
REVIEW ARTICLES 

Cardiac Risk in Noncardiac Surgery: An Update 
Lee Goldman, MD 

Department of Medicine, School of Medicine, University of California, San Francisco, San Francisco, California 

T he preoperative evaluation and management of 
the patient potentially at risk for cardiac com- 
plications of noncardiac surgery require the col- 

laborative efforts of the surgeon, anesthesiologist, and 
medical physician. Each brings a somewhat different 
perspective and expertise to the problem, and ideal 
decisions are possible only if all work together in a 
collaborative, mutually respectful manner. Cardiolo- 
gists and internists should refrain from trite recom- 
mendations such as “avoid hypotension” and should 
not pretend to make recommendations regarding an- 
esthetic routes and techniques except in very unusual 
circumstances. In the context of the appropriate role 
for the consulting internist and cardiologist, this 
review will emphasize important issues in the pre- 
operative and postoperative periods and highlight a 
probabalistic approach to risk assessment and deci- 
sion-making, in which additional information is help- 
ful only if it provides incremental assistance. 

Understanding Probability 

A fundamental principle of risk assessment and med- 
ical decision-making is that a group of patients has an 
“average” probability of a diagnosis or outcome that 
can then be modified by considering additional indi- 
vidual risk factors or results of diagnostic tests. This 
principle, which is quantified by Bayes theorem, ex- 
plains why the same test result has different implica- 
tions in patients with different prior probabilities of 
disease (1) (Table 1). 

Sensitivity and specificity are intrinsic properties of 
a test-its ability to identify patients with or without 
the condition of interest, be it a diagnosis or a pre- 
dicted outcome. Although sensitivity and specificity 
are independent of the prior or pretest probability of 
the diagnosis or outcome, they are dependent on the 
spectrum of patients being studied (1). For example, 
the sensitivity and specificity of an exercise test will 
depend on whether it is used on a wide spectrum of 

Accepted for publication November 18, 1994. 
Address correspondence and reprint requests to Lee Goldman, 

MD, Department of Medicine, University of California, San Fran- 
cisco School of Medicine, 505 Parnassus Avenue, San Francisco, CA 
94143. 

810 Anesth Analg 1995;80:810-20 

consecutive patients with chest pain or whether it is 
evaluated in a bimodal population of normal medical 
students and patients with known coronary stenoses. 
By comparison, predictive value, which is the posttest 
probability of the diagnosis or outcome, depends crit- 
ically on the estimated pretest probability as well as on 
the sensitivity and specificity of the test (1). 

This principle has direct applications to the assess- 
ment of cardiac risk in noncardiac surgery. For exam- 
ple, in large series of consecutive unselected patients 
more than 40 yr old undergoing major noncardiac 
surgical procedures, the risk of perioperative myocar- 
dial infarction has been approximately 1.4% (l%-2%) 
and the risk of perioperative cardiac death has been 
approximately 1% (0.5%-2%) (2-5). By comparison, in 
studies of consecutive patients with higher risk char- 
acteristics, such as patients undergoing vascular sur- 
gery or patients with known or highly suspected cor- 
onary heart disease, these risks have been twice as 
high: approximately 3.1% and 1.7%, respectively (5- 
11). In more highly selected patients, such as patients 
who have been referred for dipyridamole thallium 
scintigraphy in the larger series, the risks are increased 
yet again by another twofold to approximately 6% and 
3%, respectively (12-17). It should not be surprising 
that the reported value of additional pieces of infor- 
mation or diagnostic tests could be substantially 
different when applied to patient populations in 
whom the underlying risks of complications vary by 
fourfold. 

The difficulty in interpreting the relevant literature 
is further exacerbated by the small size of many indi- 
vidual studies. Factors that have been shown clearly to 
be important in a series of 1000 or more patients may 
be present too infrequently to achieve statistical sig- 
nificance in studies with 100-200 patients. 

A third issue relates to the way in which additional 
information and diagnostic tests are assessed. Fortu- 
nately, almost all recent analyses have used multiva- 
riable approaches to assess the independent impact of 
various pieces of information. Unfortunately, many 
studies have not included a careful, comprehensive, 
prospective clinical evaluation prior to assessing the 
impact of a diagnostic test. The key issue is the extent 
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Table 1. How the Positive and Negative Predictive Values of the Same Test Vary Depending on the Prior Probability of 
Disease 

Interpretation of test result when 10% of patients tested Interpretation of test result when 50% of patients tested 
have the disease (prior probability = 10%) have the disease (prior probability = 50%) 

l,OOO,OOO patients l,OOO,OOO patients 

Prior probability 0.10 0.90 Prior probability 0.50 0.50 

100,000 900,000 500,000 500,000 
with the without the with the without the 
disease disease disease disease 

Test with Test with 
sensitivity = 90% sensitivity = 90% 
specificity = 95% specificity = 95% 

90,000 10,000 45,000 855,000 450,000 50,000 25,000 475,000 
+ test - test + test - test + test - test + test - test 
result result result result result result result result 
(true (false hue (false (true (false (true (false 

positive) negative) positive) negative) positive) negative) positive) negative) 

