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procedures and therapies in the management or prevention
of disease states. Rigorous and expert analysis of the avail-
able data documenting relative benefits and risks of those
procedures and therapies can produce helpful guidelines that
improve the effectiveness of care, optimize patient out-
comes, and impact the overall cost of care favorably by
focusing resources on the most effective strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have produced such
guidelines in the area of cardiovascular disease jointly since
1980. This report was directed by the ACC/AHA Task Force
on Practice Guidelines, which has as its charge to develop
and revise practice guidelines for important cardiovascular
diseases and procedures. Experts in a given field are select-
ed from both organizations to examine subject-specific data
and write guidelines. Additional representatives from other
medical practitioner and specialty groups are included in the
writing process when appropriate. Each writing group is
specifically charged to perform a formal literature review,
weigh the strength of evidence for or against a particular
treatment or procedure, and include estimates of expected
health outcomes where data exist. Patient-specific modifiers,
comorbidities, and issues of patient preference that might
influence the choice of particular tests or therapies are con-
sidered along with frequency of follow-up and cost-effec-
tiveness.

These practice guidelines are intended to assist physicians
in clinical decision making by describing a range of gener-
ally acceptable approaches for the diagnosis, management,
or prevention of specific diseases or conditions. These
guidelines attempt to define practices that meet the needs of
most patients in most circumstances. The ultimate judgment
regarding care of a particular patient must be made by the
physician and patient in light of all of the circumstances pre-
sented by that patient.

The 1996 Committee to Develop Guidelines on
Perioperative Cardiovascular Evaluation for Noncardiac
Surgery was chaired by Kim A. Eagle, MD, and included the
following members: Bruce H. Brundage, MD; Bernard R.
Chaitman, MD; Gordon A. Ewy, MD; Lee A. Fleisher, MD;
Norman R. Hertzer, MD; Jeffrey A. Leppo, MD; Thomas
Ryan, MD; Robert C. Schlant, MD; William H. Spencer III,
MD; John A. Spittell, Jr, MD; and Richard D. Twiss, MD.
The document update used the 1996 work as its basis. The
Committee to Update the 1996 Guidelines on Perioperative
Cardiovascular Evaluation for Noncardiac Surgery was
chaired by Kim A. Eagle, MD, and included the following
members: Peter B. Berger, MD; Hugh Calkins, MD; Bernard
R. Chaitman, MD; Gordon A. Ewy, MD; Kirsten E.
Fleischmann, MD; Lee A. Fleisher, MD; James B.
Froehlich, MD; Richard J. Gusberg, MD; Jeffrey A. Leppo,
MD; Thomas J. Ryan, MD; Robert C. Schlant, MD; William
L. Winters, Jr, MD. 

The ACC/AHA Task Force on Practice Guidelines makes
every effort to avoid any actual or potential conflicts of inter-
est that might arise as a result of an outside relationship or
personal interest of a member of the writing panel.
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PREAMBLE

Clearly it is important that the medical profession play a sig-
nificant role in critically evaluating the use of diagnostic



relevant to perioperative cardiac evaluation since the last
publication of these guidelines in 1996. Literature searches
were conducted in the following databases: PubMed/MED-
LINE, EMBASE, the Cochrane Library (including the
Cochrane Database of Systematic Reviews and the Cochrane
Controlled Trials Register), and Best Evidence. Searches
were limited to the English language, 1995 through 2000,
and human subjects. In addition, related-article searches
were conducted in MEDLINE to find further relevant arti-
cles. Finally, committee members recommended applicable
articles outside the scope of the formal searches. 

Major search topics included perioperative risk, cardiac
risk, noncardiac surgery, noncardiac, intraoperative risk,
postoperative risk, risk stratification, cardiac complication,
cardiac evaluation, perioperative care, preoperative evalua-
tion, preoperative assessment, and intraoperative complica-
tions. Additional searches cross-referenced these topics with
the following subtopics: troponin, myocardial infarction,
myocardial ischemia, Duke activity status index, functional
capacity, dobutamine, adenosine, venous thrombosis, throm-
boembolism, warfarin, PTCA, adrenergic beta-agonists,
echocardiography, anticoagulant, beta-blocker, diabetes
mellitus, wound infection, blood sugar control, normother-
mia, body temperature changes, body temperature regula-
tion, hypertension, pulmonary hypertension, anemia,
aspirin, arrhythmia, implantable defibrillator, artificial pace-
maker, pulmonary artery catheters, Swan Ganz catheter, and
platelet aggregation inhibitors.

As a result of these searches, over 400 relevant, new arti-
cles were identified and reviewed by the committee for the
update of these guidelines. Using evidence-based method-
ologies developed by the ACC/AHA Task Force on Practice
Guidelines, the committee updated the guidelines text and
recommendations. New references are numbered 230-390
and are listed together at the end of the reference list. The
ACC/AHA classifications of evidence are used in this report
to summarize indications for a particular therapy or treat-
ment as follows:

Class I: Conditions for which there is evidence for
and/or general agreement that the proce-
dure/therapy is useful and effective.

Class II: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulness/efficacy of performing the pro-
cedure/therapy.

Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well
established by evidence/opinion.

Class III: Conditions for which there is evidence and/or
general agreement that the procedure/thera-
py is not useful/effective and in some cases
may be harmful.

Specifically, all members of the writing panel are asked to
provide disclosure statements of all such relationships that
might be perceived as real or potential conflicts of interest.
These statements are reviewed by the parent task force,
reported orally to all members of the writing panel at the first
meeting, and updated as changes occur. 

This document was reviewed by 2 outside reviewers from
the AHA and 2 outside reviewers of the ACC, as well as 1
reviewer of the ACC/AHA Task Force on Practice
Guidelines. It was approved by the ACC Board of Trustees
and the AHA Science Advisory and Coordinating
Committee and is being published simultaneously in the
Journal of the American College of Cardiology and
Circulation (February 6, 2002 and March 5, 2002, respec-
tively). The document will be reviewed annually after the
date of publication and considered current unless the Task
Force publishes another update or full revision or withdraws
it from publication.

Raymond J. Gibbons, MD, FACC
Chair, ACC/AHA Task Force on Practice Guidelines

I. DEFINITION OF THE PROBLEM

A. Purpose of These Guidelines

These guidelines are intended for physicians who are
involved in the preoperative, operative, and postoperative
care of patients undergoing noncardiac surgery. They pro-
vide a framework for considering cardiac risk of noncardiac
surgery in a variety of patient and surgical situations. The
task force that prepared these guidelines strove to incorpo-
rate what is currently known about perioperative risk and
how this knowledge can be used in the individual patient. 

The tables and algorithms provide quick references for
decision making. The overriding theme of this document is
that intervention is rarely necessary simply to lower the risk
of surgery unless such intervention is indicated irrespective
of the preoperative context. The purpose of preoperative
evaluation is not to give medical clearance but rather to per-
form an evaluation of the patient's current medical status;
make recommendations concerning the evaluation, manage-
ment, and risk of cardiac problems over the entire perioper-
ative period; and provide a clinical risk profile that the
patient, primary physician, anesthesiologist, and surgeon
can use in making treatment decisions that may influence
short- and long-term cardiac outcomes. No test should be
performed unless it is likely to influence patient treatment.
Therefore, the goal of the consultation is the rational use of
testing in an era of cost containment and the optimal care of
the patient.

B. Methodology and Evidence

The ACC/AHA Committee to Update the 1996 Guidelines
on Perioperative Cardiovascular Evaluation for Noncardiac
Surgery conducted a comprehensive review of the literature
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C. Epidemiology

The prevalence of cardiovascular disease increases with age,
and it is estimated that the number of persons older than 65
years in the United States will increase 25% to 35% over the
next 30 years (1). Coincidentally, this is the same age group
in which the largest number of surgical procedures is per-
formed (390). Thus, it is conceivable that the number of non-
cardiac surgical procedures performed in older persons will
increase from the current 6 million to nearly 12 million per
year, and nearly a fourth of these—major intra-abdominal,
thoracic, vascular, and orthopedic procedures—have been
associated with significant perioperative cardiovascular mor-
bidity and mortality.

D. Practice Patterns

There are few reliable data available regarding (1) how often
a family physician, general internist, subspecialty internist,
or surgeon performs a preoperative evaluation on his or her
own patient without a formal consultation and (2) how often
a formal preoperative consultation is requested from either a
generalist or a subspecialist such as a cardiologist for differ-
ent types of surgical procedures and different categories of
patients. The patterns of practice vary significantly in differ-
ent locations in the country and vary between patients receiv-
ing care under different healthcare provider systems (3).
There is an important need to determine the relative cost-
effectiveness of different strategies of perioperative evalua-
tion. In many institutions, patients are evaluated in an anes-
thesia preoperative evaluation setting. If sufficient informa-
tion about the patient's cardiovascular status is available, the
symptoms are stable, and further evaluation will not influ-
ence perioperative management, a formal consultation may
not be required or obtained. This is facilitated by communi-
cation between anesthesia personnel and physicians respon-
sible for the patient's cardiovascular care.

E. Financial Implications

The financial implications of risk stratification cannot be
ignored. The need for better methods of objectively measur-
ing cardiovascular risk has led to the development of multi-
ple noninvasive techniques in addition to established invasive
procedures. Although a variety of strategies to assess and
lower cardiac risk have been developed, their aggregate cost
has received relatively little attention. Given the striking
practice variation and high costs associated with many eval-
uation strategies, the development of practice guidelines
based on currently available knowledge can serve to foster
more efficient approaches to perioperative evaluation.

F. Role of the Consultant

The consultant should review available patient data, obtain a
history, and perform a physical examination pertinent to the
patient's problem and the proposed surgery. A critical role of
the consultant is to communicate the severity and stability of
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the patient's cardiovascular status and to determine whether
the patient is in optimal medical condition, given the context
of surgical illness. The consultant may recommend changes
in medication and suggest preoperative tests or procedures.
In some instances, an additional test is necessary based on
the results of the initial preoperative test. In general, preop-
erative tests are recommended only if the information
obtained will result in a change in the surgical procedure per-
formed, a change in medical therapy or monitoring during or
after surgery, or a postponement of surgery until the cardiac
condition can be corrected or stabilized. Before suggesting
an additional test, the consultant should feel confident that
the information will provide a significant addition to the
existing database and will have the potential to affect treat-
ment. Redundancy should be avoided.

II. GENERAL APPROACH TO THE PATIENT

Preoperative cardiac evaluation must be carefully tailored to
the circumstances that have prompted the consultation and
the nature of the surgical illness. Given an acute surgical
emergency, preoperative evaluation might have to be limited
to simple and critical tests such as a rapid assessment of car-
diovascular vital signs, volume status, hematocrit, elec-
trolytes, renal function, urine analysis, and electrocardio-
gram (ECG). Only the most essential tests and interventions
are appropriate until the acute surgical emergency is
resolved. A more thorough evaluation can be conducted after
surgery. In some circumstances, surgery is not performed as
an emergency procedure, but good care dictates prompt sur-
gery. In patients in whom coronary revascularization is not
an option, it is often not necessary to perform a test. Under
other, less urgent circumstances, the preoperative cardiac
evaluation may lead to a variety of responses. Sometimes this
situation may include cancellation of an elective procedure.
In this era of managed care and cost containment, the special
needs of patients with comorbid disease who undergo sur-
gery must be considered. “Same day” admission, which has
become standard for most operations because of cost-con-
tainment issues, may lead to an abbreviated preoperative
assessment and could result in greater morbidity and higher
cost in high-risk patients. Further study of this question is
needed.

The consultant must carefully consider the question that he
or she has been asked to answer. A misinterpreted ECG
anomaly, atypical chest pain, or a benign arrhythmia in an
otherwise healthy patient may require no further workup or
special precaution, whereas suspicion of previously unsus-
pected coronary artery disease (CAD) or heart failure (HF) in
a patient scheduled for an elective procedure may justify a
more extensive workup (4-6).

The consultant must also bear in mind that the periopera-
tive evaluation may be the ideal opportunity to affect long-
term treatment of a patient with significant cardiac disease or
risk of such disease. The referring physician and patient
should be informed of the results of the evaluation and impli-
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cations for the patient's prognosis. The consultant can also
assist in planning for follow-up.

A. History

A careful history is crucial to the discovery of cardiac and/or
comorbid diseases that would place the patient in a high sur-
gical risk category. The history should seek to identify seri-
ous cardiac conditions such as prior angina, recent or past
myocardial infarction (MI), HF, and symptomatic arrhyth-
mias and also determine whether the patient has a prior his-
tory of a pacemaker or implantable cardioverter defibrillator
(ICD) or a history of orthostatic intolerance. Modifiable risk
factors for coronary heart disease (CHD) should be recorded
along with evidence of associated diseases, such as peripher-
al vascular disease, cerebrovascular disease, diabetes melli-
tus, renal impairment, and chronic pulmonary disease. In
patients with established cardiac disease, any recent change
in symptoms must be ascertained. Accurate recording of cur-
rent medications and dosages is essential. Use of alcohol and
over-the-counter and illicit drugs should be documented.

The history should also seek to determine the patient's
functional capacity (Table 1). An assessment of an individ-
ual's capacity to perform a spectrum of common daily tasks
has been shown to correlate well with maximum oxygen
uptake by treadmill testing (7). A patient classified as high
risk owing to age or known CAD but who is asymptomatic

and runs for 30 minutes daily may need no further evalua-
tion. In contrast, a sedentary patient without a history of car-
diovascular disease but with clinical factors that suggest
increased perioperative risk may benefit from a more exten-
sive preoperative evaluation (5,6,8,9). The preoperative con-
sultation may represent the first careful cardiovascular eval-
uation for the patient in years, and in some instances, ever.
For example, inquiry regarding symptoms suggestive of
angina or anginal equivalents such as dyspnea or HF may
establish or suggest these diagnoses for the first time.

B. Physical Examination

A careful cardiovascular examination should include an
assessment of vital signs (including measurement of blood
pressure in both arms), carotid pulse contour and bruits,
jugular venous pressure and pulsations, auscultation of the
lungs, precordial palpation and auscultation, abdominal pal-
pation, and examination of the extremities for edema and
vascular integrity. The presence of an implanted pacemaker
or ICD can also be confirmed on physical examination.
More detailed observations will be dictated by specific cir-
cumstances.

The following points are worth emphasizing:

• The general appearance provides invaluable evidence
regarding the patient's overall status. Cyanosis, pallor, dysp-
nea during conversation or with minimal activity, Cheyne

Table 1. Clinical Predictors of Increased Perioperative Cardiovascular Risk (Myocardial Infarction, Heart Failure,
Death)

Major
Unstable coronary syndromes

• Acute or recent MI* with evidence of important ischemic risk by clinical symptoms or noninvasive study

• Unstable or severe† angina (Canadian class III or IV)‡
Decompensated heart failure
Significant arrhythmias

• High-grade atrioventricular block

• Symptomatic ventricular arrhythmias in the presence of underlying heart disease

• Supraventricular arrhythmias with uncontrolled ventricular rate
Severe valvular disease

Intermediate
Mild angina pectoris (Canadian class I or II)
Previous MI by history or pathologic Q waves
Compensated or prior heart failure
Diabetes mellitus (particularly insulin-dependent)
Renal insufficiency

Minor
Advanced age
Abnormal ECG (left ventricular hypertrophy, left bundle-branch block, ST-T abnormalities)
Rhythm other than sinus (e.g., atrial fibrillation)
Low functional capacity (e.g., inability to climb one flight of stairs with a bag of groceries)
History of stroke
Uncontrolled systemic hypertension

ECG indicates electrocardiogram; MI, myocardial infarction.
*The American College of Cardiology National Database Library defines recent MI as greater than 7 days but less than or equal to 1 month
(30 days); acute MI is within 7 days.

†May include “stable” angina in patients who are unusually sedentary.
‡Campeau L. Grading of angina pectoris. Circulation. 1976;54:522-3.
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Stokes respiration, poor nutritional status, obesity, skeletal
deformities, tremor, and anxiety are just a few of the clues
that can be recognized by the skilled physician.

• In patients with acute HF, pulmonary rales and chest X-
ray evidence of pulmonary congestion correlate well with
elevated pulmonary venous pressure. However, in patients
with chronic HF, these findings may be absent. An elevated
jugular venous pressure or a positive hepatojugular reflux
are more reliable signs of hypervolemia in these patients
(10,11). Peripheral edema is not a reliable indicator of
chronic HF unless the jugular venous pressure is elevated or
the hepatojugular test is positive.

• A careful examination of the carotid and other arterial
pulses is essential. The presence of associated vascular dis-
ease should heighten suspicion of occult CAD.

• Cardiac auscultation will often provide useful clues to
underlying cardiac disease. When present, a third heart
sound at the apical area suggests a failing left ventricle, but
its absence is not a reliable indicator of good ventricular
function (11).

• If a murmur is present, the clinician will need to decide
whether or not it represents significant valvular disease.
Detection of significant aortic stenosis is of particular
importance because this lesion poses a higher risk for non-
cardiac surgery (12). Significant mitral stenosis or regurgita-
tion increases the risk of HF. Aortic regurgitation and mitral
regurgitation may be minimal, yet they predispose the
patient to infective endocarditis should bacteremia occur
after surgery. In these conditions, especially if mitral regur-
gitation is rheumatic in origin or due to mitral valve pro-
lapse, consideration must be given to endocarditis prophy-
laxis (13).

