
going percutaneous coronary intervention between January 1994 and December 1999 were analysed
retrospectively. Follow-up was obtained by interview or through the referring physician. One hundred
and fifty-eight patients aged 80 years or older (median: 83.4; range: 80.2-92.2) underwent percutaneous
coronary intervention in our institution during the study period.The initial angiographic success rate
was 92%. In-hospital mortality was 8.2% and procedural success 84.8%. One-year and two-year sur-
vival were 81% and 72.2% respectively, while event free survival at 1 year and 2 years was 65.8% and
57%. Using the Cox proportional hazards method, we identified incomplete revascularization and low
left ventricular ejection fraction (LVEF) as predictors of death at 2 years. Complete revascularization
and stenting were independent predictors of 2-year event-free survival.
Conclusion — Percutaneous coronary intervention can be performed safely in octogenarians.
Complete revascularization, stenting and preserved left ventricular ejection fraction were indepen-
dent predictors of better outcome in this population. (Acta Cardiol 2003; 58(4): 289-294)
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Introduction

Very elderly people (>80 years) comprise the fastest
growing segment of our population and in these
patients, cardiovascular disease represents the leading
cause of morbidity and mortality1. Therefore, an
increasing number of elderly patients with symptomatic
coronary artery disease is considered for myocardial
revascularization. Since coronary artery by-pass graft-
ing (CABG) in the geriatric population is associated
with increased morbidity and mortality2, percutaneous
coronary intervention (PCI), a less invasive procedure,
may be more attractive. Nevertheless, there are limited
data on efficacy and safety of PCI in octogenarians;

therapeutic decision-making is made more difficult
because the very elderly are underrepresented in ran-
domized trials.

This study describes acute and 2-year follow-up
results of PCI in the subset of patients aged 80 years
or older in our institution over a 6-year period.

Methods

PATIENTS

The study population included 158 consecutive
patients aged 80 years or above who underwent PCI in
our institution between 1 January 1994 and 31 Decem-
ber 1999. Baseline in-hospital data were obtained from
a computerized database of prospectively recorded
demographic, clinical and procedural information.

One and two-year clinical follow-up information
was obtained from the referring physician or by inter-
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views with the patient. Information on vital signs, cur-
rent angina status and occurrence of cardiac events
(defined as death, myocardial infarction (MI), CABG,
or repeat PCI) were recorded. The indications for
repeat coronary angiography were strictly clinical.
Complete follow-up data were available for all patients.

The analysis of clinical, procedural, angiographic,
in-hospital and late clinical events comprised the basis
of this report.

Coronary intervention procedure

Angioplasty was performed using the femoral route.
All patients received oral aspirin; those who underwent
coronary stenting also took ticlopidine for 1 month.
No patient received Gp IIb/IIIa inhibitors. There was
a gradual increase in stent utilisation during the study
period. No stents were implanted in procedures per-
formed in 1994, while they were used in 70.2% of the
procedures done in 1999.

Clinical definitions 

Procedure priority was defined as urgent if the PCI
was required within 24 hours of presentation due to
either unstable angina refractory to medical therapy;
ongoing myocardial ischaemia, or cardiogenic shock.
All other procedures were considered as elective.

In-hospital mortality was defined as the occurrence
of death during the post-procedural phase.

Myocardial infarction (MI) was defined as the
development of new Q waves in 2 or more contiguous
leads on a12-lead electrocardiogram taken in the hos-
pital with a rise in serum CK-MB (greater than three
times normal).

Vascular complications included: entry site occlusion,
groin haematoma, documented pseudoaneurysm, entry
site bleeding requiring blood transfusion or surgical
repair, dissection of iliac or femoral arteries or acute
limb ischaemia.

Stroke was considered when a permanent loss of
neurologic function caused by an ischaemic vascular
event occurred.

Cardiogenic shock was established when systolic
blood pressure remained <90 mm Hg without inotropes
or intra-aortic balloon pump insertion, or when pump
failure was noted, as manifested by a cardiac index
<2.2 l/min per m2 and pulmonary capillary wedge pres-
sure >18 mm Hg. Persistence of hypotension or pump
failure after correction of contributing extramyocar-
dial factors and/or peripheral signs of hypoperfusion
were also required for this diagnosis.

Angiographic success was defined as <50% resid-
ual diameter stenosis and <30% after stenting at the
dilatation site with normal TIMI 3 coronary flow.