The probability of disease in a patient with a positive The probability of disease in a patient with a positive 
test result (positive predictive value) = test result (positive predictive value) = 
90,000/135,000 = 67% 450,000/475,000 = 95% 

The probability of no disease in a patient with a The probability of no disease in a patient with a 
negative test result (negative predictive value) = negative test result (negative predictive value) = 
855,000/865,000 = 99% 475,000/525,000 = 90% 

Reproduced with permission from Goldman, L, in Harrison’s Principles of Internal Medicine, 13th Ed., New York: McGraw-Hill, 1994;43-8 (1). 

to which such a test will provide incremental informa- 
tion after the most appropriate clinical assessment has 
already been performed. 

Clinical Factors That Affect Cardiac Risk 

Although different studies have used somewhat dif- 
ferent methods, several specific factors clearly influ- 
ence cardiac risk in noncardiac surgery. When the 
review focuses on the larger prospective series, those 
with 400 or more patients who were evaluated com- 
prehensively prior to surgery, a remarkably consistent 
picture emerges (2-10). These larger, prospective se- 
ries should be distinguished from smaller series, 
which may be of insufficient size to detect important 
correlations between risk factors and outcomes and 
that may be overly influenced by the characteristics of 
a small number of patients. They also differ from 
studies that used chart review to identify risk factors 
and outcome. These latter studies relied on the preop- 
erative historical and physical examination data re- 
corded by physicians who cared for the patients, as 
opposed to the comprehensive evaluation that can be 
performed and recorded in a prospective study, and 
on routine postoperative clinical practice rather than a 
standardized surveillance protocol to detect postoper- 
ative outcomes. Among the studies that met these 
criteria, several included all consecutive, unselected 

patients more than 40 yr old undergoing major non- 
cardiac surgery (2-5), and others included consecutive 
selected patients who had high risk characteristics such 
as known coronary artery disease, vascular disease, 
multiple coronary risk factors, or old age (5-10). 

Ischemic Heart Disease 

Various measures of coronary artery disease have 
been associated with cardiac risk in all major studies. 
The most striking risk factor is a recent myocardial 
infarction (2,4,18,19). Although data up until the mid- 
1970s suggested that the risk of perioperative myocar- 
dial infarction or cardiac death was approximately 
30% in patients who had surgery within 3 mo of a 
myocardial infarction and approximately 15% in pa- 
tients who had surgery between 3 and 6 mo after a 
myocardial infarction (2,18,19), subsequent data sug- 
gest far lower risks after elective noncardiac surgery 
(20-22) (Table 2). In two of these studies (20,21), these 
lower risks were reported in patients who were se- 
lected based on an overall risk assessment and for 
whom aggressive intraoperative and postoperative 
monitoring protocols were used. In a series of patients 
undergoing urgent or emergent vascular surgery 
within 6 wk after a myocardial infarction between 
1980 and 1989, the risks remained high (22). 
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Table 2. Risk of Reinfarction or Cardiac Death from Surgery in Post-MI Patients 

Months after 
prior MI 

o-3 
4-6 
>6 

Pooled data 
pre-1976 

31% 
15% 
5% 

Rao et al. 
(20) 1983 

6% (3/52) 
2% (2/86) 

1.5% (9/595) 

Shah et al. 
(21) 1990 

4% (l/23) 
0% (O/18) 
6% (10/174) 

Rivers et al. 
(22) 1990” 

17% (5/30) 

MI = myocardial infarction. 
a Vascular surgery patients only. 

No data specifically address whether patients who 
have had reperfusion by thrombolysis or percutane- 
ous transluminal coronary angioplasty (PTCA) face 
different subsequent risks with noncardiac surgery. 
However, newer medical and intervention therapies 
have improved the overall prognosis of the patient 
after infarction and likely have reduced their risks for 
subsequent noncardiac surgery as well. 

Patients with a recent preoperative myocardial in- 
farction can generally be divided into three groups: 1) 
those in whom the surgery is emergent and potentially 
life-saving and in whom it will nearly always be per- 
formed regardless of cardiac risk; 2) those in whom it 
is purely elective and should be delayed for approxi- 
mately 3 mo, when the infarction is likely to have 
healed and the patient is back to baseline functional 
status, or for a full 6 mo for patients who have not 
fully recovered; and 3) those for whom the surgery is 
not absolutely emergent but in whom it cannot be 
delayed for many months without incurring substan- 
tial risk that the surgical condition will worsen. In 
these latter patients, which include those with severe 
vascular disease or with potentially resectable tumors, 
the recommended approach is to undergo the usual 
evaluation and rehabilitation after the infarction. Pa- 
tients who develop signs or symptoms at low exercise 
levels will be candidates for coronary angiography 
and revascularization. Those who are able to rehabil- 
itate without more than mild symptoms can be con- 
sidered for necessary noncardiac surgery between 
6 wk and 3 mo after the infarction, when they nor- 
mally should be at their baseline functional status if 
their exercise performance and noninvasive cardiac 
evaluation permits. This approach, which must be 
tailored to the needs and risks of the individual pa- 
tient, appears to balance the competing risks of the 
cardiac and noncardiac conditions. 