C. Comorbid Diseases

The consultant must evaluate the cardiovascular system
within the framework of the patient's overall health.
Associated conditions often heighten the risk of anesthesia
and may complicate cardiac management. The most com-
mon of these conditions are discussed below:

1. Pulmonary Disease

The presence of either obstructive or restrictive pulmonary
disease places the patient at increased risk of developing
perioperative respiratory complications. Hypoxemia, hyper-
capnia, acidosis, and increased work of breathing can all
lead to further deterioration of an already compromised car-
diopulmonary system. If significant pulmonary disease is
suspected by history or physical examination, determination
of functional capacity, response to bronchodilators, and/or
evaluation for the presence of carbon dioxide retention
through arterial blood gas analysis may be justified. If there
is evidence of infection, appropriate antibiotics are critical.
Steroids and bronchodilators may be indicated, although the

risk of producing arrhythmia or myocardial ischemia by
beta-agonists must be considered.

2. Diabetes Mellitus

A variety of metabolic diseases may accompany cardiac dis-
ease. Diabetes mellitus is the most common. Its presence
should heighten suspicion of CAD, particularly because
CAD and myocardial ischemia are more likely in patients
with diabetes and more likely to be silent (230,231). Older
patients with diabetes are more likely to develop HF postop-
eratively than those without diabetes mellitus even after
adjustment for treatment with angiotensin converting
enzyme (ACE) inhibitors. Management of blood glucose
levels in the perioperative period may be difficult. Fragile
diabetic patients need careful treatment with adjusted doses
or infusions of short-acting insulin based on frequent blood
sugar determinations. Historically, it has been acceptable to
maintain relatively high glucose levels perioperatively to
avoid the attendant risks of hypoglycemic episodes.
However, aggressive perioperative glucose control in coro-
nary bypass surgery patients by a continuous, intravenous
insulin infusion was superior to intermittent subcutaneous
insulin administration in significantly reducing postopera-
tive wound infection (232). Similar benefit may occur sur-
rounding noncardiac surgery (233).

3. Renal Impairment

Azotemia is commonly associated with cardiac disease and
is associated with an increased risk of cardiovascular events.
Maintenance of adequate intravascular volume for renal per-
fusion during diuresis of a patient with HF is often chal-
lenging. Excessive diuresis in combination with initiation of
ACE inhibitors or angiotensin receptor blockers may result
in an increase in blood urea nitrogen and serum creatinine
concentrations. In patients with known vascular disease, a
small increase in blood urea nitrogen and creatinine may
suggest the presence of renal artery stenosis. However, small
increases in blood urea nitrogen and serum creatinine con-
centrations are not an indication to discontinue these drugs,
because they have been shown to improve survival in
patients with HF due to systolic dysfunction. Preoperative
evaluation of the patient on dialysis or after renal transplan-
tation should essentially be the same as that for those
patients not afflicted with these conditions. Many are elder-
ly and have heart problems similar to the general population.
However, a significant number are diabetic, and such
patients are quite predisposed to CHD. They should have
adequate dialysis preoperatively to prevent pulmonary
edema and the consequence of impaired oxygenation or ten-
dency to bleed due to significant azotemia. With the trans-
plant patient, the major issue is management of immunosup-
pression in the perioperative period. Pre-existing renal dis-
ease (preoperative serum creatinine levels between 1.4 and
2.0 mg per dl or above) has been identified as a risk factor
for postoperative renal dysfunction and increased long-term
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The basic clinical evaluation obtained by history, physical
examination, and review of the ECG usually provides the
consultant with sufficient data to estimate cardiac risk. In an
attempt to codify those clinical and laboratory factors that
influence outcome, numerous investigators have developed
risk indices over the past 25 years based on multivariate
analyses (12,15-24). Although some authors have suggested
a scoring system that assigns more weight to some factors
than others and sums these to arrive at a composite risk
(12,22,24), most recent articles have suggested simpler cri-
teria (15-21,236). For example, Lee et al derived and vali-
dated a “simple index” for the prediction of cardiac risk for
stable patients undergoing nonurgent major noncardiac sur-
gery (236). Six independent risk correlates were identified:
ischemic heart disease (defined as history of MI, history of
positive treadmill test, use of nitroglycerin, current com-
plaints of chest pain thought to be secondary to coronary
ischemia, or ECG with abnormal Q waves); congestive HF
(defined as history of HF, pulmonary edema, paroxysmal
nocturnal dyspnea, peripheral edema, bilateral rales, S3, or
X-ray with pulmonary vascular redistribution); cerebral
vascular disease (history of transient ischemic attack or
stroke); high-risk surgery (abdominal aortic aneurysm, other
vascular, thoracic, abdominal, or orthopedic surgery); preop-
erative insulin treatment for diabetes mellitus; and preopera-
tive creatinine greater than 2 mg per dl. Increasing numbers
of risk factors correlated with increased risk, yet the risk was
substantially lower than described in many of the original
indices. These improvements in outcome most likely reflect
selection bias with respect to who presents for elective sur-
gery and advances in surgical technique and anesthesia and
in the management of CAD both perioperatively and in gen-
eral. 

Table 1 lists clinical predictors of increased perioperative
risk of MI, HF, and death established by multivariate analy-
ses (12,15-24). In clinical practice, more weight should be
given to active conditions than to dormant ones, while the
degree of deviation from the norm is used as an implicit
modifier. Although the scoring systems may assist some
practitioners in defining specific risk categories, there was
general consensus among committee members that clinical
factors could be placed into the following 3 categories:

• Major predictors, when present, mandate intensive
management, which may result in delay or cancellation of
surgery unless it is emergent.

• Intermediate predictors are well-validated markers of
enhanced risk of perioperative cardiac complications and
justify careful assessment of the patient's current status.

• Minor predictors are recognized markers for cardiovas-
cular disease that have not been proven to independently
increase perioperative risk.

A history of MI or abnormal Q waves by ECG is listed as
an intermediate predictor, whereas an acute MI (defined as
at least 1 documented MI less than or equal to 7 days before

morbidity and mortality compared with patients without
renal disease (234). In coronary artery bypass patients who
are more than 70 years old, preoperative creatinine levels
greater than 2.6 mg per dl place the patient at much greater
risk for chronic dialysis postoperatively than those with cre-
atinine levels below 2.6 mg per dl (235). Intuitively, one
might extrapolate these findings to those older patients with
comparable creatinine levels who undergo major noncardiac
surgical procedures. One large study has shown that a pre-
operative creatinine level greater than 2.0 mg per dl is a sig-
nificant, independent risk factor for cardiac complications
after major noncardiac surgery (236).

4. Hematologic Disorders

Anemia imposes a stress on the cardiovascular system that
may exacerbate myocardial ischemia and aggravate HF (14).
Preoperative transfusion, when used appropriately in
patients with advanced CAD and/or HF, may reduce periop-
erative cardiac morbidity. However, with current concern
about possible transmission of human immunodeficiency
virus and hepatitis through the use of blood products, a con-
servative approach with respect to transfusion is warranted.
Hematocrits less than 28% are associated with an increased
incidence of perioperative ischemia and postoperative com-
plications in patients undergoing prostate and vascular sur-
gery (237-239).

Polycythemia, thrombocytosis, and other conditions that
increase blood viscosity may increase the risk of throm-
boembolism and/or hemorrhage. Appropriate steps to reduce
these risks should be considered and tailored to the individ-
ual patient's particular circumstances.

D. Ancillary Studies

The consultant should review all pertinent available labora-
tory data. In this era of cost containment, the laboratory data
available may be minimal. Therefore, the consultant may
require additional tests such as blood chemistries and a chest
X-ray on the basis of history and physical examination.
Blood levels of cardiac drugs should be obtained only when
there are specific indications, such as changing renal func-
tion, recent change in dose, or symptoms suggesting toxicity.

The ECG is frequently obtained as part of a preoperative
evaluation in all patients over a specific age or undergoing a
specific set of procedures. In fact, an abnormal ECG report
is often the reason that consultation is requested. If not, the
ECG is almost always indicated as part of a cardiac consul-
tation. Metabolic and electrolyte disturbances, medications,
intracranial disease, pulmonary disease, etc., can alter the
ECG. Conduction disturbances, such as bundle-branch block
or first-degree atrioventricular block, may lead to concern
but usually do not justify further workup. The same is often
true of asymptomatic ventricular arrhythmias, even in the
presence of structural heart disease (240,241). On the other
hand, subtle ECG clues can point the way to a clinically
silent condition of major import.



the examination) or recent MI (greater than 7 days but less
than or equal to 1 month before the examination) with evi-
dence of important ischemic risk by clinical symptoms or
noninvasive study is a major predictor. This definition
reflects the consensus of the ACC Cardiovascular Database
Committee. In this way, the separation of MI into the tradi-
tional 3- and 6-month intervals has been avoided (12,25).
Current management of MI provides for risk stratification
during convalescence (26). If a recent stress test does not
indicate residual myocardium at risk, the likelihood of rein-
farction after noncardiac surgery is low. Although there are
no adequate clinical trials on which to base firm recommen-
dations, it appears reasonable to wait 4 to 6 weeks after MI
to perform elective surgery.

Table 2 presents a validated method for assessing function-
al capacity from a carefully obtained history. This method
represents an important aspect of evaluating overall cardiac
risk and planning appropriate preoperative testing.

Table 3 stratifies the risk of various types of noncardiac sur-
gical procedures. This risk stratification is based on several
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reported studies (12,15,21,22,25,28-30). It is clear that major
emergent operations in the elderly (i.e., those violating a vis-
ceral cavity and those likely to be accompanied by major
bleeding or fluid shifts) place patients at highest risk.
Vascular procedures are higher risk and, primarily because of
the likelihood of associated coronary disease, justify careful
preoperative screening for myocardial ischemia in many
instances. This aspect of decision making is covered more
extensively in Section IV.

E. Stepwise Approach to Perioperative Cardiac
Assessment

Fig. 1 presents in algorithmic form a framework for deter-
mining which patients are candidates for cardiac testing. For
clarity, categories have been established as black and white,
but it is recognized that individual patient problems occur in
shades of gray. The clinician must consider several interact-
ing variables and give them appropriate weight. Furthermore,
there are no adequate controlled or randomized clinical trials

Table 2. Estimated Energy Requirements for Various Activities*

1 MET Can you take care of yourself? 4 METs Climb a flight of stairs or walk up a hill?
Eat, dress, or use the toilet? Walk on level ground at 4 mph or 6.4 km per h?
Walk indoors around the house? Run a short distance?
Walk a block or two on level ground 

at 2 to 3 mph or 3.2 to 4.8 km per h? Do heavy work around the house like scrubbing floors 
or lifting or moving heavy furniture?

Do light work around the house like 
4 METs dusting or washing dishes? Participate in moderate recreational activities like golf,

bowling, dancing, doubles tennis, or throwing a 
baseball or football?

Greater than 10 METs Participate in strenuous sports like swimming, singles 
tennis, football, basketball, or skiing?

MET indicates metabolic equivalent.
*Adapted from the Duke Activity Status Index (7) and AHA Exercise Standards (27).

Table 3. Cardiac Risk* Stratification for Noncardiac Surgical Procedures

High (Reported cardiac risk often greater than 5%)
• Emergent major operations, particularly in the elderly
• Aortic and other major vascular surgery
• Peripheral vascular surgery
• Anticipated prolonged surgical procedures associated with large fluid shifts 

and/or blood loss

Intermediate (Reported cardiac risk generally less than 5%)
• Carotid endarterectomy
• Head and neck surgery
• Intraperitoneal and intrathoracic surgery
• Orthopedic surgery
• Prostate surgery

Low† (Reported cardiac risk generally less than 1%)
• Endoscopic procedures
• Superficial procedure
• Cataract surgery
• Breast surgery

*Combined incidence of cardiac death and nonfatal myocardial infarction.
†Do not generally require further preoperative cardiac testing.



Figure 1. Stepwise approach to preoperative cardiac assessment. Steps are discussed in text. *Subsequent care may include cancellation or delay
of surgery, coronary revascularization followed by noncardiac surgery, or intensified care. CHF indicates congestive heart failure; 
ECG, electrocardiogram; MET, metabolic equivalent; MI, myocardial infarction.
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•  Renal insufficiency
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these intermediate clinical risk predictors, consideration of
functional capacity (as determined by history of daily activ-
ities) and level of surgery-specific risk (Table 3) allows a
rational approach to identifying which patients may most
benefit from further noninvasive testing.

Functional status has been shown to be reliable for periop-
erative and long-term prediction of cardiac events
(33,34,243,247,248). If the patient has not had a recent exer-
cise test, functional status can usually be estimated from the
ability to perform the activities of daily living (247).
Functional capacity can be expressed in metabolic equiva-
lent (MET) levels; the oxygen consumption (VO2) of a 70-
kg, 40-year-old man in a resting state is 3.5 ml per kg per
minute or 1 MET. For this purpose, functional capacity has
been classified as excellent (greater than 10 METs), good (7
to 10 METs), moderate (4 to 7 METs), poor (less than 4
METs), or unknown. Multiples of the baseline MET value
provide a uniform terminology across different exercise pro-
tocols to express aerobic demands for specific activities.
Maximum and submaximum levels of work differ per unit of
time according to the exercise protocol used. Thus, 6 minutes
of a Naughton protocol is not equivalent to 6 minutes on a
standard Bruce protocol in terms of work performed and
energy expended. The predicted MET level for a certain
activity is influenced by the degree of conditioning and
genetic predisposition. Perioperative cardiac and long-term
risks are increased in patients unable to meet a 4-MET
demand during most normal daily activities (247). In 1 series
of 600 consecutive patients undergoing major noncardiac
procedures, perioperative myocardial ischemia and cardio-
vascular events were more common in patients reporting
poor exercise tolerance (inability to walk 4 blocks or climb 2
flights of stairs) even after adjustment for baseline character-
istics known to be associated with increased risk (247). The
likelihood of a serious complication occurring was inversely
related to the number of blocks that could be walked
(p=0.006) or flights of stairs that could be climbed (p=0.01).
Examples of leisure activities associated with less than 4
METs are baking, slow ballroom dancing, golfing with a
cart, playing a musical instrument, and walking at a speed of
approximately 2 to 3 mph. Activities that require more than
4 METs include moderate cycling, climbing hills, ice skat-
ing, roller blading, skiing, singles tennis, and jogging. The
Duke Activity Status Index (Table 2) contains questions that
can be used to estimate the patient's functional capacity
(7,33). Use of the Duke Activity Status Index or other activ-
ity scales (34) and knowledge of the MET levels required for
physical activities, as listed above, provide the clinician with
a relatively easy set of questions to estimate whether a
patient's functional capacity will be less than or greater than
4 METs (Table 2). At activity levels less than 4 METs, spe-
cific questions to establish risk gradients are less reliable.
Furthermore, a clinical questionnaire only estimates func-
tional capacity and does not provide as objective a measure-
ment as exercise treadmill testing or arm ergometry. Other
activity scales have been advocated, including the Specific
Activity Scale (249). 

to help define the process. Thus, collected observational data
and expert opinion form the basis of the proposed algorithm.
However, since publication of the Perioperative Cardio-
vascular Evaluation Guidelines in 1996 (242), several studies
have suggested that this stepwise approach to the assessment
of CAD is both efficacious and cost-effective (243-246).

Step 1 (Fig. 1). The consultant should determine the
urgency of noncardiac surgery. In many instances, patient or
surgery-specific factors dictate an obvious strategy (i.e.,
immediate surgery) that may not allow for further cardiac
assessment or treatment. In such cases, the consultant may
function best by providing recommendations for periopera-
tive medical management and surveillance. Selected postop-
erative risk stratification is often appropriate in patients with
elevated risk for long-term coronary events who have never
had such an assessment before. This is usually initiated after
the patient has recovered from blood loss, deconditioning,
and other postoperative complications that might confound
interpretation of noninvasive test results.

Step 2 (Fig. 1). Has the patient undergone coronary revas-
cularization in the past 5 years? If the patient has had com-
plete surgical revascularization in the past 5 years or percu-
taneous coronary intervention (PCI) from 6 months to 5
years previously, and if his or her clinical status has remained
stable without recurrent signs or symptoms of ischemia in
the interim, the likelihood of perioperative cardiac death or
MI is extremely low (31). Further cardiac testing in this cir-
cumstance is generally not necessary.

Step 3 (Fig. 1). Has the patient undergone a coronary eval-
uation in the past 2 years? If an individual has undergone
extensive coronary evaluation with either noninvasive or
invasive techniques within 2 years, and if the findings indi-
cate that coronary risk has been adequately assessed with
favorable findings, repeat testing is usually unnecessary. An
exception to this rule is the patient who has experienced a
definite change or new symptoms of coronary ischemia since
the prior coronary evaluation.

Step 4 (Fig. 1). Does the patient have 1 of the unstable
coronary syndromes or major clinical predictors of risk
(Table 1)? In patients being considered for elective noncar-
diac surgery, the presence of unstable coronary disease,
decompensated HF, hemodynamically significant arrhyth-
mias, or severe valvular heart disease usually leads to can-
cellation or delay of surgery until the cardiac problem has
been clarified and appropriately treated. Examples of unsta-
ble coronary syndromes include previous MI with evidence
of important ischemic risk by clinical symptoms or noninva-
sive study, unstable or severe angina, and new or poorly con-
trolled ischemia-mediated HF. Many patients in these cir-
cumstances are referred for coronary angiography to assess
further therapeutic options.

