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A careful clinical history and physical examination are the most important components of the preoperative assessment of the cardiac patient who is to undergo a
noncardiac surgical procedure. From these factors and the nature of the surgical
procedure planned, a reasonable estimate of potential cardiac risk can be formulated
to guide judicious preoperative testing for further definition of potentially high-risk
patients. The potential risks associated with an invasive cardiac procedure or
surgical intervention must always be considered along with the potential benefits of
such a procedure in an attempt to reduce the cardiac risk of noncardiac operations.
Aggressive and conscientious preoperative assessment and perioperative care of the
high-risk patient by the concerted efforts of the medical consultant, anesthesiologist,
and surgeon may substantially diminish cardiac-related morbidity and mortality
during noncardiac surgical procedures.

Patients with cardiac disease are commonly
referred to a general internist or cardiologist for
assessment before noncardiac surgical proce
dures. Guided by a thorough clinical history,
physical examination, and selective testing, the
physician can provide an estimate of potential
cardiac risk for such patients. Identification of
the high-risk patient may indicate the need for
more comprehensive and effective perioperative
management and t h u s decrease cardiac-related
morbidity and mortality during noncardiac sur
gical procedures.

EFFECT OF CORONARY
ARTERY DISEASE
In most cardiac patients undergoing noncardiac
surgical procedures, the greatest potential risks
arise from the presence of coronary artery dis
ease. Pooled data from three large series (a total
of 46,425 patients) show the risk of perioperative
myocardial infarction to be 0.15% in patients
without prior clinical evidence of heart dis
ease. 1 3 In patients who have had a prior myocar
dial infarction, however, the incidence of reinfarction during a major noncardiac operation
has ranged from 2.8 to 17.7% (mean, approxi
mately 6%).1"4
The risk of perioperative reinfarction is in
versely
related to the time interval between the
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noncardiac surgical procedure, a curvilinear
rather than a linear relationship (Fig. 1). A
noncardiac surgical procedure performed within
3 months after a myocardial infarction has been
associated with reinfarction rates of 27 to 37%;
the corresponding rates have been 11 to 16%
between 3 and 6 months after infarction and
generally 4 to 5% after 6 months.1·4 The risk of
perioperative reinfarction is not significantly
different whether the previous event was a Qwave or a non-Q-wave myocardial infarction.3
Recently, Rao and colleagues5 demonstrated a
significant decrease in reinfarction rates with
the implementation of aggressive and compre
hensive perioperative patient management
guided by invasive hemodynamic monitoring
(Fig. 2). The reduction in reinfarction rates was
especially prominent in patients whose prior
myocardial infarction had occurred less than 6
months before the noncardiac surgical proce
dure. With this approach, these investigators
noted a reinfarction rate of only 5.8% in patients
who had had an infarction within 3 months
before the noncardiac operation.
Despite multiple advances in intraoperative
and postoperative care, the mortality from perioperative myocardial infarction remains high,

Months after preoperative myocardial infarction
Fig. 1. Inverse relationship of risk of perioperative myocar
dial reinfarction during noncardiac surgical procedure and
time since prior preoperative myocardial infarction in 843
patients. (Patient data from Tarhan and associates 1 and
Steen and colleagues. 4 )
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Months after preoperative myocardial infarction
Fig. 2. Effect of aggressive perioperative monitoring on rate
of reinfarction in 733 patients with prior myocardial infarc
tion who underwent noncardiac surgical procedures. (Data
from Rao and co-workers. 5 )

ranging from 32 to 69% (mean, approximately
50%).15 The risk of cardiac death from reinfarc
tion less than 6 months after a preoperative
myocardial infarction is significantly greater
than that observed after 6 months, at which time
the risk of death is similar to that in patients
with no history of cardiac disease who have a
perioperative infarction.4
PREOPERATIVE CARDIAC
RISK INDICES
The benefit of a multifactorial approach to esti
mation of cardiac risk for noncardiac surgical
procedures was first demonstrated by Goldman
and colleagues6 in 1977. Multivariate analysis
of 39 variables in 1,001 patients revealed 9
variables that had statistically significant and
independent predictive value for perioperative
cardiac events. A point score was derived from
the multivariate discriminant-function coeffi
cient of each variable to reflect its statistical
weight in the analysis. From this point score, a
related preoperative cardiac risk index was
derived (Table 1).
In the study by Goldman and associates,6 19
postoperative cardiac deaths (1.9%) occurred,
and 39 patients (3.9%) had one or more lifethreatening cardiac complications (periopera
tive pulmonary edema, myocardial infarction, or
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Table 1.—Preoperative Cardiac Risk I n d e x for
N o n c a r d i a c Surgical P r o c e d u r e s
Variable*
Age >70 yr
Preoperative MI within 6 mo
Physical examination:
S 3 gallop or increased J V P
(>12 cm H 2 0)
Significant valvular aortic stenosis
Electrocardiogram:
Rhythm other t h a n sinus, or atrial
ectopy
Documentation of >5 VPC/min at
any time
General medical status:
P a 0 2 <60 mm Hg or P a C 0 2
>50 mm Hg
K+ <3.0 meq/L or H C 0 3
<20 meq/L
BUN >50 mg/dl or creatinine
>3.0 mg/dl
Chronic liver disease or debilitation
Operation:
Intraperitoneal, intrathoracic, or
aortic
Emergency
Total possible points