Few data are available to assess risk in patients with 
unstable or accelerated angina or with very advanced 
and disabling angina. In general, such patients rou- 
tinely undergo coronary angiography and attempted 
revascularization for their coronary disease indepen- 
dent of their noncoronary conditions. The availability 
of PTCA (23,241 has provided an attractive option for 
these patients without requiring an inordinate delay 
of the noncardiac surgery or heroic attempts to per- 
form two major operations under the same anesthesia. 

A more difficult issue is the evaluation of the patient 
with suspected or known coronary disease that is not 
obviously unstable or disabling. Patients with a prior 
myocardial infarction or stable, Class I-II angina (Ta- 
ble 3) are at higher risk of cardiac complications with 
perhaps a lo-fold relative increase in risk as compared 
with patients who do not have coronary disease 
(4,6,8,11,25). However, the lo-fold relative increase in 
risk corresponds to a rather low absolute risk: approx- 
imately a 4% risk of myocardial infarction and approx- 
imately a l%-2% risk of cardiac death (6,8,11,25). 
These risks tend not to exceed the very similar risks 
for both myocardial infarction and cardiac death that 
would be associated with an aggressive strategy of 
coronary angiography and revascularization followed 
by the noncardiac surgery (ll), so a routinely aggres- 
sive approach to these patients does not appear to be 
warranted. Strategies for attempting to identify the 
subset of patients with suspected or known coronary 
disease who are at sufficiently increased risk to war- 
rant more aggressive approaches are described later. 

Left Ventricular Dysfunction and 
Congestive Heart Failure 

Although the precise factors vary from study to study, 
large series have consistently noted that patients with 
substantially depressed left ventricular function or ev- 
idence of advanced congestive heart failure have an 
increase in cardiac risk (2,4,11). To the extent that the 
left ventricular dysfunction is a manifestation of prior 
large or multiple myocardial infarctions, the dysfunc- 
tion also serves as a marker of the severity of coronary 
artery disease. Even in the absence of known coronary 
disease, patients with left ventricular dysfunction or 
heart failure based on hypertension, valvular heart 
disease, or cardiomyopathy are less able to handle the 
fluid shifts and volume changes that are often associ- 
ated with major surgery. Patients more than 40 yr old 
who have persistent evidence of congestive heart fail- 
ure at the time of major surgery are at highest risk for 
pulmonary edema (15% or so), whereas those with 
well controlled congestive heart failure have risks that 
are lower (approximately 5%) than those with persis- 
tent heart failure but clearly higher than those who 
have never had heart failure (approximately 2%) 
(4,251. 
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Table 3. Assessment of Cardiac Functional Class Using Two Different Systems 

Class Canadian Cardiovascular Society Specific activity scaleb 

I Ordinary physical activity, such as walking and climbing Can carry at least 24 lb up eight steps, carry 
stairs, does not cause angina. Angina occurs with objects that are at least 80 lb, shovel snow, 
strenuous or rapid or prolonged exertion at work or spade soil, jog/walk 5 mph, ski, or play 
recreation. basketball, football, squash, or handball. 

II Slight limitation of ordinary activity. Angina occurs with Can carry anything up a flight of eight steps 
walking or climbing stairs rapidly, walking uphill, without stopping, have sexual intercourse 
walking or stair climbing after meals, or in cold, or in without stopping, garden, rake, weed, roller 
wind, or under emotional stress, or only during the few skate, dance, foxtrot, or walk at a 4-mph rate 
hours after awakening. Angina occurs when walking on level ground. 
more than two blocks on the level or climbing more 
than one flight of ordinary stairs at a normal pace and 
in normal conditions. 

III Marked limitation of ordinary physical activity. Angina Can shower without stopping, strip and make 
occurs with walking one to two blocks on the level and bed, mop floors, hang washed clothes, clean 
climbing one flight of stairs in normal conditions and at windows, walk 2.5 mph, bowl, play golf (walk 
a normal pace. and carry clubs), push power lawn mower, or 

dress without stopping because of symptoms. 
IV Inability to carry on any physical activity without Can do none of the above or have symptoms at 

discomfort-angina may be present at rest. rest. 

a Campeau L. Grading of angina pectoris [letter]. Circulation 1975;54:522. 
bGoldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibility and validity of systems for assessing cardiovascular functional class: 

advantages of a new specific activity scale. Circulation 1981;64:1227-34. 