Step 5 (Fig. 1). Does the patient have intermediate clinical
predictors of risk (Table 1)? The presence or absence of angi-
na pectoris, prior MI by history or ECG, compensated or
prior HF, preoperative creatinine greater than 2 mg per dl or
diabetes mellitus helps to further stratify clinical risk for
perioperative coronary events. For patients with or without
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Surgery-Specific Risk (Table 3, Fig. 1). The surgery-spe-
cific cardiac risk of noncardiac surgery is related to 2 impor-
tant factors. First, the type of surgery itself may identify a
patient with a greater likelihood of underlying heart disease.
Perhaps the best example is vascular surgery, in which under-
lying CAD is present in a substantial portion of patients. The
second aspect is the degree of hemodynamic cardiac stress
associated with surgery-specific techniques. Certain opera-
tions may be associated with profound alterations in heart
rate, blood pressure, vascular volume, pain, bleeding, clot-
ting tendencies, oxygenation, neurohumoral activation, and
other perturbations. The intensity of these coronary and
myocardial stressors helps determine the likelihood of peri-
operative cardiac events. This is particularly evident in emer-
gency surgery, where the risk of cardiac complications is
substantially elevated.

Examples of noncardiac surgeries and their surgery-specif-
ic risks are given below. Higher surgery-specific cardiac risk
(e.g., combined perioperative MI and/or death rate equal to
or greater than 5%) is present in patients undergoing aortic
surgery, peripheral vascular surgery, and anticipated pro-
longed surgical procedures associated with large fluid shifts
and/or blood loss involving the abdomen and thorax.
Intermediate-surgical-risk procedures (combined MI and/or
death risk 1% to 5%) include uncomplicated abdominal,
head, neck, and thoracic surgery. Urologic and orthopedic
surgery would be at the lower end of this risk group. Low-
risk procedures include cataract resection, dermatologic
operations, endoscopic procedures, and breast surgery (Table
3). Patients undergoing low-risk procedures do not require
further evaluation. Some require endocarditis prophylaxis.

Step 6 (Fig. 1). Patients without major but with intermedi-
ate predictors of clinical risk (Table 1) and with moderate or
excellent functional capacity can generally undergo interme-
diate-risk surgery with little likelihood of perioperative death
or MI. On the other hand, patients with poor functional
capacity or those with a combination of only moderate func-
tional capacity and higher-risk surgery are often considered
for further noninvasive testing. This is especially true for
patients possessing 2 or more of the above intermediate
markers.

Step 7 (Fig. 1). Noncardiac surgery is generally safe for
patients with minor or no clinical predictors of clinical risk
(Fig. 1) and with moderate or excellent functional capacity
(equal to or greater than 4 METs), regardless of surgical
type. Patients with poor functional capacity facing higher-
risk operations (vascular surgery, anticipated long and com-
plicated thoracic surgery, abdominal surgery, and head and
neck surgery) may be considered for further testing on an
individual basis.

To reiterate, it is important to emphasize that the concept of
“medical clearance” for surgery is short-sighted. The real
issue is to perform an evaluation of the patient's current med-
ical status, make recommendations concerning the diagnosis
and medical management (e.g., use of beta blockers) of the
patient with significant cardiac risk over the entire perioper-
ative and postoperative period, and provide a clinical risk

profile that the patient, anesthesiologist, and surgeon can use
to make management decisions. At times it is appropriate for
the consultant to recommend preventive measures that will
decrease the patient's cardiovascular risk for years to come.
The overall goal of cardiac assessment should be a consider-
ation of both the impending surgery and the long-term car-
diac risk, independent of the decision to go to surgery (35).
It is almost never appropriate to recommend coronary
bypass surgery or other invasive interventions such as coro-
nary angioplasty in an effort to reduce the risk of noncardiac
surgery when they would not otherwise be indicated.

Step 8 (Fig. 1). The results of noninvasive testing can then
be used to determine further perioperative management. Such
management may include intensified medical therapy or car-
diac catheterization, which may lead to coronary revascular-
ization or potentially to cancellation or delay of the elective
noncardiac operation. Alternatively, results of the noninva-
sive test may lead to a recommendation to proceed directly
with surgery (Fig. 1). In some patients, the risk of coronary
angioplasty or corrective cardiac surgery may approach or
even exceed the risk of the proposed noncardiac surgery. In
some instances, this approach may be appropriate, however,
if it also significantly improves the patient's long-term prog-
nosis. 

III. DISEASE-SPECIFIC APPROACHES

A. Coronary Artery Disease

1. Patients With Known CAD

In some patients, the presence of coronary disease may be
obvious, such as an acute MI, bypass grafting, coronary
angioplasty, or a coronary angiogram showing luminal
obstructions or irregularities. On the other hand, many
patients without cardiac symptoms may have severe double-
or triple-vessel disease that is not clinically obvious because
the patients may present atypically or are functionally limit-
ed by severe arthritis or peripheral vascular disease. Such
patients may benefit from noninvasive testing (Fig. 1; Table
3) if the patient is a candidate for myocardial revasculariza-
tion. In patients with known CAD, as well as those with pre-
viously occult coronary disease, the questions become (1)
What is the amount of myocardium in jeopardy? (2) What is
the ischemic threshold, i.e., the amount of stress required to
produce ischemia? and (3) What is the patient's ventricular
function? Clarification of these questions is an important
goal of the preoperative history, physical examination, and
selected noninvasive testing used to determine the patient's
prognostic gradient of ischemic response during stress test-
ing (Table 4). On the other hand, many patients do not
require noninvasive testing, particularly if they are not candi-
dates for myocardial revascularization.

2. Patients With Major Risk Factors for CAD

Multiple risk factors have been identified that predispose the
patient to the development of CAD and increase periopera-
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mortality rate after acute MI is greater for women than for
men, but older age and diabetes mellitus account for much of
this difference (50). Whether or not other factors such as
coronary artery size or different pathophysiology also con-
tribute to the increased risk in women is not yet fully under-
stood.

Vascular disease presents a special problem because of its
association with a higher incidence of CAD and because the
limited activity imposed by claudication may mask coronary
disease. A full discussion of the implications of peripheral
vascular disease can be found in Section IV.

B. Hypertension

Numerous studies (12,15,18,21,51,52) have shown that stage
1 or stage 2 hypertension (systolic blood pressure below 180
mm Hg and diastolic blood pressure below 110 mm Hg) are
not independent risks for perioperative cardiovascular com-
plications. However, hypertension is common, and treatment
has been shown to be associated with decreased death rates
from stroke and CHD in the nonsurgical setting.
Unfortunately, all too few patients with hypertension are
treated, and fewer yet have their hypertension controlled.
Accordingly, the perioperative evaluation is a unique oppor-
tunity to identify patients with hypertension and initiate
appropriate therapy. On the other hand, as a universally

tive risk. Age, gender, and diabetes mellitus influence the
outcome of patients undergoing noncardiac surgery. Some
factors, such as diabetes mellitus, not only increase the like-
lihood and extent of coronary disease but also predispose the
patient to complications, such as infection and hyper-
glycemia or hypoglycemia, which may add to the hemody-
namic stress of the operation. Additionally, patients with dia-
betes mellitus may have a higher incidence of CAD and a
higher incidence of silent myocardial ischemia and infarction
than the general population (44-46).

Advanced age is a special risk, not only because of the
increased likelihood of coronary disease, but because of the
effects of aging on the myocardium. Heart muscle is termi-
nally differentiated soon after birth, and the number of car-
diac myocytes decreases with age (47). The mortality of
acute MI increases dramatically in the aged (48). This phe-
nomenon may be due in part to the decreased myocardial
reserve from a smaller number of residual myocardial cells.
Intraoperative or perioperative MI has a higher mortality in
the aged (12,21,22).

Gender is important because premenopausal women have a
lower incidence of CAD, and in general CAD occurs 10 or
more years later in women than in men (49). Women who
have premature menopause, such that as after oophorectomy,
are an exception to this rule. Diabetic women have an
increased risk, that is equivalent to men of the same age. The

Table 4. Prognostic Gradient of Ischemic Responses During an ECG-Monitored Exercise Test*

Patients with suspected or proven CAD

High risk
Ischemia induced by low-level exercise† (less than 4 METs or heart rate less than 100 bpm or less than 70% age
predicted) manifested by one or more of the following:

• Horizontal or downsloping ST depression greater than 0.1 mV

• ST-segment elevation greater than 0.1 mV in noninfarct lead

• Five or more abnormal leads

• Persistent ischemic response greater than 3 min after exertion

• Typical angina

Intermediate risk
Ischemia induced by moderate-level exercise* (4 to 6 METs or heart rate 100 to 130 bpm [70 to 85% age predict-
ed) manifested by one or more of the following:

• Horizontal or downsloping ST depression greater than 0.1 mV

• Typical angina

• Persistent ischemic response greater than 1 to 3 min after exertion

• Three to four abnormal leads

Low risk
No ischemia or ischemia induced at high-level exercise* (greater than 7 METs or heart rate greater than 130 bpm
[greater than 85% age predicted]) manifested by:

• Horizontal or downsloping ST depression greater than 0.1 mV

• Typical angina

• One or two abnormal leads

Inadequate test
Inability to reach adequate target workload or heart rate response for age without an ischemic response. For patients
undergoing noncardiac surgery, the inability to exercise to at least the intermediate-risk level without ischemia
should be considered an inadequate test.

ECG indicates electrocardiographically; MET, metabolic equivalent; bpm, beats per minute.
*Based on references 32 and 37-43.
†Workload and heart rate estimates for risk severity require adjustment for patient age. Maximum target heart rates for 40- and 80-year-
old subjects on no cardioactive medication are 180 and 140 bpm, respectively (32,37-43).
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measured variable with a recognized association with CAD,
hypertension serves as a useful marker for potential CAD
(53). In addition, several investigators have demonstrated
exaggerated intraoperative blood pressure fluctuation with
associated ECG evidence of myocardial ischemia in patients
with preoperative blood pressure elevation (54-57). This
effect can be modified by treatment (55-60). Because intra-
operative ischemia correlates with postoperative cardiac
morbidity (51,61), it follows that control of blood pressure
preoperatively may help reduce the tendency to perioperative
ischemia. Although an elevated blood pressure on an initial
recording in a patient with previously undiagnosed or
untreated hypertension has been shown to correlate with
blood pressure lability under anesthesia (61), the definition
of the severity of hypertension rests with subsequent record-
ings in a nonstressful environment (53). In patients undergo-
ing therapy for hypertension, a careful review of current
medications and dosage, along with known intolerance to
previously prescribed drugs, is essential. The physical exam-
ination should include a search for target-organ damage and
evidence of associated cardiovascular pathology. A fundus-
copic examination may provide useful data regarding the
severity and chronicity of hypertension.

The physical examination and simple laboratory tests can
rule out some of the rare but important causes of hyperten-
sion. Further evaluation to exclude secondary hypertension is
rarely warranted before necessary surgery, but in patients
with severe hypertension, particularly of recent onset, it may
be appropriate to delay elective surgery while the patient is
evaluated for curable causes of hypertension. If pheochro-
mocytoma is a serious possibility, surgery should be delayed
to permit its exclusion. A long abdominal bruit may suggest
renal artery stenosis. A radial to femoral artery pulse delay
suggests coarctation of the aorta, whereas hypokalemia in the
absence of diuretic therapy raises the possibility of hyperal-
dosteronism.

If the initial evaluation establishes hypertension as mild or
moderate and there are no associated metabolic or cardiovas-
cular abnormalities, there is no evidence that it is beneficial
to delay surgery (62). Several investigators have established
the value of effective preoperative blood pressure control
among patients with established hypertension (56,57,60,63),
and antihypertensive medications should be continued during
the perioperative period. Particular care should be taken to
avoid withdrawal of beta blockers and clonidine because of
potential heart rate or blood pressure rebound. In patients
unable to take oral medications, parenteral beta blockers and
transdermal clonidine may be used. For patients with newly
established mild hypertension, institution of therapy may be
delayed until after surgery to avoid creation of instability in
heart rate or blood pressure.

Stage 3 hypertension (systolic blood pressure greater than
or equal to 180 mm Hg and diastolic blood pressure greater
than or equal to 110 mm Hg) should be controlled before sur-
gery. In many such instances, establishment of an effective
regimen can be achieved over several days to weeks of pre-
operative outpatient treatment. If surgery is more urgent,

rapid-acting agents can be administered that allow effective
control in a matter of minutes or hours. Beta blockers appear
to be particularly attractive agents. Several reports have
shown that introduction of preoperative beta-adrenergic
blockers leads to effective modulation of severe blood pres-
sure fluctuations and a reduction in the number and duration
of perioperative coronary ischemic episodes (55-60). The
preoperative administration of beta-adrenergic blocking
drugs has been shown to decrease the incidence of postoper-
ative atrial fibrillation (250), and in patients who have or are
at risk for CAD who must undergo noncardiac surgery, treat-
ment with beta blockers during hospitalization can reduce
mortality and the incidence of cardiovascular complications
(251,252).

Interestingly, patients with preoperative hypertension
appear more likely to develop intraoperative hypotension
than nonhypertensive persons; this is particularly true for
patients taking ACE inhibitors (253). In some patients, this
may be related to a decrease in vascular volume. In 1 report,
hypotension during anesthesia was associated with a greater
incidence of perioperative cardiac and renal complications
than intraoperative hypertension, although other studies have
not shown this (57).

C. Heart Failure

Heart failure has been identified in several studies as being
associated with a poorer outcome when noncardiac surgery is
performed. In the study by Goldman et al (12), the presence
of a third heart sound or signs of HF were associated with a
substantially increased risk during noncardiac surgery.
Detsky et al (22) identified alveolar pulmonary edema as a
significant risk factor, and in the report by Cooperman et al
(24), HF also bestowed a significant risk. Every effort must
be made to detect unsuspected heart failure by a careful his-
tory and physical examination. If possible, it is important to
identify the etiology of HF, because this may have implica-
tions concerning risk of death vs. perioperative HF. For
instance, prior HF due to hypertensive heart disease may por-
tend a different risk than prior HF resulting from CAD.

D. Cardiomyopathy

There is little information on the preoperative evaluation of
patients with cardiomyopathy before noncardiac surgery. At
this time, preoperative recommendations must be based on a
thorough understanding of the pathophysiology of the myo-
pathic process. Every reasonable effort should be made
before surgery to determine the cause of the primary myocar-
dial disease. For example, infiltrative diseases such as amy-
loidosis may produce either systolic or diastolic dysfunction.
Knowledge of this fact may alter intraoperative and postop-
erative management of intravenous fluids. In patients with a
history or signs of HF, preoperative assessment of left ven-
tricular function may be recommended to quantify the sever-
ity of systolic and diastolic dysfunction. This information is
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accompanies tachycardia can lead to severe pulmonary con-
gestion. Significant mitral stenosis increases the risk of HF.
However, preoperative surgical correction of mitral valve
disease is not indicated before noncardiac surgery, unless the
valvular condition should be corrected to prolong survival
and prevent complications, unrelated to the proposed non-
cardiac surgery. When the stenosis is severe, the patient may
benefit from balloon mitral valvuloplasty or open surgical
repair before high-risk surgery (65).

Aortic regurgitation needs to be identified, not only for
appropriate prophylaxis for bacterial endocarditis but also to
ensure appropriate medical treatment. Careful attention to
volume control and afterload reduction is recommended. In
contrast to mitral stenosis, severe aortic regurgitation is not
benefited by unusually slow heart rates, which can increase
the volume of regurgitation by increasing the duration of
time in diastole. Tachycardia thus reduces the time of regur-
gitation in severe aortic regurgitation.

Mitral regurgitation has many causes, the most common
being papillary muscle dysfunction and mitral valve pro-
lapse. Perioperative antibiotic prophylaxis is recommended
for patients with mitral valve prolapse who have clinical evi-
dence of mitral valve regurgitation or echocardiographic evi-
dence of thickening and/or redundancy of the valve leaflets
(13). Because perioperative volume shifts may cause a
patient with an isolated click to develop mitral regurgitation,
auscultation in the sitting, standing, squatting, and standing-
after-squatting positions may identify a tendency to volume-
or stress-related regurgitation.

Patients with severe mitral regurgitation (often manifested
clinically by an apical holosystolic murmur, a third heart
sound, and a diastolic flow rumble) may benefit from after-
load reduction and administration of diuretics to produce
maximal hemodynamic stabilization before high-risk sur-
gery. Occasionally this therapy can best be accomplished by
treatment in an intensive care unit with a catheter to monitor
pulmonary artery pressure. It is also important for the con-
sultant to note even mild reduction of the left ventricular
ejection fraction (LVEF) in patients with mitral regurgitation.
Because the low-pressure left atrium acts as a low-imped-
ance sink in patients with severe mitral regurgitation, LVEF
may overestimate true left ventricular performance. In such
patients, even a mildly reduced LVEF may be a sign of
reduced ventricular reserve.

