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ABSTRACT

Despite the growing number of elderly patients undergoing coronary artery bypass graft (CABG)
surgery, no study addressing postoperative outcome from the perspective of preoperative functional
status has been reported to date. The present investigation therefore undertook to determine, among
elderly individuals matched for cardiac status, whether patients with poor functional status have a
greater risk of mortality and morbidity following CABG surgery than those with good functional
status. Retrospective preoperative and postoperative geriatric functional assessment using a
standardized questionnaire was performed on 46 consecutive patients who had undergone CABG in
1994 at age 65 or older. Preoperative functional status was comprised of pre-anginal functional status
(before angina limited physical activity) and anginal functional status (during which angina was a
noticeable limiting factor). CABG outcome was recorded in terms of postoperative assessment of
functional status, morbidity, and mortality. The results of statistical analysis revealed that both pre-
anginal and anginal functional status were sensitive predictors of post-operative functional status (p p <
0.005 and p p < 0.001, respectively). In addition, the presence of comorbidities typically used in the
screening of candidates was found to be a sensitive predictor of outcome (p p < 0.02). However, the
presence of comorbidities was not significantly linked to poor preoperative functional status (p p > 0.05),
indicating that these two predictors may screen for different elderly sub-populations at high risk for
negative outcome of CABG. If confirmed by further studies of elderly patients undergoing CABG,
these results suggest a new and important role for functional status as a predictor of CABG outcome in
the elderly. Furthermore, these results may be useful toward the development of a reliable tool in
screening for high risk of poor outcome among elderly candidates for CABG surgery.

INTRODUCTION

The elderly population is the fastest growing segment in North America. Since the incidence of
atherosclerosis normally increases with age, this population also has the highest incidence of coronary artery



disease (CAD). Overall, CAD is the principal cause of death in two out of three geriatric patients. These
facts, as well as the increase in longevity of the elderly population and the technological progress achieved in
coronary artery bypass graft (CABG) surgery, have led, over the past 15 years, to an increase in the average
age of patients undergoing cardiac surgery from 50 to 62 (1).

Few studies to date have effectively compared the medical versus surgical management of the elderly patient
with heart disease; therefore, surgeons have traditionally relied on clinical intuition in selecting elderly
candidates for CABG. The rising number of elderly patients in whom CABG is indicated, and the increasing
limitations on health care resources, require a new and more rational approach to the selection of surgical
candidates, with greater emphasis on the likelihood of benefit from surgery. Although elderly and younger
candidates may have similar preoperative cardiac conditions, the incidence of non-cardiac preoperative
comorbidities such as diabetes, chronic obstructive pulmonary disease (COPD), hypertension, previous
stroke, and renal insufficiency is significantly higher in the older patients (2-5). Such preoperative
comorbidities may affect CABG outcome.

Studies in general surgery and intensive care have revealed that preoperative or pre-admission functional
status of the geriatric patient is related to the incidence of postoperative complications and mortality.
Categorizing limited functional status by evidence in patient medical records of prior difficulty or
dependency with respect to basic daily activities, Mayer-Oakes found that ICU patients with a limited
functional status were approximately three times more likely to die in hospital, or within six months of the
ICU admission, than patients without functional limitations (6). In addition, older patients without functional
limitations were no more likely to die following ICU admission than their younger counterparts (6). In a
study of fitness as a predictor of postoperative complications in elderly patients undergoing general surgery,
Pringle and Seymour determined that active patients, defined as those who typically left their home at least
twice a week through their own efforts, had significantly reduced risks of life-threatening postoperative
complications when compared to non-active patients (7).

Despite the above findings in general surgery and ICU settings, no comparable study of functional status has
been undertaken in elderly patients undergoing CABG. In addition, although several mathematical models
have been designed to predict mortality following CABG with relative accuracy using cardiac status and co-
existing morbidities (8,9,10), the mortality predicted for a given patient has varied by up to nine fold among
different models (11). It is quite possible that the discrepancy between actual outcome and the outcome
predicted by the various mathematical models may be due in part to a difference in individual functional
status given the same cardiac status.

Prior research on CABG outcome, including that utilizing mathematical models, has largely evaluated
mortality risk, disregarding quality of life after surgery. Clearly, however, the objective of CABG is not only
to increase longevity, but also to lengthen the active life expectancy, defined by independence in performing
activities of daily living (12). This latter objective has yet to be adequately investigated. Accordingly, the
purpose of the present study was to determine, among individuals matched for cardiac status, whether elderly
patients with poor preoperative functional status are at increased risk for post-CABG mortality and morbidity
relative to those with good functional status.

MATERIALS AND METHODS

Retrospective preoperative and postoperative geriatric functional assessment using a standardized
questionnaire was performed on 46 consecutive patients who had undergone CABG in 1994 at age 65 or
older. Patients selected to undergo CABG were males and females of New York Heart Association (NYHA)
angina class I-IV who had failed to obtain satisfactory results in terms of quality of life with medication
alone, and those with left coronary stenosis greater than 50%, with or without angina. CABG was performed
according to standard procedures using either a reverse saphenous vein or an internal mammary artery for the



bypass graft (13). Outcome of CABG was recorded in terms of postoperative assessment of functional status,
morbidity, and mortality, and the relationship between preoperative assessment and postoperative outcome
was statistically measured as described below. Possible confounding variables known to increase
postoperative risk were also measured, and are noted below.

