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The high prevalence of severe coronary artery disease (CAD)
in patients who need vascular surgery is responsible for
their high risk for both short- (30-days postoperatively) and
long-term morbidity and mortality. Coronary revasculariza-
tion before noncardiac surgery is virtually never indicated
solely &dquo;to get a patient through&dquo; the perioperative period.
Patients with 3-vessel CAD or left main artery disease and
those with poor left ventricular function are a subgroup who
may benefit from surgical coronary revascularization. After
clinical evaluation, selective noninvasive testing with either
dobutamine stress echocardiography or dipyridamole scin-

tigraphy followed by coronary angiography, when these test
results are positive, appears reasonable. Such evaluation
may identify patients with coronary anatomy that need re-
vascularization. Evidence-based medicine and Bayesian the-
ory provide tools to evaluate these strategies.
Copyright &copy; 2000 by IN.B. Saunders Company.

he prevalence of symptomatic and asymptomatic cor-onary artery disease (CAD) in vascular surgery pa-
tients is high.l-3 Patients are at risk for short-term (30-days
postoperatively) and long-term cardiac-related morbidity
and mortality. To limit morbidity and mortality, various
preoperative strategies have been proposed. However, the
recommendations of experts are variable, conflicting, and
confusing, which makes choosing one strategy difficult.
Thus, preoperative evaluation, risk stratification, and prep-
aration before vascular surgery remain highly controver-
sial.4 The cardiac risk of vascular surgery patients may be
estimated for several reasonS5; (1) to target those who

might benefit from perioperative risk-reducing strategies,
such as drug therapy, invasive monitoring, extra thermal
care, and so on; (2) to identify patients who might benefit
from preoperative myocardial revascularization. Finally, a
conservative surgical procedure or no surgery at all may be
an option for those at high risk and who are unlikely to

benefit from risk-reducing strategies or revascularization.
In our cost-conscious medical environment, the primary
goal of any strategy is to minimize cost while preserving or
improving the quality of care with technology assess-

ment,6,7 evidence-based medicine,8 and economic analy-
sis.9,10 This review focuses on patients who need noncar-
diac peripheral vascular surgery, ie, repair of an

abdominal aortic aneurysm (AAA) or aortic occlusion,

lower extremity revascularization, or carotid endarterec-
tomy.

Coronary Artery and Peripheral Vascular
Disease

When coronary angiography was performed in 1,000 con-
secutive vascular patients, correctable CAD was identified
in 31 % of patients scheduled for aortic repair, 26% of

patients for carotid endarterectomy, and 21 % of patients
with ischemia of the lower extremity.’ Significant CAD
(stenosis > 70%) was found in 37% of patients without
clinical indications and in 78% with symptoms. When

these data were pooled with 50 other series that repre-
sented more than 10,000 patients, evidence of CAD was
found in approximately 50% (range 22%-70%) of patients
scheduled for vascular surgery.‘-’ Significant CAD was
found in approximately 60% of patients who underwent
preoperative coronary angiography. Prevalence of CAD in
patients with peripheral vascular disease varies from 16%
to 92%, which depends on the method of evaluation and
type of peripheral vascular disease.3 In another series of 125
patients who needed repair of AAA, angiography detected
CAD that required revascularization in 26.5% of patients.
The prevalence of diffuse inoperable CAD was 5.6%.1 l

Short-Term Morbidity and Mortality
Short-term morbidity and mortality after vascular surgery
is higher than after other types of noncardiac surgery. 12-15
Complications after vascular surgery include cardiac-re-
lated death, myocardial infarction (MI), cardiogenic pul-
monary edema, ischemic ST-T changes, unstable angina,
and dysrhythmias. The risk of these cardiac complications
ranges from 5% to 40%.’ Reports of cardiac death and MI
are usually consistent in risk stratification studies in vascu-
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lar surgery, but nonreporting of the other events does not

necessarily mean that no event occurred.14,15 The rate of
MI and cardiac-related death after vascular surgery ranges
from 2% to 15%, which depends on the type of surgery
and the clinical pathways. A meta-analysis of 20 studies
(n = 1,891 patients), showed the following rates of post-
operative cardiac-related morbidity and mortality: death,
0% to 8% of patients; MI, 0% to 15.3%; unstable angina,
0% to 10.4%; and pulmonary edema, 0% to 8.3%.13

In a prospective study, Krupski et all° compared the
rate of perioperative cardiac complications after aortic
surgery (n = 53) or lower extremity vascular surgery (n =

87). The rates were 24% for aortic surgery and 28% for

infrainguinal surgery; the rates of cardiac death were 2%
and 3.5%, respectively. The percentage of patients who
had a history of angina, congestive heart failure, diabetes
mellitus, dysrhythmias, or digitalis therapy was significantly
higher among patients in need of infrainguinal proce-
dures. The investigators attributed the high morbidity af-
ter infrainguinal procedures to a higher likelihood of
preoperative cardiac risk factors in that group.

Complications after carotid endarterectomy are gener-
ally less frequent, regardless of the presence or absence of
known CAD.17 For example, in 177 patients who under-
went carotid endarterectomy, the rates of cardiac-related
death, MI, pulmonary edema, and ventricular tachycardia
were 0%, 2%, 17%, and 3%, respectively, for patients
without clinically recognized CAD (n = 93); rates were
0%, 3%, 5%, and 2%, respectively, for patients with CAD
(n = 64); and 0%, 0%, 10%, and 0%, respectively, for
patients who had myocardial revascularization (n = 20)
before carotid endarterectomy.ls

Long-Term Morbidity and Mortality
The presence of CAD decreases long-term survival substan-
tially after vascular surgery. In 7,805 vascular surgery pa-
tients, the 5-year mortality rate was 20% for those with no
overt CAD, 41 % for those with suspected CAD, and 21 %
for those who had previous coronary artery bypass graft
(CABG) surgery.2 A population-based study with a 17-year
follow-up reported long-term survival in 131 patients who
had repair of AAA.1° Uncorrected CAD was associated with
a nearly 2-fold increase in the risk of death hazard ratio,
1.79 (95% confidence interval, 1.06 to 3.00) and a 4-fold
increase in the risk of adverse cardiac events.

