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ABSTRACT The role of cardiac risk assessment and preoperative cardiac
intervention prior to elective vascular surgery remains controversial. In high
cardiac risk patients (severe or unstable angina, recent myocardial infarction,
decompensated congestive heart failure [CHF]), the risk of an adverse cardiac
event is so great that most would agree that these patients should undergo a
preoperative cardiac work-up. In most instances strong consideration in these
patients should be given to proceeding directly to coronary arteriography. In
patients with low cardiac risk (those with no active cardiac symptoms, and no
Eagle risk factors [angina, age >70 years, history of CHF, Q-wave on EKG,
diabetes, ventricular ectopy requiring medication]), the adverse cardiac event
rate is so low that one can proceed safely to vascular surgery without any addi-
tional cardiac testing. The moderate risk group (patients with one or more
Eagle risk factors but without severe or recent cardiac symptoms) may poten-
tially benefit from aggressive cardiac intervention. However, the pendulum
appears to be swinging toward less preoperative cardiac evaluation in this
group as well. Factors that favor a less aggressive approach even in these mod-
erate risk patients include the lower cardiac morbidity and mortality following
aortic surgery observed over the last decade, the lack of a good noninvasive
cardiac test that is reproducibly predictive of adverse cardiac events, and the
absence of data that demonstrate that subjecting a patient to three invasive pro-
cedures (coronary arteriography, coronary revascularization, and peripheral
vascular operation) is less morbid than proceeding directly to peripheral vascu-
lar surgery.
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Adverse cardiac events are a leading source of postoperative morbidity and
mortality immediately following aortic reconstruction as well as the primary
cause of mortality on long-term follow-up.1–3 This is due to the high preva-
lence of coronary artery disease (CAD) in these patients coupled with the
complexity and long duration of the operation. To reduce the incidence of
adverse cardiac events following aortic reconstruction, numerous researchers
have attempted to identify patients with severe CAD by either noninvasive or
invasive means and then surgically correct the CAD prior to the peripheral
vascular operation. There are no prospective randomized studies to date that
have attempted to answer whether preoperative myocardial revascularization
is efficacious, although a new trial is underway. Recent data suggest that
aggressive cardiac work-up may not be necessary in most patients prior to
aortic reconstruction. Whether this is a result of improved patient selection,
refinement of perioperative medical management, or improved anesthetic
delivery is a matter of conjecture. In this article, we review the role of preop-
erative cardiac evaluation and intervention before aortic reconstruction.

PREVALENCE OF CAD

In a series of 1000 consecutive patients undergoing coronary angiography
prior to peripheral vascular surgery, Hertzer and colleagues identified severe
surgically correctable CAD in 25%.3 Of the 263 patients scheduled for elec-
tive abdominal aortic aneurysm (AAA) repair, 31% were found to have severe
correctable CAD. Of the AAA patients suspected of having surgical CAD by
clinical criteria, 44% were documented to have CAD on angiography. Of
those without previous indication of CAD, 18% were found to have surgical
CAD.3

CLINICAL MARKERS FOR INCREASED CARDIAC RISK

Goldman and colleagues proposed a risk stratification index that assigned a
point value to each of the nine clinical risk factors (myocardial infarction
within 6 months, age >70, S3 gallop or jugular venous distention, important
aortic valve stenosis, rhythm other than sinus, more than five premature ven-
tricular contractions per minute, poor general medical status, intraperitoneal,
intrathoracic or aortic operation, and emergency operation).4 Patients were
divided into four risk classes based on the point total. Although the index was
subsequently validated, it was cumbersome to use, it did not include a history
of congestive heart failure (CHF) or angina, and in the intermediate risk
group had a low sensitivity for identifying patients at high risk for adverse
events. Furthermore, the data set also included very few patients undergoing
vascular surgery. In patients undergoing AAA repair, McEnroe and associates
found that the Goldman index failed to detect many patients who subse-
quently developed an adverse cardiac event.5
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Eagle et al. subsequently proposed and validated a simpler index geared
specifically toward patients undergoing vascular surgery.6 In a study of 200
patients, they found 5 clinical factors that identified patients at greatest risk of
cardiac events during vascular surgery (Table 1). They later added history of
CHF as a sixth criterion. Eagle et al. found that patients with none of these
clinical markers had only 3.1% risk of having an adverse postoperative cardiac
event. Those with one or two criteria had a 15.5% cardiac event rate, and
those with three or more of these markers had a 50% cardiac event rate.6

Others have argued that clinical assessment alone fails to detect signifi-
cant CAD in patients unable to exercise and fails to identify those at risk
for adverse postoperative cardiac events. Using criteria similar to those of
Eagle et al. (previous MI, angina, CHF, MI on resting ECG, previous
coronary artery bypass grafting [CABG]), Cutler and Leppo concluded
that these markers had no predictive value for detecting severe, surgical
CAD.7 Lette and colleagues compared predictive values of 18 clinical para-
meters and 7 clinical scoring systems (including the Dripps-American Sur-
gical Association score, the Goldman Cardiac Risk Index score, the Detsky
Modified Cardiac Risk Index score, and the Eagle criteria) in 66 consecu-
tive patients referred for dipyridamole-thallium imaging before major gen-
eral or vascular surgery. They also found that the clinical markers had no
predictive value.8

In our two prior studies, we found that none of the individual Eagle criteria
were predictive of adverse cardiac events in patients undergoing major elective
vascular surgery.9,10 In one of these studies, conducted at Harbor-UCLA Med-
ical Center, the predominant Eagle risk factor was diabetes (50%) and the pri-
mary operative procedure was infrainguinal revascularization. The subsequent
study was performed at the West Los Angeles Veterans Affairs Medical Center,
where diabetes (33%), age >70 years (32%), and Q-wave on EKG (31%) were
equally prevalent, and infrainguinal reconstruction was again the most com-
mon procedure. Although none of the individual Eagle criteria were predictive
of an adverse event, the cardiac event rate was 0% in both studies for patients
who had no Eagle criteria. Patients with one or more Eagle criteria had a sta-
tistically significant increase in adverse cardiac events (7%, p <0.05).9,10
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Table 1 Eagle Criteria for Increased Cardiac Risk

