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Cardiac surgery in octogenarians is a relatively new phenomenon in Canada
and has arisen because of advancements in medical and holistic strategies
for cardiovascular disease prevention and the growth of the elderly popula-

tion.1,2 In 1999 Statistics Canada reported that about 12% of Canadians were 65
years of age and older, with those 85 years and older representing the fastest grow-
ing segment of the senior population.2 With rapid growth of the elderly segment of
the Canadian population, the number of octogenarians being referred for cardiac
interventions is expected to increase.3–8 This trend has both clinical implications for
health care professionals directing the care of patients and economic implications
for the Canadian health care system. Despite this trend, considerable debate re-
mains with respect to cardiac surgery in patients 80 years and older. Up to the age
of 79, there is little hesitation to operate on patients presenting for coronary artery
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Abstract

Background: Decision-making related to coronary artery bypass grafting (CABG) in
elderly patients is hampered by inadequate outcome data. We compared the
clinical outcomes of octogenarians with those of septuagenarians who under-
went CABG. Our secondary objective was to compare the costs associated with
CABG in these groups.

Methods: We conducted a retrospective database review of patients 70 years of
age and older who had undergone CABG at a regional cardiac surgical centre in
Hamilton, Ont., between July 1, 1997, and Apr. 30, 2000. A total of 1034 pa-
tients were divided into 3 age groups: young septuagenarians (aged 70–74
years), old septuagenarians (aged 75–79) and those 80 and older. Costs were
determined in a subset of 773 patients with the use of a case-costing system for
cardiac surgery developed at our institution.

Results: The 3 groups were similar with respect to sex distribution and preoperative
risk factors. Urgency scores at referral differed significantly between the groups,
with the young septuagenarians demonstrating the lowest risk (mean score [and
standard deviation] 4.48 [1.3] in that group, 4.28 [1.4] in the old septuagenarian
group and 4.11 [1.2] in the octogenarian group). The rates of all complications
combined were similar between the 3 groups (27.1%, 28.1% and 29.6% in the
young and old septuagenarian groups and the octogenarian group respectively).
There were no significant differences between the 3 groups in the mean number
of grafts per patient (3.0, 3.1 and 3.0 respectively), the rate of postoperative
death (3.3%, 5.7% and 4.2%), the mean length of stay (11.7, 13.4 and 12.6
days) or the incidence of postoperative myocardial infarction (4.5%, 3.4% and
4.2%). The total cost of CABG per patient did not differ significantly between
the 3 groups.

Interpretation: Given that patients who are accepted for CABG represent a se-
lected population, our findings suggest that, with careful triage, CABG in octo-
genarians is as safe as, and no more costly than, CABG in septuagenarians.



bypass grafting (CABG). However, there appears to be a
“psychological barrier” to surgery for both older patients
and their clinicians. This may be due in part to the relative
dearth of information regarding the outcomes of CABG in
octogenarians, making it difficult for patients and clinicians
to make a completely informed decision.

The Hamilton Health Sciences Corporation (HHSC) —
General Site, a tertiary care teaching hospital in Hamilton,
Ont., completes about 1300 cardiac surgeries each year,
about 60% of which are isolated CABG procedures. Over
the past 5 years, the proportion of older patients undergoing
CABG at our institution has increased. Currently, people
70–74 years old form the largest 5-year age cohort of pa-
tients and those 70 and older account for 45% of all patients
undergoing isolated CABG at our institution.

Observational studies have reported in-hospital death
rates of 8% to 24% following CABG in octogenarians.3–10

However, octogenarians referred for elective isolated
CABG have death rates that approach those among pa-
tients under 80.4,7,8 Rates of complications, on the other
hand, are significantly higher among octogenarians than
among younger patients.5–10 Although CABG in octogenari-
ans is associated with increased morbidity, evidence sug-
gests that the 3-year survival rate is significantly greater
among octogenarians who have surgery than among those
who are managed medically.1

The cost of CABG in octogenarians has been the focus
of 2 US studies. Peterson and associates11 found that costs
were significantly higher among octogenarians than among
younger patients. Sollano and collaborators1 reported that
CABG in octogenarians, although significantly more costly
than CABG in younger patients, is highly cost-effective.

