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Coronary artery bypass grafting (CABG) is an
effective method of relieving symptoms and
improving functional status in persons 80

years or older.1-4 Nevertheless, CABG has been used
cautiously in octogenarians given concerns of higher
in-hospital mortality rates and complications.
Results of recent studies, however, suggest that
CABG is becoming safer in very old persons, espe-
cially in nonemergency situations. Because of advances
in surgical technique and cardiac anesthesia, in-hos-

pital mortality in octogenarians now ranges from 5%
to 14%,1-15 with some medical centers reporting mor-
tality as low as 2% in nonemergency cases.16 As a
result, recent guidelines from the American Heart
Association and the American College of Cardiology
now state that “age alone should not be a con-
traindication to CABG surgery.”17 Determining the
role of CABG in older patients is crucial, since the
population of the United States is aging rapidly, and
the number of octogenarians is expected to grow by
nearly 50% between 1997 and 2010.11

In 1996, 51% of CABG surgeries in the United
States were performed at nonteaching, community-
based healthcare facilities.18 Most of the published
data documenting improved in-hospital mortality
rates in octogenarians, however, has come from iso-
lated institutional experiences at high-volume acad-
emic centers.1-12 Whether similar outcomes from
CABG are also occurring in octogenarians at com-
munity-based facilities, especially in nonemergency
settings, is unclear. Likewise, the cost of care for
octogenarians at such facilities is unknown. Without
reliable knowledge of community-wide experiences,
it is difficult to determine whether the recently doc-
umented improvements in CABG in-hospital mortal-
ity rates for octogenarians are also being achieved at
community-based facilities.

We therefore assessed the clinical and economic
outcomes of nonemergency CABG in octogenarians
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Study Design: Retrospective cohort analysis.
Patients and Methods: Multivariate analyses were used to

compare (1) in-hospital mortality rates, (2) rates of discharge to
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at 27 community-based facilities across the United
States. Although we were primarily interested in the
association between age and in-hospital mortality
rates, we also considered other outcomes, such as
rates of discharge to extended-care facilities, lengths
of stay, and in-hospital costs.

METHODS

Setting and Patient Population
This study was conducted as a retrospective

analysis using administrative and clinical data from
Solucient EXPLORE, a comparative healthcare out-
comes benchmarking database from Solucient LLC
(Evanston, IL). Solucient EXPLORE contains com-
prehensive administrative data from more than 160
hospitals across the United States and has been used
in previous research studies.19-21 We searched the
database for all patients 50 years or older who
underwent CABG at community-based facilities and
were discharged between January 1, 1997, and
December 31, 1997. Specifically, we used the term
“community-based” to refer to nongovernmental,
not-for-profit, nonteaching, general healthcare
facilities. Nonteaching facilities in this study
means those without any graduate medical educa-
tion programs.

To identify patients, we searched all hospital
discharge records for 1 of 8 International Classi-
fication of Diseases, Ninth Edition, Clinical
Modification, procedure codes for CABG (36.10-
36.16 and 36.19). After removing patient and hospi-
tal identifiers, Solucient provided data to
researchers at the University of Michigan and the
University of Washington for unrestricted use and
analysis. Patients who underwent emergency surg-
eries, surgeries other than isolated CABG (eg, con-
comitant valve or aortic surgery), or coronary
angioplasty and CABG during the same hospitaliza-
tion (presumably for complications of angioplasty)
were eliminated. In addition, our analysis included
only facilities that had performed CABG in at least 1
octogenarian.

Data in Solucient EXPLORE are abstracted from
discharge-based claim forms that contain demo-
graphic and limited clinical information, including
age; sex; race; surgical urgency; length of stay; dis-
charge status and disposition (ie, discharged to
home, another acute care facility, a skilled nursing
facility, or an intermediate care [ie, subacute] facil-
ity); health insurance carrier; International
Classification of Diseases, Ninth Edition, Clinical
Modification, diagnosis and procedure codes; and

case-mix. Accuracy is ensured through a routine
audit of records for internal inconsistencies or cod-
ing errors and includes procedures for identifying
unmapped charge codes and inconsistencies
between physician and hospital codes for the same
patient admission.