Assessment of Functional Status

Preoperative and postoperative functional status were assessed using Seymour and Pringle's Level of Activity
Test (7) and a standardized questionnaire adapted from Pryori's Angina Form 9.1 (14). The former test
consisted of determining the number of times per week that the patient left the home independently. Those
patients indicating a frequency of two or more were designated as active, and all others as non-active. In the
questionnaire adapted from Pryor (Table 1), any combination of responses yielding a total score ¾ 15 was
considered good functional status, whereas 16 or more indicated poor functional status. The present authors
selected a cutoff of 15 a priori based on reasonable expectations for good functional status in elderly patients.
Preoperative functional status was stratified into pre-anginal and anginal functional status, such that the above
two methods of assessment were used to address functional status both prior to and after the date of first onset
of the patient's anginal symptoms. Post-operative functional status referred to status two years
postoperatively. In cases wherein patients died as a result of complications during or following surgery, or
before the end of the two-year postoperative period, the pertinent information was obtained from relatives,
patient charts, and the surgeon who performed the procedure. The mortality rate related to CABG was
calculated as the mortality rate within 30 days postoperatively.

It should be noted here that although most patients had experienced an exacerbation of CAD symptoms in the
few months before CABG, some reported never having experienced classical symptoms of angina, nor any
noticeable loss of function more than a week prior to surgery. For this group of patients, overall preoperative
status was considered equivalent to the pre-anginal status. By contrast, for those patients who reported feeling
limited by angina through a period of more than two years prior to surgery, overall preoperative status was
determined to be the anginal status.

Confounding Variables

In addition to functional status, the presence of comorbidities and other risk factors known to influence the
outcome of CABG was recorded at interview and via consultation of the patient's chart. Significant
comorbidities used in risk calculation were prior history of stroke, chronic renal failure, and chronic heart
failure. The presence of two or more of the following was also considered a significant risk factor and was
included in the category of comorbidities for the purpose of analysis: obesity (as defined by a body mass
index >= 28 kg/m2), diabetes, chronic obstructive pulmonary disease, peripheral vascular disease,
cerebrovascular disease, and hypertension. Other known risk factors, such as class of angina, age, and gender,
were independently assessed. Smoking, an additional important risk factor, could not be reliably ascertained.

Statistical Analysis

Chi-square analysis and Student's t-test were used to determine the correlations between predictors and
outcome. The predictors tested were pre-anginal and anginal functional status scores, activity according to the
Pringle and Seymour test, presence of comorbidities, class of angina, age, and gender. The outcomes were
post-operative functional status, presence of serious post-operative complications, and death. To simplify the
calculations, patients who died intraoperatively or during the postoperative period were given a functional
status score of 30, the poorest score on the scale used. All statistical analyses were performed using SPSS
software. A likelihood ratio with p ¾ 0.05 was considered significant.

RESULTS

https://web.archive.org/web/20121012161240/http://www.medicine.mcgill.ca/mjm/issues/v02n02/cabgT1.html


In the population studied, consisting of eight females and 38 males (17% and 83%, respectively), patient age
ranged from 65 to 85 years and averaged 71 years, with five patients (11%) >= 75 years of age. Significant
comorbidities, as defined above, were present preoperatively in 18 patients (39%). The CABG mortality rate
was 4.4%, representing two patients who had died within 30 days postoperatively. Two additional patients
had died within the two-year postoperative period, such that the two-year survival rate was 91%. Five
patients (11%) had experienced serious complications within 30 days following the operation.

In the Seymour and Pringle test using activity level as a predictor of outcome, 44 of the 46 patients declared
having left the home through their own efforts at least two times per week during each preoperative period;
this information was unavailable in the remaining two cases. None of the assessed postoperative outcomes
showed significant correlation with patient designation as either active or non-active based on this test.

Data pooled from the functional status questionnaire adapted from Pryor is presented in Table 2 in terms of
the number of patients ascribed good and poor functional status during the pre-anginal, anginal, and
postoperative periods. The results of statistical analysis of the functional status questionnaire data are shown
in Tables 3 and 4. Pre-anginal functional status, anginal functional status, and the presence of significant
comorbidities were found to be significant predictors (p < 0.05) of some, but not all, post-surgical outcomes.
Class of angina, by contrast, did not correlate significantly with any of the post-surgical outcomes studied.

In addition to the correlations reported in Tables 3 and 4, the presence of post-surgical complications was
significantly associated with both death and poor functional status as outcomes (p < 0.05 for each).
Furthermore, no significant association between the presence of comorbidities and either pre-anginal or
anginal functional status was found (p = 0.32 and p = 0.15, respectively).