In a prospective observational study of patients at high
risk undergoing abdominal aortic or infrainguinal vascular
operations, Krupski et a12° found the incidence of long-
term adverse cardiac outcomes was substantially greater
after infrainguinal operations because of a greater preva-
lence of diabetes and CAD in that group. These results

were similar to short-term perioperative outcomes.l6

When the risk for cardiac morbidity and mortality was
evaluated in 376 consecutive patients who had infraingui-
nal revascularization procedures, 129 patients (34.3%) had

183 cardiac events in the follow-up period (mean 5.9

years). Of these patients, 79 (61.2%) died and 13 (10.0%)
required coronary angioplasty or bypass. The risk of car-
diac events was 34% at 5 years and increased to 56% at 15

years. Age, cardiac disease, and impaired renal function at
the time of operation were associated with an increased
risk of cardiac events during follow-up. Independent pre-
dictors of cardiac death were age, cardiac disease, hyper-
tension, diabetes, and impaired renal function.21 For an-
other geographically-defined patient group (n = 173)
after aortoiliac, aortofemoral, femoropopliteal, or infrap-
opliteal revascularization, the Kaplan-Meier survival rate at
5 and 10 years was 77% and 51 %, respectively, for those
without overt CAD and 54% and 24% for those with overt
CAD (P < .O1).‘-&dquo;

In another population-based study, the Kaplan-Meier
estimate of 8-year survival after carotid endarterectomy was
89% for patients without overt CAD and 75% for those
with overt CAD.18 Coronary rather than cerebrovascular
disease was the most frequent cause of long-term morbid-
ity and mortality.

When Yeager et al23 compared 1,561 patients who did
or did not have MI after peripheral vascular surgery, sur-
vival rates at 1 and 4 years were similar, but among those
with MI, incidence of adverse cardiac events and coronary
artery revascularization was higher.

In a study that comprised 547 vascular surgery patients
(aortic, n = 321; infrainguinal, n = 177; carotid, n = 49),
patients who had infrainguinal procedures had more than
twice the risk for perioperative MI and a 3-fold risk for
cardiac events (confidence interval 1.8 to 5.1, P = .005)
compared with patients who had aortic surgery. The first
value was reduced to insignificant levels and the second to
1.3 (95% confidence interval 0.8 to 2.3, P = .32) after

adjustment for comorbid factors. Long-term risk among
patients undergoing carotid artery surgery was less dramat-
ically altered by risk factor adjustment. The investigators
attributed the differences to CAD risk factors, not to the

type of vascular surgery. 24
After analysis of the data from the Coronary Artery

Surgery Registry on 1,834 patients who had both periph-
eral vascular disease and CAD and underwent either

CABG (n = 986) or medical therapy (n = 848), the

estimated probability of survival at 4, 8, 12, and 16 years
after surgery was significantly (P < .001) higher for the
CABG group (88%, 72%, 55%, and 41%, respectively)
than for the medical group (73%, 57%, 44%, and 34%,
respectively). The type of therapy was independently asso-
ciated with survival (P < 0.0001). The benefits of surgical
therapy were limited to patients with 3-vessel CAD and
were inversely related to ejection fraction. The rate of
survival free of MI was also significantly better for the
surgical group. The investigators concluded that myocar-
dial revascularization provides long-term benefits for pa-
tients who have both CAD and peripheral vascular dis-
ease.25
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In several other studies2&dquo;3° of patients who underwent
vascular surgery, adverse cardiac events and mortality were
related to the severity of CAD documented at the time of
surgery. The presence of diabetes mellitus is an additional

risk factor that adversely affects the long-term survival of
vascular surgery patients.’~0.21,22.26.29

Thus, irrespective of the type of vascular surgical pro-
cedure, prior revascularization therapy for CAD before
vascular surgery appears beneficial. Controversy persists as
to whether identification of patients most likely to have
myocardial ischemic events benefits patients. Invasive in-
terventions, including CABG, may benefit patients with
vascular disease but are generally more risky in these pa-
tients.31,32 Coronary revascularization may be a &dquo;survival

test&dquo; that increases short-term morbidity3&dquo;S or it may lead to
better long-term survival.34 Patients who have survived cor-
onary revascularization have fewer cardiac complications
after vascular surgery.35 When 194 patients underwent
percutaneous transluminal coronary angioplasty (PTCA)
before vascular surgery, their perioperative cardiac com-
plications were limited. The benefit was shown when cor-
onary angioplasty was performed up to 18 months before-
hand.36

Evidence-Based Medicine: Definition
of Terms

Evidence-based medicine refers to conscientious, explicit,
and judicious use of the best evidence in making decisions
about the care of individual patients. Ideally, evidence
must be provided by randomized, controlled, clinical tri-

als. When a randomized clinical trial cannot be performed
on ethical or logistical grounds, weaker forms of evidence
are considered, such as prospective observational studies,
retrospective studies, and case series.

The following guidelines are suggested for levels of
evidence based on the study design from highest to lowest
quality3~: Level I, large randomized trials with clear-cut
results and low risk of (cx) false-positive or ({3) false-nega-
tive errors; Level II, small randomized trials with uncertain
results and moderate-to-high risk of (a) false-positive or
(p) false-negative error; Level III, nonrandomized trials
with contemporaneous controls; Level IV, nonrandom-
ized, historical controls and expert opinion; Level V, case
series, uncontrolled studies, and expert opinion.

Synthesis of evidence by systematic review of the litera-
ture, meta-analysis, or decision analysis can resolve confu-
sion in some controversial areas. Meta-analysis is a statisti-
cal method that synthesizes evidence from different but
related studies. Decision analysis is an explicit analytic tool
designed to facilitate complex therapeutic or diagnostic
decisions in which many variables must be ’considered

simultaneously. In policy applications, decision analysis is
applied to society, populations, or groups of patients. The
analysis involves constructing a decision tree and mapping
all relevant courses of action and their associated out-

comes. The expected utility of each potential course of
action is a function of both the probability of the outcome
and its utility. Typical measures of utility can be lives saved,
number of MIs averted, life expectancy, quality adjusted
life expectancy, and costs. In decision analysis, Markov
modeling is used to obtain the outcome in life years,

quality adjusted life years (QALYs), and lifetime costs.