Patients with a mechanical prosthetic valve are of concern
because of the need for endocarditis prophylaxis (13) when
they undergo surgery that may result in bacteremia and the
need for careful anticoagulation management. The Fifth
Consensus Conference on Anticoagulation recommends the
following (257):

For patients who require minimally invasive procedures
(dental work, superficial biopsies), the recommendation is to
briefly reduce the international normalized ratio (INR) to the
low or subtherapeutic range and resume the normal dose of
oral anticoagulation immediately after the procedure.
Perioperative heparin therapy is recommended for patients in
whom the risk of bleeding with oral anticoagulation is high

valuable for both intraoperative and postoperative manage-
ment. This assessment may include echocardiography.

Hypertrophic obstructive cardiomyopathy poses special
problems. Reduction of blood volume, decreased systemic
vascular resistance, and increased venous capacitance may
cause a reduction in left ventricular volume and thereby
potentially increase a tendency to outflow obstruction with
potentially untoward results. Furthermore, reduced filling
pressures may result in a significant fall in stroke volume
because of the decreased compliance of the hypertrophied
ventricle. Catecholamines should be avoided because they
may increase the degree of dynamic obstruction and decrease
diastolic filling. In a relatively small series of 35 patients
with hypertrophic obstructive cardiomyopathy, there were no
deaths or serious ventricular arrhythmias during or immedi-
ately after general surgical procedures; 1 patient had major
vascular surgery. In the 22 patients who underwent catheter-
ization, the mean rest and peak provokable gradients were 30
and 81 mm Hg, respectively. The only patient suffering a
perioperative MI had 2-vessel coronary disease. Significant
arrhythmias or hypotension requiring vasoconstrictors
occurred in 14% and 13% of patients, respectively (64). In
another study, 77 patients with hypertrophic obstructive car-
diomyopathy who underwent noncardiac surgery were eval-
uated. There were no deaths, but these patients had a signifi-
cant incidence of adverse cardiac events, frequently mani-
fested as HF. Independent risk factors for adverse outcome in
all patients included major surgery and increasing duration of
surgery. Echocardiographic features, including resting out-
flow tract gradient, were not associated with adverse cardiac
events (254).

E. Valvular Heart Disease

Cardiac murmurs are common in patients facing noncardiac
surgery. The consultant must be able to distinguish organic
from functional murmurs, significant from insignificant mur-
murs, and the origin of the murmur to determine which
patients require prophylaxis for endocarditis and which
patients require further quantification of the severity of the
valvular lesion.

Severe aortic stenosis poses the greatest risk for noncardiac
surgery (12). If the aortic stenosis is severe and symptomatic,
elective noncardiac surgery should generally be postponed or
canceled. Such patients require aortic valve replacement
before elective but necessary noncardiac surgery. On the
other hand, in patients with severe aortic stenosis who refuse
cardiac surgery or are otherwise not candidates for aortic
valve replacement, noncardiac surgery can be performed
with a mortality risk of approximately 10% (255,256). In
rare instances, percutaneous balloon aortic valvuloplasty
may be justified when the patient is not a candidate for valve
replacement.

Mitral stenosis, although increasingly rare, is important to
recognize. When stenosis is mild or moderate, the consultant
must ensure control of heart rate during the perioperative
period because the reduction in diastolic filling period that
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operative risk and may necessitate temporary or permanent
transvenous pacing. On the other hand, patients with intra-
ventricular conduction delays, even in the presence of a left
or right bundle-branch block, and no history of advanced
heart block or symptoms rarely progress to complete heart
block perioperatively (71). The availability of transthoracic
pacing units makes the decision for temporary transvenous
pacing less critical.

G. Implanted Pacemakers and ICDs

Each year more than 200000 patients undergo placement of
a permanent pacemaker, and more than 60000 patients
undergo placement of an implantable defibrillator. The pres-
ence of a pacemaker or ICD has important implications
regarding preoperative, intraoperative, and postoperative
patient management. The situations in which device mal-
function may occur, as well as the techniques that may be
used to prevent them, are discussed in Section VII. 

H. Pulmonary Vascular Disease

There are no reported studies that specifically assess the peri-
operative risk associated with pulmonary vascular disease in
patients having noncardiac surgery. In fact, there are no sys-
tematic studies of the risk of noncardiac surgery for patients
with congenital heart disease, corrected or uncorrected (72).
A number of reports have evaluated cardiovascular function
many years after surgery for congenital heart disease. Five
years after surgery for ventricular septal defect or patent duc-
tus arteriosus, pulmonary vasoreactivity often remains
abnormal, increasing to high levels during hypoxia. Such
patients may not tolerate intraoperative or postoperative
hypoxia as well as normal individuals.

Patients with congenital heart disease have also demon-
strated a reduced cardiac reserve during exercise (73).
Postoperative studies of patients with coarctation of the aorta
or tetralogy of Fallot have demonstrated findings consistent
with underlying ventricular dysfunction (74,75). These
observations should be kept in mind when such patients are
evalutated before noncardiac surgery. Patients receiving pri-
mary cardiac repair at a younger age in the present era may
be less prone to postoperative ventricular dysfunction
because of improved surgical techniques.

Although most experts agree that pulmonary hypertension
poses an increased risk for noncardiac surgery, no organized
study of the problem has been performed. The only analo-
gous situation is labor and delivery for women with
Eisenmenger syndrome due to a congenital intracardiac
shunt. Peripartum mortality was reported to be between 30%
and 70% in 1971, but no recent data exist to clarify whether
or not this has fallen with improvements in care (76). In
patients with severe pulmonary hypertension and a cardiac
shunt, systemic hypotension results in increased right-to-left
shunting and predisposes the patient to development of aci-
dosis, which can lead to further decreases in systemic vascu-

and the risk of thromboembolism without anticoagulation is
also high [mechanical valve in the mitral position, Bjork-
Shiley valve, recent (i.e., less than 1 year) thrombosis or
embolus, or 3 or more of the following risk factors: atrial fib-
rillation, previous embolus at any time, hypercoagulable con-
dition, mechanical prosthesis and LVEF less than 30%
(258)]. For patients between these 2 extremes, physicians
must assess the risk and benefit of reduced anticoagulation
vs. perioperative heparin therapy.

F. Arrhythmias and Conduction Defects

Cardiac arrhythmias and conduction disturbances are not
uncommon findings in the perioperative period (12,16,67),
particularly in the elderly. In some studies, both supraven-
tricular and ventricular arrhythmias have been identified as
independent risk factors for coronary events in the perioper-
ative period (12,67). More recent detailed studies using con-
tinuous ECG monitoring found that asymptomatic ventricu-
lar arrhythmias, including couplets and nonsustained ventric-
ular tachycardia, were not associated with an increase in car-
diac complications after noncardiac surgery (241).
Nevertheless, the presence of an arrhythmia in the preopera-
tive setting should provoke a search for underlying car-
diopulmonary disease, ongoing myocardial ischemia or
infarction, drug toxicity, or metabolic derangements.

Some cardiac arrhythmias, although relatively benign, may
unmask underlying cardiac problems; for example,
supraventricular arrhythmia can produce ischemia by
increasing myocardial oxygen demand in patients with coro-
nary disease. Rarely, arrhythmias, because of the hemody-
namic or metabolic derangements they cause, may deterio-
rate into more life-threatening rhythm disturbances; for
example, atrial fibrillation with a rapid ventricular response
in a patient with an accessory bypass pathway may degener-
ate into ventricular fibrillation. Ventricular arrhythmias,
whether single premature ventricular contractions, complex
ventricular ectopy, or nonsustained ventricular tachycardia,
usually do not require therapy except in the presence of
ongoing or threatened myocardial ischemia. Although fre-
quent ventricular premature beats and nonsustained ventric-
ular tachycardia are considered risk factors for the develop-
ment of intraoperative and postoperative arrhythmias and
sustained ventricular arrhythmias during long-term follow-
up, they are not associated with an increased risk of nonfatal
MI or cardiac death in the perioperative period (240,241).
Therefore, aggressive monitoring or treatment in the periop-
erative period may not be necessary. However, physicians
should have a low threshold to institute prophylactic beta-
blocker therapy in patients at increased risk of developing a
perioperative or postoperative arrhythmia. Several recent
studies suggest that beta-blocker therapy can reduce mortal-
ity and the incidence of cardiovascular complications
(including the development of arrhythmias) during and for
up to 2 years after surgery (250-252,259). 

High-grade cardiac conduction abnormalities, such as com-
plete atrioventricular block, if unanticipated, can increase



hypotension. Unfortunately, most true surgical emergencies
(e.g., symptomatic abdominal aortic aneurysms, perforated
viscus, or major trauma) do not permit more than a cursory
cardiac evaluation.

In addition, some situations do not lend themselves to com-
prehensive cardiac evaluation, although surgical care may
qualify as semielective. In some patients, the impending dan-
ger of the disease is greater than the anticipated perioperative
risk. Examples include patients who require arterial bypass
procedures for limb salvage or mesenteric revascularization
to prevent intestinal gangrene. Patients with malignant neo-
plasms also pose a diagnostic and therapeutic dilemma with
respect to preoperative cardiac evaluation, especially when it
is difficult to determine whether the malignancy is curable
before surgical exploration. Each of these situations illus-
trates the importance of close communication among con-
sultant, surgeon, and anesthesiologist to plan an approach for
cardiac assessment that is appropriate for the individual
patient and the underlying disease.

B. Surgical Risk

For elective surgery, cardiac risk can be stratified according
to a number of factors, including the magnitude of the surgi-
cal procedure. Some operations are simply more dangerous
than others. Backer et al (78) encountered no cardiac com-
plications after 288 ophthalmologic procedures in 195
patients with a prior history of MI compared with a reinfarc-
tion rate of 6.1% for a number of nonophthalmologic surger-
ies at the same center. A recent large-scale study supported
the low morbidity and mortality rates in superficial proce-
dures performed on an ambulatory basis. Warner et al (79)
determined the perioperative (30-day) incidence of MI and
cardiac death in 38 500 patients who underwent 45 090 con-
secutive anesthesias. Fourteen (0.03% anesthesia) periopera-
tive MIs occurred, of which 2 resulted in death on postoper-
ative day 7 after the infarction. Two MIs occurred either
intraoperatively or within the first 8 hours, one of which was
fatal. Using age- and gender-adjusted annual incidence rates
for MIs and sudden death, the authors predicted that 17.8
MIs should have occurred among this population during the
study period, suggesting that these events may have occurred
independent of the procedure. Several large surveys have
demonstrated that perioperative cardiac morbidity is particu-
larly concentrated among patients who undergo major tho-
racic, abdominal, or vascular surgery, especially when they
are 70 years or older (1,78,80-82). Ashton et al (15) prospec-
tively studied the incidence of perioperative MI associated
with thoracic, abdominal, urologic, orthopedic, and vascular
surgery in a cohort of 1487 men older than 40 years. The
highest infarction rate (4.1%; odds ratio, 10.39; 95% confi-
dence interval [CI], 2.3 to 47.5) occurred in the subset of
patients with an established diagnosis of CAD. Nevertheless,
independent significant risk factors for infarction also includ-
ed age greater than 75 years (odds ratio, 4.77; 95% CI, 1.17
to 19.41) and the need for elective vascular surgery even in
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lar resistance. This cycle must be recognized and appropri-
ately treated.

IV. TYPE OF SURGERY

Cardiac complications after noncardiac surgery are a reflec-
tion of factors specific to the patient, the operation, and the
circumstances under which the operation is undertaken. To
the extent that preoperative cardiac evaluation reliably pre-
dicts postoperative cardiac outcomes, it may lead to inter-
ventions that lower perioperative risk, decrease long-term
mortality, or alter the surgical decision-making process. Such
alterations might include either choosing a lower-risk, less-
invasive procedure or opting for nonoperative management
(e.g., recommending an endovascular rather than open oper-
ative approach for a particular aneurysm or occlusive lesion,
electing to follow-up rather than operate on a moderate-sized
(4 to 5 cm) infrarenal aortic aneurysm, or choosing nonoper-
ative treatment for the disabled claudicant who has no limb-
threatening ischemia).

To the extent that preoperative cardiac evaluation can iden-
tify potentially reducible cardiac risks, interventions directed
at reducing those risks might improve both short- and long-
term cardiac outcomes. The potential for improvement in
long-term outcomes is particularly relevant to operative deci-
sion making in patients undergoing surgery directed at long-
term goals. When, for example, surgery in asymptomatic
individuals is undertaken with the objective of prolonging
life (e.g., elective repair of aortic aneurysm) or preventing a
future stroke (e.g., carotid endarterectomy), the decision to
intervene must be made with the expectation that the patient
will live long enough to benefit from the prophylactic inter-
vention.

Although different operations are associated with different
cardiac risks, these differences are most often a reflection of
the context in which the patient undergoes surgery (stability
or opportunity for adequate preoperative preparation), sur-
gery-specific factors (e.g., fluid shifts, stress levels, duration
of procedure, or blood loss), or patient-specific factors (the
incidence of CAD associated with the condition for which
the patient is undergoing surgery).

A. Urgency

Mangano (1) determined that cardiac complications are 2 to
5 times more likely to occur with emergency surgical proce-
dures than with elective operations. This finding is not sur-
prising because the necessity for immediate surgical inter-
vention may make it impossible to evaluate and treat such
patients optimally. For instance, collected data have con-
firmed that the composite mortality rate for elective repair of
patients with asymptomatic abdominal aortic aneurysms is
significantly lower (3.5%) than that for ruptured aneurysms
(42%) (77). The mortality rate for graft replacements of
symptomatic but intact abdominal aortic aneurysms remains
relatively high (19%) despite the fact that, like elective cases,
they are not associated with antecedent blood loss or
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the absence of suspected CAD (adjusted odds ratio, 3.72;
95% CI, 1.12 to 12.37).

Few procedure-specific data are available regarding periop-
erative cardiac morbidity in most surgical specialties, per-
haps because advanced age and serious, incidental CAD are
assumed to be distributed randomly within groups of patients
who undergo noncardiac operations in such fields as general
surgery, thoracic surgery, orthopedics, urology, gynecology,
and neurosurgery. Pedersen et al (83) found by logistic
regression that age greater than or equal to 70 years, MI with-
in the preceding 12 months, and HF were associated with an
increased incidence of postoperative cardiac complications
in a series of 7300 patients who underwent a mix of both
“major” and “minor” gastrointestinal, urologic, gynecologic,
and orthopedic procedures. Marsch et al (84) reached similar
conclusions in a much smaller series of 52 patients who
required elective hip arthroplasty; the 11 patients in this
study who had previous clinical indications of CAD sus-
tained significantly higher rates of monitored ischemia or MI
during the perioperative period (adjusted odds ratio, 1.9;
95% CI, 0.7 to 5.2) and late cardiac events during 4 years of
follow-up (adjusted odds ratio, 3.5; 95% CI, 1.3 to 9.2) than
did the remaining 41 patients.

As shown by Ashton et al (15) and many others, however,
patients who require vascular surgery appear to have an
increased risk for cardiac complications because:

• Many of the risk factors contributing to peripheral
vascular disease (e.g., diabetes mellitus, tobacco
use, hyperlipidemia) are also risk factors for CAD.

• The usual symptomatic presentation for CAD in
these patients may be obscured by exercise limita-
tions imposed by advanced age or intermittent clau-
dication, or both.

• Major arterial operations often are time-consuming
and may be associated with substantial fluctuations
in intravascular fluid volumes, cardiac filling pres-
sures, systemic blood pressure, heart rate, and
thrombogenicity (1).

Several studies have attempted to stratify the incidence of
perioperative and intermediate-term MI according to the
original type of vascular surgery performed. In a prospective
series of 53 aortic procedures and 87 infrainguinal bypass
grafts for which operative mortality rates were nearly identi-
cal (9% and 7%, respectively), Krupski et al (85) found that
the risk for fatal/nonfatal MI within a 2-year follow-up peri-
od was 3.5 times higher (21% vs. 6%) among patients who
received infrainguinal bypass grafts. This difference proba-
bly is related to the fact that diabetes mellitus (44% vs. 11%)
and history of previous MI (43% vs. 28%), angina (36% vs.
15%), or HF (29% vs. 9%) also were significantly more
prevalent in the infrainguinal bypass group. L'Italien et al
(86) have presented comparable data regarding the perioper-
ative incidence of fatal/nonfatal MI and the 4-year event-free
survival rate after 321 aortic procedures, 177 infrainguinal

bypass grafts, and 49 carotid endarterectomies. Slight differ-
ences in the overall incidence of MI among the 3 surgical
groups, which may have been related to the prevalence of
diabetes mellitus, were exceeded almost entirely in signifi-
cance by the influence of discrete cardiac risk factors (previ-
ous MI, angina, HF, fixed or reversible thallium defects, and
ST-T depression during stress testing) (86). These and other
studies (5) suggest that the clinical evidence of CAD in a
patient who has peripheral vascular disease appears to be a
better predictor of subsequent cardiac events than the partic-
ular type of peripheral vascular operation to be performed.

In a selective review of several thousand vascular surgical
procedures (carotid endarterectomy, aortic aneurysm resec-
tion, and lower-extremity revascularization) reported in the
English literature from 1970 to 1987, Hertzer (6) found that
cardiac complications were responsible for about half of all
perioperative deaths and that fatal events were nearly 5 times
more likely to occur in the presence of standard preoperative
indications of CAD. Furthermore, the late (5-year) mortality
rate for patients who were suspected to have CAD was twice
that for patients who were not (approximately 40% vs. 20%).
It is noteworthy that both the perioperative and 5-year mor-
tality rates for the small groups of patients who previously
had coronary bypass surgery were similar to the results
reported for larger series of patients who had no clinical indi-
cations of CAD at the time of peripheral vascular surgery.