DISCUSSION

The results as summarized above highlight several predictors of CABG outcome. A favorable outcome was
evaluated not only in terms of survival or longevity, but also by the absence of severe complications and the
degree of functional status, which is closely related to quality of life as defined earlier. Statistical analysis
revealed that the presence of one or more comorbidities was a sensitive predictor of mortality and
complications following CABG, as well as of poor postoperative functional status. Significant comorbidities
used in risk calculations were prior history of stroke, chronic renal failure, and chronic heart failure. The
presence of two or more of the following risk factors also constituted a significant comorbidity for the
purpose of analysis: obesity (as defined by a body mass index >= 28kg/m2), diabetes, chronic obstructive
pulmonary disease, peripheral vascular disease, cerebrovascular disease, and hypertension.

The Seymour and Pringle Activity Level Test failed to be a good predictor of surgery outcome, proving
insufficiently sensitive for this type of study. This result may indicate that the high-risk patients for CABG
surgery identified by the test have already been screened out through more basic selection processes. By
contrast, both pre-anginal and anginal functional status were found to be sensitive predictors of postoperative
functional status. Although the functional status and the presence of comorbidities were both found to be
good predictors, the latter was demonstrated to be statistically unrelated to functional status in both the pre-
anginal and anginal preoperative periods. This indicates that patients with comorbidities and those with poor
functional status may represent two different populations at risk for diminished quality of life following
CABG. One explanation for this result may be that the population with poor functional status in the absence
of a comorbidity consists of patients with reduced physical fitness due to the normal process of aging. In this
regard, it should be noted that the aging process varies among individuals with the same age, and therefore
chronological age should not be considered equivalent to functional status as a predictor of post-CABG
outcome. Another possibility is that the high-risk comorbidities screened for in the elderly differ from those
screened for in younger patients; since the guidelines for screening high-risk populations have been designed
for younger patients, comorbidities present in the elderly may be missed through the traditional comorbidity
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assessment.

Quite importantly, post-operative functional status scores did not differ significantly from pre-anginal
functional status scores (p > 0.05) in patients with poor pre-anginal functional status. Average pre-anginal
and postoperative functional status scores in this group of patients were 19.7 and 21.2, respectively. This
finding raises the question as to whether these patients should be excluded from CABG. Part of the answer
lies in comparing the outcome in poor functional status patients exclusively treated by medications to the
outcome in those treated surgically. Moreover, in the present study, the class of angina failed to prove a
reliable predictor of CABG outcome. This result is supported by prior investigations suggesting that, while
the outcome of medical therapy is related to the patient's class of angina, the outcome of CABG is not (15).
Kirklin explains this finding by the fact that the severity of angina reflects the magnitude of coronary artery
obstruction, which the bypass graft, unlike medication, essentially eliminates uniformly (13).

The results of the present study also indicate that poor pre-anginal functional status correlates with the
presence of post-CABG complications. This finding is important, as it suggests that pre-anginal functional
status may be of use in predicting postoperative complications, which have been shown to be associated with
an increase in death rate, a reduction in quality of life, and a longer duration of hospitalization following
CABG surgery, with an attendant increase in cost.

Despite the finding that anginal functional status is not a statistically significant predictor of post-CABG
complications, all patients experiencing complications proved to have a poor anginal functional status. The
same phenomenon was observed with pre-anginal and anginal functional status as predictors of mortality.
Despite a statistically non-significant correlation, all patients who died either in the month after or within two
years following CABG had poor pre-anginal functional status, and three of four also had poor anginal
functional status. These results certainly suggest a trend to be further investigated in a study of increased
sample size. Although the sample was relatively small (n = 46) in the present study, the sample was
representative of the general population undergoing CABG in such respects as 30-day mortality rate and
proportion of women operated (4% and 17%, respectively), which compare favorably with those reported in
larger-scale studies (3,4,6).

There is an emergent trend in the literature to subclass elderly patients into two different populations in terms
of potential risks for CABG (16,17): the young elderly, aged between 65 and 75, and the old elderly, aged 75
and above. In some studies, age > 75 was found to be a predictor of significantly increased mortality
following CABG (1,2,17). Unfortunately, the present study involved only five patients over the age of 75,
such that age was not used here as a predictor of outcome. However, analysis by Student's t-test demonstrated
that these patients did not have significantly different 
pre-anginal and postoperative functional status than their younger counterparts. This finding suggests that
functional status is not tightly related to age and/or that functional status played a heightened role in patient
selection for CABG in these individuals. As the over-75 population has a short life expectancy independent
of surgery, it appears logical in this age group to select treatment that promises an increased likelihood of
maintaining quality of life, rather than to establish a goal of extended longevity.

In summary, this study shows that functional status and the presence of comorbidities are sensitive predictors
of CABG outcome in the elderly patient. It was also concluded that functional status and comorbidity are
independent variables that screen for different populations at risk for unfavorable CABG outcome. Further
investigations using a larger sample size are warranted to support the results found here, as well as to
examine the impact of sex, age, and class of angina on the outcome of CABG. An increased sample size may
also be more sensitive to the difference between classes of angina as predictors of surgery outcome. Finally,
the potential utility of functional status in the prediction of length of stay in hospital, which is directly related
to the cost of CABG (18), is of important interest from both the clinical and financial perspectives of patient
care. A study of this is currently underway.
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