Sensitivity analysis to assess the impact of variations in

probabilities and utilities on the final decision enhances
the flexibility of decision analysis. Decision analysis models
also can be used to evaluate 2 or more mutually exclusive
competing strategies. The analysis involves computing the
incremental cost-effectiveness ratio and comparing it with
some benchmark values. The numerator in the ratio is the

difference in cost and the denominator is the difference in

effectiveness (typically, QALYs) . A strategy is generally con-
sidered &dquo;cost-effective&dquo; if the ratio is between $20,000 and
$40,000 (1991 US dollars) per QALY, because the range is
consistent with other funded programs, such as hemodi-

alysis and hypertension.3s Other classifications are &dquo;very
attractive&dquo; ratio, which is less than $20,000 per QALY;
&dquo;expensive&dquo; ratio, which is more than $60,000; and &dquo;unat-
tractive&dquo; ratio, which is more than $100,000 per QALY.

The American College of Physicians provides grades
when formulating guidelines for assessing and managing
the perioperative risk from CAD associated with major
noncardiac surgery. Strong quality equals are studies with
a sample size of 100 or more, prospective evaluation, con-
secutive selection of patients, and double blinding. Fair
quality equals are those with a sample size less than 100,
prospective evaluation, consecutive selection of patients,
single blinding or no blinding. Weak quality equals are
studies based on retrospective chart reviews. 15

The American Heart Association (AHA)/American
College of Cardiology (ACC) uses the following codes to
summarize recommendations for a particular strategy for
perioperative cardiovascular evaluation for noncardiac

surgery: class I, conditions for which there is evidence and
or general agreement that a procedure be performed or a
treatment is of benefit; class II, conditions for which there
is a divergence of evidence and/or opinion about the
treatment; class III, conditions for which there is evidence

and/or general agreement that the procedure or treat-
ment is not necessary. 14

Principles of Diagnostic Test Selection
Clinical evaluation, noninvasive tests, and coronary an-

giography are used to identify the severity of CAD before
vascular surgery or to predict perioperative cardiac com-
plications. By applying the principles of Bayesian theory to
diagnostic tests and risk stratification strategies, unneces-
sary tests that do not provide additional information can
be eliminated. One application of Bayesian theory to di-
agnostic testing is the use of odds and the likelihood ratio.
Unlike sensitivity, specificity, predictive values, or proba-
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bilities, likelihoods are expressed as odds. The likelihood
ratio expresses the odds that the test result occurs in

patients with the disease versus those without the disease.
Thus, there is one likelihood ratio for a positive test and
another for a negative test. If the probability of a particular
event, like CAD is P, then the odds in favor of the event can
be defined as P/ ( 1 - P). The odds can be converted to

probability with the formula: Probability = odds/(1 +
odds) .

Assuming a noninvasive diagnostic test has a sensitivity
of 0.8 (80%) and a specificity of 0.9 (90%) to detect CAD
that warrants therapeutic intervention, likelihood ratios
for positive and negative test results are 8 (0.8 /(1 - 0.9)

and 0.22 (1 - 0.8) /0.9) , respectively. If the test is used in
4 patient groups, posttest probabilities of CAD can be
revised based on test results and the use of the formulas

shown in Fig 1.
As shown in Table 1, limited information is obtained by

testing individuals with very low or very high prior proba-
bility for the disease. For those with low prior probability of
CAD, posttest probability is low even with a positive test
result. For those with high probability of CAD, probability
remains high even with a negative test result. Little is

gained from a screening test for a high-risk patient be-
cause the test result is likely to be positive or suspect if
negative.

Figure 1. Application of Bayesian theory to diagnostic testing or perioperative risk stratification, which updates prior
information based on condition to new posterior information. The prior is prevalence (prev) or pretest probability of
disease, condition is test result (positive or negative), and posterior is posttest probability of the disease when the principle
is applied to diagnostic testing. When applied to perioperative risk stratification, the prior is overall risk of complications,
condition is risk stratification class, and posterior is the estimated risk of complications for the class that a patient is
stratified (see text for details).
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Table 1. Application of Bayes’ Theorem to Diagnostic Tests With Dichotomous Results

The previously discussed principles can be applied for
predicting perioperative cardiac complications from pre-
operative diagnostic test results. Pretest probability is the
overall risk of complications and posttest is the estimated
risk of complications for a risk class.5>15 Diagnostic test

results or risk stratification need not necessarily be dichot-
omous when likelihood formulas are applied. Assuming
risk stratification classes range from class 1 (no risk fac-

tors) to class 4 (most risk factors) and the number of

patients suffering perioperative complications (eg, cardi-
ac-related death and MI), the following likelihood ratios
can be derived as in Table 2.

In Table 2, the prior probability of perioperative compli-
cations is 0.2 (20/100), a measure of overall risk of periop-
erative complications. The likelihood ratio for class 1 is 0.27
(0.1/0.375) and for class 4 is 4 (0.5/0.125). The prior odds
0.25 (0.2/0.8) can be revised based on likelihood ratios for
each class. The pretest and posttest probabilities multiplied
by 100 give the data in percentages. A likelihood ratio > 1

produces a posttest probability higher than the pretest prob-
ability. For a likelihood ratio <1, the posttest probability is
less than the pretest probability. A likelihood ratio of 1 im-
plies that the pretest and posttest probabilities are equal.
Therefore, for a diagnostic tests with dichotomous results,
the likelihood ratio must be > for a positive result and <1 I

for a negative result. Similarly, for diagnostic tests with semi-
quantitative results (normal, weakly or strongly positive) or
risk stratification classes, the ratio must ideally be <1 for

normal and lower risk classes and >1 for strongly positive
results or higher risk classes.5n5