In a study based on the 24 959 participants with known
CAD in the Coronary Artery Surgery Study (CASS) data-
base, Eagle et al found that the cardiac risk associated with
noncardiac operations involving the thorax, abdomen, vascu-
lature, and head and neck was reduced significantly in those
patients who had undergone prior coronary artery bypass
graft (CABG) (postoperative deaths 1.7% vs. 3.3%, MIs
0.8% vs. 2.7%) (260). In a recent randomized, multicenter
trial, Poldermans et al documented the cardioprotective
effect of perioperative beta-blockade in substantially and sig-
nificantly reducing the cardiac morbidity and mortality in
high-risk patients undergoing major vascular surgery (252).

Published mortality rates from large referral centers may
not reflect the results at thousands of other hospitals through-
out the United States in which, collectively, most vascular
surgeries are performed on an individual, low-volume basis.
Hsia et al (87) have calculated that fewer than 10 carotid
endarterectomies were performed annually at 45% of all hos-
pitals in which Medicare beneficiaries received this proce-
dure from 1985 to 1989, and Fisher et al (88) demonstrated
that the perioperative mortality rate (1.1% to 3.2%) had an
inverse relation to the low volume of carotid endarterec-
tomies in 2089 Medicare patients at 139 New England hos-
pitals. Similar trends (high volume/low risk, low
volume/high risk) have been confirmed by statewide audits
of aortic aneurysm resection in Vermont, Kentucky, and New
York (89-91). In New York, for example, Hannan et al (91)
reviewed 3570 elective aneurysm resections from 1985-1987
and found a linear, inverse relation between case volume and
mortality rates for surgeons who annually performed 2 or
fewer operations (11% mortality), 3 to 9 operations (7.3%
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nificant CAD on coronary angiograms: 3 (11.1%) of 27 vs. 1
(0.9%) of 111 patients with a normal dipyridamole thallium-
201 scan (262). 

Although the prevalence of CAD is relatively low in
patients with end-stage liver disease undergoing liver trans-
plantation, 2 studies (263,264) have documented the reliabil-
ity of dobutamine stress echocardiography in predicting post-
transplant cardiac events. Stress echocardiography has also
been shown to be useful in predicting cardiac outcomes in
patients with advanced obstructive pulmonary disease under-
going lung volume reduction surgery (265,266).

As Fleisher and Barash (95) have emphasized, the specific
surgical setting must be considered within any algorithm
regarding preoperative cardiac evaluation. The term noncar-
diac operation is exceedingly broad in its definition; it
embraces aging patients with complex technical problems as
well as younger patients scheduled for straightforward sur-
gical procedures. As described above, cardiovascular mor-
bidity and mortality vary not only among procedures but
also among institutions for the same procedure. Therefore,
in assessing the risks and benefits of perioperative interven-
tion strategy, risks associated with noncardiac surgery must
be individualized. It is important to remember, however that
the indications for coronary intervention should not be rede-
fined simply because a patient who has CAD of marginal
significance also happens to require a major noncardiac pro-
cedure. Conversely, the long-term implications of severe left
main or triple-vessel disease and diminished left ventricular
function are no less ominous after a minor noncardiac oper-
ation than they are in any other patient situation. In the final
analysis, one of the ultimate objectives of the preoperative
cardiac assessment is to exclude the presence of such serious
CAD that some form of direct intervention would be war-
ranted even if no noncardiac operation were necessary. In
this regard, the presentation for noncardiac surgery may sim-
ply represent the first time that a patient with overt or sus-
pected CHD has had an opportunity for cardiovascular
assessment.

In summary, the surgical procedures have been classified as
low, intermediate, and high risk as shown in Table 3.
Although coronary disease is the overwhelming risk factor
for perioperative morbidity, procedures of different levels of
stress are associated with different levels of morbidity and
mortality. Superficial and ophthalmologic procedures repre-
sent the lowest risk and are rarely associated with excess
morbidity and mortality. Major vascular procedures repre-
sent the highest-risk procedures. Within the intermediate-risk
category, morbidity and mortality vary, depending on the
surgical location and extent of the procedure. Some proce-
dures may be short, with minimal fluid shifts, while others
may be associated with prolonged duration, large fluid shifts,
and greater potential for postoperative myocardial ischemia
and respiratory depression. Therefore, the physician must
exercise judgment to correctly assess perioperative surgical
risks and the need for further evaluation.

mortality), or 10 or more operations (5.6% mortality). No
comparable data are available for lower-extremity bypass
procedures, but according to the National Center for Health
Statistics, the potential magnitude of this problem is illus-
trated by the fact that each year approximately 100 000
patients are discharged from U.S. hospitals after lower-
extremity revascularization (92).

Chassin et al (93) collected 1984 data for the 30 most com-
mon diagnosis-related groups for which charges were sub-
mitted from nearly 5 000 000 admissions to over 5000 hospi-
tals. Of 48 homogeneous medical and surgical conditions
developed from a statistical model, only 4 had adjusted mor-
tality rates that clearly could be correlated from 1 condition
to another; 3 (carotid endarterectomy, aortic reconstruction,
and lower-extremity revascularization) involved vascular sur-
gery, and the fourth (total hip replacement), orthopedic sur-
gery. Thus, if a hospital did well or poorly with 1 of these
operations, it tended to do equally well or poorly with the
rest of them. Considering the fact that the prevalence of CAD
contributes substantially to the perioperative risk of vascular
surgery, at least some of the differences in surgical outcome
from one hospital to another may be accounted for by varia-
tions in the degree to which it is recognized and appropriate-
ly treated. The level of this awareness also has implications
regarding survival. In the prospectively randomized Veterans
Administration trial of carotid endarterectomy vs. nonopera-
tive management for asymptomatic carotid stenosis, for
example, more than 20% of both randomized cohorts died of
cardiac-related complications within a follow-up period of 4
years (94).

Fleisher et al analyzed a 5% sample of Medicare claims
from 1992 to 1993 of patients undergoing major vascular
surgery. A total cohort of 2865 individuals underwent aortic
surgery with a 7.3% 30-day mortality rate and a 11.3% 1-
year mortality rate. A total cohort of 4030 individuals under-
went infrainguinal surgery with a 5.8% 30-day mortality rate
and 16.3% 1-year mortality rate. This work further confirms
that aortic and infrainguinal surgery continues to be associat-
ed with high 30-day and 1-year mortality, with aortic surgery
being associated with the highest short-term and infrain-
guinal surgery being associated with the highest long-term
mortality rates (261).

Patients undergoing major vascular surgery constitute a
particular challenge (i.e., high-risk operations in a patient
population with a high prevalence of significant CAD).
There are, however, other surgical procedures for which the
interaction of patient-specific and surgery-specific factors
have been examined. Transplantation surgery generally rep-
resents a high-risk procedure in a patient with multiple
comorbidities. Significant CAD is common in diabetic
patients with end-stage renal disease. In a study of 176 con-
secutive patients undergoing either kidney or kidney-pan-
creas transplants, there was a high correlation between
adverse postoperative cardiac events and preoperative docu-
mentation of reversible defects on intravenous dipyridamole
thallium-201 myocardial imaging in combination with sig-
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V. SUPPLEMENTAL PREOPERATIVE
EVALUATION

A. Shortcut to the Decision to Test

The preoperative guidelines (ACC/AHA) are fairly straight-
forward about recommendations for patients about to under-
go emergency surgery, the presence of prior cardiac revascu-
larization, and the occurrence of major cardiac predictors.
However, the majority of patients have either intermediate or
minor clinical predictors of increased perioperative cardio-
vascular risk. Table 5 presents a shortcut approach to a large
number of patients in whom the decision to recommend test-
ing before surgery can be difficult. Basically, if 2 of the 3
listed factors are true, the guidelines suggest the use of non-
invasive cardiac testing as part of the preoperative evaluation.
In any patient with an intermediate clinical predictor, the
presence of either a low functional capacity or high surgical
risk should lead the consulting physician to consider nonin-
vasive testing. In the absence of intermediate clinical predic-
tors, noninvasive testing should be considered when both the
surgical risk is high and the functional capacity is low. The
guidelines define minor clinical predictors as advanced age,
abnormal ECG, rhythm other than sinus, history of stroke, or
uncontrolled systemic hypertension. These factors do not by
themselves suggest the need for further testing, but when
combined with low functional capacity and high-risk surgery,
they should lead to consideration of preoperative testing. In
making the decision to obtain noninvasive testing, there will
occasionally be some practical circumstances when testing
will be obtained after surgery, particularly if the results will
not affect perioperative care. This test information may also
be useful in predicting long-term risk of cardiac events (also
see Section X). More specifically, identification of high-risk
patients whose long-term outcome would be improved with
medical therapy or coronary revascularization procedures is
a major goal of preoperative noninvasive testing. Numerous
studies using different preoperative noninvasive techniques
before noncardiac surgery have demonstrated the ability to
detect patients at increased risk of late cardiac events
(254,261,265,267-270) (see Fig. 2).

B. Resting Left Ventricular Function

1. Summary of Evidence

Resting ventricular function has been evaluated preopera-
tively before noncardiac surgery by radionuclide angiogra-
phy, echocardiography, and contrast ventriculography
(23,96-105). Of 8 studies that demonstrate a positive relation
between decreased preoperative ejection fraction and postop-
erative mortality or morbidity, 5 were prospective
(96,97,100,103,271) and 3 retrospective (98,99,103). The
greatest risk of complications was observed in patients with
an LVEF at rest of less than 35%. In the perioperative phase,
poor left ventricular systolic or diastolic function is mainly
predictive of postoperative HF, and in critically ill patients,
death. It is noteworthy, however, that resting left ventricular
function was not found to be a consistent predictor of peri-
operative ischemic events.

Recommendations for Preoperative Noninvasive
Evaluation of Left Ventricular Function

Class I
Patients with current or poorly controlled HF. (If pre-
vious evaluation has documented severe left ventricu-
lar dysfunction, repeat preoperative testing may not
be necessary.)

Class IIa
Patients with prior HF and patients with dyspnea of
unknown origin.

Class III
As a routine test of left ventricular function in patients
without prior HF.

C. Assessment of Risk for CAD and Functional
Capacity

1. The 12-Lead ECG

In patients with established or documented coronary disease,
the 12-lead rest ECG contains important prognostic informa-
tion that relates to long-term morbidity and mortality (272-
275). The magnitude and extent of Q waves provide a crude

Table 5. Shortcut to Noninvasive Testing in Preoperative Patients if Any Two Factors Are Present

1. Intermediate clinical predictors are present (Canadian class 1 or 2 angina, prior MI based on history or 
pathologic Q waves, compensated or prior heart failure, or diabetes)

2. Poor functional capacity (less than 4 METs)
3. High surgical risk procedure (emergency major operations*; aortic repair or peripheral vascular surgery; 

prolonged surgical procedures with large fluid shifts or blood loss)

HF indicates heart failure; METs, metabolic equivalents; MI, myocardial infarction.
Modified with permission from: Leppo JA, Dahlberg ST. The question: to test or not to test in preoperative cardiac risk evaluation. J Nucl
Cardiol. 1998;5:332-42. Copyright ©1998 by the American Society of Nuclear Cardiology.  This material may not be reproduced, stored
in a retrieval system, or transmitted in any form or by any means without the prior permission of the publisher.

*Emergency major operations may require immediately proceeding to surgery without sufficient time for noninvasive testing or preoper-
ative interventions.
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3. Prior hospital admission for cardiac causes.

Class III
As a routine test in asymptomatic subjects undergoing
low-risk operative procedures.

2. Exercise Stress Testing for Myocardial Ischemia
and Functional Capacity

The aim of supplemental preoperative testing is to provide an
objective measure of functional capacity, to identify the pres-
ence of important preoperative myocardial ischemia or car-
diac arrhythmias, and to estimate perioperative cardiac risk
and long-term prognosis. Poor functional capacity in patients
with chronic CAD or those convalescing after an acute car-
diac event is associated with an increased risk of subsequent
cardiac morbidity and mortality (37). Decreased functional
capacity may be caused by several factors, including inade-
quate cardiac reserve, advanced age, transient myocardial
dysfunction from myocardial ischemia, deconditioning, and
poor pulmonary reserve.

In evaluating the role of exercise testing to assess patients
undergoing noncardiac procedures, it is useful to summarize
what is known about ECG exercise testing in general. The
sensitivity gradient for detecting obstructive coronary dis-
ease is dependent on severity of stenosis and extent of dis-
ease as well as criteria used for a positive test. As many as
50% of patients with single-vessel coronary disease and ade-
quate levels of exercise can have a normal exercise ECG
(38). The mean sensitivity and specificity of exercise testing
for obstructive coronary disease are 68% and 77%, respec-
tively (39). The sensitivity and specificity for multivessel dis-

estimate of LVEF, and are a predictor of long-term mortality
(276,277). Horizontal or downsloping ST-segment depres-
sion greater than 0.5 mm, left ventricular hypertrophy with a
“strain” pattern, and left bundle-branch block in patients with
established coronary disease are all associated with
decreased life expectancy (272-280). The resting 12-lead
ECG does not identify increased perioperative risk in
patients undergoing low-risk surgery (281), but certain ECG
abnormalities (above) are clinical predictors of increased
perioperative and long-term cardiovascular risk in clinically
intermediate- and high-risk patients. In particular, the pres-
ence of left ventricular hypertrophy or ST-segment depres-
sion on preoperative 12-lead ECG predicts adverse perioper-
ative cardiac events (282).

Recommendations for Preoperative 12-Lead Rest ECG

Class I
Recent episode of chest pain or ischemic equivalent in
clinically intermediate- or high-risk patients sched-
uled for an intermediate- or high-risk operative pro-
cedure.

Class IIa
Asymptomatic persons with diabetes mellitus.

Class IIb
1. Patients with prior coronary revascularization.
2. Asymptomatic male more than 45 years old or female

more than 55 years old with 2 or more atherosclerotic
risk factors.

CAD by angiography (3)
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Figure 2. Prediction of long-term survival after major vascular surgery. CAD indicates coronary artery 
disease; LVEF, left ventricular ejection fraction. 
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ease are 81% and 66%, and for 3-vessel or left main coronary
disease, 86% and 53%, respectively (40).

Weiner et al (32) studied 4083 medically treated patients in
CASS and identified a high-risk patient subset (12% of the
population) with an annual mortality rate greater than or
equal to 5% per year when the exercise workload was less
than Bruce stage I and the exercise ECG showed ST-segment
depression greater than or equal to 1 mm. A low-risk subset
(34% of the population) who were able to complete or do
more than Bruce stage III with a normal exercise ECG had
an annual mortality rate of less than 1% per year over 4 years
of follow-up (32). Similar results have been reported by oth-
ers (41,42).

a. Summary of Evidence

Table 6 lists publications in which exercise test results and
perioperative events were reported. In most series, very-high-
risk patients (recent MI, unstable angina, HF, and serious
ventricular arrhythmias) were excluded. McPhail et al (113)
reported on preoperative exercise treadmill testing and sup-
plemental arm ergometry in 100 patients undergoing surgery
for peripheral vascular disease or abdominal aortic
aneurysm. Of the 100 patients, 30 were able to reach 85% of
age-predicted heart rate maximum, and only 2 had cardiac
complications (6%). In contrast, 70% of the population were
unable to reach 85% of age-predicted heart rate or had an
abnormal exercise ECG. In this group the cardiac complica-
tion rate (MI, death, HF, or ventricular arrhythmia) was 24%
(17 patients).

The data in Table 6 indicate a peak exercise heart rate
greater than 75% of age-predicted maximum can be expect-
ed in approximately half of patients who undergo treadmill
exercise, with supplemental arm ergometry when necessary
for patients limited by claudication (107). The frequency of
an abnormal exercise ECG response is dependent on prior
clinical history (107,110). Among patients without a cardiac
history and with a normal resting ECG, approximately 20%
to 50% will have an abnormal exercise ECG. The frequency
is greater (35% to 50%) in patients with a prior history of MI
or an abnormal rest ECG. The risk of perioperative cardiac
events and long-term risk is significantly increased in
patients with an abnormal exercise ECG at low workloads
(107,108,113).

In contrast to the above studies of patients with vascular
disease, in a general population of patients of whom only
20% to 35% had peripheral vascular disease and were under-
going noncardiac surgery, Carliner et al (114) reported exer-
cise-induced ST-segment depression greater than or equal to
1 mm in 16% of 200 patients older than 40 years (mean age,
59 years) being considered for elective surgery. Only 2
patients (1%) had a markedly abnormal (ST-segment depres-
sion of 2 mm or more) exercise test. Of the 32 patients with
an abnormal exercise test, 5 (16%) died or had a nonfatal MI.
Of 168 patients with a negative test, 157 (93%) did not die or
have an MI. In this series, however, the results of preopera-
tive exercise testing were not statistically significant inde-
pendent predictors of cardiac risk.