Point score
5
10
11
3
7
7

3

3
4
53

*BUN = blood urea nitrogen; J V P = jugular venous pres
sure; MI = myocardial infarction; VPC = ventricular
premature contractions.
Modified from Goldman and associates. 6 By permission of
the New England Journal of Medicine.

ventricular tachycardia) without cardiac death.
The preoperative cardiac risk factor index clearly
correlated with subsequent cardiac events: in
low-risk patients (class I, 0 to 5 points), only
0.9% had cardiac events; in high-risk patients
(class IV, 26 points or more), 78% had a lifethreatening cardiac event or cardiac death
(Table 2).
The cardiac risk index of Goldman and coworkers was evaluated by Zeldin7 in a prospec
tive study of 1,140 patients who were older than
40 years of age when they underwent general
noncardiac surgical procedures. This study vali
dated the findings of Goldman and associates6
and revealed a clear difference in risk of perioperative events between lower and higher
classes. Patients in the two higher risk classes
(III and TV) had an almost eightfold higher

incidence of life-threatening cardiac events in
comparison with patients in classes I and II. The
risk of perioperative cardiac death was almost
20 times higher in patients in class III or TV
(9.3%) than in those in class I or II (0.5%); nearly
half (43%) of all cardiac deaths occurred in pa
tients who were in class IV.7
The applicability of the cardiac risk index6 to
certain types of surgical procedures has been
questioned. Major intrathoracic, upper abdomi
nal, or great vessel surgical procedures have
been associated with a higher incidence of post
operative congestive heart failure3 and a three
fold greater incidence of myocardial reinfarction4 than found with other general surgical
procedures. Jeffrey and colleagues8 examined
the utility of the cardiac risk index prospectively
in 99 patients undergoing elective abdominal
aortoiliac procedures for aneurysmal or occlusive disease. The cardiac risk index did identify
patients at high risk for life-threatening events
(myocardial infarction, pulmonary edema, and
ventricular tachycardia). Patients in the lowrisk classes I and II, however, had a 9% incidence
of such events, in comparison with 3% observed
in the general surgical population studied by
Goldman and co-workers.6 The authors con
cluded that the cardiac risk index was unreliable
in separating truly low-risk from high-risk pa
tients undergoing procedures on the abdominal
aorta. 8
These findings are consistent with the known
close association of coronary artery disease with
peripheral vascular disease. Routine coronary
angiography before vascular surgical procedures
has demonstrated that 59% of patients with
clinically suspected ischemic heart disease have
severe multivessel or even inoperable coronary
artery disease.9 More importantly, 23% of pa
tients with no prior history suggestive of cardiac
disease had similar severe, diffuse coronary
artery disease. Patients with symptomatic isch
emic heart disease undergoing surgical proce
dures for aortic aneurysm or carotid or aortoiliac
occlusive disease had incidences of severe coro
nary artery disease of 95%, 71%, and 84%, re
spectively. Other investigators have noted a
strong influence of coronary artery disease on
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Table 2.—Perioperative Outcome of Cardiac Patients Undergoing
Noncardiac Operations, Stratified by Cardiac Risk Index
of Goldman and Associates
Life-threatening
Cardiac
complication*
death
Risk
Total
No. of
patients
points
No.
%
No.
%
class
I
II
III
IV
Total

537
316
130
18
1,001

0-5
6-12
13-25
>26

4
16
15
4
39

0.7
5
12
22
4

1
5
3
10
19

0.2
2
2
56
2

*Perioperative myocardial infarction, pulmonary edema, or ventricular tachycar
dia without cardiac death.
Modified from Goldman and associates.6 By permission of the New England
Journal of Medicine.