Procedural success was defined as angiographic suc-
cess without no major complications (defined as death,
MI, or emergency repeat revascularization) at any time
during hospitalisation.

Complete revascularization was defined as successful
dilatation of all stenoses of >50% luminal diameter.

Repeat revascularization was defined as the need for
either CABG or PCI after the index intervention.

STATISTICAL ANALYSIS

The effect on survival and event-free survival of the
covariates listed in table 1 was investigated through the
Cox proportional hazards method3. First, a univariate
Cox regression analysis was applied to all covariates.
Then, the selected covariates (p<0.2) were analysed by
a backward procedure using a multivariate Cox regres-
sion. P < 0.05 was considered significant. Life-table
analyses were performed by the Kaplan-Meier method4.
Time to events for survival analyses were measured
from the index catheterization.

Results

CLINICAL CHARACTERISTICS

From 1 January 1994 to 31 December1999, 158
patients aged 80 years or older (mean: 83.4; range: 80.2-
92.2) underwent PCI in our institution. These patients
(54.8% men) represent 2.36% of the 6,692 patients
treated in the same institution during this period. Clin-
ical and angiographic characteristics of this popula-
tion are shown in table 1. As other authors previously
report5, women account for more than 40% of this
elderly population who have higher prevalence of
hypertension. Prior myocardial infarction (MI) was
noted in 30% of these octogenarians, previous PCI in
13%, and previous CABG in 11%. Nearly 70% had
multivessel disease. Left ventricular ejection fraction
was conserved, but left ventricular end diastolic pres-
sure (LVEDP) was 23±8 mm Hg. Two hundred and
five lesions were treated (1.3 per procedure); although
67% of the patients had multivessel disease, revascu-
larization was restricted to one vessel in 114 patients
and two or more in 44 patients (28%). Revasculariza-
tion was complete in 49.4%. Angioplasty was urgent in
120 patients (76%) and elective in 38 patients (24%).
Implantation of stents was performed during 69 pro-
cedures (43.7%).

IN-HOSPITAL OUTCOME

Angiographic success was 92% (failure to cross the
lesion in five cases, abrupt closure of ten lesions, and
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no reflow in one case). In-hospital mortality was 8.2%
(13 patients). Four patients died of cardiogenic shock
after angiographic failure. Nine patients died despite
angiographic success (cardiogenic shock in five, renal
failure after surgical repair of a pseudoaneurysm in
one, heart failure in two and stroke in one). Seven
patients developed non-fatal MI, including two non-Q
wave MI; four further patients underwent emergency
CABG because of failed angioplasty. Overall proce-
dural success was obtained in 134 patients (84.8%). Six
patients (3.8%) developed vascular complications after
the procedure. These included pseudoaneurysm for-
mation (n = 2) and groin haematoma (n = 4). Three
patients required surgical repair of the femoral artery
and one required blood transfusion.

LATE CARDIAC EVENTS

Two-year follow-up was available for all patients.
During the first year of follow-up, 30 patients died
including 13 in-hospital deaths. During the second year,
14 additional patients died (mortality at two years:
27.8%), representing an actuarial survival at two years
of 72.2% (Figure 1). The causes of out-of-hospital
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Table 1. – Baseline clinical and angiographic
characteristics of the population

Number of patients 158
Age*(years) 83.4
Men* (%) 86 (54.8)
Hypertension (%) 111 (70.2)
Hypercholesterolaemia* (%) 68 (43)
Diabetes* (%) 29 (18.3)
Smoking history* (%) 62 (39.2)
Family history* (%) 23 (14.6)
Previous myocardial infarction* (%) 44 (30.4)
Previous PCI* (%) 21 (13.3)
Previous CABG* (%) 18 (11.4)
Urgent procedure* (%) 120 (76)
Unstable angina (%) 78 (49.4)
Post-myocardial infarction angina (%) 26 (16.5)
Cardiogenic shock (%) 8 (5)
Acute myocardial infarction (%) 8 (5)
Stent* (%) 69 (43.7)
Multivessel disease* (%) 106 (67)
Main left disease* (%) 9 (5.7)
Multi PCI (%) 44 (27.9)
Complete revascularization (%) 78 (49.4)
Restenotic lesion* (%) 11 (5.4)
Left anterior descending artery PCI* (%) 89 (43.4)
Circumflex artery PCI* (%) 42 (20.5)
Right coronary artery PCI* (%) 64 (31.2)
Ejection fraction* 58.3±16.2%
LVEDP* (mmHg) 23±7.9