Table 5 provides a prognostic gradient of ischemic respons-
es during an ECG-monitored exercise test as developed for a

Table 6. Preoperative Exercise Testing Before Major Noncardiac Surgery

Patients With
Abnormal Criteria For Predictive Value

Author n Test (%) Abnormal Test Events Positive Test Negative Test Event Comments

Peripheral vascular surgery or abdominal aortic aneurysm repair
McCabe 1981 (106) 314 36 STD, CP, or A 38% (15/39) 81% (13/16) 91% (21/23) D,M,I,H,A
Cutler 1981 (107) 130 39 STD 7% (9/130) 16% (8/50) 99% (79/80) D,M Less than 75% MPHR 

increased risk
Arous 1984 (108) 808 17 STD NR 21% (19/89) NR D,M
Gardine 1985 (109) 86 48 STD 11% (2/19) 11% (1/9) 90% (9/10) D,M
von Knorring 1986 (110) 105 25 STD, A, or CP 3% (3/105) 8% (2/26) 99% (78/79) D,M
Kopecky 1986 (116) 114 57 Less than 

400 kpm 7% (8/110) 13% (8/63) 100% (47/47) D,M
Leppo* 1987 (111) 60 28 STD 12% (7/60) 25% (3/12) 92% (44/48) D,M Exercise test results used 

to refer patients for 
revascularization

Hanson 1988 (112) 74 57 STD 3% (1/37) 5% (1/19) 100% (18/18) D,M Arm ergometry
McPhail* 1988 (113) 100 70 Less than 19% (19/100) 24% (17/70) 93% (28/30) D,M,A,F Less than 85% MPHR; 

85% MPHR p=0.04; STD; NS
Urbinati 1994 (117) 121 23 STD 0 0/28 100% (93/93) D,M Carotid endarterectomy

patients. STD predicted 
late death.

Peripheral vascular surgery or major noncardiac surgery
Carliner 1985 (114) 200 16 STD 32% (16/200) 16% (5/32) 93% (157/168) D,M 5 METs (NS)

A indicates cardiac arrhythmia; CP, chest pain; D, death; F, failure; H, hypotension; I, myocardial ischemia; M, myocardial infarction; MET, metabolic equivalent; MPHR, max-
imum predicted heart rate; NR, not reported; NS, not significant; STD, exercise-induced electrocardiographic ischemia.

*Studies with prospective collection of postoperative electrocardiogram and cardiac enzymes.
In references 106, 108, 109, 112, and 116, the total number of patients undergoing peripheral vascular surgery was less than the total number tested.
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general population of patients with CAD (118). The onset of
a myocardial ischemic response at low exercise workloads is
associated with a significantly increased risk of perioperative
and long-term cardiac events. In contrast, the onset of a
myocardial ischemic response at high exercise workloads is
associated with significantly less risk. The prognostic gradi-
ent is also influenced by the age of the patient, the extent of
the coronary disease, the degree of left ventricular dysfunc-
tion, hemodynamic response to exercise, and presence or
absence of chronotropic incompetence. ACC/AHA guide-
lines concerning the indications for and interpretation of
exercise stress testing are available (43).

3. Nonexercise Stress Testing

The 2 main techniques used in preoperative evaluation of
patients undergoing noncardiac surgery who cannot exercise
are to increase myocardial oxygen demand (pacing, intra-
venous dobutamine) and to induce hyperemic responses by
pharmacological vasodilators such as intravenous dipyri-
damole or adenosine. The most common examples presently
in use are dobutamine stress echocardiography and intra-
venous dipyridamole/adenosine myocardial perfusion imag-
ing using both thallium-201 and technetium-99m. 

4. Myocardial Perfusion Imaging Methods

a. Summary of Evidence

Publications that report the results of stress myocardial per-
fusion testing before both vascular and nonvascular surgery
are summarized in Table 7. Included were mostly prospec-
tively recruited patient studies, a majority of which involved
patients undergoing vascular surgery. Cardiac events in the
perioperative period were defined, for the purpose of this
table, as MI or death from cardiac causes, and information
about events and scan results had to be available. The per-
centage of patients with evidence of ischemic risk as judged
by thallium redistribution ranged from 23% to 69%. The pos-
itive predictive value of thallium redistribution ranged from
4% to 20% in reports that included more than 100 patients.
In more recent publications, the positive predictive value of
thallium imaging has been significantly decreased. This is
probably related to the fact that in recent years, scintigraphic
information obtained is actively used to select patients for
therapeutic interventions such as coronary revascularization,
as well as to adjust perioperative medical treatment and mon-
itoring and to select different surgical procedures. The nega-
tive predictive value of a normal scan remains uniformly
high at approximately 99% for MI and/or cardiac death.
Although the risk of a perioperative cardiac event in patients
with fixed defects is higher than in patients with a normal
scan, it is still significantly lower than the risk in patients
with thallium redistribution.

In a meta-analysis of dipyridamole thallium imaging for
risk stratification before vascular surgery, Shaw et al (283)
reported that a total of 10 studies involving 1994 patients
referred for testing before elective vascular surgery demon-

strated significant prognostic utility for this scintigraphic
technique. In addition, they noted that the positive predictive
value of perfusion imaging was correlated with the pretest
cardiac risk of the patients. Overall, a reversible myocardial
perfusion defect predicted perioperative events, and a fixed
thallium defect predicted long-term cardiac events. Of note,
the addition of semiquantitative analysis of perfusion imag-
ing improved the clinical risk stratification based on a rela-
tionship of increasing event rates in patients with larger
defects. 

The need for caution in routine screening with dipyri-
damole thallium stress test of all patients before vascular sur-
gery has been raised by Baron et al (133). In this review of
457 patients undergoing elective abdominal aortic surgery,
the presence of definite CAD and age greater than 65 years
were better predictors of cardiac complications than perfu-
sion imaging.

This issue of routine testing has been evaluated by 2 stud-
ies that prospectively evaluated preoperative cardiac risk
assessment with a methodology that generally follows the
guidelines outlined in this review. In a report by Vanzetto et
al (284), 517 consecutive patients were evaluated before
abdominal aortic surgery. If no major or fewer than 2 inter-
mediate clinical cardiac risk factors were present, patients
(n=317) went directly to elective surgery. The authors noted
a 5.6% incidence of cardiac events (death/MI) in those
patients with 1 risk factor and a rate of 2.4% in those with no
cardiac risk factors. All high-risk patients (n=134, 2 or more
cardiac risk factors) underwent dipyridamole-thallium
SPECT imaging, and those with a normal scan (38%) had a
cardiac event rate of 2% in contrast to a rate of 23% in 43
patients (36%) demonstrating reversible thallium defects.
Bartels et al (243) also reported that patients (n=203)
referred for elective vascular surgery who had no clinical
intermediate or major clinical risk factors had a 2% incidence
of cardiac events. Those patients with either intermediate risk
factors and a functional capacity of less than 5 METs or high
clinical risk (10 of 23 patients) underwent stress-thallium
imaging. The remaining patients had intensified medical
therapy before elective surgery. The cardiac event rates were
9% in the intermediate-risk group and 5% in the high-risk
group, but the overall cardiac mortality rate was only 1% in
the patients who underwent the ACC/AHA guideline
workup. Another recent report (285) also used the clinical
risk factor parameters to divide vascular surgery patients into
low-, intermediate-, and high-cardiac-risk groups. Those
authors did not include functional capacity measurements
but noted a 0% death or MI rate in the perioperative period
among the low-risk patients (n=60). These additional reports
support the use of the perioperative risk assessment guide-
lines, especially in the confirmation that cardiac patients with
low clinical risk can typically undergo elective surgery with
a low event rate.

In several publications by Hendel et al (128), Lette et al
(129), and Brown et al (131), the scoring or quantification of
scan abnormalities had a significant impact on improving
risk assessment and positive predictive value. The data sug-
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gest that as the size of the defect increases to a moderate
(20% to 25% of left ventricular mass) degree, the cardiac risk
significantly increases. The use of techniques to quantify the
extent of abnormality and the current routine use of quantita-
tive gated SPECT perfusion imaging to evaluate LVEF will
probably improve the positive predictive nature of myocar-
dial perfusion imaging. This would also impact the potential
role of interventions such as cardiac catheterization and
revascularization. Although there are few published reports
using adenosine myocardial perfusion imaging in the preop-
erative risk assessment of patients before noncardiac surgery,
its usefulness appears to be equivalent to that of dipyri-
damole. ACC/AHA guidelines concerning indications for
and interpretation of stress testing with myocardial perfusion
imaging are available (141).

5. Dobutamine Stress Echocardiography

a. Summary of Evidence

Several reports have documented the accuracy of dobutamine
stress echocardiography to identify patients with significant
angiographic coronary disease (141-146). The use of dobut-
amine stress echocardiography in preoperative risk assess-
ment was evaluated in 12 studies, all published since 1991
and identified by a computerized search of the English lan-
guage literature (Table 8) (105,147-151,263,266,286-289).
The populations included predominantly, but not exclusively,
patients undergoing peripheral vascular surgical procedures.
Only 2 studies blinded the physicians and surgeons who
treated the patients to the dobutamine stress echocardio-
graphic results (105,149). In the remaining studies, the
results were used to influence preoperative management,
particularly the decision whether or not to proceed with coro-
nary angiography or coronary revascularization before elec-
tive surgery. Each study used similar, but not identical, pro-
tocols. The definition of a positive and negative test result
differed considerably, based on subjective analysis of region-
al wall motion; i.e., worsening of pre-existing wall-motion
abnormalities was considered by some investigators as a pos-
itive and by others as a negative finding. The end points used
to define clinical outcome varied and included both “soft”
(i.e., arrhythmia, HF, and ischemia) and “hard” (i.e., MI or
cardiac death) events.

The data indicate that dobutamine stress echocardiography
can be performed safely and with acceptable patient toler-
ance. The range of positive test results was 9% to 50%. The
predictive value of a positive test ranged from 7% to 25% for
hard events (MI or death). The negative predictive value
ranged from 93% to 100%. In the series by Poldermans et al
(105), the presence of a new wall-motion abnormality was a
powerful determinant of an increased risk for perioperative
events after multivariable adjustment for different clinical
and echocardiographic variables. Several studies suggest that
the extent of the wall-motion abnormality and/or wall-motion
change at low ischemic thresholds is especially important.
These findings have been shown to be predictors of long-

term (151,286,290) and short-term (268) outcome. Although
hypotension during dobutamine testing is generally not well
correlated with the degree of underlying CAD, in 1 recent
study, hypotension was an independent predictor of perioper-
ative complications (268). The summary of evidence sup-
ports the use of dobutamine echocardiography for assessing
preoperative risk in properly selected patients, especially
those undergoing peripheral arterial revascularization. 

6. Stress Testing in the Presence of Left Bundle-
Branch Block

The sensitivity and specificity of exercise thallium scans in
the presence of left bundle-branch block are reported to be
78% and 33%, respectively, and overall diagnostic accuracy
varies from 36% to 60% (152,153). In contrast, the use of
vasodilators in such patients has a sensitivity of 98%, a speci-
ficity of 84%, and a diagnostic accuracy of 88% to 92%
(154-156). Pharmacological stress testing with adenosine or
dipyridamole is preferable to dobutamine or exercise imag-
ing in patients with pre-existing left bundle-branch block.
The tachycardia induced during exercise and conceivably
also during dobutamine infusion may result in reversible sep-
tal defects even in the absence of left anterior descending
artery disease in some patients. This response is unusual with
either dipyridamole or adenosine stress testing. Exercise
should not be combined with dipyridamole in such patients,
and synthetic catecholamines will also yield false-positive
results (157). Therefore, the preoperative evaluation of CAD
in patients with left bundle-branch block should be per-
formed by means of vasodilator stress and myocardial perfu-
sion studies.

Recommendations for Exercise or Pharmacological
Stress Testing

Class I
1. Diagnosis of adult patients with intermediate pretest

probability of CAD.
2. Prognostic assessment of patients undergoing initial

evaluation for suspected or proven CAD; evaluation
of subjects with significant change in clinical status.

3. Demonstration of proof of myocardial ischemia before
coronary revascularization.

4. Evaluation of adequacy of medical therapy; prognos-
tic assessment after an acute coronary syndrome (if
recent evaluation unavailable).

Class IIa
Evaluation of exercise capacity when subjective
assessment is unreliable.

Class IIb
1. Diagnosis of CAD patients with high or low pretest

probability; those with resting ST depression less than
1 mm, those undergoing digitalis therapy, and those
with ECG criteria for left ventricular hypertrophy.
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reported in 7 series was 25% (range, 9% to 39%) (19,158-
162). The positive and negative values for perioperative MI
and cardiac death are shown in Table 9. In 2 recent studies, it
had a predictive value similar to dipyridamole thallium imag-
ing (160,163).

Although the test has been shown to be predictive of car-
diac morbidity, there are several limitations. Differences in
the study protocols (24 vs. 48 hours, ambulatory vs. in-hos-
pital) may account for the variability in the predictive value
of the test. Preoperative ambulatory ECG monitoring for ST-
segment changes cannot be performed in a significant per-
centage of patients because of baseline ECG changes. The
test, as currently used, only provides a binary outcome and
therefore cannot further stratify the high-risk group in order
to identify the subset for whom coronary angiography should
be considered (163).

D. Recommendations: When and Which Test 

In most ambulatory patients, the test of choice is exercise
ECG testing, which can both provide an estimate of func-
tional capacity and detect myocardial ischemia through
changes in the ECG and hemodynamic response. Treadmill
exercise stress testing in patients with abdominal aortic
aneurysms greater than 4 cm in diameter is relatively safe. In

2. Detection of restenosis in high-risk asymptomatic sub-
jects within the initial months after PCI.

Class III
1. For exercise stress testing, diagnosis of patients with

resting ECG abnormalities that preclude adequate
assessment, e.g., pre-excitation syndrome, electroni-
cally paced ventricular rhythm, rest ST depression
greater than 1 mm, or left bundle-branch block.

2. Severe comorbidity likely to limit life expectancy or
candidacy for revascularization.

3. Routine screening of asymptomatic men or women
without evidence of CAD.

4. Investigation of isolated ectopic beats in young
patients.

7. Ambulatory ECG Monitoring

a. Summary of Evidence

The predictive value of preoperative ST changes on 24- to
48-hour ambulatory ECG monitoring for cardiac death or MI
in patients undergoing vascular and nonvascular surgery has
been reported by several investigators. The frequency of
abnormal ST-segment changes observed in 869 patients

Table 8. Summary of Studies Examining the Value of Dobutamine Stress Echocardiography for Preoperative Risk Assessment

Positive
Patients With Events: Criteria Predictive Negative

Ischemia MI/Death for Value† Predictive
Author n* (%) (%) Abnormal Test for MI or Death Value Comments

Lane 1991 (147) 38 50 3 (8) New WMA 16% (3/19) 100% (19/19) Vascular and general surgery
Lalka 1992 (148) 60 50 9 (15) New or worsening 23% (7/30) 93% (28/30) Multivariate analysis

WMA
Eichelberger 1993 (149) 75 36 2 (3) New or worsening 7% (2/27) 100% (48/48) Managing physicians blinded 

WMA to DSE results
Langan 1993 (150) 74 24 3 (4) New WMA or 17% (3/18) 100% (56/56)

ECG changes
Poldermans 1993 (105) 131 27 5 (4) New or worsening 14% (5/35) 100% (96/96) Multivariate analysis; managing

WMA physicians blinded to DSE 
results

Dávila Román 1993 (151) 88 23 2 (2) New or worsening 10% (2/20) 100% (68/68) Included long-term follow-up
WMA

Poldermans 1995 (286) 302 24 17 (6) New or worsening 24% (17/72) 100% (228/228) Multivariate analysis
WMA

Shafritz 1997 (287) 42 0 1 (2) New or worsening NA 97% (41/42)
WMA

Plotkin 1998 (263) 80 8 2 (3) New or worsening 33% (2/6) 100% (74/74) Orthotopic liver
WMA, ECG  transplantation
changes, and/or
symptoms of chest 
pain or dyspnea

Ballal 1999 (288) 233 17 7 (3) New or worsening 0% (0/39)‡ 96% (187/194) Included long-term follow-up
WMA

Bossone 1999 (266) 46 9 1 (2) New or worsening 25% (1/4) 100% (42/42) Lung volume reduction surgery;
WMA Included long-term follow-up

Das 2000 (289) 530 40 32 (6) New or worsening 15% (32/214) 100% (316/316) Multivariate analysis;
WMA or failure Nonvascular surgery
to develop hyper-
dynamic function

DSE indicates dobutamine stress echocardiogram; ECG, electrocardiogram; MI, myocardial infarction; NA, not available; WMA, wall-motion abnormality.
*Number of patients who underwent surgery.
†Numbers in parentheses refer to number of patients/total in group.
‡Intervening revascularization in 9 (23%) of ischemic patients.



Table 9. Predictive Value of Preoperative ST-Segment Changes Detected by Ambulatory Monitoring for Perioperative Myocardial Infarction and
Cardiac Death After Major Vascular Surgery

Patients With
Abnormal Criteria Perioperative Events

Test for Positive* Negative
Author n (%) Abnormal Test Test Value Event Comments

Raby 1989 (51) 176 18 A 10% (3/32) 1% (1/144) D,M 24 to 48 h during ambulation
Pasternack 1989 (162) 200 39 A 9% (7/78) 2% (2/122) D,M
Mangano 1990 (19) 144 18 A,B 4% (1/26) 4% (5/118) D,M Immediately preoperatively
Fleisher 1992 (158) 67 24 A,B 13% (2/16) 4% (2/51) D,M Immediately preoperatively
McPhail 1993 (160) 100 34 A 15% (5/34) 6% (4/66) D,M
Kirwin 1993 (159) 96 9 A 11% (1/9) 16% (14/87) D,M Definition of MI based on 

enzymes only
Fleisher 1995 (163) 86 23 A,B 10% (2/20) 3% (2/66) D,M Quantitative monitoring not

predictive

A indicates greater than or equal to 1 mm ST-segment depression; B, greater than or equal to 2 mm ST-segment elevation; D, death; MI, myocardial infarction.
*Positive predictive value for postoperative cardiac events.
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ular type of test. Fig. 3 illustrates an algorithm to help the cli-
nician choose the most appropriate stress test in those vari-
ous situations.