Surgical urgency was coded from the claim forms
and relied primarily on administrative staff, not the
surgeon. Case-mix was determined using the All
Patient Refined–Diagnosis Related Group (APR-
DRG) (3M/HIS Corp, Minneapolis, MN). The APR-
DRG is a discharge abstract-based measure that
classifies patients by disease severity within adja-
cent DRG categories.19 Within each DRG, 4 severi-
ty levels are possible (ie, minor, moderate, major,
and extreme), and they are based on (1) the sec-
ondary diagnoses (eg, diabetes mellitus), (2) the
complexity of the secondary diagnoses and their
interactions with each other, and (3) the interac-
tions between the secondary and principal diag-
noses. Classification using the APR-DRG has been
shown to be useful and valid in predicting in-hospi-
tal mortality rates, lengths of stay, and costs associ-
ated with CABG.22,23

Hospital-specific information included the size
of the facility, its setting (urban vs rural), and its
annual CABG volume. Hospital costs for each
patient were estimated using a standardized 2-
tiered method from Solucient that allocates costs
from (1) the general ledger to cost centers and
then (2) to standardized transaction codes (based
on the Medicare Revenue Code) by using various
costing methods.20 Specific methods include rela-
tive value unit (RVU), ratio of cost to charge
(RCC), combined RVU and RCC, and indirect
allocation statistics. Overall, the RVU strategy is
the most accurate (and common) costing method
in Solucient EXPLORE, and it is used whenever
data are available from national standards (eg,
the Medicare Resource-Based Relative Value Scale
for imaging studies, Medicare National Fee
Schedules for laboratory studies, and National
Wholesale Price for pharmacy and supply). If an
RVU has not been developed for a service, RCCs—
which are based on the assumption that the
amount charged for a hospital service varies
directly with the service’s actual costs—are used
to estimate direct costs. Hybrid estimates are
combinations of RVU and RCC methods and are
applied in instances in which RVU values exist for
some but not all portions of a service. Finally, indi-
rect resource costs are estimated using relative
allocation statistics.
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Data Analysis
For univariate analyses, patients were divided

into 2 groups based on age: 50 to 79 years and 80
years or older. Unadjusted differences in the demo-
graphic and clinical characteristics of the 2 groups
were assessed using the Wilcoxon rank sum test for
continuous variables and the χ2 test for dichotomous
variables. All tests of hypotheses were performed
using a 2-tailed test at a 95% significance level.

We used logistic regression to model the associa-
tion between age and in-hospital death. Patients
were divided into 4 age groups: 50 to 59 years, 60 to
69 years, 70 to 79 years, and 80 years or older. We
adjusted for several factors that may have affected
in-hospital mortality rates independent of age, such
as sex, race, surgical urgency (elective vs urgent),
health insurance carrier (Medicare, Medicaid or
other governmental, or private), institutional CABG
volume (<200 or ≥200 annual cases), and severity of
illness (using the APR-DRG) within each DRG cate-
gory. We entered a variable into the model based on
either its univariate association with in-hospital
mortality rates (P<.10) or its clinical importance
determined a priori.

Because exploratory analyses and the medical lit-
erature21,24 suggested a nonlinear relationship
between institutional CABG volume and in-hospital
mortality rates, we dichotomized facilities into 2
groups using a threshold of 200 annual CABG cases.
Varying this threshold from 100 to 200 annual cases
did not substantially change the overall results. The
model was systematically evaluated for evidence of
significant 2-way interaction effects between age and
the other model covariates. We also used logistic
regression to model the association between age and
the likelihood of discharge to extended-care facilities
in patients who survived hospitalization, adjusting
for the same clinical and hospital-specific factors
noted previously. We used the Hosmer-Lemeshow
goodness-of-fit test to assess the overall fit of both
logistic regression models.25

Adjusting for all the factors listed previously and
in-hospital mortality rates, we used ordinary least
squares regression to model associations between
age and the 2 variables length of stay and in-hospi-
tal costs. Because the distributions of length of stay
and in-hospital costs were highly skewed, we per-
formed a logarithmic transformation on both vari-
ables before analysis. These variables were
retransformed into their natural units before final
reporting.

All analyses were performed using Stata Version 6
(Stata Corp, College Station, TX). We used robust

variance estimates in the 4 models to account for
any effects of clustering at the hospital level.26

RESULTS

General Characteristics of the Healthcare Facilities
and the Patient Population

From the more than 160 hospitals in the data-
base, 27 community-based facilities that had per-
formed CABG in at least 1 octogenarian were
identified (Figure). The facilities were predominant-
ly in urban locations (26 facilities) across 14 states
and had an average of 474 licensed beds (range, 247-
885; SD, 169). Each center performed an average of
207 nonemergency CABG surgeries during the study
period (range, 28-439; SD, 111).