Age >70 years
Angina
Diabetes
Prior myocardial infarction

By history
By ECG (Q-wave)

Congestive heart failure
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In a more recent study we focused specifically on clinical risk factors in
patients undergoing both open and endovascular AAA repair. On multivari-
ate analysis, Q-wave on preoperative ECG and a history of CHF were the
only Eagle criteria that were predictive of an adverse postoperative cardiac
event.11 The cardiac event rate was 20% for patients with two or more Eagle
criteria versus 0% for those with one or no criterion (p < 0.0001).11

Although some of the aforementioned studies are somewhat conflicting,
most reports support the notion that patients with no Eagle risk factors have
a very low cardiac risk. Patients with one or two risk factors are at intermedi-
ate risk, whereas patients with three or more risk factors are at significantly
increased risk of an adverse cardiac event.

NONINVASIVE PREOPERATIVE CARDIAC EVALUATION

Exercise Electrocardiography

Exercise electrocardiography is common tool for diagnosing significant
CAD. The test provides an estimate of functional capacity, hemodynamic
response to exercise, potential for catecholamine-induced cardiac arrhyth-
mias, and exercise myocardial ischemia threshold.12 It is best used for patients
at intermediate risk for CAD. Gianrossi et al. performed a meta-analysis of
147 consecutive reports in 24,074 patients who underwent both coronary
angiography and exercise testing.12 The mean sensitivity of exercise electro-
cardiography for multivessel CAD was 81% (range 40–100%) with a mean
specificity of 66% (range 17–100). However, the sensitivity of exercise ECG
is reduced in patients who cannot reach maximum levels of exercise and in
those with extensive Q-wave anterior MI on rest ECG.12 An important limi-
tation of exercise electrocardiography in vascular patients is that 30 to 50% of
patients referred to a cardiologist are unable to reach maximum levels of
exercise.12

Other investigators have suggested that low exercise capacity itself is an
indicator of cardiac risk. Cutler and Wheeler studied 130 patients who under-
went exercise electrocardiography before vascular surgery.13 Of the patients
who were able to achieve greater than 75% of predicted maximum heart rate,
none suffered a postoperative cardiac complication. Patients who had
inducible ischemia at low workloads (<75% of predicted maximum heart rate)
were found to have the greatest risk of cardiac complications (38% cardiac
event rate). Thus, low exercise tolerance does not necessarily preclude use of
this test, as some valuable information can still be obtained.13

Left Ventricular Ejection Fraction

Pasternack el al. suggested that a low left ventricular ejection fraction
(LVEF), as measured by radionuclide angiography, is a useful predictor of
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postoperative MI in patients undergoing aortic aneurysm resection.14 More
recently, McCann and Wolfe compared the cardiac event rates in patients
undergoing AAA repair who had ejection fractions above and below 35%.
They found no statistical difference in operative mortality or cumulative life-
table survival rates between patients with normal and low LVEF.15 Because
LVEF is a measurement of pumping capacity of the ventricle at rest, it gives
little information regarding myocardial perfusion under conditions of stress.

Dobutamine Stress Echocardiography

Dobutamine stress echocardiography (ECHO) has been advocated as a
preoperative pharmacological stress test. Proponents of this test suggest
obtaining coronary angiography in a patient who develops wall motion
abnormalities with stress.16–19 In a study of 98 consecutive patients undergo-
ing aortic and lower extremity revascularization, Davila-Roman et al. noted a
20% event rate in patients with a positive dobutamine test and a 0% event rate
with a negative test.16 Langan and colleagues studied the predictive value of
dobutamine stress echocardiography in 81 patients who underwent infrarenal
aortic surgery.17 Of the 56 patients who had a normal study or resting wall
motion abnormalities alone, none had a postoperative cardiac complication.
Of the 25 patients with dobutamine-induced ischemia, 4 underwent CABG.
Of note, two of these four patients (50%) died after CABG, one from a stroke
and one from a ruptured aortic aneurysm. Five patients had surgery deferred.
Sixteen patients with an abnormal stress ECHO underwent surgery without
myocardial revascularization either because the surgery was felt to be urgent
or because the stress ECHO indicated single vessel disease. Of these 16, 3
(19%) suffered a postoperative MI.17 Lalka and associates reported a 29% car-
diac event rate following aortic surgery in patients with an abnormal dobut-
amine study versus a 4.6% event rate with a normal study.18 They noted that
a history of MI and the presence of two or more clinical risk factors (age >70,
prior MI, CHF, cardiac symptoms) were statistically associated with a higher
likelihood of a cardiac event.18

All of the above studies designs had one or more of the following limita-
tions. Either the clinicians were not blinded to the dobutamine ECHO
results and thus management was altered, the patients were not consecutive
patients undergoing vascular surgery but rather selective patients referred for
dobutamine testing, the data were gathered retrospectively, or patients were
not stratified by Eagle risk factors. Eichelberger and colleagues studied 75
consecutive patients who had dobutamine stress echocardiography prior to
major vascular surgery.19 Although the results of the two-dimensional echo-
cardiogram were provided, the dobutamine stress portion of the exam was
blinded. Sixteen patients (21%) had significant adverse effects from the dobu-
tamine infusion including hypotension (11%) and severe hypertension (>240
mm systolic, 4%). The perioperative ischemic cardiac event rate was 7%. All
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five patients with cardiac events had positive dobutamine stress tests (sensi-
tivity 100%). The negative predictive value was also 100%. However, 22
patients with a positive stress test did not have an event. Thus the positive
predictive value was only 19%.19 Thus it appears that dobutamine stress
echocardiography may be most useful when negative.