We conducted a retrospective cohort study to establish
whether CABG can be performed in octogenarians with
acceptable risk and costs comparable to those associated
with CABG in younger elderly patients. Our primary ob-
jective was to compare clinical outcomes in octogenarians
and septuagenarians who underwent isolated CABG at the
HHSC. Determination of the costs associated with CABG
in these age groups was our secondary objective.

Methods

Information on all adult patients undergoing cardiac surgery at
the HHSC is routinely entered into a database as part of an ongo-
ing collaboration between the HHSC and McMaster University
in order to track patient outcomes following CABG. We retro-
spectively searched the database for patients aged 70 years and
older who underwent isolated CABG at the HHSC — General
Site between July 1, 1997, and Apr. 30, 2000. A total of 1034 pa-
tients met these criteria; their mean age was 74.3 (standard devia-
tion [SD] 3.3) years. Patients were separated into 3 age cohorts:
young septuagenarians (aged 70–74 years, n = 579 [56.0%]), old
septuagenarians (aged 75–79, n = 384 [37.1%]) and octogenarians
(aged 80 years and over, n = 71 [6.9%]). The Research Ethics
Board of the HHSC and McMaster University approved the
study design.

The following data were included for analysis: age, sex, preoper-
ative status (Cardiac Care Network of Ontario [CCNO] urgency
rating score,12 cardiac and medical history, location of coronary dis-
ease, disease severity, left ventricular ejection fraction, ischemic risk,
expected procedural morbidity [rated as high or low with respect to
existing comorbidities before surgery], previous CABG or ster-
notomy, myocardial infarction within 4 weeks preceding surgery
and risk acuity [elective, semi-urgent, urgent or emergent] at
surgery), cardiac risk factors (e.g., history of smoking, angina, con-
gestive heart failure, myocardial infarction, cerebrovascular acci-
dent, diabetes mellitus, obesity and hyperlipidemia), perioperative
data (e.g., number of grafts, use of left and right internal mammary
arteries and saphenous vein grafts, cardiac and all-cause morbidity,
intraoperative death, duration of intubation, and length of hospital
stay before and after surgery [assessed per ward, intensive care unit
(ICU), cardiac care unit (CCU) and step-down unit]). Preoperative
risk factors, defined according to the CCNO provincial guidelines12

and standard care at our institution, were collected by the regional
coordinator of the CCNO throughout the study period.

Detailed cost data were collected routinely after July 1998 and
were therefore available for only a subset of 773 patients (422
young septuagenarians, 294 old septuagenarians and 57 octoge-
narians). Costs were determined using a modular case-costing sys-
tem for cardiac surgery developed at our institution, where health
care consumption per patient is meticulously recorded and calcu-
lated. Total costs represent the pre- and postoperative unit cost
per location (ward, ICU, CCU and step-down unit) per day for
each patient, the cost of the surgery, professional fees (surgeon,
anesthetist and medical assistants) and the cost of all blood work,
radiology tests, nuclear medicine investigations and medications.
Overhead costs were calculated and allocated. Capital costs were
not calculated. Our costing system correlates well with that for
CABG in Ontario developed by the Ontario Case Cost Project.13

All reported costs are in 1998 Canadian dollars and are specifically
related to those costs incurred at the HHSC.

Statistical analyses were performed by univariate analysis of
variance with a post-hoc Scheffé test for specific differences be-
tween groups for continuous variables and by the χ2 test (Fisher’s
exact test if n < 5) for categorical variables. Categorical data are
represented as frequency distributions and simple percentages.
Values of continuous variables are expressed as means and SDs.
All variables that were statistically significant preoperatively (p ≤
0.05) were controlled for in an analysis of postoperative outcomes.