If diagnostic tests or predictive systems are evaluated
after a change in the test criterion for positivity, the sen-

sitivity and specificity change. For example, assume a new
marker for myocardial ischemia represents values on a
continuous scale and lets higher values of the marker

represent severe abnormality. When the threshold value for

diagnosis (positivity criterion) is changed to a higher value,
sensitivity will decrease (more false-negatives) and specificity
will increase (fewer false-positives). When the threshold is set
at a lower level, sensitivity will increase and specificity will
decrease. Similarly, when evaluating a noninvasive test to

detect CAD that can assess abnormal regions of myocardium,
the increase in the threshold to more regions for diagnosis
decreases the test’s sensitivity and increases its specificity.
Analysis of receiver operating characteristic (ROC) curves
identifies an ideal threshold value to make a quantitative
evaluation of the test. The curve shows the relationship be-
tween the true-positive rate (sensitivity) and the false-positive
rate (1 - specificity) as the decision threshold of a positive
test varies. The conditional probability of a false-positive de-
cision is depicted on the x-axis and that of a tme-positive
decision is depicted on the y-axis. The closer the curve is to
the upper left comer of the graph, the more accurate it is,
because the tnie-positive rate then approaches 1 while the
false-positive rate remains near zero. Determination of the
area under the curve, which ideally must be more than 0.5
and closer to 1, provides a quantitative measure of the test’s
predictive performance.39

Cardiac Risk Stratification for Vascular
Surgery Patients

There are 3 components to risk stratification. The first is to

segregate patients at high risk for perioperative myocardial

Table 2. Application of Bayes’ Theorem to Multiclass Scoring System



203

ischemia and infarction who might benefit from risk-re-

ducing strategies. The patient’s history, physical examina-
tion, electrocardiogram (ECG), and chest radiograph pro-
vide important prognostic information. Studies have

identified known CAD, CHF, advanced age, severely lim-
ited exercise tolerance, chronic renal insufficiency, severe
uncontrolled hypertension with left ventricular hypertro-
phy, and the use of digoxin as risk factors for perioperative
cardiac morbidity. In most clinical series, CHF (whether
diagnosed by an S3 gallop or basilar rales on physical
examination or history) is associated with the highest
risk. 12

The clinician must also identify patients who have suf-
fered an MI. The risk of reinfarction depends primarily on
the amount of time that has passed since the last infarc-
tion.l‘-’ It has been suggested that at least 6 months must
elapse after an MI before a patient is eligible for elective
noncardiac surgery. However, with thrombolytic therapy
for acute MI and subsequent noninvasive identification of
ischemic burden, this waiting period before surgery may
no longer apply to most patientS.40
A prospective study of consecutive patients for all types

of vascular surgery found that clinical parameters and

scoring systems, including Goldman’s risk index and

Detsky’s risk index, failed to reliably and consistently pre-
dict adverse cardiac outcomes.41 Thus, specialized testing
to identify the extent of CAD seems logical. Given the costs
and risk of coronary angiography, it- is not practical to
subject all patients undergoing vascular surgery to this test
before the procedure. It is also difficult to obtain mean-
ingful results from conventional exercise electrocardiog-
raphy because claudication in the lower extremities of
many patients undergoing vascular surgery prevents them
from achieving an adequate exercise load. Therefore, in-
terest has increased in cardiac risk stratification by other
noninvasive preoperative tests.5.13-15,42-45 Noninvasive tests
include conventional 2-dimensional echocardiography,
ambulatory electrocardiography, radionuclide ventricu-

lography, dipyridamole scintigraphy (DTS), and dobut-
amine stress echocardiography (DSE).

DTS

The DTS test is based on the principle of coronary steal.
Dipyridamole is an antiplatelet drug and a coronary artery
vasodilator. At rest, coronary arteries supplying the normal
myocardium have a great vasodilatory reserve and are able
to increase blood flow up to 10 times the normal amount

to meet extra demand. In areas of critical stenosis, the

coronary arteries are vasodilated in the nonstressed state

and have diminished reserve. Dipyridamole can dilate only
normal coronary arteries, not those in areas with stenosis.
When the thallium radioisotope is injected, stenotic areas
of myocardium have a lower concentration of the isotope
(cold spot) after dipyridamole administration. When the
effect of dipyridamole wears off, the isotope redistributes
to ischemic zones. The areas with redistribution are con-

sidered ischemic but viable; those with persistent defects
with no redistribution are infarcted. Although, both redis-
tributed (reversible) and persistent (fixed) defects may be
abnormal test results in DTS, reversible defects are more

important in risk stratification.
In a fasting patient, dipyridamole (0.56 mg/kg body

weight) is administered intravenously over a period of 4
minutes while heart rate, blood pressure, and ECG are

monitored. After 2 additional minutes to allow the maxi-

mal action of dipyridamole, 2 mCi of thallium-201 is ad-

ministered intravenously. Five minutes after thallium ad-
ministration, initial images at different planes are obtained
with the gamma camera. Images in the same planes are
obtained 2 to 4 hours later. This test can be evaluated

semiquantitatively by the number of segments with redis-
tribution defects and their severity.41 To improve the pre-
dictive value of the test, images can be obtained after 24
hours to identify very late redistribution defects, lung up-
take, left ventricular cavity dilation, and redistribution de-
fect size. Large redistribution defects, defects in ~E:2 coro-
nary territories, or increased lung uptake are considered
high-risk results. A new technique for imaging in DTS is
single photon mission computerized tomography (SPECT).
Adenosine can also be used for coronary vasodilation instead

of dipyridamole. DTS is not suitable for patients with bron-

chospasm, critical carotid stenosis, or a condition that pre-
vents their being withdrawn from theophylline preparations.

DSE

In this test the oxygen consumption of the heart is in-

creased by slow and graded infusion of dobutamine to see
whether new regional wall motion abnormalities develop.
The infusion is continued until 85% of the maximum

heart rate for the patient’s age is achieved. The maximum
predicted heart rate in men is 220 beats/min minus age
and in women is 200 beats/min minus age. Dobutamine is
infused at 10 ju-g/kg body weight per minute for 3 minutes
(stage I). The infusion rate is increased by 10 jig/kg every
3 minutes to a maximum of 40 Ag/kg body weight (stage
IV) and continued for 6 minutes. If signs and symptoms of
ischemia do not develop during stage IV, atropine is ad-
ministered in 0.25-mg increments to a maximum of 1 mg
while the dobutamine infusion is continued. During the
test, the 12-lead ECG is recorded each minute. Blood

pressure is monitored with the patient at rest and at each
stage of the protocol. The 2-dimensional echocardiogram
is monitored continuously and recorded on videotape dur-
ing the last minute of each stage. A quad-screen video
display facilitates side-by-side comparison of rest and stress
images. The test is stopped for any of the following: systolic
blood pressure decreases greater than 40 mm Hg from the
rest value or it is less than 100 mm Hg; severe hypertension
(?240/120 mm Hg); significant tachyarrhythmias; severe
chest pain; horizontal or downsloping of ST-segment de-
pression ~0.2 mV measured 80 milliseconds after the J
point on ECG; ST segment elevation >0.2 mV; or evidence



204

of new wall motion abnormalities. Evaluation is based on

the severity and number of myocardial segments manifest-
ing new wall motion abnormalities. Patients are at high-
risk if new regional wall motion abnormalities are found in
~3 regions or at the first stage of the test. The ischemic
threshold is the heart rate at which new wall motion ab-

normalities occur divided by maximal age-related heart
rate.