Dipyridamole Thallium/Sestamibi Scintigraphy Imaging

Dipyridamole thallium scintigraphy (DTHAL) has been shown to have a
high degree of sensitivity and specificity for the detection of hemodynamically
significant CAD when compared with angiography in human studies. How-
ever, controversy exists as to whether an abnormal DTHAL is useful in pre-
dicting which vascular patients are at increased risk for perioperative adverse
cardiac events. Numerous studies have investigated the value of DTHAL and
dipyridamole-sestamibi (DMIBI) scintigraphy as preoperative cardiac screens
for patients undergoing vascular surgery (Table 2). The finding of redistribu-
tion on DTHAL has been demonstrated in various reports to correlate with a
significant increased risk of an adverse perioperative cardiac event.6,7,21,20–22 In
a retrospective review of 254 vascular patients referred to a nuclear cardiology
laboratory, Eagle and colleagues noted that the DTHAL results were best
used when combined with the Eagle risk factors.6 In patients with one or two
Eagle risk factors, they noted a 29.6% cardiac event rate with redistribution on
DTHAL versus only a 3.2% event rate without redistribution. Forty-four
patients had surgery canceled or postponed due to an abnormal DTHAL and
were not included in the analysis. In a prospective study of 116 consecutive
patients undergoing aortic surgery, Cutler and Leppo noted that all postoper-
ative MIs and deaths occurred in the 54 patients with redistribution on
DTHAL.7 The results of the DTHAL were not blinded to the clinicians.
Twenty patients underwent preoperative cardiac catheterization as a result of
an abnormal DTHAL. One patient suffered a cerebrovascular accident as a
result of the catheterization. Another patient died of a ruptured AAA while
awaiting coronary revascularization. Six patients underwent CABG. One of
these patients died 3 days later from hemorrhagic pancreatitis.7

More recently, the utility of DTHAL/DMIBI as a preoperative cardiac
screening tool has come into question (Table 3).9,10,23–26 In two retrospective
studies, de Virgilio and associates found that DTHAL and DMIBI redistribu-
tion were not predictive of adverse cardiac events in patients without severe
cardiac symptoms (recent MI, unstable angina, decompensated CHF).9,10 The
positive predictive values of DTHAL and DMIBI for adverse cardiac events
were 6 and 10%, respectively. In a prospective study of 457 consecutive
patients undergoing abdominal aortic surgery, Baron et al. also found that
DTHAL results did not accurately predict adverse cardiac outcomes.23 In their
study, the best correlates of cardiac complications were definite clinical evi-
dence of CAD and age greater than 65 years.23 Stratmann et al. noted a 3%
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cardiac event rate in 87 patients with a normal DMIBI and a 5% event rate in
110 patients with an abnormal DMIBI (p = NS).25 Of the 110 patients with
an abnormal DMIBI, 53 had reversible ischemia, and the cardiac event rate in
this subgroup of patients was 6% (p = NS). Patients with unstable angina or
recent MI (within 3 months) were excluded from the study. Mangano and
colleagues found no association between DTHAL redistribution and periop-
erative cardiac ischemia in 60 consecutive patients undergoing vascular sur-
gery.24 Patients with recent MI (within 6 months), unstable angina, or
decompensated CHF were excluded. They noted that 58% of severe perioper-
ative cardiac ischemic episodes occurred in patients without redistribution
defects. The sensitivity of DTHAL for adverse cardiac outcome was only 46%,
and the positive predictive value was only 27%. The study was noteworthy in
that, unlike the aforementioned reports, the results of the DTHAL were
blinded to all clinicians. Thus, vascular surgery was neither delayed nor mod-
ified, preoperative cardiac catheterization was not obtained, and medical and
anesthetic care were not changed because of the DTHAL results.24

In a more recent prospective, blinded study, de Virgilio and colleagues again
found no association between a reversible defect on DTHAL/DMIBI and
adverse cardiac events in 82 patients undergoing elective vascular surgery.27

Like the study of Mangano et al. vascular surgery and medical management
were not modified as a result of the DTHAL/DMIBI results. To assure that
patients at low risk for cardiac events were excluded, only patients with one or
more Eagle risk factors were enrolled in the study. The adverse event rate was
13.8% for patients with a reversible defect and 9.8% for patients without (p =
0.7).27 For patients with two or more reversible defects, the cardiac event rate
was 12.5 versus 11.1% for less than two reversible defects. The sensitivity of at
least two reversible defects was 11%, the specificity was 90%, and the positive
and negative predictive values were 12.5 and 89%, respectively.27

CARDIAC MORTALITY FOLLOWING AORTIC RECONSTRUCTION

The overall incidence of perioperative cardiac mortality following aortic sur-
gery appears to be decreasing over the last 4 decades (Table 4).28–31 In 1964,
DeBakey and et al. reported a 9% 30-day mortality in 1719 patients under-
going AAA repair, with most of the deaths being due to cardiac events,
although it should be noted that this study also included patients with rup-
tured AAA.28 In 1974, Thompson et al. noted a 5.5% operative mortality in
108 patients undergoing AAA repair, with five of six deaths resulting from
heart-related causes.29 In 1990, Johnston et al., in a prospective study of 666
patients undergoing AAA repair reported an operative mortality rate of 4.8%
and cardiac related mortality of 3.3%.30 More recently, Huber and colleagues
reported a 4.9% mortality after AAA repair, with less than one third of deaths
being of cardiac origin.31 Most deaths in the series were the result of multi-
system organ failure (Table 5).
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CARDIAC MORBIDITY AND MORTALITY 
FOLLOWING ENDOVASCULAR AAA REPAIR