Valvular Heart Disease 

Most series had insufficient numbers of patients with 
significant valvular heart disease to reach definitive 
conclusions regarding risks. Patients with severe aor- 
tic stenosis appear to be at highest risk (2), although 
data suggest that a majority of these patients can 
tolerate surgery under careful perioperative manage- 
ment (26). Nevertheless, patients with symptomatic 
aortic stenosis who are candidates for valve replace- 
ment surgery should generally have the surgery per- 
formed prior to nonemergent noncardiac surgery. If 
the noncardiac surgery is urgent or the patient may 
not be a candidate for valve replacement, balloon aor- 
tic valvuloplasty can provide several months of hemo- 
dynamic and symptomatic relief and provide a win- 
dow of opportunity for safer general surgery (27). 
Patients who have significant aortic valve gradients 
but who are asymptomatic and have a good exercise 
tolerance generally do well with noncardiac surgery 
(26). 

Hypertension 

Patients with hypertension are at increased risk for 
coronary artery disease and congestive heart failure, 
and they tend to have more silent myocardial ischemia 
with surgery, whether or not they have clinical coro- 
nary disease (28,291. However, hypertension itself 
does not appear to be a major independent risk factor 
for the development of clinically detectable myocar- 
dial infarction or of cardiac death with noncardiac 

surgery (2,4). Although aggressive approaches can re- 
duce blood pressure lability and perhaps evidence of 
silent myocardial ischemia during surgery (30,31), ep- 
idemiologic data suggest that patients with untreated 
or persistent mild to moderate hypertension can un- 
dergo anesthesia and surgery without increasing the 
risks of major morbid events (32). 

Arrhythmias 

Both atria1 and ventricular arrhythmias are often 
markers of the severity of underlying coronary disease 
and left ventricular dysfunction. In an era when non- 
invasive cardiac tests were generally unavailable or 
infrequently used to assess the severity of coronary 
disease or depressed left ventricular function, the 
presence of preoperative arrhythmias was an alterna- 
tive way to assess which patients had relatively more 
severe effects from these underlying cardiac condi- 
tions (2). 

Since these arrhythmias appear to be markers of 
underlying heart disease, they tend to correlate with 
both ischemic and heart failure complications (2). In 
contrast, if patients have these arrhythmias but no 
underlying heart disease, the arrhythmias themselves 
add rather little to the absolute risk of a major cardiac 
event (33,34); by extrapolation, their risks for such an 
event in the perioperative period are probably also 
low. There is no evidence that the institution of new, 
prophylactic medications in the perioperative period 
will alter risk, or that asymptomatic arrhythmias need 
to be suppressed (351, although patients with other 
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indications for the treatment of these arrhythmias 
should receive such treatment. 

Age 
Studies have consistently shown that older patients 
have higher risk of cardiac complications, and in most 
studies age has been an independent predictive factor, 
even after controlling for the severity of cardiac dis- 
ease and comorbid conditions (2,8,11). Although chro- 
nologic age is not a perfect predictor of frailty, older 
patients clearly have less physiologic reserve and 
more cardiac disease, the severity of which may be 
masked by their diminished exercise levels. 

Type of Surgery 

Operations that are associated with more difficult 
postoperative recuperation, including major abdomi- 
nal and thoracic operations, tend to carry higher risk 
than those surgeries that are not as likely to be asso- 
ciated with postoperative hypoxemia, major fluid 
shifts, bleeding, and other major noncardiac problems 
(2,4). Patients undergoing major vascular surgery are 
more likely to have atherosclerotic coronary disease as 
well and have increased risk because of the prevalence 
of this underlying problem. The highest risk noncar- 
disc operation is aortic aneurysm repair (2,4,36), pre- 
sumably because these patients have both a high risk 
of noncardiac postoperative complications and a high 
prevalence of underlying coronary disease (2,4). 

The higher incidence of postoperative complications 
in patients undergoing these types of operations is not 
related primarily to the length of anesthesia, since 
there appears to be little if any correlation between the 
length of an operation and the probability of postop- 
erative complications after controlling for the type 
of surgery (2,24). In fact, studies of perioperative 
ischemia suggest that although intraoperative myo- 
cardial ischemia is somewhat predictive of postoper- 
ative cardiac events, it is less predictive than either 
asymptomatic preoperative ischemia or asymptomatic 
postoperative ischemia (37,38). More sophisticated in- 
traoperative monitoring with transesophageal echo- 
cardiography can provide interesting hemodynamic 
information but there are no data to indicate that it is 
critical for clinical care or decision-making, or for af- 
fecting important patient outcomes (39). 

General Medical and Surgical Status 

Patients who undergo emergency operations are at 
higher risk than similar patients undergoing elective 
surgery (2,4,8), presumably because they are more 
likely to suffer noncardiac complications that, all other 
things being equal, are then more likely to put stress 

on the cardiovascular system and cause secondary 
cardiac complications. Patients with other evidence 
for important comorbid problems, such as hypoxemia, 
hypercapnia, hypokalemia, acidosis, renal failure, or 
serious liver or other diseases also have higher risk of 
cardiac complications, again presumably because their 
unstable condition puts added stress on the cardiovas- 
cular system (2,4,8). 