CABG: coronary artery by pass graft; LVEDP: left ventricular
end diastolic pressure; PCI: percutaneous coronary intervention.
* Variables analysed in the statistical model.

deaths were unknown and presumed to be cardiac in
12 cases [sudden death (n = 6), heart failure (n = 4),
fatal MI (n = 2)]. Fatal stroke, respiratory insufficiency
and carcinoma were the causes of death in one, two
and four patients, respectively. After hospital discharge,
17 patients underwent repeat revascularization (11.7%).
This was obtained by repeat angioplasty in 15 and
surgery for the two others. None suffered non-fatal
out-of-hospital MI. The event-free survival (absence
of death, MI or repeat revascularization) at one and
two years was, 65.8% and 57% respectively. At two
years, 14 additional patients died of whom two were
revascularized during the first year of follow-up and
two required later repeat PCI. Figure 1 shows global
actuarial survival and event-free survival at two years
by the Kaplan-Meier method.

PREDICTORS OF OUTCOME (TABLE 2)

Using the Cox proportional hazards method, pre-
dictors of mortality at two years were incomplete
revascularization (p = 0.032) and low left ventricle ejec-
tion fraction (LVEF) (p = 0.004). Predictive factors of

Table 2. – Predictors of outcome 
(Cox proportional hazards analysis)

2 year 2 year
mortality event free

Complete revascularization p = 0.032 p = 0.002
OR: 0.51±0.32 OR: 0.45±0.25

Ejection fraction (%) p = 0.004 NS
OR: 0.97±0.01

Stent NS p = 0.024
OR: 0.56±0.26

NS: non-significant, OR: odds ratio.

Fig. 1. – Actuarial global and event-free survival.
: Actuarial global survival of the population.
: Actuarial event-free survival of the population.



event-free survival at two years were stent implantation
(p = 0.024) and complete revascularization (p = 0.002).
The influence of complete revascularization and stent
use on mortality and on event-free survival is shown
in figures 2 and 3.

Discussion

The proportion of elderly patients suffering coro-
nary artery disease continues to increase as a result of
the increasing average life expectancy. This explains
the growing number of revascularization interventions
in the aged6-8. Despite the fact that octogenarians are
considered to be a high-risk group with an increased
rate of procedure-related complications, the need for
revascularization in symptomatic patients is estab-
lished. On the other hand, the choice of therapeutic
modality is difficult, because these patients are under-
represented in randomized trials and there are few data
on late outcome in this subgroup.

SURVIVAL

In this study, percutaneous revascularization during
which stents were implanted in only 43.7% of patients,
achieved angiographic success in 92% and procedural
success in 84.8%. This is comparable to other reports
analysing only in-hospital results, and in which stents
were implanted in 40% of the procedures9.

Our in-hospital mortality of 8.2% was higher than
in the NCN report9, probably due to the high number
of emergency interventions in our study (76%). As in
the younger population, low LVEF and urgent proce-
dure adversely affect survival. The completeness of
revascularization appeared to be very important in this
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Fig. 2. – Influence of complete revascularization on survival.
: Actuarial survival with complete revascularization.
: Actuarial survival with incomplete revascularization.

Fig. 3. – Influence of complete revascularization (3A) and
stent (3B) on event-free survival.

: Actuarial event-free survival with complete revascular-
ization.

: Actuarial event-free survival: PTCA with stent.
: Actuarial event-free survival: PTCA without stent.
: Actuarial event-free survival with incomplete revascular-

ization.

