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Abstract
Background The influence of prior coronary artery bypass surgery (CABG) versus medical therapy for
reducing the risk of postoperative cardiac complications after noncardiac surgery continues to be debated.
To further clarify this controversy we studied 24 959 participants in the Coronary Artery Surgery Study (CASS)
database with suspected coronary disease by identifying those who required noncardiac surgery during more
than 10 years of follow-up.

Methods and Results CASS registry enrollees were either treated with CABG or medical therapy after initial
entry. During follow-up, patients who required noncardiac operations were evaluated for hospital death or
out-of-hospital death within 30 days of noncardiac surgery and nonfatal postoperative myocardial infarction
(MI). At a mean follow-up of 4.1 years, 3368 patients underwent noncardiac surgery, with abdominal (36%),
urologic (21%), orthopedic (15%), and vascular being most common. Abdominal, vascular, thoracic, and
head and neck surgery each had a combined MI/death rate among patients with nonrevascularized coronary
disease >4%. Among 1961 patients undergoing higher-risk surgery, prior CABG was associated with fewer
postoperative deaths (1.7% versus 3.3%, P=.03) and MIs (0.8% versus 2.7%, P=.002) compared with
medically managed coronary disease. Contrariwise, 1297 patients undergoing urologic, orthopedic, breast,
and skin operations had mortality of <1% regardless of prior coronary treatment. Prior CABG was most
protective in patients with advanced angina and/or multivessel coronary artery disease.

Conclusions In patients with known coronary artery disease, noncardiac surgeries involving the thorax,
abdomen, vasculature, and head and neck are associated with the highest cardiac risk, which is reduced
among patients with prior CABG.

surgery revascularization myocardial infarction

Noncardiac surgery rates continue to rise as the US population increases in age.   Cardiac complications,
such as myocardial infarction or congestive heart failure, represent the single most common cause of death
in postoperative patients.  A number of studies have identified an elevated cardiac risk in certain surgical
types such as vascular surgery.       However, few if any studies to date have included a large number of
patients from a broad group of noncardiac procedures so that surgery-specific risk could be considered
among the full range of noncardiac procedures performed. A true assessment of surgery-specific risk is
further clouded by the fact that coronary artery anatomy is infrequently defined before most procedures
except when dictated by advanced clinical signs or symptoms. Thus, the interaction between extent of
coronary disease and procedure-related stresses on the heart to produce untoward postoperative outcomes
is rarely clear.

The CASS registry represents a unique database for asking questions related to these interactions. Since all
CASS patients had careful clinical and angiographic profiling at entry, and since a large subset required
noncardiac surgery in the years after enrollment, the database allows an assessment of the association
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between well-defined coronary disease and postoperative death or myocardial infarction after various types
of noncardiac operations and whether prior coronary revascularization is protective. The goal of this analysis
was to further clarify these relationships.

Methods

Patient Selection

The patient population for the CASS registry of the National Heart, Lung, and Blood Institute has been
described previously.   A total of 24 959 patients were enrolled at 15 different clinical sites between 1974
and 1979. Patient enrollment was based on a primary indication for coronary angiography of suspected or
proven coronary disease. During annual follow-up of patients enrolled in the CASS registry, 3368 patients
were identified who had undergone at least one noncardiac operation. For the purposes of this analysis, the
patients were further divided into those with no evidence of coronary artery disease, those with documented
coronary disease at cardiac catheterization who did not undergo coronary bypass surgery before noncardiac
operations, and those who had coronary artery bypass surgery preceding their noncardiac surgery. In this
large randomized registry, medical versus surgical treatment for underlying coronary disease was dictated
not by randomization but rather by physician and patient preference. The definitions for coronary artery
disease for CASS have been published previously.

End points of interest were operative mortality or myocardial infarction. Perioperative deaths included all
deaths occurring within 30 days of the procedure. For the analysis of cardiac risk of noncardiac surgery, all
deaths were included that were defined as death during hospitalization or death occurring after
hospitalization but within 30 days of the noncardiac procedure. Perioperative myocardial infarction was
defined by a combination of enzyme elevation and electrographic abnormalities that were either strongly
suggestive or diagnostic for myocardial infarction.