With the advent of endovascular technology, interest has developed in deter-
mining whether endovascular AAA (EAAA) repair results in less hemodynamic
stress and therefore less cardiac risk than open AAA (OAAA) repair. Baxendale
and associates have demonstrated that EAAA repair causes less intraoperative
hemodynamic and metabolic stress than OAAA repair.32 They noted a signifi-
cant change in cardiac output, mean arterial pressure, and systemic vascular
resistance with aortic crossclamping, and lower limb perfusion. With EAAA,
there was only a transient rise in systemic vascular resistance with femoral
artery clamping. Thus one would anticipate less cardiac morbidity and mor-
tality with this approach.32 However, at our own institution, the cardiac event
rates for OAAA and EAAA were similar (5 vs 6%, respectively), as was the
operative mortality (5 vs 4%).11 Of note is that the majority of EAAA repairs
were performed under general anesthesia. Henretta and colleagues recently
reported EAAA repair in 47 patients under local anesthesia with intravenous
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Table 5 Mortality for Abdominal Aortic Reconstructions

Author
(Year) No. Patients Mortality Rate (%) Cardiac Mortality Rate

DeBakey et al.* 1791 9.0 Majority
(1964)

Szilagyi et al.** 401 14.7 7.0%
(1966)

Thompson et al. 108 5.5 3.3%
(1974)

Johnston et al 666 4.8 3.3%
(1990)

Sedwitz et al. 109 0 0%
(1990)

Taylor et al. 285# 0 0%
(1991)

Cambria et al. 202 2.0 0.5%
(1992)

Baron et al. 457 4.4 2.2%
(1994)

Huber et al. 609 4.9 1.5%
(1995)

*Included elective and ruptured aneurysms.
**Included elective and symptomatic aneurysms.
#Included all elective vascular procedures.
Adapted from Huber T, Harward T, Flynn T, et al. Operative mortality rates after elective infrarenal aortic recon-
structions. J Vasc Surg 1995;22:287–294
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sedation with no cardiopulmonary morbidity or mortality.33 May et al.
reported 8 cardiac complications (7%) in 108 patients who underwent
attempted EAAA repair, with a 2.7% cardiac mortality,34 whereas Moore and
colleagues noted one MI (2%) and no cardiac deaths in 46 EAAA repairs.35

RISKS OF CORONARY REVASCULARIZATION

In determining whether preoperative coronary revascularization is justified
prior to aortic surgery, it is important to be aware of the risks of intervention.
Coronary arteriography carries a 0.15% risk of MI and a 0.3% risk of mortal-
ity.36 Percutaneous transluminal coronary angioplasty has a 6% risk of MI and
a 1.8% risk of mortality.36 Patients with peripheral vascular disease, and those
with diabetes in particular, have an increased mortality following CABG than
those without peripheral vascular disease. Hertzer et al. reported an operative
mortality rate of 5% for CABG in patients with peripheral vascular disease
compared with a 1.2% mortality for those without.3 In a recent study from
the Mayo Clinic, the mortality rate of CABG for patients 80 years and older
increased from 4% without peripheral vascular disease to 16% when peripheral
vascular disease was present.37

DOES PREOPERATIVE CORONARY REVASCULARIZATION 
REDUCE THE PERIOPERATIVE CARDIAC MORBIDITY AND 
MORTALITY FOR SUBSEQUENT NONCARDIAC SURGERY?

Several studies suggest that prophylactic coronary revascularization lowers
the risk of subsequent adverse cardiac events during vascular surgery. In a
series of 1000 consecutive patients who underwent coronary angiography
prior to elective vascular surgery at the Cleveland Clinic Foundation, 216
patients underwent CABG with an operative mortality of 5.5%. Of the 130
patients who subsequently underwent vascular surgery, there was only 1
death (0.8% mortality).3 In the Coronary Artery Surgery Study, patients who
underwent CABG before noncardiac surgery had a lower mortality (0.9%)
when compared with patients with significant CAD who were randomized to
medical therapy before noncardiac surgery (2.4%).38 Mahar and associates
noted a 5% MI rate following noncardiac surgery in 49 patients with angio-
graphically demonstrated CAD who did not undergo preoperative CABG
compared with 0% MI rate in 99 patients with preoperative CABG who
underwent 168 subsequent operations.39

Fewer data are available regarding the role of preoperative percutaneous
transluminal coronary angioplasty (PTCA) prior to noncardiac surgery. Huber
and colleagues studied 55 consecutive patients with significant CAD referred
for preoperative PTCA prior to noncardiac surgery.40 During PTCA, one
patient had abrupt closure of the coronary artery leading to hemodynamic
instability and emergent CABG. Another patient had a coronary artery dissec-
tion requiring CABG. In three others, the coronary lesions could not be tra-
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versed, requiring CABG. Thus PTCA was unsuccessful in 9%. Of the 50
patients with successful PTCA, 1 patient had a non–Q-wave MI following
PTCA. Another patient had a fatal MI following thoracoabdominal aneurysm
repair despite the PTCA. Two other patients had non–Q wave MIs. The over-
all perioperative MI rate was 5.6%, and the postoperative mortality was 1.9%.40

In a cohort of 2452 patients undergoing AAA repair over a 10-year period at
the Mayo Clinic, Elmore and associates noted that preoperative coronary
revascularization was necessary in only 100 patients (4.1%).41 Ninety-five of
these patients had symptomatic CAD (history of MI, angina, or CHF). The
perioperative MI rate in these 100 patients was 5% with no postoperative mor-
tality versus an overall mortality was 2.9% for the entire series. The authors
noted that the late cardiac event rate was significantly higher in patients
undergoing PTCA (56.5%) versus those who had undergone CABG (27%).41