In a systematic review of 28 studies of DSE involving
2,246 patients, sensitivity for detecting CAD was 80% and
specificity was 84%. Mean sensitivity for detecting 1-,
2-, and 3-vessel disease was 74%, 86%, and 92%,
respectively.46 Investigators who verified the prediction of
multi-vessel disease by echocardiography consistently re-
ported a high specificity (range 90%-100%). However, the
sensitivity of predicting multi-vessel disease decreased and
varied from 8% to 71 %. Low sensitivity with high specificity
is not surprising when the criteria are stringent; that is, as
a greater number of abnormal segments are set as the
threshold for diagnosis. In the review, only 1 in approxi-
mately 2,000 patients had serious complications, such as
ventricular fibrillation or MI. In another retrospective re-
view of the charts of 90 patients with an AAA ~4 cm, DSE
was safe and no patient suffered aneurysmal rupture
DSE is contraindicated in patients with severe hyperten-
sion or arrhythmias. When echocardiographic image qual-
ity is likely to be poor, as in patients with chronic obstruc-
tive pulmonary disease, DTS may be preferred.

In a meta-analysis of the usefulness of 4 preoperative
tests to predict adverse cardiac outcomes after vascular
surgery, the measure of predictive value was used as rela-
tive risk (Fig 2).13 Relative risk is the probability of a
cardiac event when a test result is positive divided by the
probability of an event when the test result is negative. A
value greater than 1 implies predictive ability. The median
relative risk and 95% confidence intervals (CIs) for the 4
tests are shown in Table 3. Although the DSE test appears
to be the best of the 4, the data do not allow selection of
an optimal test because of overlapping CIs.

In another meta-analysis of DTS and DSE, the odds
ratio was used as a measure of the predictive value of the
tests.48 Again, an odds ratio greater than 1 implies predic-
tive ability. The odds ratio for DTS was 3.9 (95% CI 2.5 to
5.6) and for DSE was 14.4 (95% CI 5.3 to 39.2). Pretest

probability of coronary disease correlated with positive
predictive value of the tests.

Table 4 summarizes the results of 4 studies published
after 1994 that evaluated the usefulness of noninvasive

tests to predict adverse cardiac outcomes after vascular
surgery.49-52 Test factors such as availability at a center,
experience with interpretation, and limitations or contra-
indications also influence the choice of a test before vas-

cular surgery. The expertise of the local laboratory in
identifying advanced CAD is perhaps more important than
the type of test.

Some investigators recommend testing only for symp-
tomatic patients.53-56 An economic analysis of DTS for

screening before aortic and infrainguinal surgical proce-
dures in preventing 30-day postoperative cardiac death or
MI yielded a cost-effectiveness ratio of $392,253 per life
saved and $181,039 per MI averted. The investigators con-
cluded that risk stratification with dipyridamole-thallium
scanning may not be justified given the current trends of
health care reforms

Although ambulatory echocardiography is a simple test,
the value of the test is limited because of the high percent-
age of patients with baseline ECG abnormalities that ob-
scure the diagnosis of myocardial ischemia. The diagnosis
may be obscured by left ventricular hypertrophy with
&dquo;strain,&dquo; bundle branch block, pacemakers, the effects of
digoxin, or nonspecific ST-segment changes caused by
changes in body temperature, serum electrolytes, ventila-
tion, or body position. Determination of systolic left ven-
tricular function may provide prognostic information be-
cause of the association of CHF with morbid postoperative
events. Radionuclide ventriculography can define systolic
and diastolic function.43 If ejection fraction does not in-
crease at least 5% with exercise, myocardial ischemia is
indicated.

Investigators are becoming aware that poor diastolic
dysfunction is also a problem, particularly for hypertensive
patients. Recently, radionuclide ventriculography has

been supplanted by transthoracic echocardiography,
which shows cardiac structure as well as function. In a

prospective study of 250 consecutive patients, transtho-
racic 2-dimensional echocardiography predicted adverse
cardiac outcomes in 9.2% of patients after vascular sur-

gery.57 Using an ejection fraction less than 50%, the fol-
lowing estimates were made for predictive ability of the
test: relative risk 10.03, odds ratio 13.4, likelihood for

positive test 3.7, and likelihood for a negative test, 0.27. In
other studies echocardiographic measurements had lim-
ited prognostic value for assessment of cardiac risk and
suboptimal operating characteristics. 58 Two-dimensional
echocardiography is useful in patients with CHF or a his-
tory of CHF. The guidelines of the AHA do not recom-
mend echocardiography as a routine test for cardiac risk
stratification,

Mangano et a15° and Baron et al,s° have challenged the
usefulness of DTS for routine preoperative screening of
patients undergoing vascular surgery. If one applies Bayes’
theory to diagnostic testing, noninvasive testing is most
beneficial for patients judged to be at moderate risk based
on history and physical examination. According to Eagle’s
algorithm,61 patients are stratified into 3 classes by Q waves
on ECG, history of ventricular ectopic activity, diabetes,
age greater than 70, and angina. With none of these
factors, a patient is at low risk; with 1 or 2 risk factors, at
intermediate risk; and with 3 or more risk factors, at high
risk. Eagle suggested that DTS is most beneficial for pa-
tients at intermediate risk. In patients at high risk, cardiac
complications are expected, irrespective of test results.