the early10 and late 11 survival of patients who
undergo abdominal aortic operations, with 70%
and 38%, respectively, of all deaths being car
diac-related.
With the high prevalence of symptomatic and
asymptomatic ischemic heart disease in patients
undergoing vascular operations, it is not sur
prising that the cardiac risk index,6 derived from
a broad spectrum of general surgical patients,
would underestimate perioperative risk for this
subgroup of patients. Aortic surgical procedures
are associated with a higher risk of prolonged
intraoperative hypotension, which has been
implicated as a cause of perioperative cardiac
complications.2·3-5 Such procedures are also
commonly associated with large shifts of extravascular and intravascular fluids and postop
erative hypoxemia due to multifactorial respira
tory insufficiency. Cardiac patients with severe
occult coronary artery disease, especially those
with left ventricular dysfunction, would clearly
be at greater risk when subjected to these greater
physiologic stresses than would the general
postoperative patient. This increased risk may
not be fully identified by a cardiac risk index
alone.
To address the importance of the type of sur
gical procedure in the outcome of noncardiac
operations in cardiac patients, Detsky and asso
ciates12·13 used a modified cardiac risk index
(Table 3) that accounted for the presence and
severity of angina pectoris, a feature conspicu

ously absent from the index of Goldman and
colleagues.6 The type of procedure was not
regarded as an individual patient risk charac
teristic but rather as a "pretest probability" of a
potential cardiac complication.
The modified risk index was assessed12 in 455
patients with prior evidence of coronary, valvu
lar, or myocardial disease, a group of patients
with definite potential cardiac risk. The risk
classification was done preoperatively, and then
the postoperative events were monitored by
observers who did not know the preoperative
risk index score and did not have direct respon
sibility for patient care. In these patients under
going major surgical procedures, 43 periopera
tive cardiac events occurred: 15 episodes of left
ventricular failure, 13 myocardial infarctions, 9
cardiac deaths, and 6 episodes of unstable an
gina. The likelihood ratios of a cardiac event
were 0.42 for class I (0 to 15 points), 3.58 for class
II (16 to 30 points), and 14.93 for class III (more
than 30 points).
With the "pretest probability" determined by
the cardiac complication rate for each major type
of operation, Detsky and co-workers12 used
bayesian analysis to determine the probability
of a cardiac event for each risk score stratum,
and hence the posttest (or post-risk score index)
probability. These values permit a graphic
representation of probabilities of a perioperative
cardiac event (Fig. 3). Incremental risk was
clearly greater for increasing risk classification
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own institution, and the referral patient popula
tion must be considered. One also must not
Variable*
Points ignore confounding clinical problems and events
that considerably influence individual patient
Coronary artery disease
Myocardial infarction <6 mo
10
management. Such individual problems may
Myocardial infarction >6 mo
5
occur so uncommonly that they have no predic
Angina (Canadian Cardiovascular
tive power in the statistical analysis of larger
Society class)
studies and hence fail to appear as a factor in a
Class III
10
Class IV
20
derived cardiac risk index. For example, the
Unstable angina <6 mo
10
rare event of preoperative out-of-hospital car
Alveolar pulmonary edema
diac arrest would represent potentially a very
Within 1 wk
10
Ever
5
high risk for a noncardiac surgical procedure but
Valvular disease
appears in no reported cardiac risk index.6·12
Suspected critical aortic stenosis
20
Another limitation of preoperative cardiac
Arrhythmia
risk indices is the nature of the methods used to
Rhythm other than sinus, with or
without atrial ectopy
5
assess left ventricular function. Quantitative
Presence of >5 VPC/min at any time
5
measures of left ventricular function have been
Poor general medical status
5
shown to be the most important prognostic indi
Age >70 yr
5
Emergency surgical procedure
10
cators of survival in patients who have coronary
artery disease. 1415 Clinical evidence of left ven
*VPC = ventricular premature contractions.
12
Modified from Detsky and colleagues. By permission of tricular dysfunction, such as jugular venous
the Society of General Internal Medicine.
distention, a third heart sound, pulmonary
edema, and frequent ventricular ectopic beats,
has been shown to be predictive of the occur
rence of cardiac events during noncardiac opera
and surgical procedures associated with higher tions,3·6·7·12 but these factors remain indirect and
complication rates. For example, for patients imperfect estimates of left ventricular function.
undergoing a surgical procedure with an esti
mated 10% complication rate, 5%, 25%, and 65%
probabilities of a cardiac event could be antici
pated for modified index classes I, II, and III,
respectively. The analysis endpoints used by
Detsky and associates12 included "soft" events
such as unstable angina and left ventricular
failure, which could enhance the predictive value
of preoperative risk factors in assessing coro
nary artery disease. Overall, the results were
similar to prior applications of the original car
diac risk index. 67 The modified cardiac risk
index must still be validated prospectively.
Several important considerations about the
potential utility of preoperative cardiac risk
indices should be noted. A low risk score index
does not exclude a patient from perioperative
cardiac risk but rather indicates a low probability
of a cardiac event. In an estimation of cardiac Fig. 3. Bayesian analysis of perioperative cardiac risk
during noncardiac surgical procedures as stratified by the
risk, the magnitude of the surgical procedure, modified
cardiac risk index. See text for further discussion.
the surgical and anesthetic expertise in one's (Data from Detsky and associates.1213)
Table 3.—Multifactorial Cardiac Risk Index of
Detsky and Colleagues
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Foster and colleagues 16 studied the influence
of coronary artery disease and left ventricular
function, as defined by angiography, in patients
undergoing noncardiac surgical procedures. This
study analyzed the outcome of 1,600 major
noncardiac surgical procedures performed be
tween 1978 and 1981 on patients (mean age,
approximately 58 years) in the Coronary Artery
Surgery Study (CASS) Registry. General ab
dominal (cholecystectomy in 40%), urologic,
orthopedic, and gynecologic procedures ac
counted for 8 1 % of the operations; a vascular or
thoracic procedure was done in 13%. In this
study, 13 (0.8%) cardiac-related deaths, 21 (1.3%)
episodes of congestive heart failure, and 10 (0.6%)
perioperative myocardial infarctions occurred.
Univariate analysis revealed t h a t multiple signs
and symptoms of severe left ventricular dysfunc
tion were related to operative outcome, as was
the angiographic left ventricular wall motion
score (sum of five segments; scored 1 = normal to
6 = aneurysmal). Left ventricular ejection frac
tion was not analyzed in this study. Multivariate analysis revealed t h a t only dyspnea on exer
tion and left ventricular wall motion score were
independently predictive of both cardiac-related
morbidity and mortality. A preoperative history
of myocardial infarction was not an independent
predictor of cardiac outcome, an implication t h a t
it is the degree of left ventricular dysfunction,
not j u s t a history of infarction (which may indi
cate a mild or even dubious event), t h a t is most
important.
That study 1 6 also showed t h a t noncardiac
operative mortality was significantly decreased
in patients who had undergone a prior coronary
artery bypass operation (0.9%) in comparison
with those who had not (2.4%) and was similar to
t h a t in patients without severe coronary artery
disease evident on angiography (0.5%). This
analysis, however, did not include the operative
mortality associated with the coronary artery
bypass procedure itself (2.3% overall for CASS
Registry patients). 1 6 No statistically significant
difference was noted in postoperative nonfatal
cardiac complications such as heart failure or
myocardial infarction in patients who had or had
not undergone a prior coronary bypass opera