More recently, several authors have questioned the role of preoperative
coronary revascularization. Using a decision model to compare treatment
alternatives for patients at higher risk of perioperative cardiac complications
after vascular surgery, Mason et al. concluded that proceeding directly to vas-
cular surgery without preoperative coronary arteriography led to lower mor-
bidity and less cost.36 Subjecting a patient to preoperative invasive cardiac
evaluation would expose him to risks of at least three procedures: coronary
arteriography, coronary revascularization (PTCA and/or CABG), and the
vascular operation. They stated that preoperative coronary revascularization
would only be beneficial if the estimated operative mortality of the vascular
operation was substantially higher than 5% and if the estimated operative
mortality of the CABG was in the 2 to 3% range.36 Massie and colleagues
compared 70 consecutive patients who underwent coronary arteriography
because of 2 or more segments of redistribution on DTHAL with 70
matched patients with similar DTHAL findings who did not undergo addi-
tional evaluation.42 They found that any possible benefit from invasive cardiac
evaluation was offset by three deaths and two MIs that complicated the car-
diac evaluation. There was no significant difference between the coronary
angiography group and the matched control group with regards to perioper-
ative nonfatal MI (13 vs 9%), fatal MI (4 vs 3%), late nonfatal MI (16 vs
19%), or late cardiac death (10 vs 13%).42 In a prospective study over a 1-year
period, Taylor et al. noted no fatal MIs and no operative deaths among 285
elective major vascular procedures.43 The study is noteworthy in that only
patients with severe symptomatic CAD (unstable angina, uncontrolled
arrhythmia, severe CHF) underwent invasive cardiac testing, and only three
patients had a prophylactic CABG. The authors concluded that invasive car-
diac testing should be limited to patients with severe symptomatic CAD. In a
prospective study, Seeger et al. compared 146 consecutive patients undergo-
ing aortic reconstruction, DTHAL, and selective coronary revascularization
with 172 historical controls who did not undergo extensive cardiac testing.26

The authors noted no difference in cardiac mortality, serious cardiac compli-
cations, or long-term cardiac mortality between the groups, in spite of the
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fact that 41% of the DTHAL group had undergone coronary arteriography
and 11.4% had undergone coronary revascularization.26 Our own institu-
tional results mirror those of Seeger et al.10 We limited coronary revascular-
ization to patients with severe cardiac symptoms or recent cardiac events. Of
the eight patients that underwent preoperative coronary revascularization,
one patient (12.5%) suffered a massive MI following preoperative PTCA.10

The adverse cardiac event rate was not different when comparing patients
who underwent DTHAL testing with selective coronary revascularization
versus those who did not undergo DTHAL.

COSTS OF PREOPERATIVE CARDIAC TESTING

Bry et al. estimated the cost of cardiac testing (including costs of DTHAL,
selective coronary arteriography, and selective PTCA and CABG) to be
$392,000 per life saved and $181,000 per MI prevented.44 They further noted
that the positive predictive value of DTHAL was only 19%.44 In our own study,
time from evaluation to surgery significantly increased from 12 to 18 days (p =
0.0003) in patients undergoing DTHAL without improving outcome.10

CLINICAL SIGNIFICANCE OF POSTOPERATIVE CARDIAC EVENTS

Bry et al noted a 5.9% MI rate and a 1.3% cardiac mortality following 237
major vascular procedures.44 The authors noted that the majority of MIs
were clinically insignificant. Pre- and postinfarction ECHO was available in
11 of the 14 patients who suffered an MI. Eight of these 11 patients had no
change in ejection fraction.44 Yeager et al. reported that patients with a peri-
operative non–Q-wave or “chemical” MI had a similar long-term cardiac
prognosis as controls, suggesting that such an MI may not be a significant
event.45 Patients with a Q-wave MI had a higher incidence of subsequent
adverse cardiac events and coronary revascularization than patients without
postoperative MI, but survival rates at 1 and 4 years were similar.45

AORTIC SURGERY IN THE HIGH-RISK PATIENT

One would anticipate an unacceptably high cardiac event rate in patients with
high surgical risk (i.e., uncorrectable severe cardiac disease) who undergo
aortic surgery. Thus the tendency would be to deny such a patient a surgical
option. However, McCann and Wolfe reported no difference in operative
mortality between patients with low ejection fraction (<35%, 5% mortality)
and higher ejection fraction (>35%, 2% mortality).46 There was also no dif-
ference in cumulative life-table survival. In a study of 106 high-risk patients
from the Mayo Clinic, Hollier and associates reported a 5.7% mortality.47

In high-risk patients with aortoiliac occlusive disease and limb threat, one
must be aware of the cardiac risks of amputation prior to denying an attempt
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at revascularization. We reported a 16% adverse cardiac event rate and a 15%
perioperative mortality following amputation in patients with two or more
Eagle risk factors.48

LONG-TERM BENEFITS OF CARDIAC REVASCULARIZATION

Johnston and associates noted that the late survival rate of patients with AAA
was significantly less than the age- and sex-matched normal population (60.2
vs 79.2%) and that heart-related causes of late death (44.4 vs 34.1%) were
more frequent.30 In a study of 680 patients following AAA repair, Hertzer and
colleagues found that the cumulative 5-year survival rate (75%) and cardiac
mortality rate (5%) after CABG were nearly identical to survival figures calcu-
lated for patients having normal coronary arteries.49 In comparison, the cumu-
lative survival and cardiac mortality rates for a small subset of patients with
severe, uncorrected CAD were 29 and 34%, respectivly.49 However, these
observations may be biased in favor of the CABG group as these patients had
the most favorable coronary anatomy and were thus selected for revasculariza-
tion. In contradistinction, Massie et al. found that patients who underwent
extended cardiac evaluation and treatment had a longer interval before their
first MI but did not demonstrate an improvement in the number of fatal and
nonfatal cardiac events or in survival rate over the control group.42