Discharge abstracts from 5592 patients undergo-
ing isolated, nonemergency CABG were included in
the analysis. Mean (SD) patient age was 66.8 (8.6)
years, length of stay was 8.0 (4.7) days, and total in-
hospital costs were $18,316 ($9611). Of the 5592
patients, 338 (6.0%) were 80 years or older, 1612
(28.8%) were women, and 4836 (86.5%) were white.
Surgical cases were identified as urgent in 2568
instances (45.9%). Overall, 6.0% of patients were dis-
charged to extended-care facilities, and in-hospital
mortality was 2.3%.

Unadjusted Outcomes
Table 1 summarizes the characteristics of the

study population. Compared with patients aged 50
to 79 years, octogenarians at these facilities were sig-
nificantly more likely to be female (42.0% vs 28.0%;
P < .001), to undergo CABG at centers performing
200 or more of these procedures annually (80.8% vs
73.2%; P = .002), to be discharged to an extended-
care facility (24.9% vs 4.8%; P < .001), and to die in
the hospital (4.7% vs 2.1%; P = .002). In addition,
mean length of stay was significantly longer (9.6 vs
7.9 days; P < .001) and total in-hospital costs were
significantly higher ($20,188 vs $18,196; P < .001)
in patients 80 years or older undergoing CABG than
in those aged 50 to 79 years.

Regression Models and Adjusted Results
After adjusting for the factors listed in the pre-

vious paragraph, we found advancing age to be
associated with an increased risk of in-hospital
death (Table 2). The risk of in-hospital death was
more than 4 times greater in octogenarians than
in those aged 50 to 59 years (odds ratio [OR], 4.6;
95% confidence interval [CI], 1.8-11.5; P = .001).
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We also found octogenarians to be at greater risk
for discharge to extended-care facilities (OR,
28.4; 95% CI, 17.8-45.3; P < .001) and to have
longer lengths of stay (difference, 0.7 days; 95%
CI, 0.3-1.3 days; P = .002) compared with

patients aged 50 to 59 years.
Octogenarians, however, did not
generate significantly higher in-
hospital costs compared with the
younger group (difference, $882;
95% CI, –$479 to $2370; P = .20).

Other variables significantly
associated with in-hospital mortal-
ity rates included sex (female sex:
OR, 1.7; 95% CI, 1.2-2.5; P = .005)
and disease severity (extreme vs
minor severity: OR, 51.9; 95% CI,
19.3-140.0; P < .001; and major vs
minor severity: OR, 3.6; 95% CI,
1.2-10.8; P = .03) (Table 2). A
trend toward greater risk for in-
hospital death was observed in
urgent admissions (urgent vs elec-
tive: OR, 1.5; 95% CI, 0.9-2.5; P =
.10) and in medical centers that
performed fewer than 200 annual
CABG procedures (OR, 1.6; 95%

CI, 0.9-2.9; P = .11). The Hosmer-Lemeshow test
was nonsignificant in the 2 logistic regression mod-
els, indicating insignificant departure from a perfect
fit (model for in-hospital death, P = .93; model for
extended-care discharge, P = .89).
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Figure. Number of Coronary Artery Bypass Graft Surgeries by Age Group for 27 Hospitals in the Solucient
EXPLORE Database 
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Table 1. Study Population Characteristics by Age Group

Age, y

Characteristic <80 (n = 5254) ≥80 (n = 338)

Age, mean ± SD, y* 65.8 ± 7.9 82.4 ± 2.6

Length of stay, mean ± SD, d* 7.9 ± 4.7 9.6 ± 5.4

In-hospital cost, mean ± SD, $* 18,196 ± 9623 20,188 ± 9230

Female, No. (%)* 1470 (28.0) 142 (42.0)

White, No. (%) 4541 (86.4) 295 (87.3)

Urgent cases, No. (%) 2405 (45.8) 163 (48.2)

Discharged to extended care, No. (%)* 252 (4.8) 84 (24.9)

In-hospital death, No. (%)* 110 (2.1) 16 (4.7)

SD = standard deviation.
* P < .05.