tion. Moreover, the number of coronary arteries
diseased did not influence perioperative morbid
ity or mortality.
PREOPERATIVE ASSESSMENT OF
CARDIOVASCULAR FUNCTION
The cardiovascular functional status of a patient
is most often estimated on the basis of a thor
ough clinical history. Preoperative exercise stress
testing is an additional objective means of func
tional assessment before a noncardiac surgical
procedure. 1 7 1 9 Results of exercise testing are
dependent on the pretest probability of ischemic
heart disease in the patient population studied.
This factor will be influenced not only by the
patient's clinical manifestations but also by the
surgical procedure planned—that is, patients
referred for vascular operations have a high
frequency of coexisting coronary artery disease. 9
In a series of 130 patients undergoing tread
mill or arm ergometric electrocardiographic
stress testing before vascular surgical proce
dures, Cutler and colleagues 17 found an im
pressive correlation between exercise-induced
ischemia and subsequent cardiac events. Of pa
tients exercising to more t h a n 75% of their
maximal predicted heart rate, those with nor
mal findings on an exercise electrocardiogram
had no cardiac mortality or postoperative myo
cardial infarction. Those patients with an isch
emic electrocardiographic response had a 4.3%
incidence of nonfatal myocardial infarction. A
high-risk group was identified in those patients
who exercised to less t h a n a 75% maximal pre
dicted h e a r t rate and had ischemic electrocar
diographic changes. In this subgroup, the inci
dence of perioperative infarction was 25.9% (with
71% mortality) and overall cardiac mortality
was 18.5%.
Carliner and associates 1 9 studied similar
exercise electrocardiographic testing prospectively in 200 patients (mean age, 59 years)
undergoing various surgical procedures (52%
abdominal, 34% vascular, and 14% thoracic).
Postoperative cardiac death, myocardial infarc
tion, and suspected myocardial ischemia or in
jury occurred more frequently in patients with
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an abnormal preoperative exercise electrocar
diogram (27%) than in those without (14%) and
more frequently in those patients exercising to
less than 5 METs (21%) than in those exercising
to a higher workload (12%). Because of the small
number of primary events (three cardiac deaths
and three myocardial infarctions), the statisti
cal power for identifying predictors of events
was limited in this study. By multivariate
analysis, only an abnormal preoperative resting
electrocardiogram (left ventricular hypertrophy,
ST-T wave abnormalities, left bundle-branch
block, or Q-wave myocardial infarction) was
found to be an independent predictor of cardiac
events.
In 100 patients 65 years of age or older (mean
age, 73 years) undergoing exercise radionuclide
angiography before elective major abdominal,
aortic, or thoracic surgical procedures, Gerson
and associates18 found that only a resting left
ventricular regional wall motion abnormality
and the inability to exercise for 2 minutes to a
heart rate of more than 99 beats/min were inde
pendently predictive of a cardiac event. The
presence of one or more variables of the Goldman
risk index6 also was a significant univariate
predictor, as was an ejection fraction of less than
50%. In the absence of a "Goldman indicator,"6
the inability to exercise was associated with a
19.4% incidence of perioperative cardiac events
in comparison with a 1.5% incidence in patients
able to exercise. Prospective analysis of an
additional 55 patients revealed that only the
inability to exercise for 2 minutes to a heart rate
of more than 99 beats/min independently pre
dicted perioperative cardiac events (cardiac
death, myocardial infarction, left ventricular
failure, or ventricular tachycardia) with a sensi
tivity of 80% and a specificity of 53%. 18
Similar findings were noted in 148 patients
undergoing symptom-limited exercise radionu
clide angiography before peripheral vascular
surgical procedures at the Mayo Clinic.20 All 11
perioperative cardiac events (5 deaths, 5 myo
cardial infarctions, and 1 cardiac arrest) oc
curred in patients unable to exercise to more
than a relatively low workload of 400 kg-m/min
(4.5 METs for a 70-kg patient). Cardiac events