CONCLUSION

In high cardiac risk patients (severe or unstable angina, recent MI, decom-
pensated CHF), the risk of an adverse cardiac event is so great that these
patients should undergo aggressive cardiac workup, which in most instances
would mean proceeding directly to coronary arteriography. In patients with
low cardiac risk (those with no active cardiac symptoms and no Eagle risk fac-
tors), the adverse cardiac event rate is so low that these patients can proceed
safely to vascular surgery without any additional cardiac testing. Although the
moderate risk group (patients with no severe or recent cardiac symptoms and
with one or more Eagle risk factors) may potentially benefit from aggressive
cardiac work-up, recent evidence suggests that these patients do not benefit
from this approach. Factors that favor a less aggressive approach even in these
moderate-risk patients include the lower cardiac morbidity and mortality fol-
lowing aortic surgery observed in numerous studies, the lack of a good non-
invasive cardiac test that is reproducibly predictive of adverse cardiac events,
and the absence of data that demonstrate that subjecting a patient to three
invasive procedures (coronary arteriography, coronary revascularization, and
peripheral vascular operation) is less morbid than proceeding directly to
peripheral vascular surgery. A prospective randomized study on the short-
and long-term benefits of coronary revascularization in patients with periph-
eral vascular disease is currently under way as part of a VA Cooperative Study.
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Expert Commentary William C. Krupski, M.D.

It is always a pleasure to review work that confirms one’s own biases. The
article by Bui and de Virgilio certainly fits that description. Dr. de Virgilio
and his colleagues have performed and published sentinel work in the field of
cardiac risk assessment, and the review reported herein summarizes their own
findings as well as provides a balanced analysis of data described by others. In
short, I think this monograph is remarkably concise, complete, and fair.

Coronary artery disease (CAD) remains the principal cause of both early
and late mortality after peripheral vascular reconstruction, despite improve-
ments in anesthetic techniques and patient management.1–11 The greater
cardiac risk in patients undergoing vascular operations compared with those
having other noncardiac surgery is in large part related to the diffuse nature
of atherosclerosis and to the masking of symptoms from CAD because of
limitations in activity imposed by peripheral vascular disease (PVD). Two
decades ago Hertzer and colleagues firmly established the frequent associa-
tion of CAD and PVD; routine coronary angiograms in 1000 consecutive
peripheral vascular patients revealed severe–correctable or severe–inopera-
ble CAD in 36% of patients with aortic aneurysms, 28% of those with lower
extremity ischemia, and 32% of those with cerebrovascular disease.12

Remarkably, only 85 (8%) of these 1000 patients had normal coronary
arteries.

Such sobering statistics have led to a myriad of strategies to identify
patients at high risk for adverse cardiac outcomes. Many algorithms have
been proposed combining clinical risk indices,13–18 exercise treadmill testing
(ETT),19–21 ambulatory electrocardiography (Holter monitoring),22–25

radionuclide ventriculography (RNVG),26,27 dipyridamole thallium scintigra-
phy (DTS),28–32 dobutamine stress echocardiography,33,34 and coronary
angiography.35,36 This vast array of tests and the multiple proposals for
employing them indicates the absence of a consensus on the optimal
approach for risk stratification in patients with peripheral arterial disease.

Equally controversial is what to do when severe, correctable CAD is iden-
tified by preoperative tests. Advocates of coronary revascularization prior to
peripheral vascular operations contend that it both enhances the safety of the
vascular procedure and prolongs life expectancy in these patients. Several
large retrospective studies have suggested that decreased cardiac morbidity
can be achieved by prophylactic coronary artery bypass grafting (CABG).35–40

Few data are available regarding the value of prophylactic percutaneous trans-
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luminal angioplasty (PTCA) in this setting.41 However, prophylactic CABG
and PTCA are expensive and associated with substantial morbidity and mor-
tality, leading some to caution against their use.42

Authorities who have recommended specific strategies for prevention of
cardiac morbidity after vascular surgery generally have based their opinions
on specific protocols designed to address this dilemma. In practice, decisions
regarding cardiac workup and subsequent intervention are rarely standard-
ized. Instead, the management plan is arrived at by a variable combination of
cardiologists, anesthesiologists, and surgeons. Occasionally, anesthesiologists
refuse to administer anesthesia to patients unless they are first “cleared by car-
diology,” as if the imprimatur of a cardiologist confers a guarantee that
adverse events will be avoided.

We have recently documented the occurrence of unfavorable outcomes in
one-third of candidates for vascular surgery subjected to extensive preopera-
tive assessment of cardiac risk over a one year period.43 Remarkably, one-fifth
of the patients who were so appraised elected not to undergo the vascular
procedures for which their cardiac evaluations were undertaken. Most of
these individuals (seven of eight) had a potentially life-threatening vascular
disorder (AAA). The reasons for refusal were multifactorial, but many
patients stated something to the effect that “they had been through
enough.” This is not especially surprising considering the asymptomatic
nature of the vascular and cardiac disease in some of these patients. Although
there were no deaths directly attributable to cardiac workup, the morbidity
was substantial, including limb loss, prosthetic graft infection, prolonged
hospitalization, multiple additional operations, and even brain damage.

It was of interest that there was no difference in cardiac morbidity between
the patients who had extensive evaluations/interventions compared with
those who did not. This was not a randomized trial, so it is likely that the
intervention group had more severe and/or symptomatic CAD than those
who proceeded more directly to vascular surgery. Proponents of an aggressive
approach would argue that intervention enhanced the safety of the vascular
operation, avoided potential cardiac morbidity, and perhaps extended the life
expectancy of these patients. However, whatever the degree of this protec-
tion, it came at a high price, literally and figuratively. The charges for cardiac
screening tests and procedures are difficult to determine at a VA medical cen-
ter, but they are certainly substantial in the private sector.

In general, the incidence of the most serious adverse cardiac outcomes—
MI and cardiac death—is relatively low. However, up to half of postoperative
MIs are fatal.44,45 The uncommon but dangerous occurrence of postoperative
MI has given rise to four major approaches to preoperative risk assessment: 1)
an aggressive interventional strategy such as that evaluated by Hertzer and
others in Cleveland36,46; 2) a rigid protocol requiring extensive preoperative
testing proposed by Bunt in Loma Linda45; 3) a selective evaluation recom-
mended by several groups in Boston28,30,47; 4) a minimalist policy champi-
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oned by Taylor and colleagues in Oregon.42 Numerous variations of these
approaches have also been recommended by other authorities.