Currently the use of ambulatory electrocardiography as a
preoperative test should be restricted to identifying patients
for whom additional surveillance or medical intervention
might be beneficial. The current evidence does not support
the use of ambulatory electrocardiography as the only diag-
nostic test to refer patients for coronary angiography.

For certain patients at high risk, it may be appropriate to
proceed with coronary angiography rather than perform a
noninvasive test. For example, preoperative consultation may
identify patients with unstable angina or evidence for resid-
ual ischemia after recent MI for whom coronary angiography
is indicated. In general, indications for preoperative coronary
angiography are similar to those identified for the nonopera-
tive setting. The following recommendations provide a sum-
mary of indications for preoperative coronary angiography in
patients being evaluated before noncardiac surgery. These
are adapted from the ACC/AHA guidelines for coronary
angiography published in 1999 (292).

Recommendations for Coronary Angiography in
Perioperative Evaluation Before (or After) Noncardiac
Surgery

Class I: Patients With Suspected or Known CAD
1. Evidence for high risk of adverse outcome based on

noninvasive test results.
2. Angina unresponsive to adequate medical therapy. 
3. Unstable angina, particularly when facing intermedi-

ate-risk* or high-risk* noncardiac surgery. 
4. Equivocal noninvasive test results in patients at high-

clinical risk† undergoing high-risk* surgery.

Class IIa
1. Multiple markers of intermediate clinical risk† and

planned vascular surgery (noninvasive testing should
be considered first). 

a series of more than 250 patients studied in this circum-
stance, a single patient developed subacute aneurysm rupture
12 hours after testing and was successfully repaired (291). In
patients with important abnormalities on their resting ECG
(e.g., left bundle-branch block, left ventricular hypertrophy
with “strain” pattern, or digitalis effect), other techniques
such as exercise echocardiography or exercise myocardial
perfusion imaging should be considered. The sensitivity and
specificity of exercise thallium scans in the presence of left
bundle-branch block are reported to be 78% and 33%,
respectively, and overall diagnostic accuracy varies from
36% to 60% (152,153). In contrast, the use of vasodilators in
such patients has a sensitivity of 98%, a specificity of 84%,
and a diagnostic accuracy of 88% to 92% (154-156).
Exercise should not be combined with dipyridamole in such
patients, and synthetic catecholamines can also yield false-
positive results (157). 

In patients unable to perform adequate exercise, a nonexer-
cise stress test should be used. In this regard, dipyridamole
myocardial perfusion imaging testing and dobutamine
echocardiography are the most common tests. Intravenous
dipyridamole should be avoided in patients with significant
bronchospasm, critical carotid disease, or a condition that
prevents their being withdrawn from theophylline prepara-
tions. Dobutamine should not be used as a stressor in patients
with serious arrhythmias or severe hypertension or hypoten-
sion. For patients in whom echocardiographic image quality
is likely to be poor, a myocardial perfusion study is more
appropriate. Soft tissue attenuation can also be a problem
with myocardial perfusion imaging. If there is an additional
question about valvular dysfunction, the echocardiographic
stress test is favored. In many instances, either stress perfu-
sion or stress echocardiography is appropriate. In a meta-
analysis of dobutamine stress echocardiography, ambulatory
electrocardiography, radionuclide ventriculography, and
dipyridamole thallium scanning in predicting adverse cardiac
outcome after vascular surgery, all tests had a similar predic-
tive value, with overlapping confidence intervals (164). The
expertise of the local laboratory in identifying advanced
coronary disease is probably more important than the partic-
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4. Noncandidate for coronary revascularization owing to
concomitant medical illness, severe left ventricular
dysfunction (e.g., LVEF less than 0.20), or refusal to
consider revascularization. 

5. Candidate for liver, lung, or renal transplant more
than 40 years old as part of evaluation for transplan-
tation, unless noninvasive testing reveals high risk for
adverse outcome. 

2. Moderate to large region of ischemia on noninvasive
testing but without high-risk features and without
lower LVEF. 

3. Nondiagnostic noninvasive test results in patients of
intermediate clinical risk† undergoing high-risk*
noncardiac surgery. 

4. Urgent noncardiac surgery while convalescing from
acute MI.

Class IIb
1. Perioperative MI. 
2. Medically stabilized class III or IV angina and

planned low-risk or minor* surgery. 

Class III
1. Low-risk* noncardiac surgery with known CAD and

no high-risk results on noninvasive testing. 
2. Asymptomatic after coronary revascularization with

excellent exercise capacity (greater than or equal to 7
METs). 

3. Mild stable angina with good left ventricular function
and no high-risk noninvasive test results. 

2 or more of the following?†
1. Intermediate clinical predictors
2. Poor functional capacity (less than 4 METS)
3. High surgical risk

No further preoperative testing
recommended

Indications for angiography? (e.g.,
unstable angina?) Preoperative

angiography

Patient ambulatory and

able to exercise?
‡

Resting ECG normal? ECG
ETT

Exercise echo or

perfusion imaging
**

Bronchospasm?
II° AV Block?
Theophylline dependent?
Valvular dysfunction?

Dobutamine stress
echo or nuclear
imaging

Prior symptomatic arrhythmia
(particularly ventricular tachycardia)?

Marked hypertension?

 Dipyridamole or
adenosine perfusion
imagingPrior symptomatic arrhythmia

(particularly ventricular tachycardia)?
Borderline or low blood pressure?
Marked hypertension?
Poor echo window?

Other (e.g., Holter monitor,
angiography)

Pharmacologic stress
imaging (nuclear or
echo)

Figure 3. Supplemental Preoperative Evaluation: When and Which Test. Testing is only indicated if the results will impact care.

*Testing is only indicated if the
results will impact care.

†See Table 1 for the list of intermedi-
ate clinical predictors, Table 2 for
the metabolic equivalents, and Table
3 for the definition of high-risk sur-
gical procedure. 

‡Able to achieve more than or equal
to 85% MPHR.

**In the presence of LBBB, vasodila-
tor perfusion imaging is preferred.

Yes

No

Yes
Yes

Yes Yes

Yes

Yes

NoNo

No No

2 or more of the following?†
1. Intermediate clinical predictors
2. Poor functional capacity (less than 4 

METS)
3. High surgical risk

No further preoperative 
testing recommended

Indications for angiography (e.g.,
unstable angina)?

Preoperative angiog-
raphy

Patient ambulatory and
able to exercise?‡

Resting ECG 
normal?

ECG
ETT

Exercise echo or
perfusion imaging**

Bronchospasm?
II° AV Block?

Theophylline dependent?
Valvular dysfunction?

Pharmacologic stress
imaging (nuclear

or echo)

Prior symptomatic arrhythmia
(particularly ventricular tachycardia)?

Borderline or low blood pressure?
Marked hypertension?

Poor echo window?

Dipyridamole or
adenosine perfusion

No

Other (e.g., Holter monitor,
angiography)

Dobutamine stress
echo or nuclear

imaging

Prior symptomatic arrhythmia
(particularly ventricular tachycardia)?

Marked hypertension?

No

*Cardiac risk according to type of noncardiac surgery. High risk: emergent major
operations, aortic and major vascular surgery, peripheral vascular surgery, or antic-
ipated prolonged surgical procedure associated with large fluid shifts and blood
loss; intermediate risk: carotid endarterectomy, major head and neck surgery,
intraperitoneal and intrathoracic surgery, orthopedic surgery, or prostate surgery;
and low risk: endoscopic procedures, superficial procedures, cataract surgery, or
breast surgery.

†Cardiac risk according to clinical predictors of perioperative death, MI, or HF. High
clinical risk: unstable angina, acute or recent MI with evidence of important resid-
ual ischemic risk, decompensated HF, high degree of atrioventricular block, symp-
tomatic ventricular arrhythmias with known structural heart disease, severe symp-
tomatic valvular heart disease, or patient with multiple intermediate-risk markers
such as prior MI, HF, and diabetes; intermediate clinical risk: Canadian
Cardiovascular Society class I or II angina, prior MI by history or ECG, compen-
sated or prior HF, diabetes mellitus, or renal insufficiency.



VII. PERIOPERATIVE THERAPY

A. Rationale for Surgical Coronary
Revascularization and Summary of Evidence

1. Preoperative CABG

To date, no randomized or well-controlled trials have
assessed the overall benefit of prophylactic coronary bypass
surgery to lower perioperative cardiac risk of noncardiac sur-
gery. Ellis et al analyzed the coronary angiograms of 63
patients undergoing major nonthoracic vascular surgery in a
case-control study that indirectly supported benefit from pre-
operative coronary bypass surgery (294). These investigators
found that a coronary occlusion proximal to viable myo-
cardium was associated with a higher rate of perioperative
MI and death, raising the question of whether revascularizing
coronary occlusions might not reduce the frequency of these
adverse events. However, in this study, the number of milder,
“nonobstructive” lesions was also associated with MI and
death. This is consistent with studies that show that the most
severe stenoses may not always be responsible for MI, and
that coronary thrombosis frequently occurs at the site of
milder stenoses. Thus, preoperative revascularization of
severe stenoses may not reduce perioperative ischemic com-
plications. 

A study by Fleisher et al of a cohort of Medicare benefici-
aries undergoing infrainguinal or abdominal aortic recon-
structive surgery found that preoperative stress testing fol-
lowed by revascularization, when appropriate, was associat-
ed with improved short- and long-term survival with the
higher-risk aortic surgery (261). However, this association
may be confounded by the fact that the cohorts referred for
preoperative stress testing were “healthier” patients, as evi-
denced by the finding that stress testing with or without coro-
nary revascularization was associated with greater short- and
long-term survival. On the other hand, a number of retro-
spective studies have demonstrated that patients who previ-
ously have successfully undergone coronary bypass have a
low perioperative mortality rate in association with noncar-
diac procedures and that their mortality rate is comparable to
the surgical risk for other patients who have no clinical indi-
cations of CAD (170-173).

In 1984, results of preoperative coronary angiography were
reported in a larger series of 1001 patients under considera-
tion for elective vascular surgical procedures at the Cleveland
Clinic (174). Severe CAD that met contemporary indications
for coronary bypass surgery at that time was identified by
routine coronary angiography in 251 patients, including 188
(34%) of 554 patients with clinical evidence of CAD and 63
(14%) of 446 patients without clinical manifestations of
CAD (p less than 0.001). Of these, 216 underwent coronary
bypass surgery (before vascular surgery) with a related mor-
tality rate of 5.3%, followed by a mortality rate of 1.5% for
vascular surgery. Operative deaths with vascular surgery
occurred in 1 (1.4%) of 74 patients with normal coronary
arteries, in 5 (1.8%) of 278 with mild to moderate CAD, in 9
(3.6%) of 250 with advanced but compensated CAD, and in
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VI. IMPLICATIONS OF RISK ASSESSMENT
STRATEGIES FOR COSTS

The decision to recommend further noninvasive or invasive
testing for the individual patient being considered for noncar-
diac surgery ultimately becomes a balancing act between the
estimated probabilities of effectiveness vs. risk. The proposed
benefit, of course, is the possibility of identifying advanced
but relatively unsuspected CAD that might result in signifi-
cant cardiac morbidity or mortality either perioperatively or
in the long term. In the process of further screening and treat-
ment, the risks from the tests and treatments themselves may
offset or even exceed the potential benefit of evaluation.
Furthermore, the cost of screening and treatment strategies
must be considered. Although physicians should be con-
cerned with improving the clinical outcome of their patients,
cost is an appropriate consideration when different evaluation
and treatment strategies are available that cannot be distin-
guished from one another in terms of clinical outcome.

Formal decision and cost-effectiveness analyses of this par-
ticular question have been done and have yielded highly var-
ied results (134,167-169). Because the exact amount of risk
reduction from coronary revascularization in the clinical
populations differs so much from center to center, it is diffi-
cult to determine the exact risks of aggressive screening and
treatments vs. the benefits in terms of risk reduction.
Additionally, the models all demonstrate that optimal strate-
gy depends on the mortality rates for both cardiac procedures
and noncardiac surgeries in the clinically relevant range. One
decision model, which did not support a strategy incorporat-
ing coronary angiography and revascularization, used lower
mortality rates than those used or reported in the other stud-
ies (91,168,169). Therefore, use of any decision and cost-
effectiveness model in a specific situation depends on the
comparability of local mortality rates to those of the model.

One report suggested that the cost of a selected coronary
screening approach, as described in these guidelines, was as
low as $214 per patient (245). Several recent publications
have shown a cost per year of life saved for this selected
screening strategy of less than $45 000 when applied to
patients undergoing vascular surgery (244,246). However,
none of these studies included a strategy of selected screen-
ing followed by aggressive beta-blocker treatment in high-
risk individuals, as recently described by Poldermans and
colleagues (252). It is likely that this approach will be pre-
ferred over more aggressive coronary assessment/treatment
strategies except perhaps among very high-risk subsets of
patients (293). Prophylactic beta-blockade represents an
excellent strategy in patients for whom coronary revascular-
ization for long-term benefit is not a serious consideration.
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rate for the 216 patients who received coronary bypass was
72% (81% in nondiabetic men) compared with 43%
(p=0.001) for 35 patients in whom coronary bypass was indi-
cated but never performed (175,177). Fatal cardiac events
occurred within a mean of 4.6 years in 12% and 26% of these
2 subsets, respectively (p=0.033). These latter studies illus-
trate the importance of both perioperative and long-term car-
diac risk when considering whether to recommend coronary
bypass surgery before noncardiac surgery. The indications
for surgical coronary revascularization in this group, there-
fore, are essentially identical to those recommended by the
ACC/AHA Task Force and the accumulated data on which
those conclusions were based (178). Examples include
patients with the following conditions: acceptable coronary
revascularization risk and suitable viable myocardium with
left main stenosis, 3-vessel CAD in conjunction with left
ventricular dysfunction, 2-vessel disease involving severe
proximal left anterior descending artery obstruction, and
intractable coronary ischemia despite maximal medical ther-
apy.

In patients in whom coronary revascularization is indicat-
ed, timing of the procedure depends on the urgency of the
noncardiac surgical procedure balanced against stability of
the underlying CAD. The decision to perform revasculariza-
tion on a patient before noncardiac surgery to “get them
through” the noncardiac procedure is appropriate only in a
small subset of very-high-risk patients. Patients undergoing
elective noncardiac procedures who are found to have prog-
nostic high-risk coronary anatomy and in whom long-term
outcome would likely be improved by coronary bypass graft-
ing (178) should generally undergo revascularization before
a noncardiac elective surgical procedure of high or interme-
diate risk (see Table 3).

2. Preoperative PCI

a. Summary of Evidence

The role of prophylactic preoperative coronary intervention
in reducing untoward perioperative cardiac complications
remains unclear. No randomized clinical trials have docu-
mented whether prophylactic PCI with balloon angioplasty,
stents, or other devices before noncardiac surgery reduces
perioperative ischemia or MI. There is an ongoing trial
designed to determine whether patients who require elective
surgery, specifically elective vascular surgery, would benefit
from prior preoperative coronary artery revascularization
(295). Several retrospective series have been reported (see
Table 10). In a 50-patient series reported from Mayo Clinic
(179), percutaneous transluminal coronary angioplasty
(PTCA) using balloons without stents was performed before
noncardiac surgery (52% vascular procedures) in patients at
high risk for perioperative complications (62% were classi-
fied higher than Canadian class III, 76% had multivessel dis-
ease, and all had abnormal noninvasive tests). Ten percent
required urgent coronary bypass surgery after angioplasty.
The noncardiac procedure was performed a median of 9 days
after PCI, the perioperative MI rate was 5.6%, and the mor-

6 (14%) of 44 with severe, uncorrected, or inoperable CAD
(175). Studies such as these have generated interest in the
possible protective influence of coronary bypass surgery on
subsequent surgical risk, even though interpretation of most
retrospective studies is limited by failure to define the crite-
ria for nonfatal MIs and to indicate whether or not serial
ECGs and cardiac enzymes were obtained perioperatively.

Eagle et al analyzed 3368 patients in the CASS database
who underwent noncardiac surgery during more than 10
years following entry in the CASS study (260). Patients
undergoing urologic, orthopedic, breast, and skin operations
had a very low mortality rate, less than 1%, regardless of
whether they had undergone prior CABG for CAD.
However, patients undergoing thoracic, abdominal, vascular,
and head and neck surgery had a much higher risk of death
and MI in the 30 days after the surgical procedure. When
patients undergoing these higher-risk surgical procedures
who had undergone prior CABG were compared with those
who had not, patients who had undergone prior CABG had a
lower risk of death (1.7% vs. 3.3%, p=0.03) and nonfatal MI
(0.8% vs. 2.7%, p=0.002) than patients without prior CABG.
Prior CABG was most protective among patients with multi-
vessel CAD and those with more severe angina. These data
indicate that patients undergoing low-risk procedures are
unlikely to derive early benefit from revascularization before
low-risk surgery, but suggest that patients with multivessel
disease and severe angina undergoing high-risk surgery
might well benefit from revascularization before noncardiac
surgery.