Patients with 2 or more risk factors benefited from

SPECT and DTS, which had greater predictive value than
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Figure 2. Meta-analysis of studies with no myocardial revascularization procedures before vascular surgery. Relative risk
(RR) with 95% CIs for adverse cardiac outcome (cardiac death or MI) after vascular surgery in studies of 4 preoperative
tests: DTS, ejection fraction estimation by radionuclide ventriculography (RNV), ambulatory electro-cardiography
(AECG), and DSE. The center of the circle represents the point estimate of RR The area of a circle is proportional to the
study sample size for the respective test group. The vertical solid line represents a RR of 1; outcome is similar whether the
test result is positive or negative. The vertical interrupted line represents the combined median RR for the studies. Final
conclusions were based on the data shown in this figure. 0+, outcome positive; O-, outcome negative; T+, test positive;
T-, test negative. Outcome refers to cardiac death or MI. Please note: The authors and citation numbers described in this
figure refer to those cited in the original article. (Reprinted with permission from Mantha S, Roizen MF, Barnard J, et al:
Relative effectiveness of four preoperative tests for predicting adverse cardiac outcome after vascular surgery: A meta-
analysis. Anesth Analg 79:422-433, 1994.13)

echocardiographic or clinical evaluation.51 The risk factors
were age 2= 70; history of MI, angina, CHF, or diabetes
mellitus; hypertension with severe left ventricular hyper-
trophy ; and Q waves or ischemic ST-segment abnormalities
on ECG at rest.51 Eagle’s criteria were also successfully
applied to stratify risk when combined with DSE results.62

In another Bayesian model of cardiac risk assessment63
in a cohort of 1,081 vascular surgery patients, risk scores
were developed using logistic regression analysis ’for clini-
cal variables: age more than 70, angina, history of MI,
diabetes mellitus, history of CHF and prior myocardial
revascularization. A second model was developed using
reversible defects, fixed defects, and ST changes after DTS

Table 3. Median Relative Risk of a Meta-Analysis
of 4 Tests

Data from Mantha et all
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Table 4. Noninvasive Tests to Predict MI and Cardiac Death After Vascular Surgery

Abbreviations: RWMA, regional wall motion abnormalities; LVH, left ventricular hypertrophy; Pos, positive; Neg, negative.
* As defined by the American College of Physicians. 15
f Value after 0.5 was added to all the cells because of a zero event in those with a negative test result. Without the correction the relative risk and odds ratio
would be infinite.

tests. These models were validated in a separate set of

patients by comparing event rates with risk estimates and
by performing ROC analysis. The postoperative cardiac
event rate was 8% for both sets. By the clinical model, the
observed rates were 3%, 8%, and 18% for patients classi-
fied as at low, moderate, or high risk, respectively, by
clinical risk factors. The addition of data from DTS tests

reclassified more than 80% of patients from moderate-to-
low (3%) or high (19%) risk. No reclassification was pro-
vided for patients at low or high risk.

Neural networks also are being considered for predict-
ing outcomes. Neural networks are computer programs
based on the principles of artificial intelligence and are
typically used to model variable interactions and nonlinear
relationships. When neural network scores were computed
based on cardiac risk factors and DTS results and then

converted into likelihood ratios for risk in 514 patients, the
networks successfully estimated perioperative risk with bet-
ter calibratio than comparable logistic regression models. 64

Perioperative Strategies in Patients at
Moderate and High Risk
Patients at highest risk on the basis of noninvasive testing
often undergo preoperative coronary revascularization as
discussed later. For patients identified as having moderate
risk for cardiac events after clinical stratification and selec-
tive testing, risk-reducing strategies are put in place. Peri-
operative beta-adrenergic blockade may be the most effi-
cacious drug therapy for ischemia prophylaxis. The
strategies may include drug therapy to prevent myocardial
ischemia, invasive monitoring, stress-reducing anesthetic
techniques, or a prolonged stay in the intensive care unit.
When 200 patients were randomly allocated to receive
either atenolol (n = 99) or placebo (n = 101) at least 30
minutes before and for 7 days after noncardiac surgery,
mortality was significantly lower among the atenolol-

treated patients. Rates were 0% versus 8% (P < .001) 6
months after discharge, 3% versus 14%, (P = .005) after 1
year, 10% versus 21 %, (P = .019) after 2 years. The prin-

cipal effect was a reduction in deaths from cardiac causes

during the first 6 to 8 months,.65 Event-free survival

throughout the 2-year study period was 68% in the placebo
group and 83% in the atenolol group (P = .008). Inci-
dence and severity of myocardial ischemia as assessed by
Holter monitoring was reduced because of atenolol ther-

apy.66 i3-adrenergic blockers, like atenolol, reduce periop-
erative myocardial ischemia by controlling heart rate and

improving myocardial oxygen supply-demand balance.

More recently, perioperative beta-blockade therapy with

bisoprolol significantly reduced affected 30-day mortality
and MI in high-risk patients undergoing vascular surgery.
Of 59 patients given bisoprolol, 2 (3.4%) died (both of
cardiac causes), of 53 patients given standard care, 9 (17%,
P = .02) died. There were 9 (17%) nonfatal MIs after
standard care and none in the bisoprolol group (P <

.001 ) .b7
The benefits of the a2-adrenergic agonist clonidine for

controlling perioperative cardiovascular complications
were evaluated in a double-blind, randomized, placebo-
controlled trial.68 The treatment group (n = 30) received

premedication with transdermal clonidine (0.2 mg/d) the
night before surgery. Clonidine reduced enflurane re-

quirements, intraoperative tachycardia, and myocardial
ischemia. In another double-blind, randomized, con-

trolled trial in hypertensive patients who had abdominal
aortic reconstruction, the treatment group (n = 11) re-

ceived 6 jug/kg clonidine orally 120 minutes before induc-
tion and 3 gg/kg as an infusion over 60 minutes after

complete circulatory stabilization from aortic declamping
up to skin closure. Clonidine reduced anesthetic require-
ments and improved circulatory stability.69
When the relationship between body temperature and

perioperative cardiac morbidity was evaluated in a ran-
domized controlled trial of 300 patients, perioperative
maintenance of normothermia was associated with a re-

duced incidence of morbid cardiac events and ventricular

tachycardia.7° Spinal or epidural anesthetic techniques
alone or combined with general anesthesia had several
beneficial effects and improved outcome.’1 In vascular
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Table 5. Randomized Controlled Trials Evaluating Perioperative Cardiovascular Risk-Reducing Strategies in Patients
Undergoing Noncardiac Surgery