The type of noncardiac operation was further defined as higher or lower risk on the basis of a post hoc
analysis of the combined myocardial infarction and/or death rate. There appeared to be a clear break point
among types of procedures, with a combined myocardial infarction and death rate among medically treated
patients of ≥4% (higher risk) or <4% (lower risk).

Data Analysis

Univariate comparisons of patients with and without myocardial infarction and/or perioperative death were
stratified by clinical features, prior coronary artery bypass surgery, extent of coronary artery disease, and
type of nonsurgical procedure performed. For two-way comparisons of binary variables, the χ  statistic was
used. For three-way comparisons of binary information, a three-way χ  statistic was performed. For
multivariate analysis, stepwise logistic regression was used to select covariates that were independently
associated with the outcome of interest. Then, the variable that defined whether or not the patient had prior
coronary bypass surgery was allowed to enter the model to see if it provided additional independent
predictive power.

Results

Table 1⇓ describes the major categories and subcategories of noncardiac surgery identified during follow-up
as well as the total number of patients having each particular type of operation. Abdominal, urologic,
orthopedic, vascular, and head and neck operations accounted for the vast majority, with abdominal and
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urologic procedures accounting for more than one half of the totals.

Table 1.

Types of Noncardiac Surgery

The Figure⇓ and Table 2⇓ stratify patients undergoing each particular type of surgery into those without
definite obstructive coronary disease, those with coronary disease managed with medical therapy before the
noncardiac procedure, and those having undergone prior coronary bypass surgery before the noncardiac
operation (average, 4.1 years before). Also listed or illustrated is the proportion of patients in each category
who had postoperative death or postoperative myocardial infarction. The Figure⇓ illustrates the outcomes of
those patients who underwent “high-risk” noncardiac surgery, that is, combined myocardial infarction or
death rate ≥4% in medically treated patients with known coronary disease. As one can see, abdominal,
vascular, thoracic, and head and neck surgery each had a combined rate of myocardial infarction and/or
death ≥4%. The Figure⇓ indicates that patients undergoing “higher-risk” noncardiac surgery on average had
a lower perioperative risk if they had undergone prior coronary bypass surgery. For the higher-risk patients
overall, postoperative death was 3.3% in medically treated patients versus 1.7% in those having had prior
coronary bypass surgery (P=.03). Similarly, the rate of myocardial infarction for high-risk surgical patients was
lower if prior coronary bypass surgery had been performed. In this case, the rate was 2.7% among 582
patients who were being treated medically compared with 0.8% among 964 who had undergone prior
coronary bypass surgery (P=.002). Table 2⇓ indicates, on average, that patients undergoing the lower-risk
operations such as urologic, orthopedic, breast, and skin operations had very low risks of operative
myocardial infarction or death that were not significantly affected by having had prior bypass surgery.
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Figure 1.

Type of noncardiac surgery and postoperative myocardial infarction (MI) or death among higher-risk
procedures (combined MI and death rate ≥4% in medically treated patients). Rates of MI or death
among patients undergoing abdominal, vascular, thoracic, and head and neck surgeries are stratified by
the presence or absence of coronary artery disease (CAD) and whether it was previously treated
medically or with coronary artery bypass surgery (CABG).

Table 2.

Type of Noncardiac Surgery and Postoperative MI or Death Among Lower-Risk Surgical Categories

Table 3⇓ examines clinical variables stratified against medical treatment versus prior coronary bypass
treatment among patients with known coronary artery disease who underwent noncardiac surgery during
follow-up. Exclusion of patients who did not have significant obstructive coronary disease on CASS
enrollment resulted in a subgroup of 2677 patients. Patients who particularly may have benefited from prior
revascularization included those whose initial indication for enrollment in the CASS study was for unstable
angina and those patients having more than one-vessel disease. There were trends for coronary artery
bypass surgery to confer more protection among the elderly and men, although the strengths of the
associations were of borderline statistical significance.