did not correlate with exercise-induced changes
in left ventricular ejection fraction or regional
function. Contrary to prior observations in
patients undergoing similar surgical proce
dures, 21 perioperative myocardial infarction was
not found to correlate with resting left ventricu
lar ejection fraction.
The primary limitation of both the clinical
history and the exercise stress testing in assess
ment of cardiovascular function is the patient's
inability to undergo adequate physical exertion.
This restriction may be due to peripheral vascu
lar, orthopedic, or neurologic disease, the nature
of the preoperative illness, advanced age, gen
eral deconditioning and debilitation, or some
combination of these factors. Such limited exer
cise performance, in turn, substantially decreases
the sensitivity of stress testing and hence its
potential prognostic value.
In patients unable to exercise adequately,
intravenous dipyridamole-thallium imaging has
been found to be an alternative means of stress
testing. 2224 In this technique, intravenous
administration of dipyridamole causes coronary
artery vasodilatation, which results in increased
blood flow to the myocardium supplied by nonstenotic vessels but limited perfusion in regions
supplied by stenotic vessels with diminished
flow reserve. This heterogeneity of blood flow is
reflected in heterogeneous uptake of thallium,
which produces a reversible redistribution de
fect on the immediate images that resolves on
delayed images.
A preliminary study22 of 48 patients undergo
ing peripheral vascular operations found that, of
16 patients with preoperative dipyridamoleinduced thallium redistribution defects, 8 (50%)
subsequently had a perioperative cardiac event
(death, infarction, or unstable angina). No car
diac events were noted in patients with normal
findings on dipyridamole scans or in the 12
patients with only persistent defects (prior
myocardial infarction). Clinically evident car
diac symptoms were not predictive of subse
quent complications, although the study did not
include patients considered at high risk by the
criteria of Goldman and co-workers.6 The au
thors concluded that a reversible defect on dipyri-
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damole-thallium imaging identified a high car
diac risk for vascular surgical procedures and
advocated further evaluation of this subgroup
by coronary angiography in anticipation of pos
sible coronary revascularization. 22
Leppo and associates23 studied the results of
dipyridamole-thallium imaging in 100 patients
before aortic or peripheral vascular surgical
procedures. The presence of dipyridamole-induced thallium redistribution was associated
with a 33% rate of cardiac events (myocardial
infarction or death) in comparison with a 2%
rate in those with no redistribution. Dipyridam
ole-thallium imaging was highly sensitive (93%)
in predicting perioperative myocardial infarc
tion or death in patients undergoing a vascular
operation if a redistribution defect was present.
The positive predictive value, however, was low
(33%), as was the specificity (62%). A scan
without a redistribution defect was reassuring
because the negative predictive value was very
high (98%). If diabetes was present or the STsegment depression was precipitated by dipyri
damole-thallium stress, regression analysis
showed that the probability of a perioperative
event increased to approximately 60%, 30 times
the risk observed in patients without a thallium
redistribution defect. The number of redistribu
tion defects and dipyridamole-induced ST-segment depressions had only univariate predictive
value for cardiac events.
In another study in which dipyridamole-thal
lium imaging was used before vascular surgical
procedures, Eagle and colleagues24 also noted
the predictive value of a redistribution defect
and found that the location and number of thal
lium redistribution defects added little to the
risk analysis. Demonstration of a thallium
redistribution defect in the presence of one or
more clinical risk factors (angina, prior myocar
dial infarction, congestive heart failure, electrocardiographic Q waves, or diabetes) was associ
ated with a considerably higher incidence of
perioperative cardiac complications (44%) in com
parison with patients without such clinical risk
factors (0%). Because of this observation, these
investigators advocated dipyridamole-thallium
imaging before vascular operations only in pa