Results

The 3 groups were similar with respect to sex distribu-
tion and most preoperative risk factors (Table 1). The mean
urgency rating scores at referral differed significantly be-
tween the groups: the young septuagenarians were at signif-
icantly lower risk than the old septuagenarians (p = 0.02) and
the octogenarians (p = 0.02); there were no significant dif-
ferences between the old septuagenarians and the octoge-
narians (p = 0.32). Only 1 patient (a young septuagenarian)
had Alzheimer’s disease (0.2%). The 3 groups differed sig-
nificantly with regard to combined cardiac risk factors (p =
0.02) and history of hyperlipidemia (p = 0.006). Differences
in preoperative atrial fibrillation approached significance
(p = 0.09). More of the octogenarians than of the young sep-
tuagenarians had severe angina (69.0% v. 50.8%, p = 0.02).
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The urgency rating score, angina class, combined cardiac
risk factors and history of hyperlipidemia were used as co-
variates in all subsequent analyses of covariance.

Clinical outcomes and complications are detailed in
Table 2. There were no significant differences between the
3 groups in terms of the number of grafts, the number of in-
traoperative deaths, the duration of intubation following
surgery, and the length of stay before and after CABG. The
frequency of postoperative complications did not differ sig-
nificantly between the groups except that more of the octo-
genarians than of either the young or old septuagenarians
received inotropes to support blood pressure intraopera-
tively (p = 0.002), but the numbers of patients were small.
Although not significant, the octogenarian group had the
lowest incidence of stroke (p = 0.06) and the highest inci-

dence of deep-vein thrombosis (p = 0.06). Age was signifi-
cantly correlated with the total and postoperative length of
stay after adjustment for the significant preoperative covari-
ates (r = 0.068 and 0.077 respectively, p = 0.05).

The costs per group are reported in Table 3. There were
no significant differences between the 3 groups with respect
to the total cost of CABG, with or without professional fees
included. A trend was observed toward higher hospital costs
in the octogenarian group than in the 2 septuagenarian
groups, but the difference failed to reach statistical signifi-
cance (p = 0.08). The cost of CABG (without professional
fees) was significantly correlated with the total (r = 0.131)
and postoperative (r = 0.131) length of stay, the number of
grafts (r = 0.078) and age (r = 0.113) after adjustment for the
significant preoperative covariates.

CABG outcomes among octogenarians
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Table 1: Characteristics of elderly patients undergoing coronary artery bypass
grafting (CABG)

Group; no. (and %) of patients*

Characteristic

Young
septuagenarians

(70–74 yr)
n = 579

Old
septuagenarians

(75–79 yr)
n = 384

 Octogenarians
(≥ 80 yr)
 n = 71

Mean age (and SD), yr 71.9 (1.41) 76.6 (1.33)  81.7 (1.78)
Sex, female 162 (27.9) 118 (30.7)   26 (36.6)
Urgency rating score at referral

Mean (and SD)  4.48 (1.29)  4.28 (1.35)  4.11 (1.23)†
95% CI  4.38–4.59  4.15–4.41  3.81–4.42

NYHA functional class I or II 483 (83.4) 332 (83.9)   56 (78.9)

CCS angina class IV 294 (50.8) 227 (59.0) 491 (69.0)†
Left main coronary artery disease 415 (71.7) 276 (71.9)   50 (70.4)

≥ 3 vessels involved 426 (73.6) 290 (75.5)   57 (80.3)
Medical history

Coronary artery disease 578 (99.8) 381 (99.2)   70 (98.6)

Combined cardiac risk factors 553 (99.5) 362 (94.2)   62 (87.3)†
Prior myocardial infarction 298 (51.5) 207 (53.9)   41 (57.7)
Prior CABG   33   (5.7)   17   (4.4)     3   (4.2)
Atrial fibrillation   51   (8.8)   38   (9.9)   12 (16.9)
Congestive heart failure   94 (16.2)   67 (17.4)   17 (23.9)