Based on our findings in the outcomes study, we are swayed by the results
Taylor et al. reported using a “minimalist” approach to preoperative cardiac
screening.42 In a one year period, 534 vascular procedures were performed in
491 consecutive patients. Only 5.8% of patients with severe, symptomatic
CAD had studies in addition to history, physical examination, and resting
ECG. Despite minimal workup, the overall MI rate was only 3.9%; MIs
occurred in only 2.8% of elective cases. Potential criticisms of this economic
strategy include; 1) one-fifth of the patients had previous PTCAs or CABGs;
2) patients were routinely studied for only the first 72 postoperative hours;
and 3) nearly one-third of patients did not have cardiac enzymes obtained for
the full 72 hours.

It is also important to consider the substantial morbidity and mortality of
CABG or PTCA in elderly patients with peripheral vascular disease, many of
whom also have diabetes mellitus. In the Cleveland Clinic—clearly a
respected center of excellence for cardiac revascularization—266 of the 1000
consecutive vascular patients evaluated for CAD underwent prophylactic
CABG: 12 of these patients died after CABG for a mortality rate of 4.5%.36

Cutler and Leppo screened 116 patients scheduled for peripheral vascular
operations with DTSs and referred 7 (6%) for CABG.29 One patient died
after CABG (14%) and another died awaiting CABG (14%). No operative
deaths occurred after the subsequent 106 peripheral vascular operations;
thus, the two deaths that occurred (1.7%) were directly related to the cardiac
screening program. Even “less invasive” PTCA carries substantial risk in the
vascular population. Kip and colleagues compared short- and long-term out-
comes of PTCA in 281 diabetic and 1833 nondiabetic patients in the multi-
center National Heart, Lung, and Blood Institute PTCA Registry.48

Nine-year mortality was twice as high in diabetic patients (35.9% versus
17.9%) with nonfatal MI rates of 29.0% versus 18.5%, respectively. In the
small series reported by Huber et al. from the Mayo Clinic, 50 patients were
identified as high risk for cardiac morbidity before vascular surgery; despite
prophylactic PTCA, the incidence of perioperative nonfatal and fatal MIs was
5.6% and 1.9%, respectively.41

Optimal protocols and management guidelines ideally should arise from
randomized controlled studies. Properly designed randomized trials must be
instituted to confirm the value of invasive, expensive, and potentially danger-
ous interventions. A Department of Veterans Affairs Cooperative Trial
(Coronary Artery Revascularization Prophylaxis—CARP) to investigate this
issue has recently been initiated, but results will not be forthcoming for many
years.49 Until then, we recommend extended cardiac evaluation and inter-
vention only when the patient’s cardiac symptoms warrant treatment; not to
enhance safety of the proposed vascular procedure, because advances in sur-
gical and anesthetic techniques and intra- and postoperative monitoring have
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reduced the morbidity and mortality of elective vascular surgery. We feel that
cardiac screening tests are most useful to avoid operations in patients with
less compelling indications (e.g., smaller AAAs, asymptomatic carotid
stenoses, claudication), or to alter operative strategies to favor lower risk
options when possible (e.g., axillobifemoral vs. aortobifemoral bypasses). At
present, we recommend a minimalist approach for the cardiac evaluation of
patients with “mandatory” indications for vascular reconstruction and a
selective approach to those with “relative” indications. This is particularly
true in view of recent reports showing a profoundly beneficial effect of
administering prophlactic beta blockers to vascular surgery patients.50
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Expert Commentary William K. Freeman, M.D., F.A.C.C.

The strong association of coronary artery disease with peripheral arterial
occlusive or aneurysmal disease is well established.1,2 Recognizing a clearly
increased incidence of significant perioperative cardiac events with vascular
surgical procedures compared to most other noncardiac operations, many
diagnostic modalities have been proposed and studied in an attempt to strat-
ify such a patient’s cardiac risk preoperatively.

Just as routine coronary angiography is not indicated prior to vascular sur-
gery, Doctors Bui and de Virgilio argue correctly that “routine” preoperative
stress testing is not necessary in all patients undergoing aorto-iliac operations.
In the absence of the independent and cumulatively predictive clinical risk
factors of diabetes mellitus, angina pectoris, congestive heart failure, or prior
myocardial infarction, a physically active patient requires no preoperative
stress test.3,4 In the presence of such clinical predictors, particularly ongoing
angina pectoris, stress testing is indicated especially if the patient is sedentary
or unable to be physically active.4 As Doctors Bui and de Virgilio note, phar-
macologic stress testing employing either nuclear perfusion or echocardio-
graphic imaging have reassuringly high negative predictive value (often
greater >95%) but low positive predictive value (not uncommonly 15–25%).
The prior reports cited are generally flawed in that the results of pharmaco-
logic stress testing altered preoperative patient management favorably
impacting on perioperative outcome, hence diminishing positive predictive
value of the diagnostic test itself.

In a much better study, Poldermans et al.5 reported results of 302 patients
undergoing peripheral vascular surgery in whom the results of dobutamine
stress echocardiography were not employed in preoperative management. In
this study, neither the extent nor severity of ischemic regional wall motion
abnormalities were independently predictive of perioperative ischemic cardiac
events (unstable angina, nonfatal or fatal myocardial infarction). However,
ischemia detected at a low heart rate, defined as <70% age predicted maximal
heart rate, had a positive predictive value of 53%; 75% of all perioperative
events occurred in patients with a low ischemic threshold. Excluding patients
without the above-mentioned clinical risk factors, the positive predictive
value of dobutamine stress echocardiography approached 60% when utilizing
the low heart rate ischemic threshold with a negative predictive value of
100%.5 Realizing no diagnostic study can offer both very high sensitivity and
specificity, the above findings present a stronger argument for the utility of
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preoperative stress testing for the identification of potentially high-risk
patients in whom coronary angiography may be warranted.