* In hypertensive patients undergoing vascular surgery.

surgery patients, there were beneficial effects on preload,
afterload, coronary circulation, and adrenergic stress re-
sponse ; thromboembolic events were fewer.72-74 Unfortu-

nately, improvement in cardiac outcomes was not shown.
To evaluate the impact of anesthetic choice on overall
mortality, MI, angina, and CHF, 423 patients, scheduled
for femoral distal bypass graft surgery, were randomly
assigned to receive general (n = 138), spinal anesthesia
(n = 136), or epidural (n = 149) anesthesia. Complica-
tions after the 3 different anesthetics were comparable.
The investigators concluded that anesthetic technique
does not greatly influence cardiac morbidity in patients
undergoing femoral distal bypass graft surgery.75

Preoperative normalization of hemodynamic variables
and hemodynamic monitoring with a pulmonary artery
catheter (PAC) have been suggested as a means to im-

prove outcomes. Preoperative admission to a surgical in-
tensive care unit and hemodynamic monitoring using PAC
were evaluated in patients who had extremity vascular
surgery. Incidence of mortality, cardiovascular morbidity,
and early graft occlusion was lower in patients monitored
with PAC than with central venous pressure monitors.

However, patients monitored with PAC also received ni-
troglycerin and volume loading (which may reduce mor-
bidity from vascular surgery), whereas the others did not.
Bias may have affected diagnosis and treatment because
the investigators were not blinded to the study groups. 76
The prophylactic use of nitrates in this study may have
contributed more to improved outcome than did the use
of PACs. In a retrospective analysis of the effects of preop-
erative intensive care unit admission and invasive hemo-

dynamic monitoring, including PAC, patients whose he-
modynamic variables were normal or abnormal but

normalized preoperatively experienced significantly fewer
cardiovascular complications than those with abnormal
hemodynamic variables.77 The patients had noncardiac
surgery, and CAD was documented by history and cardiac
imaging. PAC did not reduce the incidence of cardiac,
renal, or other complications in another group of patients
who had aortic surgery, and intraoperative complications
were greater than PAC .78 Even when CAD is documented,
PAC should be reserved for the approximately 25% of
patients with the most severe comorbidity. These condi-
tions may include severe left ventricular dysfunction (ejec-

Table 6. Cardiac Risk Stratification and Interventions in Patients Scheduled for Elective Vascular Surgery

Abbreviation: EF, ejection fraction.
* Class I, conditions for which there is evidence and/or general agreement that a procedure be performed or a treatment is beneficial;
Class II, conditions for which there is a divergence of evidence and/or opinion about the treatment.
t Recent MI, greater than 7 days but ~1 month.
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tion fraction 25%-30%), renal failure, diabetes mellitus
with autonomic neuropathy, severe cor pulmonale and
pulmonary hypertension. Table 5 summarizes the cardio-
vascular risk-reducing interventions that have been tested
by randomized controlled trials. Ultimately, the choice of
risk-reducing strategies depends on the surgical proce-
dure, the discretion of the anesthesiologist and surgeon,
and institutional protocols (clinical pathways).

Myocardial Revascularization
The second goal of cardiac risk stratification is to deter-

mine which patients should undergo myocardial revascu-
larization. Decision analysis was used to determine the
need for coronary angiography and revascularization be-
fore noncardiac vascular surgery in patients who had no or
mild angina or mild angina and a positive result on dipyr-
idamole-thallium scan. Proceeding directly to vascular sur-
gery without angiography led to lower morbidity, lower
cost, and better outcomes.79 The investigators suggested
that coronary angiography be reserved for patients whose
estimated mortality from vascular surgery is substantially
higher than average. In another study of patients before
abdominal aortic surgery, the investigators came to a sim-
ilar conclusion: in patients with low probability of CAD,
vascular surgery should be performed without cardiac
screening.8° That analysis shows the importance of local
factors, particularly an institution’s mortality rates after
myocardial revascularization versus those after vascular

surgery, in determining preoperative strategy. See Table 6.
When interpreting studies of preoperative coronary re-

vascularization before vascular surgery, the time frame for

analysis must be considered. If the time for analysis is

anywhere from 30 days to 3 months, risk stratification and
coronary revascularization may prove neither &dquo;effective&dquo;

nor &dquo;cost-effective.&dquo; Investigators who do not favor aggres-
sive cardiac risk stratification and coronary revasculariza

tion argue that the current state of surgical, anesthetic,
and perioperative care has reduced cardiac morbidity suf-
ficiently to dispense with preoperative interventions.

Those who favor aggressive risk stratification and myocar-
dial revascularization argue that CAD represents a lifetime

risk, and preoperative intervention affords an advantage
for long-term survival. There is evidence that when

results on DTS or DSE were positive, patients had more
cardiac events after surgery than when results are nega-
tive.24.26.28-30,62 Therefore, the key factor is to identify the
subgroup of patients with peripheral vascular disease who
would receive long-term benefit from myocardial revascu-
larization. Patients with critical 3-vessel CAD, left main
arterial disease, or poor left ventricular function have been
identified as such subgroups.25 A concordarrce between

preoperative clinical risk and severity of CAD on angiog-
raphy was found in patients who had vascular surgery.81 A
simple algorithm based on history of angina, MI, CHF, or
diabetes mellitus is proposed to exclude critical coronary

stenosis. See Fig 3. Critical stenosis is considered to be

present when 3-vessels have ~70% stenosis in each or

2~:70% in the left main artery. The absence of critical
stenosis can be predicted with 94% accuracy for those who
do not have the risk factors.