Multifactorial Indices 

Multifactorial indices, which combine many impor- 
tant characteristics of the patient, are preferable to 
reliance on any single clinical factor when assessing 
perioperative risk. Three different large studies (2,4,5) 
have proposed slightly different multifactorial indices 
(Table 4), each of which has substantial overlap in 
terms of the factors that are included. Of these three, 
the only one to have been evaluated in other large 
prospective series is the original multifactorial index 
(2). In consecutive, unselected patients, this index has 
performed nearly equivalently in two large prospec- 
tive validations in Canada and Europe (3,4) as in its 
original set of patients in the United States (Figure 1). 
It also performed extremely well in a consecutive se- 
ries of patients with prior coronary or valvular sur- 
gery who then underwent noncardiac surgery (40). In 
other selected patients, such as those who had medical 
consultations or underwent abdominal aortic aneu- 
rysm surgery, the original index performed signifi- 
cantly better than chance but not as well as in the 
original series (36,41). Ongoing work by my col- 
leagues and me, and by others, should help update the 
factors that remain important in the current era. 

Since a fundamental principle of clinical reasoning 
is that new information, such as from a diagnostic test 
or multifactorial index, must be integrated with prior 
information to estimate an updated probability, it is 
not surprising that risk indices derived on more 
general patient populations would not be perfectly 
applicable to more selected patient samples (41,42). 
Therefore, in the context of probabilistic reasoning, the 
result of a risk index can be considered in the same 
way that one would interpret the result of a diagnostic 
test. By integrating a patient’s score on a risk index 
with the prior probability of major complications in a 
large population of reasonably similar patients, the 
resulting risk estimate, like a positive predictive value 
described in Table 1, will be better than either the prior 
probability or the risk index score alone (Table 5). 

The Special Case of Patients with 
Ischemic Heart Disease 

Patients with known ischemic heart disease or who 
are at very high risk for it represent a special type of 
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Table 4. Three Cardiac Risk Indices 

Factor Points 

Original index” (2) 
A-ge >70 yr 
MI in previous 6 mo 
S, gallop or jugular venous distention 
Important aortic stenosis 
Rhythm other than sinus or PACs on last 

preoperative ECG 
>5 PVCs/min documented at any time 

before operation 
PO, <60 or Pco, >50 mm Hg; K c3.0 or 

HCO, <20 mEq/L; BUN >50 or Cr >3.0 
mg/dL; abnormal AST, signs of chronic 
liver disease, or bedridden from 
noncardiac causes 

Intraperitoneal, intrathoracic, or aortic 
operation 

Emergency operation 
Detsky et aLb (5) 

MI within 6 mo 
MI more than 6 mo 
Canadian Cardiovascular Society angina 

Class III 
Class IV 

Unstable angina within 6 mo 
Alveolar pulmonary edema 

Within 1 wk 
Ever 

Suspected critical aortic stenosis 
Rhythm other than sinus or sinus plus 

PACs on last preoperative ECG 
More than five PVCs/min at any time 

prior to surgery 
Poor general medical status 
Age >70 yr 
Emergency operation 

Larsen et al.” (4) 
Congestive heart failure 

Persistent pulmonary congestion 
No, but previous pulmonary edema 
Neither, but previous heart failure 

Ischemic heart disease 
MI within 3 mo 
No, but older infarction and/or angina 
pectoris 

Diabetes mellitus 
Serum creatinine >0.13 mmol/L 
Emergency operation 
Major surgical procedure 

Aortic operation 
Other intraperitoneal/pleural operation 

5 
10 
11 
3 
7 

7 

3 

4 

10 
5 

10 
20 
10 

10 
5 

20 
5 

5 

5 
5 

10 

12 
8 
4 

11 
3 

3 
2 
3 

5 
3 

MI = myocardial infarction; I’AC = premature atria1 contraction; ECG = 
electrocardiogram; PVC = premature ventricular contraction; K = potassium; 
BUN = blood urea nitrogen; Cr = creatinine; AST = aspartate aminotrans- 
ferase. 

’ Derived from 1001 consecutive unselected patients more than 40 yr old 
undergoing major noncardiac surgery using multivariable analysis. 

bModification of original index based on the clinical judgments of the 
authors. 

’ Derived from 2609 patients more than 40 yr old undergoing nonminor 
noncardiac surgery using multivariable analysis. 

ROC Area 

x Michel, et al 0.82 

A Detsky, et al 
T Jeffrey, et al 

0.69 
0.63 

25% 50% 75% 100% 

FALSE POSITIVE RATE 
Figure 1. Comparative accuracy of the original multifactorial index 
in various large studies. Receiver operating characteristics curve 
(ROC) plot of the true-positive rate (sensitivity) on the ordinates 
against the false-positive rate (l-specificity) on the abscissae of the 
ability of the original multifactorial index to discriminate patients 
with and without major cardiac complications. Steeper curves in the 
upper left quadrant represent better tests. In all studies, the index 
performed significantly better than chance by formal statistical test- 
ing, and in the two largest studies of consecutive, unselected pa- 
tients, its performance was very similar to the original report. 
[Please see reference list: Original (Z), Michel et al. (40), Zeldin (3), 
Larsen et al. (4), Detsky et al. (5,41), and Jeffrey et al. (36j.l 

patient. Even if they are thought to be at low risk on 
any of several cardiac risk indices, specific attention 
must be given to the status of their coronary disease 
before deciding that surgery is low risk. 