tients with one or more of the aforementioned
clinical risk factors.
APPROACH TO ASSESSMENT
AND MANAGEMENT
Obtaining a thorough cardiovascular history is
vital in the preoperative evaluation for noncardiac surgical procedures, and its findings are
corroborated by the cardiovascular physical
examination, chest roentgenogram, and electro
cardiogram. Close attention should be paid to
the presence, severity, and pattern of angina
pectoris and also to the efficacy and appropriate
ness of the current medical program. A history
and chronology of prior myocardial infarction (or
infarctions) should be elicited, as should symp
toms suggestive of left ventricular dysfunction.
As demonstrated in several studies involving
exercise stress testing,1718-20 the functional limi
tation of a patient with ischemic heart disease
has the most significant implications for cardiac
risk in noncardiac surgical procedures. Exercise
stress testing is noninvasive and widely avail
able but should be used selectively. Patients not
suspected clinically of having ischemic heart
disease should not undergo routine stress test
ing before general noncardiac operations.
In general, if patients with chronic stable
angina are able to perform activities of daily
living—for example, housework or walking
briskly on level ground without symptoms—
such patients will probably tolerate the stress of
most noncardiac surgical procedures.25 Such
patients would experience angina only with
unusual exertion or stress and would be classi
fied in New York Heart Association functional
class II. This group of patients would not rou
tinely require preoperative stress testing; how
ever, the authors believe that patients about to
undergo major intrathoracic, upper abdominal,
or vascular surgical procedures (especially if
they have diabetes or ischemic left ventricular
dysfunction) should be strongly considered for
preoperative stress testing. In contrast, pa
tients with significant symptomatic limitation
(New York Heart Association functional class III
or IV) or progressive or accelerating symptoms
of angina should undergo coronary angiography.
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If the patient's functional limitation from
ischemic heart disease is not clear on the basis of
the history, then exercise stress testing, if pos
sible, is indicated. Even if minimal anginal
symptoms are present, stress testing should be
undertaken before a major upper abdominal,
intrathoracic, or, especially, peripheral vascular
surgical procedure if the patient has (1) had a
definite prior myocardial infarction (on the basis
of the history or electrocardiography), (2) symp
tomatic left ventricular dysfunction, or (3) dia
betes mellitus. Previous studies 1720 are in agree
ment that, if adequate exercise capacity (5 to 6
METs) is demonstrated on exercise testing, the
cardiac risk during noncardiac surgical proce
dures, including peripheral vascular operations,
is low. Coronary angiography should be per
formed if the patient is unable to exercise to an
adequate workload because of ischemic symp
toms or demonstrates other signs of an early
positive high-risk stress test. In such a situ
ation, coronary revascularization probably is
warranted.
If a patient with a history of angina, prior
infarction, congestive heart failure, or diabetes
is unable to exercise to an adequate workload for
any noncardiac reason, we recommend dipyridamole-thallium scanning if a major intratho
racic, upper abdominal, or peripheral vascular
operation is planned. The absence of a dipyridamole-induced reversible thallium defect has
a high negative predictive value and indicates
very low risk for a noncardiac surgical proce
dure. The detection of any definite reversible
thallium defect is associated with approximately
a 20 to 33% risk of perioperative myocardial
infarction or cardiac death. 2224 As directed by
clinical judgment, coronary angiography should
be strongly considered for further preoperative
evaluation in anticipation of coronary revascu
larization by either percutaneous transluminal
coronary angioplasty or a coronary artery by
pass operation (depending on the angiographic
findings).
In an attempt to decrease cardiac mortality
and morbidity from coronary artery disease,
some investigators have recommended routine
coronary angiography26 and coronary artery