Table 3.

Correlates of Improved Outcome Conferred by Prior CABG (n=2677 Patients With CAD)

Table 4⇓ examines cardiac outcomes after higher-risk noncardiac surgery stratified by the number of
diseased coronary arteries as well as whether or not the patient underwent coronary bypass surgery before
the noncardiac procedure. Once again, these data suggest that patients with more advanced coronary
disease involving two or three vessels are the subgroup deriving risk reduction for death and/or myocardial
infarction as a result of coronary revascularization.

Table 4.

Cardiac Outcomes After Higher-Risk Noncardiac Surgery Stratified by Coronary Status (n=1546 Patients
With Known CAD)
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Table 5⇓ identifies multivariate predictors of 30-day death or myocardial infarction after noncardiac surgery,
including all patients with known coronary disease. Significant correlates of poor cardiac outcome included
advanced age, congestive heart failure score, the presence of hypertension, and medical treatment as
opposed to prior coronary artery bypass surgery. The odds ratio for medical treatment was 1.88 (95%
confidence intervals, 1.17 to 3.01; medical therapy versus prior coronary artery bypass surgery). Table 6⇓
provides the multivariate predictors of 30-day death or myocardial infarction among 1515 patients with
known coronary disease undergoing higher-risk noncardiac surgery. In this analysis, congestive heart failure
score, known hypertension, and smoking were significant independent correlates. When compared with prior
coronary artery bypass surgery, medical treatment was highly correlated with an increased risk of
perioperative myocardial infarction or death. For this high-risk surgery–specific subgroup, the odds ratio for
medical treatment was 2.51 (95% confidence intervals, 1.41 to 4.46).

Table 5.

Multivariate Predictors of 30-Day Death or MI After Noncardiac Surgery (All Patients With CAD,
n=2617; 71 Events)

Table 6.

Multivariate Predictors of 30-Day Death or MI After Higher-Risk Noncardiac Surgery (n=1515
Patients With Known CAD)

Table 7⇓ shows the correlation between the number of years from coronary bypass surgery to noncardiac
surgery and the relative perioperative risk for myocardial infarction or death among patients who had
undergone previous coronary bypass surgery before noncardiac surgery. These data suggest no major fall in
protection from perioperative events for at least the first 6 years after coronary bypass surgery in this cohort.
In particular, the low rate of myocardial infarction in patients who had undergone coronary bypass surgery 4
to 6 years previously (2 of 357 or 0.6%) suggests that protection afforded by prior revascularization is
maintained for at least this period. While there appears to be a trend toward a higher myocardial infarction
rate after 6 years (2.2%), this incidence is not statistically significant from those observed during prior
intervals (P=.15).

Table 7.

How Long Does Prior CABG Protect Against Perioperative MI or Death After Noncardiac Surgery?

Discussion
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Among patients undergoing noncardiac surgery, cardiac risk continues to be an important problem and is
often the major concern of perioperative consultants.  Recent guidelines suggest that overall risk of
perioperative myocardial infarction or cardiac death is related to clinical factors such as prior recognized
congestive heart failure, angina pectoris, myocardial infarction, advancing age, poor functional capacity, and
for patients undergoing noninvasive testing, the demonstration of significant myocardial ischemic territories
with provocative testing. The degree of risk conferred by the noncardiac surgical procedure in addition to
patient-specific risk factors has been difficult to elucidate. By far the largest experience has been with
vascular surgery, in which the known association between peripheral vascular disease and coronary disease
is believed to explain the majority if not all of the surgery-specific risk.   