DISCUSSION

Results of several studies have suggested that
CABG is becoming safer to perform in very old
persons. Reported in-hospital mortality for octoge-
narians now ranges from 5% to 14%,1-15 with mor-
tality as low as 2% in nonemergency cases.16 A
recent economic analysis of CABG11—in which in-
hospital mortality of 6.8% was reported—suggests
that with such improvements CABG could be high-
ly cost effective in octogenarians compared with
medical management alone. Because most of these
studies originate from high-volume academic cen-
ters, however, these improvements may not reflect
the in-hospital mortality rates for CABG at commu-
nity-based facilities. Accordingly, we analyzed clini-
cal and economic data in 338 octogenarians who had
undergone nonemergency CABG at 27 community-
based facilities across the United States. This study
has several noteworthy findings.

Most important, our results suggest that in-hospi-
tal mortality rates for nonemergency CABG in octo-
genarians at community-based
facilities may be similar to previ-
ously reported rates at high-vol-
ume academic centers. Overall
in-hospital mortality for octogenar-
ians at the facilities in this study
was just 4.7%. In addition, the
adjusted risk of in-hospital death
was 4.6 times higher in octogenari-
ans compared with patients aged
50 to 59 years, which is similar to
current risk estimates for octoge-
narians in the literature.13,27 Thus,
despite the fact that age was a
strong risk factor for in-hospital
death, nonemergency surgeries
were performed in octogenarians
with a low overall rate of in-hospi-
tal mortality. This seems to indi-
cate reasonable proficiency with
nonemergency CABG in octoge-
narians at the included facilities in
general and suggests that other
institutional characteristics (eg,
annual surgical volume) are likely
to be more important at influenc-
ing in-hospital outcomes than is a
community-based designation.

This conclusion, however, must
be interpreted with caution. We
also found that nearly 25% of octo-

genarians at these medical centers were discharged
to extended-care facilities after CABG. The adjust-
ed odds of being discharged to an extended-care
facility was 28 times greater in octogenarians than
in patients aged 50 to 59 years. These results are
striking and raise concern about the long-term func-
tional status of octogenarians who survive CABG.
Because we were unable to distinguish whether the
discharges were for short-term rehabilitation or
chronic care or to control for critical variables such
as family support systems, we cannot comment fur-
ther on these results. Comparative rates of discharge
to extended-care facilities from high-volume acade-
mic centers have not been reported.

We know of 3 earlier multicenter evaluations of
CABG in octogenarians. Between 1987 and 1990,
Peterson and colleagues15 reviewed Medicare
provider records for 24,461 patients older than 80
years undergoing CABG in the United States. The
authors found overall in-hospital mortality of 11.5%
in octogenarians (including nonemergency and
emergency cases), which the investigators noted was

CABG in Octogenarians 

VOL. 8, NO. 8 THE AMERICAN JOURNAL OF MANAGED CARE 753

Table 2. Multiple Logistic Regression Model for Risk of In-Hospital
Death After CABG

Variable OR (95% CI) P

Age, y
50-59 1.0
60-69 2.2 (1.1-4.4) .02
70-79 3.0 (1.6-5.4) <.001
≥80 4.6 (1.8-11.5) .001

Female 1.7 (1.2-2.5) .005
White 1.1 (0.6-2.1) .84
Urgent surgical priority 1.5 (0.9-2.5) .10

Insurance status
Medicare 1.0
Medicaid or other government 0.8 (0.2-3.0) .73
Private 0.9 (0.6-1.4) .71

DRG 106* 0.8 (0.5-1.3) .31

APR-DRG severity index
Minor 1.0 .73
Moderate 1.2 (0.4-3.6) .03
Major 3.6 (1.2-10.8) <.001
Extreme 51.9 (19.3-140.0)

<200 annual CABG cases 1.6 (0.9-2.9) .11

CABG = coronary artery bypass grafting; OR = odds ratio; CI = confidence interval; 
DRG = diagnosis related group; APR-DRG = All Patient Revised–Diagnosis Related Group.
*DRG 106 (CABG with cardiac catheterization) compared with DRG 107 (CABG without
cardiac catheterization).