bypass operations, as indicated in patients
undergoing peripheral vascular 2628 and carotid29
surgical procedures. A coronary artery bypass
operation before a noncardiac surgical proce
dure, including thoracic or vascular procedures,
has been suggested to decrease perioperative
cardiac mortality significantly, to 0% to 1.1%163031
in comparison with a cardiac mortality of 2.4% in
patients with similar coronary artery disease
treated medically.16
The potential risks and benefits of coronary
revascularization before major noncardiac sur
gical procedures must be considered carefully.
In a CASS report,32 the overall operative mortal
ity for coronary artery bypass procedures was
2.3%. This mortality increased to 2.9% for all
patients with a left ventricular ejection fraction
less than 50% and to 7.9% in all patients older
than 70 years of age. Mortality rates for coro
nary artery bypass operations are likely to be
higher in some institutions. Recent multicenter
experience with percutaneous transluminal
coronary angioplasty has demonstrated an over
all mortality of 1.0% (2.8% when triple-vessel
disease is present), a 4.3% incidence of nonfatal
infarction, and a need for emergency coronary
artery bypass operation in 3.4% of patients. 33 No
trial examining the risks and benefits of per
cutaneous transluminal coronary angioplasty
before noncardiac surgical procedures has been
reported to date.
The benefits of the coronary revascularization
procedures must be carefully weighed against
the potential risks (which may be higher) in the
endeavor to decrease cardiac mortality and
morbidity associated with major noncardiac
surgical procedures. The presence of cardiac
risk index factors, severity of ischemic symp
toms, functional limitation, presence and degree
of left ventricular dysfunction, age, medical
therapeutic options, and general medical condi
tion all are important factors that affect the
individual patient's preoperative management.
As demonstrated by numerous studies, the
method of anesthesia (general versus spinal)
and the specific type of anesthetic agent ad
ministered do not contribute substantially to the
perioperative cardiac risk.17
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Patients with prior myocardial infarction
should undergo careful assessment for symp
toms and signs of congestive heart failure or
functional limitation; if present, noninvasive
assessment of left ventricular function with
radionuclide angiography or two-dimensional
echocardiography is often warranted. A similar
approach would be reasonable in patients with
nonischemic dilated cardiomyopathy or hemodynamically significant valvular aortic or mitral
regurgitation, in whom important left ventricu
lar dysfunction may also occur.
If congestive heart failure is present, every
effort should be made to optimize medical ther
apy preoperatively, and dehydration and hypo
tension from overly aggressive diuretic and
vasodilator therapy, respectively, should be
avoided. In patients with clinical evidence of
congestive heart failure and confirmation of
severe left ventricular dysfunction, intraopera
tive hemodynamic monitoring by pulmonary
artery catheterization is indicated, especially
for major intrathoracic, upper abdominal, or
aortoiliac surgical procedures. By continuous
monitoring of left ventricular filling (wedge)
pressure and other hemodynamic variables,
therapy with fluids, inotropic agents, nitroglycerin, and other vasodilators can be optimally
guided. Benefits of such monitoring could con
tinue well into the postoperative period,5 when
major mobilization of extravascular fluid could
precipitate pulmonary edema in patients with
severe left ventricular dysfunction.
Assessment of pulmonary capillary wedge
pressure has been shown to be more sensitive
than electrocardiographic monitoring in the
detection of intraoperative myocardial isch
emia.34 Aggressive use of hemodynamic moni
toring with meticulous postoperative cardiopulmonary care in patients with a prior myocardial
infarction, especially if it occurred within 6
months before the noncardiac surgical proce
dure (Fig. 2), has been shown to decrease the
overall incidence of perioperative reinfarction
significantly (7.7% to 1.9%) and also to decrease
the mortality from reinfarction itself (57% to
36%) in one nonrandomized series of patients. 5
Because approximately 50% of all patients who