This analysis represents a unique opportunity to examine surgery-specific risk in patients with well-defined
coronary artery disease. We have shown that vascular, thoracic, abdominal, and major head and neck
surgery are those specific procedures associated with a higher risk of a myocardial infarction or death in the
face of nonrevascularized coronary artery disease. Furthermore, any benefit conferred by coronary
revascularization appears to be particularly suited for this higher-risk subcategory of noncardiac procedures.
In univariate analysis, those clinical situations that appear to perhaps most benefit from prior coronary
revascularization included patients with advanced angina at the time of enrollment in CASS, patients over the
age of 60 years, patients with multivessel coronary disease, and perhaps men, although the number of
women in this analysis limits the power to identify differences that are based on sex. Importantly, multivariate
analysis confirms that prior coronary artery bypass surgery is correlated with a significant reduction in
perioperative myocardial infarction or death after accounting for the major independent correlates of risk in
patients with demonstrated coronary artery disease. Not unexpectedly, in patients with known coronary
disease, advanced age, worsened congestive heart failure score, hypertension, and smoking were
associated with elevated risk in an independent fashion. However, once these clinical factors had been
entered in a stepwise multivariate assessment, the lack of prior coronary artery bypass (medical therapy)
continued to correlate with a heightened risk of perioperative infarction or death, with an odds ratio of 1.88
among all patients with coronary disease in this study and 2.51 among those undergoing higher-risk surgery.

Although an analysis of a portion of this dataset several years ago indicated a potential risk reduction for
patients who had undergone prior coronary bypass surgery, the duration of this protection remained
unclear.  Further follow-up of the CASS registry patients in this analysis provides an opportunity to more
critically examine this question. On the basis of our results, it appears that coronary revascularization
protects from perioperative myocardial infarction or death for at least 6 years after revascularization. That is,
during the periods of follow-up, there appeared to be no trend toward higher risk between 0 to 2, 2 to 4, and
4 to 6 years from prior coronary revascularization to noncardiac surgery. The numbers of patients within each
subcategory limit the power to detect small differences, but certainly major differences are not present.
Longer duration of follow-up would be required to identify a point in time at which coronary bypass surgery
loses its protective effects.

Summary

We have identified four particular types of noncardiac surgery that appear to be associated with a heightened
risk of perioperative death or myocardial infarction in patients with known coronary heart disease.
Furthermore, we have defined the clinical subsets for whom prior coronary artery revascularization appears
to be particularly protective against perioperative myocardial infarction or death. These unique findings add
further evidence to a growing knowledge base surrounding patient-specific and surgery-specific risk factors
for noncardiac surgery.  
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Implications for Clinical Practice

These data provide confidence that clinically stable patients undergoing low-risk operations such as urologic
procedures or orthopedic surgery are unlikely to benefit from extensive coronary evaluations. Furthermore,
clinically stable patients who have undergone coronary bypass surgery within the last 5 or 6 years are
relatively “protected” from myocardial infarction complicating noncardiac surgery and thus probably should
not be subjected to routine preoperative stress testing.

Limitations

The unique nature of the CASS registry for the purposes of this analysis has been clearly outlined. Obviously,
a major limitation is the fact that patient enrollment into this study occurred more than 15 years ago. During
the intervening time, virtually all aspects of our management of coronary artery disease as well as
perioperative treatment have changed and probably have improved. Thus, assessment of the potential
benefit of revascularization before noncardiac surgery in 1997 may be different than it would have been 10
years ago. Clearly, the medical treatment for coronary heart disease has evolved greatly, with a clearer view
of medical and preventive strategies and improved perioperative management. Likewise, coronary artery
bypass surgery has improved significantly, with better methods of cardiopelgia and the broader use of arterial
conduits. Further, this analysis does nothing to deal with the ongoing debate as to whether coronary
angioplasty or bypass surgery would be the preferred method of revascularization either in this
subpopulation or others. Another important limitation is the observation that the risk of the prior coronary
artery bypass operation has not been factored into the analysis of periprocedure outcomes. This is extremely
important because the risk of coronary bypass surgery itself, when added to the subsequent risk of
noncardiac surgery, actually exceeds the periprocedure risk of noncardiac surgery in patients who have not
undergone prior coronary bypass surgery.  This argues that performance of coronary bypass surgery simply
to get a patient through a noncardiac surgery is rarely justified. However, in patients for whom
revascularization can be justified on the basis of symptoms and/or coronary anatomy, these data confirm
prior suggestions that coronary artery revascularization should occur before noncardiac procedures.  
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