Hyperlipidemia 390 (67.4) 232 (60.4)   36 (50.7)‡
Permanent pacemaker   14   (2.4)   11   (2.9)     2   (2.8)
Chronic obstructive pulmonary
  disease   50   (8.6)   28   (7.3)     5   (7.0)
Cerebrovascular accident   44   (7.6)   19   (4.9)     7   (9.8)
Diabetes mellitus 153 (26.4) 103 (26.8)   16 (22.5)
Cancer   71 (12.3)   58 (15.1)     6   (8.4)
Deep-vein thrombosis   11   (1.9)   10   (2.6)     2   (2.8)
Hypertension 312 (53.9) 213 (55.5)   41 (57.7)
Obesity 140 (24.2)   84 (21.9)   13 (18.3)
Peripheral vascular disease   86 (14.8)   60 (15.6)     8 (11.3)
Smoking 363 (62.7) 222 (57.8)   43 (60.6)

Note: SD = standard deviation, CI = confidence interval, NYHA = New York Heart Association, CCS = Canadian
Cardiovascular Society.
*Unless otherwise stated.
†Octogenarian group significantly different from young septuagenarian group.
‡Octogenarian group significantly different from both young and old septuagenarian groups.
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Table 2: Clinical outcomes and complications of CABG

Variable

Young
septuagenarians

n = 579

Old
septuagenarians

n = 384
Octogenarians

n = 71

No. of grafts
Mean (and SD)   3.0 (0.9)    3.1 (0.9)   3.0 (0.7)
95% CI   2.9–3.1    3.0–3.2   2.8–3.2

No. (and %) of deaths   19 (3.3)   22 (5.7)    3 (4.2)
No. of hours of intubation after surgery

Mean (and SD) 26.8 (78.6) 27.5 (75.6) 23.5 (57.6)
95% CI 20.5–33.1 19.8–35.2   5.2–41.7

Preoperative length of stay, d
Mean (and SD)   2.4 (4.2)    2.1 (3.8)   2.7 (5.1)
95% CI   2.0–2.7    1.7–2.5   1.8–3.7

Postoperative length of stay, d
Mean (and SD)   9.4 (11.0) 10.8 (10.3)   9.6 (6.6)
95% CI   8.5–10.2   9.8–11.9   7.2–12.1

Total length of stay, d
Mean (and SD) 11.7 (11.8) 13.4 (11.4) 12.6 (8.1)
95% CI 10.8–12.6 12.2–14.5   9.9–15.3

Complication, no. (and %) of patients
All 157 (27.1) 108 (28.1)  21 (29.6)
All cardiac 110 (19.0)   76 (19.8)  16 (22.5)
Postoperative myocardial infarction   26   (4.5)   13   (3.4)    3   (4.2)
Low-output syndrome   16   (2.8)   14   (3.6)    4   (5.6)
Complication requiring intra-aortic balloon
  pump   23   (4.0)   21   (5.5)    1   (1.4)
Hypotension requiring inotropes     5   (0.9)   12   (3.1)    5   (7.0)*
Complication requiring pacemaker insertion   97 (16.7)   66 (17.2)  13 (18.3)
Cerebrovascular accident   22   (3.8)   18   (4.7)    1   (1.4)
Deep-vein thrombosis     2   (0.4)     3   (0.8)    2   (2.8)
Minor infection   14   (2.4)   11   (2.9)    2   (2.8)
Major infection   34   (5.9)   24   (6.2)    2   (2.8)
Pulmonary   29   (5.0)   21   (5.5)    1   (1.4)
Acute renal failure   20   (3.4)   18   (4.7)    5   (7.0)
Gastrointestinal   16   (2.8)   13   (3.4)    0

*Octogenarian group significantly different from young septuagenarian group.

Table 3: Cost of  CABG*

Group; cost, $

Variable

Young
septuagenarians

n = 422

Old
septuagenarians

n = 294
Octogenarians

n = 57

Surgery
Mean (and SD)   5 648    (240)   5 631    (259)   5 608    (223)
95% CI   5 625–5 672   5 602–5 659   5 544–5 672

Hospital care
Mean (and SD)   5 282 (5 006)   6 040  (5 882)   6 835  (6 463)
95% CI   4 760–5 805   5 414–6 666   5 413–8 257

Total
Mean (and SD) 10 931  (5 010) 11 671  (5 905) 12 442  (6 514)
95% CI 10 407–11 455 11 043–12 299 11 016–13 868

*Detailed cost data were available for only a subset of 773 patients. All costs are in 1998 Canadian dollars and
are specific to the Hamilton Health Sciences Corporation — General Site.