Evidence of myocardial ischemia on any type of preoperative stress testing
certainly does not mandate coronary angiography anticipating coronary
revascularization, particularly if ischemia is localized and occurring at a high
ischemic threshold. There have been no controlled randomized trials yet
published demonstrating coronary revascularization by any method to
improve the perioperative cardiac outcome of vascular surgery.

There are, however, randomized studies reporting the efficacy of perioper-
ative beta-blockade in the reduction of cardiac events complicating noncar-
diac surgery.6,7 In a randomized trial employing atenolol, Mangano et al.
reported no ischemic cardiac events (myocardial infarction, unstable angina,
or need for coronary revascularization) in patients randomized to atenolol
compared to a 12% incidence of such events in control patients from the
immediate perioperative period to six months after noncardiac surgery.6

Approximately 40% of patients in each patient group in this study underwent
major vascular surgery. In the very recent study by Poldermans et al.,7

patients with evidence of myocardial ischemia on dobutamine stress testing
were randomized to beta-blocker therapy with bisoprolol (n = 59) versus
other medical therapy (n = 53) and underwent vascular surgery without pre-
operative coronary revascularization. Perioperative cardiac death or nonfatal
myocardial infarction occurred in only two (3.4%) patients treated with biso-
prolol versus 18 (34%) control patients.7 This represented a highly significant
reduction in cardiac events with beta-blocker therapy, even in patients with
ischemia clearly demonstrated on preoperative pharmacologic stress testing.

Given the advances being made in vascular surgical techniques, anesthetic
methods and management, and recognition of the importance of postopera-
tive cardiac surveillance, the mortality and morbidity rates of even the most
extensive vascular surgical procedures continues to decrease. In the absence
of unstable ischemic syndromes or high-risk stress test results, the cardiac risk
of vascular surgery may be commensurate or even less than that of coronary
revascularization. Unlike prior experience reported with coronary revascular-
ization prior to noncardiac surgery, there are now randomized trials,6,7 albeit
small, providing evidence-based rationale for perioperative beta-blocker med-
ical therapy anticipating an acceptably low incidence of perioperative ischemic
cardiac events during vascular surgery. As stated in the position paper of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines, “invasive intervention is rarely necessary to lower the risk
of surgery unless such intervention is indicated irrespective of the preopera-
tive context.”4
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Hao Bui, M.D.
The Last Word Christian de Virgilio, M.D.

We thank Drs. Krupski and Freeman for their commentaries and recognize
their expertise in the field of cardiac risk assessment. It is noteworthy that Dr.
Krupski was one of the co-authors in the landmark study by Mangano et al.,1
which first demonstrated that dipyridamole-thallium had poor predictive
value for adverse cardiac events in patients undergoing vascular surgery.1

The role of cardiac risk assessment prior to vascular surgery remains in a
state of flux. Prior to the 1970s, little attention was paid to trying to objec-
tively determine a patient’s likelihood of a perioperative cardiac event. With
the realization that most postoperative morbidity and mortality was cardiac in
nature, numerous cardiac risk indices were created, including those advo-
cated by Dripps, Goldman, Detsky, and Eagle.2 This in turn helped ignite
florid growth in the disciplines of interventional cardiology and radiology.
Numerous new imaging modalities were developed. Fueled by this enthusi-
asm, routine cardiac testing was espoused by many cardiologists in the 1980s
and early 1990s, not just for moderate and high risk patients undergoing aor-
tic surgery, but for all patients undergoing major vascular surgery, as well as
other major procedures.

As we enter the new millennium, enthusiasm for aggressive preoperative
cardiac workup has been tempered by studies that question the predictive
value of many of these imaging techniques. Enthusiasm has also been mod-
erated by the realization that cardiac testing is a double edged sword. Cardiac
testing may identify significant CAD but it adds expense and delays the defin-
itive operation. Preoperative noninvasive tests may lead to further invasive
cardiac tests and/or interventions to further delineate/correct CAD, but this
in turn may cause the very same serious life threatening complications that
are trying to be prevented. As pointed out by Dr. Krupski, we all can recall at
least one patient who ruptured their aortic aneurysm while awaiting cardiac
clearance, or suffered a massive MI while undergoing percutaneous coronary
angioplasty for an asymptomatic coronary artery stenosis. While such stories
may seem anecdotal, the mounting body of evidence supports the notion
that routine cardiac testing should not be performed. We agree with Drs.
Krupski and Freeman that cardiac testing should be reserved for high risk
patients with overt, severe cardiac symptoms. The other group in whom car-
diac testing should be considered is those patients with multiple Eagle risk
factors. The main issue with this group is what test to obtain. Given the
recent data on the poor predictive value of dipyridamole-thallium, and the
limited data on dobutamine ECHO, the question is whether these moderate

Preoperative Cardiac Evaluation and Interventions Before Aortic Surgery 53

Volume 12
Number 2

Copyright © 2000 by Thieme Medical Publishers, Inc., 333 Seventh Avenue, New York, NY 10001, USA. 
Tel. +1(212) 584-4662. 0894-8046,p; 2000,12,2,53,54,ftx,en;pvs00062A

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



risk should patients proceed directly to coronary angiography. Whether pre-
operative coronary revascularization followed by vascular surgery is less risky
than proceeding directly to vascular surgery is not yet known. We eagerly
await the results of the study by Dr. Krupski and colleagues (Coronary Artery
Revascularization Prophylaxis study).3 Until then our bias is that the best
results in moderate risk patients can be achieved by directly proceeding to
surgery without cardiac workup, and instead focusing on delivering excellent
anesthesia, use of superior surgical technique, and as pointed out by Dr. Free-
man, the administration of perioperative beta blockade.
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