Perhaps the most important indicator of risk in the 
patient with coronary artery disease or multiple risk 
factors for it is the patient’s functional status. In the 
largest experience of patients with well defined coro- 
nary disease, patients with significant coronary artery 
disease who had Class I or Class II angina or who 
were asymptomatic after myocardial infarction had a 
2.4% mortality rate after a subsequent noncardiac sur- 
gery if their coronary disease was managed medically 
(11). However, only 6 of the 11 deaths were directly 
related to cardiac causes, thus yielding a 1.3% cardiac 
mortality rate. Although the rates of total death (0.9%) 
and cardiac death (0.4%) were lower among patients 
with similar degrees of coronary disease who had 
undergone coronary artery bypass grafting prior to 
noncardiac surgery, the absolute differences were 
small (11). Furthermore, since the average expected 
mortality rate from elective coronary artery bypass 
grafting is about 1.5%, the strategy of prophylactic 
coronary bypass surgery prior to noncardiac surgery 
would be expected to yield an overall mortality rate 
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Table 5. Potential Use of the Original Multifactorial Cardiac Risk Index to Estimate the Probability of Cardiac 
Complications in Different Types of Patients 

Approximate 
baseline risk of 
major cardiac 
complications 

Type of patient (%) 

Minor surgery 1 
Unselected consecutive patients more than 40 3 

yr old who have major noncardiac surgery 
Patients with known high risk characteristics, 10 

such as patients undergoing abdominal 
aortic aneurysm surgery 

Approximate risk of major cardiac 
complications as adjusted using multifactorial 

index (%) 

Class I, Class II, Class III, Class IV, 
O-5 points 6-12 points 13-25 points 226 points 

0.3 1 3 19 
1 3.5 10 45 

3 10 30 75 

Updated from Goldman L. J Cardiothoracic Anesth 1987;1:237-44 (42). 
a Calculated using data from five studies (2-5,36) and more than 4300 patients using the original multifactorial cardiac risk index on various types of patients. 

that would be essentially identical to the strategy of 
noncardiac surgery under good medical management. 
Enthusiasm for routine preoperative coronary revas- 
cularization must be further tempered by the realiza- 
tion that there was no difference in the risk of periop- 
erative myocardial infarction between the two groups 
in this study (11). 

An alternative approach for patients with known 
coronary artery disease would be preoperative PTCA. 
In a relatively large series of preoperative PTCA (24), 
50 patients with advanced coronary disease were 
treated with PTCA before 54 operations, 49 of which 
were major. An average of 1.5 stenoses were dilated 
per patient, and PTCA was successful in 50 of the 
patients. In the five in whom it was unsuccessful, one 
had a myocardial infarction. Four additional myocar- 
dial infarctions occurred in patients who were able to 
undergo their operations: one with the PTCA itself 
and three postoperative myocardial infarctions, one of 
which was fatal, despite the PTCA. Based on substan- 
tial data regarding the relative risks and benefits of 
PTCA as compared with coronary artery bypass graft- 
ing (43), it should not be expected that PTCA will be 
sufficiently less risky than coronary artery bypass 
grafting to become a routine preoperative strategy for 
patients with known mild, stable angina. 

If patients with stable and relatively mild (Class I or 
early Class II) angina have risks that, although up to 
10 times or more higher than patients without coro- 
nary disease, are still not sufficiently high to warrant 
routine preoperative coronary arteriography and re- 
vascularization, how can such patients be identified 
reasonably reliably? Perhaps the easiest approach is to 
know or learn the patient’s functional status. In two 
different studies of patients more than 65 yr old un- 
dergoing major abdominal or thoracic noncardiac sur- 
gery, the ability to reach a heart rate of 100 bpm or 
more with supine bicycle exercise was a better predic- 
tor of perioperative complications than the rest or 

exercise electrocardiogram or radionuclide ejection 
fraction (44,451. In a study of vascular surgery patients 
(46), complication rates were substantially lower in 
patients who could reach 85% of their maximal pre- 
dicted heart rate than in patients who could not; ex- 
ercise capacity appeared to be more important than 
the amount of ST-segment depression at peak exercise. 
In another study, the complication rate was 1% in 
vascular surgery patients with a negative exercise test 
as compared with a 16% rate in patients with a posi- 
tive test (47). 