have postoperative myocardial infarction have
no typical symptoms of ischemia,3,6·16 close
monitoring by serial myocardial enzyme deter
minations, electrocardiography, and even inva
sive hemodynamic studies 5 has been advocated
in potentially high-risk patients.
Intraoperative hemodynamic monitoring
should be considered35,36 during major noncar
diac operations in patients with the following:
(1) high-risk ischemic heart disease not ame
nable to revascularization techniques, (2) myo
cardial infarction within 6 months preopera
tively, (3) clinically significant left ventricular
failure from any cause, (4) severe aortic or mitral
stenosis, (5) surgical treatment of aortic aneurysm, or (6) emergency or relatively urgent sur
gical procedures in which optimization of car
diac status is not possible. By use of invasive
monitoring for guidance, perioperative hemodynamics may be optimized with the use of intra
venous vasodilator, inotropic, or ß-adrenergic
antagonist therapy as indicated for the individ
ual patient, although no randomized, controlled
trial has been performed to substantiate de
creased cardiovascular morbidity and mortality
during noncardiac surgical procedures with this
approach. The low risk associated with invasive
hemodynamic monitoring by experienced opera
tors again should be balanced against the poten
tial benefits.
Other cardiovascular issues should be evalu
ated before noncardiac surgical procedures. The
patient's medication program for hypertension,
ischemic heart disease, arrhythmia, or conges
tive heart failure should be carefully examined
for efficacy and appropriateness. In general,
cardiovascular medications should be continued
up to the time of operation and resumed as soon
as possible postoperatively, even by using
nasogastric tube administration. Initial con
cerns about precipitation of hypotension and
bradyarrhythmia during general anesthesia
because of use of ß-adrenergic antagonist ther
apy are unfounded; such therapy should be
continued uninterrupted insofar as possible,
especially in patients with ischemic heart dis
ease in whom acute withdrawal may precipitate
rebound myocardial ischemia.36 Likewise, an-
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tihypertensive medication should remain as
continuous as possible. Significant periopera
tive hypertension will occur in approximately
25% of hypertensive patients; it seems to be
unrelated to preoperative control and frequently
occurs in patients undergoing repair of abdomi
nal aortic aneurysm and other peripheral vascu
lar surgical procedures, including carotid endarterectomy'.37 Perioperative hypertension can be
controlled readily and safely with intravenous
administration of ß-adrenergic antagonists,
particularly with continuous infusion of the
ultrashort-acting agent esmolol.38
Both supraventricular and especially ventricu
lar arrhythmias may reflect underlying myocardial or valvular disease and have been indepen
dently associated with increased perioperative
cardiac risk.3·6 Hence, the preoperative antiarrhythmia therapy should be maintained
throughout the perioperative period. Prophy
lactic infusion of lidocaine should be considered
for the suppression of complex ventricular ectopic beats only in the patient with a history of
ventricular arrhythmia that causes symptoms
or cardiac arrest. 25 Asymptomatic conduction
system disease such as bundle-branch block or
bifascicular or even trifascicular block does not
presage advanced or complete heart block dur
ing noncardiac surgical procedures.39 In gen
eral, prophylactic pacing is reserved for only
those patients in whom permanent cardiac pac
ing is clearly indicated.40
Severe valvular heart disease should be evi
dent on physical examination. The cause and
severity of valvular disease can be clarified by
two-dimensional and Doppler echocardiography
and, in certain cases, cardiac catheterization. In
general, patients with symptomatic severe aor
tic or mitral stenosis should be considered candi
dates for surgical correction or valvuloplasty41
(if surgical correction is not a reasonable option)
before major noncardiac operations. Medical
therapy guided by careful intraoperative hemodynamic monitoring should be adequate for
asymptomatic patients with severe aortic or
mitral stenosis.36 Recent experience at the Mayo
Clinic has shown that selected patients with
symptomatic, severe aortic stenosis can undergo

noncardiac surgical procedures with current
anesthetic techniques without prohibitive car
diac-related mortality and morbidity.42
The approach to patients with mechanical
valvular prostheses who require long-term anticoagulation is variable. In one study, discon
tinuation of oral anticoagulant therapy 1 to 3
days preoperatively with resumption approxi
mately 2 days (range, 1 to 7 days) postoperatively was associated with a 13% incidence of
bleeding complications but no thromboembolic
events.43 Other investigators 44 used a similar
method for aortic prostheses but achieved addi
tional anticoagulation with infusion of full-dose
heparin until 6 hours preoperatively and re
sumption of this regimen 12 to 24 hours postoperatively for patients with mechanical prosthe
ses in the mitral position; no thromboembolic
events and a rate of bleeding complications
similar to that previously mentioned were noted
with this approach.
Prophylaxis against bacterial endocarditis
should be administered according to the recom
mendations of the American Heart Association.45
In general, patients with hypertrophic ob
structive cardiomyopathy tolerate major non
cardiac surgical procedures without increased
cardiac-related mortality or life-threatening
ventricular arrhythmia. 46 Conditions that may
exacerbate the dynamic left ventricular outflow
tract obstruction, such as hypovolemia or pe
ripheral vasodilatation, should be avoided in
patients with this disorder.
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