study. The need to treat all significant lesions is under-
lined here, but has not been studied in previous series.
Despite the fact that multivessel disease was present
in 67% of patients, only 28% of the population had
multiple vessel PCI and complete revascularization was
achieved in only 49.4%. These findings are similar to
those of other authors10-13. All patients with single-ves-
sel disease therefore benefit from complete revascular-
ization. It is possible that the strong effect of complete
revascularization could be due to selection bias, because
of less extensive disease in this subgroup. Nevertheless,
this would not appear to be the case because analysis
of the effect of single-versus multivessel disease on out-
come did not appear to be statistically significant. PCI
was sometimes chosen for revascularization because the



patient was considered to be at high risk for surgery or
had haemodynamic instability. In the circumstances
treatment of the culprit lesion was carried out in an
attempt to improve symptoms without accomplishing
complete revascularization, this reducing procedure
time and the amount of contrast utilised. These pre-
cautions have nevertheless an important impact on
prognosis. In terms of long-term results, low ejection
fraction and complete revascularization are crucial
determinants. For 1 and 2-year mortality, poor left
ventricular systolic function was significantly associ-
ated with both lower procedural success and a trend
towards a worse outcome. Similar results have been
shown by other investigators14, 15 but the impact of
completeness of revascularization was not as strong.
Nevertheless, only 44 patients died in our small study
population. Therefore, non-selection of a variable does
not conclusively reject a possible role in outcome, but
may be secondary to a small sample size.

Event-free survival

Complete revascularization protects from death but
also from secondary adverse events, while stent place-
ment only prevents adverse events. The protective effect
of stenting was also described in the NCN report for
short-term results. Vascular complications (3.8%)
occurred with nearly the same frequency in other stud-
ies5,16-19, confirming that older patients and women
continue to have a higher incidence of vascular com-
plications compared to the younger population. This
could be due in part to an increased risk for vascular
injury because of underlying peripheral vascular dis-
ease, the prolonged half-life of heparin in elderly
patients, or more aggressive anticoagulation in these
patients. Gp IIb/IIIa inhibitors were not implicated
because no patient in this study received these drugs.
The recent EPISTENT20 trial did not, however, show
increased bleeding with the use of abciximab. Never-
theless, given the higher rate of vascular complications
in the elderly, the use of these agents in this population
should be based on careful consideration of risk and
benefit.

Completely revascularized and stented patients
demonstrate better outcome with no association
between these two factors. Other studies of stenting
without balloon angioplasty reported better in-hospi-
tal and one year results but this population was
analysed using data from six randomized trials with
strict clinical and angiographic inclusion and exclusion
criteria. Results therefore represent an ideal octoge-
narian population5, differences from our study proba-
bly reflect the healthier population enrolled in these
investigations. Our heterogeneous populations with
severe clinical presentations is likely to more closely
represent daily clinical practice.

ALTERNATIVE TREATMENT

Very large series have recently been published con-
cerning acute results of surgical revascularization. They
report in-hospital mortality of 8.1% but with a dou-
bling of the incidence of postoperative stroke and renal
failure in comparison with younger patients21. Long-
term follow-up of such a large population is not yet
available. A local study evaluating CABG results in
octogenarians performed in the same institution dur-
ing nearly the same period revealed an in-hospital mor-
tality of 10% but a 5-year mortality of 20% (14/70)22.
Predictors of operative mortality were New York Heart
Association functional class IV, prolonged extracor-
poreal circulation and urgent CABG (13% of this sur-
gical population). As concerns late outcome, previous
MI and urgent procedure were predictive. No statisti-
cal evaluation was performed in order to compare these
two local studies and therefore no conclusions can be
drawn about similarities and differences between these
results.

In a recent randomized trial23, medical treatment
compared with PCI or CABG clearly demonstrated
better clinical outcome and well-being after revascu-
larization. Moreover, one third of the patients ran-
domized to medical therapy required revascularization
during follow-up for uncontrolled symptoms.

Limitation of the study

This study is a retrospective analysis of data which
were collected prospectively and is subject to all the
limitations inherent in such a study. It was not a ran-
domized trial, and no attempt was made to compare
results with CABG or medical therapy. The population
reflects a relatively large non-selected, single-centre
experience and provides insight into difficulties we had
in offering optimal revascularization strategy to the
elderly population.

The sample size was relatively limited. This may be
partly responsible for the non-selection of some vari-
ables in this study.

Conclusion

Despite real progress in managing coronary insuf-
ficiency, CABG can be performed with an acceptable
risk in selected patients, but with a higher incidence of
in-hospital complications and mortality in the elderly
when compared to younger patients. Several retro-
spective studies have also demonstrated the safety and
efficacy of PCI, in selected patients, providing satis-
factory symptom relief and favourable mid-term out-
come. This study emphasises the beneficial effects of
technical progress such as stent placement and the
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necessity of performing, when feasible, a complete
revascularization in these high-risk patients in order
to improve initial and late outcomes.
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