The weight of evidence indicates that patients who 
are known to be Class I or early Class II functional 
status or who can be shown to have such a functional 
status by exercise testing are at sufficiently low risk for 
major complications that there currently is no ratio- 
nale for routine coronary angiography and revascu- 
larization. In patients who cannot exercise, however, 
because of conditions such as orthopedic problems or 
peripheral vascular disease, the assessment of func- 
tional capacity and of cardiac risk for noncardiac sur- 
gery is more difficult (48-50). The frequency of angi- 
nal symptoms cannot be used as a proxy for functional 
capacity, because inactive patients may have infre- 
quent symptoms that would be unmasked if their 
noncardiac conditions permitted them to attempt to be 
more active. It is in such patients that a variety of 
newer diagnostic tests have been proposed and are 
used frequently but with great variation among dif- 
ferent physicians (51). 

Assessment based on functional status may miss 
patients with silent ischemia. However, silent ische- 
mia is most often found in patients who also have 
symptomatic ischemia. Searches for silent ischemia 
are most likely to be fruitful in patients who either 
already have angina1 symptoms or who are at very 
high risk for coronary disease and are unable to exer- 
cise because of noncardiac conditions. 
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Preoperative Cardiac Testing in Patients 
Who Cannot Exercise 
Several investigators have reported that preoperative 
dipyridamole thallium scintigraphy can effectively 
stratify cardiac risk in patients undergoing peripheral 
vascular surgery (12,14-17,52-55). In many of these 
studies, the thallium scintigram result was the single 
most important predictive factor. Eagle et al. (14), 
however, demonstrated that the dipyridamole thal- 
lium scintiscan is most helpful in patients who are at 
neither very high nor very low risk based on a simple 
clinical assessment. Regardless of whether a clinical 
assessment is based on their factors (age ~70 yr, his- 
tory of angina, history of ventricular arrhythmias re- 
quiring treatment, diabetes requiring treatment, or a 
Q-wave on the electrocardiogram) (14) or on the fac- 
tors reported in Table 4, patients with none of their 
factors or who are Class I on a multifactorial index and 
have no prior history of known coronary heart disease 
are at low risk for complications regardless of the 
thallium scintiscan result. At the other extreme, pa- 
tients with three or more of the factors reported by 
Eagle et al. 04) or who are known to be Class III or 
Class IV by other approaches (Table 4) are at high risk 
regardless of the thallium scintiscan result. The thal- 
lium scintiscan was helpful primarily with the middle 
risk patients: those with one or two factors and a 
positive thallium scintiscan had a 30% complication 
rate, which was similar to the rate in patients with 
three or more factors, while patients with one or two 
factors and a negative thallium scintiscan had just a 
3% complication rate, similar to patients with no clin- 
ical factors (14). 

In the large series of patients who were referred for 
dipyridamole thallium scintigraphy, the risks of major 
cardiac complications tended to average 6% or more 
and the risk of perioperative death averaged about 
3% (12-17). In this selected group of patients, virtually 
all studies have shown dipyridamole thallium.scintig- 
raphy to add important incremental prognostic 
information. 

By comparison, unselected patients undergoing ab- 
dominal aneurysm repair or vascular surgery have 
risks only approximately half as high as in these se- 
lected patients. In both one large (9) and one smaller 
(56) series of dipyridamole thallium scintigraphy in 
this less selected patient population, the scintiscan did 
not add significant predictive information. It therefore 
appears that dipyridamole thallium scintigraphy can 
be a very useful test in selected, high-risk patients who 
are referred for the test and who are known to have 
coronary disease or be at any high risk for it, but the 
test is not as useful and perhaps not useful at all when 
applied to consecutive unselected vascular surgery 
patients. 

Dipyridamole thallium scintigraphy can also be 
used in patients undergoing nonvascular surgery if 
they are at high enough risk for the test to be poten- 
tially useful. In one such study (57), redistribution on 
the dipyridamole thallium scintiscan was useful for 
predicting postoperative cardiac complications, al- 
though all such patients were also more than 70 yr old 
or had known congestive heart failure; two cardiac 
deaths occurred, both in patients who were in Class III 
or Class IV on the original multifactorial risk index. 

An alternative to dipyridamole thallium scintigra- 
phy is ambulatory ischemia monitoring. In one study 
(lo), there were 12 major postoperative cardiac events 
among 32 patients with asymptomatic preoperative 
ambulatory ischemia compared with just one event 
among 144 patients without preoperative ischemia. 
Although preoperative ischemia was the single most 
important predictor of postoperative complications, 
the test was not helpful in a low-risk group of patients 
who were less than 70 yr old, were Class I on the 
original risk index, and had no history of angina, 
myocardial infarction, or diabetes (10). In subsequent 
studies by our group, the appearance of asymptoma- 
tic postoperative ischemia was of almost equivalent 
prognostic importance to asymptomatic preoperative 
ischemia, while intraoperative ischemia, although a 
statistically significant predictor of postoperative 
events, was substantially less predictive than either 
preoperative or postoperative ischemia (38). 