slightly higher than the rate reported in the litera-
ture for octogenarians at the time (10.4%). More
recently, Hannan and Burke13 noted in-hospital
CABG mortality of 8.3% for octogenarians in New
York State from 1991 to 1992. Alexander and col-
leagues subsequently reported in-hospital CABG
mortality of 8.1% in 4306 octogenarians undergoing
CABG from 1994 to 1997 in the National
Cardiovascular Network.14 Although these 3 studies
included surgeries from a wide range of institutions,
neither assessed results at community-based facili-
ties alone, and it is unlikely that a large number of
such facilities were performing surgeries in octoge-
narians at the time. Since these studies, there have
also been several advances in surgical technique and
cardiac anesthesia as well as growing experience
with CABG in older persons. Arterial bypass graft-
ing, for example, has recently been shown to be
associated with better short- and long-term out-
comes in elderly patients,28 and there is evidence
that its use in older age groups is increasing.27 In
addition, CABG has become a more acceptable form
of treatment in octogenarians during recent years,
and cases are likely being performed earlier and
under less urgent conditions. From 1991 to 1992,
Hannan and Burke13 found that 62% of CABG surg-
eries in individuals 75 years or older were per-
formed under urgent conditions compared with 52%
in those younger than 75 years. In contrast, we
found that 48% of cases in octogenarians were done
under urgent conditions vs 46% in patients younger
than 80 years.

Less information exists surrounding the econom-
ic costs of CABG in very old persons. Comparing
results from different studies is complicated because
individual studies used different methods for calcu-
lating CABG-associated costs. Most studies used a
macrocosting system that converts billed hospital
charges to costs through department-specific RCCs.
Using a detailed microcosting system, Naglie and
colleagues29 recently compared direct medical costs
from CABG in patients 65 years or older and those
younger than 65 years. Although the investigators
found overall costs to be significantly higher in the
older group, they found that in elective, uncompli-
cated cases the cost differences were less than Can
$1000 (1992 Canadian dollars). We used a stan-
dardized costing system developed by Solucient that
combines actual cost data (RVU) and RCCs from
hospital-specific accounting systems.20 Although the
overall costs of nonemergency CABG were slightly
higher in octogenarians compared with younger age
groups in our study, the adjusted cost difference

between octogenarians and patients aged 50 to 59
years was statistically indistinguishable. In addition,
we found length of stay in octogenarians to be
increased by just 0.7 days compared with patients
aged 50 to 59 years. Although both results suggest
that the differences in in-hospital costs and length of
stay between different age groups may not be sub-
stantial, we could not include costs from extended-
care and rehabilitation facilities. Because our results
also indicate that octogenarians were much more
likely to be discharged to extended-care facilities,
the overall cost differences from nonemergency
CABG will be much greater in older adults.

Several limitations need to be considered when
interpreting our results. First, because our database
was primarily administrative or claims based, cer-
tain clinical information was unavailable, such as a
history of previous CABG or significant left ventric-
ular dysfunction. Thus, we were not able to adjust
for all the important clinical factors that have been
associated with adverse CABG outcomes. Instead,
we used the APR-DRG to adjust for overall disease
severity and comorbidities such as diabetes mellitus
and hypertension. Although the APR-DRG has been
shown to be a useful method for severity adjustment
in CABG, it is likely that some degree of residual
confounding remained.22,23 Second, we concentrated
on short-term clinical events, such as in-hospital
mortality, frequency of discharges to extended-care
facilities, and length of stay, as our outcomes of
interest. We were unable to consider the frequency
of important surgical complications (eg, stroke or
renal failure) or the effects of CABG on functional
status or long-term survival. A better understanding
of these clinical outcomes will be necessary before
the benefits and costs of CABG can truly be com-
pared with those of percutaneous revascularization
or medical therapy in octogenarians. Third, the
community-based facilities included in our study
may not be representative of all community-based
facilities performing CABG in the United States. It
will be interesting to see if our findings are repro-
duced in similar multicenter evaluations. Finally,
this study was unable to determine whether octoge-
narians at these medical centers were undergoing
CABG for appropriate indications. Thus, although
we found in-hospital mortality rates at these com-
munity-based facilities to be comparable to those
published in the literature, additional research will
be needed to better determine the overall value of
surgical revascularization in this age group.

Between 1987 and 1990, CABG rates in the
United States rose by 67% in octogenarians.15 As the
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population in the United States continues to age and
technology continues to advance, the number of
CABG surgeries being performed in patients 80
years or older is likely to increase even more. If
widespread use of CABG in octogenarians is recom-
mended, a substantial number of the surgeries will
need to be performed at nonteaching, community-
based healthcare facilities. Our results suggest that
the in-hospital mortality rates and costs of non-
emergency CABG in octogenarians at community-
based facilities are similar to those reported from
high-volume academic centers. We found, however,
that the risk of being discharged to an extended-
care facility after CABG is extremely high for octo-
genarians at these centers. Further research is
therefore needed to better clarify and balance the
overall risks and costs of CABG in octogenarians at
both high-volume academic centers and communi-
ty-based facilities.
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