Interpretation

The octogenarians in our study had death and complica-
tion rates and lengths of hospital stay similar to those of the
septuagenarians. The incidence of neurological complica-
tions following CABG is reported to be 2% to 14% among
elderly patients.4,5,11,14 All 3 groups in our study had low to
moderate rates of cerebrovascular accident postoperatively
(range 1.4% to 4.7%). These results compare well with the
overall rate of stroke and transient ischemic attack at our
institution (2.8%, 1999 data) and are well within the range
of values for postoperative cerebrovascular accident re-
ported among octogenarians in the literature.1,3–6,9

In a Canadian study reported by Fruitman and col-
leagues,5 octogenarians had a median postoperative length
of stay of 10 days (range 8–13), which was significantly
longer than that for patients under 80. In our study, the
mean length of stay in the oldest group was 9.6 days; how-
ever, this did not differ significantly from the mean lengths
of stay in the younger groups (9.4 and 10.8 in the young
and old septuagenarian groups respectively). This similarity
may be explained by the relative comparability of the
groups (all elderly); the difference might have been greater
had we included all CABG patients.

The rate of early death (in hospital and within 30 days af-
ter cardiac surgery) among octogenarians has been reported
to range from 8% to 24%.1,3–9 However, when patients who
had isolated CABG are examined separately, the rate is sim-
ilar to that among patients under 80.7,8 Our findings support
this observation: the rate of early death among the octoge-
narians in our study was much lower than that previously
reported, and it approached the rate for all patients under-
going isolated CABG in our institution in 1999 (octogenar-
ian group 4.2%, all patients 3.2%). In addition, the death
rate among the octogenarians did not differ significantly
from the rate among the younger and older septuagenarians
(3.3% and 5.7% respectively). Data from the United States
indicate a higher death rate among octogenarians (8.1%)
than we have reported;4 however, it is difficult to interpret
this difference because of systemic issues concerning patient
selection, referral and waiting times for CABG that may dif-
fer between the United States and Canada.

Although our data are limited to a single institution,
they represent the cost per case of isolated CABG. Two
other Canadian studies of the cost of CABG included only
815 and 12016 patients over 70 years of age. Naglie and col-
laborators16 reported costs of CABG per patient over 70 of
$16 400 to $35 800. The mean total cost of CABG per pa-
tient in our study was $12 937. Differences in sample size,
costing methods, advances in both medical and surgical
therapies as well as a trend toward shorter lengths of hospi-
tal stay are factors that may account for the cost differences
reported in the Canadian literature. Two US studies of the
cost of isolated CABG in octogenarians have been re-
ported.1,11 These studies, although interesting, have limited
applicability to the present investigation because of the

costing methodology used and the differences in our health
care systems.

There are several limitations to our study. We included
patients from a single institution, which may reduce gener-
alizability of the results. Our institution is a university-
affiliated hospital that performs about 1300 cardiac proce-
dures each year. It is well established that surgical out-
comes improve with patient volume and affiliation with an
educational institution.17–19 The retrospective and observa-
tional design of our study and the relatively small sample of
octogenarians are other limitations. However, studies in-
volving octogenarians will continue to be hampered by
sample size issues because there are as yet small numbers of
such patients undergoing CABG. A strength of our study is
the thorough and complete nature of data collected in our
database.

In summary, CABG in octogenarians appears to be as
safe as, and no more costly than, CABG in septuagenarians.
Considerable controversy remains as to whether the health
care resources expended on CABG in elderly patients rep-
resents the most cost-effective method for preserving qual-
ity of life and independent living. In the absence of ran-
domized trials, our data support prospective exploration
into outcomes of surgery not easily determined, such as
health-related quality of life after cardiac surgical interven-
tions in this age group. In our experience, the risk of death
and complications may not be the determining factors in a
patient’s decision to undergo surgery. Long-term follow-
up of elderly patients undergoing CABG is necessary to de-
termine survivability, health services utilization and eco-
nomic implications in order to depict the impact of this
intervention on the health care system.
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