In a prospective study of 474 men with coronary 
artery disease or at high risk for it (6), asymptomatic 
preoperative ischemia was again a significant univa- 
riate predictor of major postoperative events, but in 
this latter series it was slightly less important than 
asymptomatic postoperative ischemia (odds ratio 3.3 
for postoperative ischemia compared with 3.1 for pre- 
operative ischemia). Once again, asymptomatic intra- 
operative ischemia was a statistically significant 
univariate predictor of postoperative events but was 
not nearly as important as preoperative or postopera- 
tive ischemia. Several other studies (58-60) also have 
documented the importance of asymptomatic preop- 
erative and postoperative ischemia for predicting 
postoperative events. Postoperative ischemia is espe- 
cially important if it persists for 4 h or more (61). 

These studies on ambulatory ischemia make several 
important clinical points. First, both preoperative and 
postoperative ischemia are important, and they are 
roughly equivalent in importance; intraoperative is- 
chemia, although predictive of postoperative events, is 
not nearly as predictive as preoperative and postop- 
erative ischemia. Second, the same types of selection 
criteria that can be used to increase the utility of 
dipyridamole thallium scintigraphy can also be used 
to increase the utility of ambulatory ischemia moni- 
toring. Third, experience with postoperative ischemia 
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monitoring has demonstrated that there is often a 
period of 1-4 h or more between the appearance of 
asymptomatic ischemia and the development of a clin- 
ical event. These data suggest a “window of opportu- 
nity” for possible treatment if patients could be mon- 
itored effectively. 

Stress echocardiography using dipyridamole or do- 
butamine (62-66) has been reported by several au- 
thors to predict postoperative complications. This 
technique requires experienced echocardiographers, 
and the cumulative number of patients who have 
undergone this test is too low for definitive conclu- 
sions at present. Nevertheless, some data suggest that 
stress echocardiography may be associated with fewer 
false-positive results than dipyridamole thallium scin- 
tigraphy or ambulatory ischemia monitoring. How- 
ever, it is likely that stress echocardiography, like 
dipyridamole thallium scintigraphy and ambulatory 
ischemia monitoring, will be most useful in patients 
whose functional status cannot be determined by the 
history or by exercise stress testing. Ischemia monitor- 
ing remains the only one of these three modalities that 
is useful for continuous postoperative surveillance. 

Measurement of radionuclide ejection fraction iden- 
tified patients who were at higher risk for postopera- 
tive complications in one study (67), but many studies 
have questioned its incremental value for predicting 
major postoperative events (68-70) even after exercise 
(44). In the largest study (9), the radionuclide ejection 
fraction was predictive of postoperative congestive 
heart failure but was not an independent predictor of 
postoperative myocardial infarction, prolonged myo- 
cardial ischemia, or cardiac death. 

Noninvasive preoperative tests, whether with exer- 
cise or pharmacologic stress, carry few direct risks and 
may seem desirable because of the added information 
they provide. However, these tests should be recom- 
mended only when they are sufficiently likely to lead 
to an appropriate change in management. 

Integrated Approach to the Patient with 
Ischemic Heart Disease 

By combining the history, information contained in 
cardiac risk indices, and the judicious use of diagnos- 
tic tests, patients with known angina can be stratified 
effectively preoperatively (Table 6). In patients who 
are low risk by this integrated approach, further inva- 
sive testing does not appear to be indicated, and sur- 
gery should be undertaken with appropriate preoper- 
ative, intraoperative, and postoperative management. 

If patients are not at low risk by this approach, one 
option is to intensify the medical regimen and to re- 
evaluate the patient. A second approach is to recom- 
mend coronary arteriography and then to revascular- 
ize any appropriate lesions. A third approach is to 

Table 6. General Approach to Patients with Angina 

1. Assess functional capacity by history. 
2. If the history is reliable and the patient is Class 

I or early Class II (can carry two grocery bags 
up a flight of stairs), surgery is low risk. 

3. If history is unreliable, do an exercise tolerance 
test. 

4. If history is unreliable or unhelpful and the 
patient is unable to exercise, do dipyridamole 
thallium scintigraphy, ambulatory ischemia 
monitoring, or stress echocardiography. 

proceed to surgery, usually after optimization of med- 
ical treatment, with more intense perioperative mon- 
itoring and treatment (71). The limited data available 
suggest that coronary revascularization should be rec- 
ommended in situations in which it would be advised 
regardless of the noncardiac surgery, but that medical 
management is probably equivalent in other patients. 
However, the particular choice must be made for each 
individual patient, with the recognition that the pleth- 
ora of prognostic studies are currently associated with 
a dearth of therapeutic trials (72-74). Future research 
must focus on appropriate trials of interventions in 
situations in which the risk of complications is suffi- 
ciently high that additional preoperative studies are 
likely to be informative. Furthermore, the cardiac 
patient continues to be at risk for noncardiac compli- 
cations throughout the hospitalization (75) and for 
future cardiac complications after hospitalization (76). 

In the meantime, coordinated assessment and man- 
agement by all involved physicians is required to op- 
timize the outcome of the cardiac patient undergoing 
noncardiac surgery. A collegial and mutually respect- 
ful collaboration is needed, in which each participant 
recognizes the expertise of the other but simulta- 
neously avoids over-concern with protecting his or 
her own turf. 
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