Finally, cardiac risk stratification may guide the choice
of surgical procedure in patients with severe inoperable
CAD; a conservative surgical approach, such as limb am-
putation, may be planned in such patients.79

The Limitations of Risk Stratification

Despite an enormous amount of literature on cardiac risk
stratification for vascular surgery patients, the conclusions
drawn in the studies vary and preclude definite recommen-
dations. The difference in conclusions can be attributed to

differences in the following factors: pretest selection criteria,
pretest probability of CAD, experience in the interpretation
of noninvasive screening tests, criteria for selecting patients
for coronary angiography after initial screening with nonin-
vasive tests, perioperative care, and different morbidity and
mortality rates for myocardial revascularization at different
institutions. Information from large databases, like the Medi-
care claims database, also failed to provide reliable answers.
For example, Fleisher et alS2 studied a 5% random sample of
the Medicare population to identify a cohort of patients who
had elective infrainguinal or abdominal aortic reconstruc-
tion surgery during an 18-month period. Thirty-day (periop-
erative) and 1-year mortality rates were reviewed with respect
to preoperative testing and coronary revascularization. Mor-
tality in the perioperative period was significantly greater
after aortic surgery (209 of 2,865 or 7.3%) than after infrain-

guinal surgery (232 of 4,030 or 5.8%); however, mortality
after 1 year was significantly greater after infrainguinal sur-
gery (16.3% v 11.3%, P< .05). Stress testing, with or without
coronary revascularization, was associated with improved sur-
vival after aortic surgery. Stress testing with coronary revascu-
larization did not reduce perioperatively mortality after in-
frainguinal surgery, but stress testing alone did reduce

mortality after 1 year. MI and cardiac-related mortality need
not necessarily be caused by previously severely narrowed
coronary arteries. Recent evidence suggests that the rupture
of previously nonocclusive lipid-laden, macrophage-rich, cor-
onary plaques can cause spasm and initiate unstable angina,
acute MI, and sudden death. Therefore, testing that attempts
to induce ischemia will miss some patients who have nonob-
structive plaques that can rupture and cause transmural in-
farction.83

In 1996, the AHA and the ACC proposed guidelines for
perioperative cardiovascular evaluation before noncardiac
surgery Table 3 summarizes the guidelines for vascular
surgery patients. Bartels et a184 followed these guidelines
and evaluated their benefit for 203 patients scheduled for
aortic surgery. The incidence of cardiac-related mortality
and morbidity (MI, CHF, unstable angina, or arrhythmias)
was 1 % and 12.4%, respectively. They concluded that the
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Figure 3. Clinical prediction rules. For excluding critical 3-vessel disease (?70% stenosis in each) and/or left main
stenosis ~:70%, the clinical history must exclude the first 3 markers. The presence of any one of these 3 markers makes
the coronary angiogram unpredictable. To exclude severe multi-vessel disease, all 4 markers must be absent. With the
presence of any of the 4 markers, one can make a reasonable prediction for the presence of severe coronary disease.
&dquo;Severe&dquo; stenosis was defined as 3-vessel disease (?50% stenosis in each), 2-vessel (~E:50% stenosis in one when the other
is ?’70% stenosis of the left anterior descending), or left main disease (>50%). With the help of this algorithm, the
absence of &dquo;critical&dquo; stenoses can be predicted with a positive predictive value of 96% and the absence of &dquo;severe&dquo; stenoses
can be predicted with a positive predictive value of 94%. (Reprinted with permission from Paul SD, Eagle KA, Kuntz KM,
et al: Concordance of preoperative clinical risk with angiographic severity of coronary artery disease in patients
undergoing vascular surgery. Circulation 94:1561-1566, 1996.HI)

protocol was a safe strategy for preoperative evaluation
before vascular surgery. In a recent decision analysis
model, the long-term outcomes (5-year survival) and cost-
effectiveness for 1 of 3 possible cardiac screenings were
reviewed in patients scheduled to undergo elective AAA
repair.85 In the first strategy, all patients were screened
with a dipyridamole-thallium test. In the second, all pa-
tients underwent coronary angiography. In the third, se-
lective screening divided patients into high-, intermediate-,
and low-risk groups by clinical criteria. High-risk patients
underwent preoperative angiography. Patients at interme-
diate risk were screened noninvasively, and patients at low
risk proceeded directly to surgery without further testing.
Proceeding directly to vascular surgery resulted in the

poorest 5-year survival rate, 77.4%. The rate with preoper-
ative risk stratification followed by selective coronary revas-
cularization and routine noninvasive testing was 86.1 %;
with selective testing, 86.0%; and with routine angiogra-
phy, 87.9%. The incremental cost-effectiveness ratio for
selective testing was significantly lower than for routine
angiography ($44,800/year of life saved [YLS] v $93,300/
YLS; P < .02). Routine noninvasive testing was not cost-
effective. The investigators concluded that selective

screening before vascular surgery may improve 5-year sur-
vival and be cost-effective.

The range of options for preoperative coronary revas-
cularization continues to expand rapidly. The options
include traditional surgical revascularization (CABG),

transmyocardial laser therapy, PTCA, excimer laser, rota-
blader, coronary stent placement, and endoscopic CABG.
However, mortality rates associated with CABG are 2.4-fold
higher in patients with peripheral vascular disease (7.7% v
3.2%) than in patients without.32 Greater complication
rates can be anticipated for the newer revascularization
techniques when they are performed in patients with pe-
ripheral vascular disease.31 Patients who survive PTCA be-
fore vascular surgery do well.36 However, complications
associated with PTCA are significant: emergency CABG,
MI, early and late occlusion, and the need for chronic
anticoagulation. If myocardial revascularization is indi-

cated in a patient with diabetes, CABG is preferred to
PTCA because of better long-term prognosis and less need
for reinterventions.86 Once the patient has recovered from
successful coronary revascularization (typically 1 week af-
ter angioplasty and 6-8 weeks after CABG), peripheral
vascular surgery is performed. In some cases CABG can be
combined with vascular surgery, most commonly with ca-
rotid endarterectomy. Elective AAA repair should proba-
bly be performed before, with, or within 2 weeks of CABG
because of increased risk of aneurysm rupture after this

period. 87

Conclusion

The use of evidence-based medicine and Bayesian analysis
can provide a rational framework for choosing diagnostic
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strategies and evaluating choices for therapeutic options
in vascular surgery patients with suspected CAD. This
framework must be evaluated in light of patient prefer-
ences and institutional resources and expertise. This cal-
culus may change in the future, as vascular surgery (eg,
endovascular), coronary revascularization, and medical co-
morbidities (eg, CHF) are managed with lower risks.
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