In attempting to balance the potential risks vs. benefits of
CABG before noncardiac surgery, the additional short-term
risks and long-term benefits should be understood. Long-
term benefits of such strategies were not incorporated into 2
recent decision models (168,169). If the long-term benefits
had been included, the value of preoperative coronary revas-
cularization would have been increased. For instance, the
European Coronary Surgery Study Group (176) has reported
interesting findings in a small subset of 58 patients with
peripheral vascular disease within a much larger series of
768 men who were randomly assigned to receive either coro-
nary bypass surgery or medical management for angina pec-
toris. Although the presence of incidental peripheral vascular
disease was associated with reductions in the 8-year survival
rates for either surgical or medical management of CAD, its
influence was especially unfavorable in patients who
received medical therapy alone. That is, the long-term sur-
vival rate was 85% after coronary bypass surgery, compared
with 57% for nonsurgical treatment (p=0.02). Rihal and col-
leagues (166) have reported similar findings in more than
2000 patients enrolled in the CASS study. Compared with
coronary bypass surgery in patients with both CHD and
peripheral vascular disease, surgically treated patients with
3-vessel disease had significantly better long-term survival
than those treated medically after adjustment for all covari-
ates, including clinical measures of disease stability, stress
test results, and left ventricular function. In a study at the
Cleveland Clinic Foundation, the cumulative 5-year survival



Table 10. Studies Reporting the Clinical Outcome of Patients Undergoing Noncardiac Surgery After a Percutaneous Coronary Intervention

No. of Time Perioperative Perioperative
Year Patients who From Mortality, Infarction

Study Author Published Underwent PCI PCI to Surgery % Rate, % Comments

Huber et al (179) 1992 50 9 days (mean) 1.9 5.6 CABG needed after balloon angioplasty 
in 10% of pts. No control group for 
comparison.

Elmore et al (180) 1993 14 10 days (mean) 0 0 Very small study. Event rate in pts.
treated with CABG or balloon angio-
plasty less than in control group. 
Angioplasty pts. had fewer risk factors 
than pts. undergoing CABG.

Allen et al (181) 1991 148 338 days (mean) 2.7 0.7 No increase in events if surgery per-
formed within 90 days of PTCA. 

Gottleib et al (296) 1998 194 11 days (median) 0.5 0.5 Only vascular surgeries included.
Possner et al (298) 1999 686 1 year (median) 2.6 2.2 Pts. who had undergone PCI had a sim-

ilar frequency of death and MI but 
half the angina and HF of matched 
pts. with CAD who had not under-
gone PCI. Event rates were much 
higher if PCI had been performed 
within 90 days.

Kaluza et al (301) 2000 40 13 days (mean) 20 16.8 The only study in which stents were 
used. Mortality was 32% among pts. 
operated on less than 12 days after 
stent placement vs. 0 in pts. operated 
on 12 to 30 days after PCI. 

Hassan et al (303) 2001 251 29 months (median) 0.8 0.8 Among pts. who received PCI in BARI,
outcome after noncardiac surgery was 
equivalent to that of BARI pts. who 
had received CABG.

BARI indicates Bypass Angioplasty Revascularization Investigation; CABG, coronary artery bypass surgery; CAD, coronary artery disease; HF, heart failure, MI, myocardial infarc-
tion; PCI, percutaneous coronary intervention; PTCA, percutaneous transluminal coronary angioplasty; Pts, patients.

30
American College of Cardiology - www.acc.org

American Heart Association - www.americanheart.org
Eagle et al. 2002
ACC/AHA Practice Guidelines

There were 4 operative deaths (1 cardiac), and 16 patients
experienced cardiac complications during the noncardiac
surgery. Cardiac complications were more common in
patients older than 60 years. Little information can be
gleaned from this small retrospective study except to note the
low incidence of cardiac death in patients who had coronary
angioplasty sometime before their noncardiac surgery.

Gottlieb et al studied 194 patients who underwent PTCA
followed by aortic abdominal, carotid endarterectomy, or
peripheral vascular surgery. The median interval between
PTCA and surgery was 11 days (interquartile ranges 3 and 49
days) (296). Twenty-six (13.4%) of the patients had a cardiac
complication, but only 1 patient died, and 1 had a nonfatal
MI. The long time interval over which PTCA was performed
before surgery and the inability to know whether the clinical
outcome of these patients would have been different had a
prior PTCA procedure not been performed limit the conclu-
sions that can be drawn from this study. Massie et al per-
formed a case-control study of 140 patients with abnormal
dipyridamole thallium scans in 2 or more segments; 70
underwent coronary angiography (of whom 25 were referred
for revascularization) and 70 (matched for age, gender, type
of vascular surgery, and number of myocardial segments sug-
gesting ischemia on thallium scanning) did not (297). A trend
toward late benefit associated with preoperative revascular-
ization was offset by a trend toward an early hazard from the
risk of the preoperative invasive cardiac evaluation and treat-

tality rate 1.9%. Whether this result differs from what might
have occurred without PTCA is uncertain.

Elmore et al (180) compared the results of preoperative
coronary angioplasty and coronary bypass surgery in patients
identified for elective abdominal aortic aneursymorrhaphy.
This study retrospectively analyzed the records of 2452
patients who underwent abdominal aortic surgery between
1980 and 1990. Only 100 (4.1%) had revascularization before
aortic surgery, and 95% of these had symptomatic CAD.
Eighty-six had coronary bypass surgery and 14 had angio-
plasty. There were no perioperative deaths in this group at the
time of aortic surgery, compared with 2.9% perioperative
mortality for the entire group (n=2452). The patients having
angioplasty had significantly more 1- and 2-vessel disease
and less 3-vessel disease than did the bypass group. Late car-
diac events were more frequent in the angioplasty group. The
small numbers in the angioplasty group and the retrospective
analysis over a long period of time make interpretation of the
results of this study difficult. It appears, however, that candi-
dates for elective abdominal aortic aneurysmorrhaphy with
symptomatic disease (CAD) have a low operative mortality
when revascularization is performed before surgery by either
angioplasty or bypass surgery.

Allen et al (181) performed a retrospective analysis of 148
patients who underwent angioplasty before noncardiac sur-
gery (abdominal 35%, vascular 33%, and orthopedic 13%).
Surgery occurred within 90 days after angioplasty in 72.
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not for more than 6 weeks or 8 weeks, when restenosis
begins to occur (if it is to occur). A retrospective study indi-
cates that the frequency of stent thrombosis when elective
noncardiac surgery is performed within 2 weeks of stent
placement is very high, as is the frequency of MI and death
(301). A thienopyridine (ticlopidine or clopidogrel) is gener-
ally administered to stent patients (with aspirin) for 2 to 4
weeks because these drugs reduce stent thrombosis. The
thienopyridines (and aspirin as well) inhibit platelet aggrega-
tion and therefore increase the risk of bleeding. These med-
ications may increase risk of perioperative surgical bleeding
but decrease the risk of stent thrombosis. For this reason,
delaying surgery 2 to 4 weeks after stent placement allows
their use to reduce coronary thrombosis. Then, after stop-
page, the noncardiac surgery can be performed. Consistent
with this notion, the ongoing Veterans Administration trial
investigating the role of PCI before vascular surgery has stip-
ulated that a minimum of 2 weeks elapse after stent place-
ment before surgery is performed (295). Once the antiplatelet
agents are stopped, their effects do not diminish immediate-
ly. It is for this reason that some surgical teams request a
week’s delay before proceeding to surgery.

Similarly, there is little evidence to show how long a more
distant PCI (e.g., months to years before noncardiac surgery)
protects against perioperative MI or death. Because coronary
restenosis is unlikely to occur more than 8 to 12 months after
PCI (whether or not a stent is used), it is reasonable to expect
ongoing protection against untoward perioperative ischemic
complications in asymptomatic, active patients who had been
symptomatic prior to complete percutaneous coronary revas-
cularization more than 8 to 12 months previously.

There are data that permit comparison of the protective
effects of revascularization with CABG and balloon angio-
plasty before noncardiac surgery. In the Bypass Angioplasty
Revascularization Investigation (BARI), patients with multi-
vessel coronary disease were randomly assigned to undergo
balloon angioplasty or CABG (302). In an ancillary study of
BARI, the results of 1049 surgeries performed in 501
patients subsequent to their enrollment and revascularization
procedure in BARI were analyzed; 250 patients had under-
gone CABG and 251 had undergone angioplasty (303). The
median time from the most recent coronary revascularization
procedure to noncardiac surgery was 29 months. The results
of the study reveal that the frequency of death or MI was low
in patients with multivessel disease who had undergone bal-
loon angioplasty or CABG (1.6% in both groups), and there
was no difference in the length of hospitalization or hospital
cost. The risk of death or MI was lower when the noncardiac
surgery was performed less than 4 years after coronary revas-
cularization (0.8% vs. 3.6% in patients undergoing surgery 4
or more years after coronary revascularization). These data
do not provide insight into which patients require preopera-
tive coronary revascularization, but they do suggest that the
risk of perioperative infarction or death is approximately
equal in patients who have undergone angioplasty or CABG
if they had been amenable to either type of coronary revas-
cularization procedure.

ment. There were no significant differences between the
angiography group and matched control subjects with
respect to the frequency of perioperative nonfatal MI (13%
vs. 9%) or fatal MI (4% vs. 3%) or the frequency of late non-
fatal MI (16% vs. 19%) or late cardiac death (10% vs. 13%). 

In a retrospective cohort study by Posner et al, adverse
events in the 30 days after noncardiac surgery were com-
pared among patients who had undergone preoperative
PTCA at any time, patients with coronary disease who had
not undergone a percutaneous revascularization procedure,
and patients without known coronary disease (“normal con-
trols”) (298). Patients with coronary disease had twice the
risk of cardiac events as normal controls; however, the risk
among patients who had undergone PTCA was half that of
patients who had coronary disease but not undergone PTCA.
The benefit was limited to a reduction in angina and HF;
there was no reduction in early postoperative MI or death
associated with prior PTCA. The investigators did not con-
trol for the severity of coronary disease, comorbid illness, or
the medical management used in the PTCA and no PTCA
groups. No benefit was seen in patients undergoing revascu-
larization less than 90 days before noncardiac surgery. The
long time frame in which PTCA had been performed preop-
eratively limits the conclusions that can be drawn from this
study.

Given these limited data, the indications for PTCA in the
perioperative setting are identical to those developed by the
joint ACC/AHA Task Force providing guidelines for the use
of PTCA in general (389).

For patients who undergo successful coronary intervention
with or without stent placement before planned noncardiac
surgery, there is uncertainty regarding how much time should
pass before the noncardiac procedure is performed. Delaying
noncardiac surgery for more than 6 to 8 weeks increases the
chance that restenosis at the angioplasty site will have
occurred and thus theoretically increases the chances of peri-
operative ischemia or MI. However, performing the surgical
procedure too soon after the PCI procedure might also be
hazardous. Arterial recoil and/or acute thrombosis at the site
of balloon angioplasty is most likely to occur within hours to
days after coronary angioplasty. Therefore, delaying surgery
for at least a week after balloon angioplasty to allow for heal-
ing of the vessel injury at the balloon treatment site has the-
oretical benefits. If a coronary stent is used in the revascular-
ization procedure (as they are currently in the majority of
percutaneous revascularization procedures), further delay
may be beneficial. Stent thrombosis is most common in the
first 2 weeks after stent placement and is exceedingly rare
(less than 0.1% of most cases) more than 2 and certainly
more than 4 weeks after stent placement (299,300). Given
that stent thrombosis remains a very morbid event, resulting
in Q-wave MI or death in the majority of patients in whom it
occurs, and given that the risk of stent thrombosis diminish-
es after endothelialization of the stent has occurred (which
generally takes 4 to 8 weeks), it appears reasonable to delay
elective noncardiac surgery for 2 weeks and ideally 4 weeks
to allow for at least partial endothelialization of the stent, but



lowed up these patients after discharge and documented
fewer deaths in the atenolol group over the subsequent 6
months (1% vs. 10%; p less than 0.001). It is not clear why
such a brief course of therapy could exert such delayed
effect, and the study did not control for other medications
given either before or after surgery. ACE inhibitor and beta-
blocker use preoperatively differed significantly between the
study groups.

More limited studies have also examined the use of periop-
erative beta blockers. Stone et al (55) gave oral beta blockers
2 hours before surgery to a randomized group of patients
with mild hypertension who had predominantly (58%) vas-
cular surgery. Control subjects had a higher frequency (28%)
of ST-segment depression than treated patients (2%). In a
nonrandomized study, Pasternack et al (186) gave oral meto-
prolol immediately before surgery, followed by intravenous
drug during abdominal aortic aneurysm repair. Only 3% suf-
fered an acute MI compared with 18% for matched controls.
In a later report, the same authors reported less intraoperative
ischemia in patients treated with oral metoprolol before
peripheral vascular surgery (58). Yeager et al (306) reported
a case-control analysis of their experience with perioperative
MI during vascular surgery, comparing 53 index cases of
perioperative MI with 106 matched controls. They found a
strong association of beta-blocker use with a decreased like-
lihood of MI (odds ratio 0.43; p=0.01). Raby et al (307)
demonstrated in 26 vascular surgery patients randomized to
a protocol of heart rate suppression with intravenous esmolol
that the esmolol group had fewer episodes of ischemia than
controls (33% vs. 72%; p=0.055).

Several recent studies examined the role of alpha agonists
(clonidine and mivazerol) in perioperative cardiac protection.
Mivazerol (4 mcg per kg) was given during the first 10 min-
utes followed by infusion. Oliver et al (308) reported a large,
randomized, placebo-controlled, multicenter trial of the
alpha2-agonist mivazerol in perioperative use. They random-
ized 2854 patients with known CAD or significant risk fac-
tors who were undergoing noncardiac surgery to a 1.5 mcg
per kg per h infusion of mivazerol or placebo (duration of
infusion was 72 hours postoperatively). Among patients with
an established history of CAD who were undergoing general
surgical procedures, the rate of MI was no different between
the mivazerol and placebo groups, but the cardiac death rate
was reduced (13/946 vs. 25/941; p=0.04). Among patients
undergoing vascular procedures, both cardiac death rate
(6/454 vs. 18/450; p=0.017) and the combined end point of
death or MI (44/454 vs. 64/450; p=0.037) were significantly
reduced. The Multicenter Study of Perioperative Ischemia
Research Group (309) also reported the results of a placebo-
controlled, randomized, double-blind study of perioperative
mivazerol. Three hundred patients with known CAD under-
going noncardiac surgery were randomized to high-dose (1.5
mcg per kg per h) or low-dose (0.75 mcg per kg per h)
mivazerol or placebo. No differences in perioperative death
or MI were observed, but the high-dose group had signifi-
cantly less myocardial ischemia than the placebo group
(20/98 vs. 35/103; p=0.026). Finally, 2 randomized, placebo-
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B. Perioperative Medical Therapy

1. Summary of Evidence

Several randomized trials have examined the impact of med-
ical therapy begun just before surgery on reducing cardiac
events. Most are single-center trials with relatively small
numbers of subjects. These studies have evaluated beta
blockers, nitroglycerin, the calcium channel blocker dilti-
azem, as well as alpha agonists (Table 11).

Two recent randomized, double-blinded trials looked at the
effect of perioperative beta blockers on cardiac events sur-
rounding surgery. Poldermans et al examined the effect of
bisoprolol on patients at high risk for perioperative cardiac
complications (252). Of 846 patients with risk factors for
cardiac disease and scheduled for vascular surgery, 173 were
found to have an abnormal dobutamine stress echocardio-
gram (DSE). Of these patients, 61 were excluded from fur-
ther study owing to marked abnormalities on DSE or because
they were already taking beta blockers. The remaining 112
patients were randomized to bisoprolol or placebo perioper-
atively. The rates of cardiac death (3.4% vs. 17%; p=0.02)
and nonfatal MI (0% vs. 17%; p less than 0.001) were lower
for the bisoprolol vs. placebo groups, respectively.
Generalizability of this study is limited by the unblinded
design and the exclusion of all but the highest-risk patients.
Also, patients began taking bisoprolol a mean of 37 days
before surgery, with adjustments made based on heart rate.

Boersma et al subsequently reanalyzed the total cohort of
1351 consecutive patients enrolled in this randomized trial of
bisoprolol (304). Forty-five patients had perioperative car-
diac death or nonfatal MI. Eighty-three percent of patients
had fewer than 3 clinical risk factors. Among this subgroup,
patients receiving beta blockers had a lower risk of cardiac
complications (0.8% [2/263]) than those not receiving beta
blockers (2.3% [20/855]). In patients with 3 or more risk fac-
tors (15%), those taking beta blockers who had a DSE
demonstrating 4 or fewer segments of new wall-motion
abnormalities had a significantly lower incidence of cardiac
complications (2.3% [2/86]) compared with those not receiv-
ing beta-blocker therapy (10.6% [12/121]). Moreover,
among patients with more extensive ischemia on DSE (5 or
more segments), there was no difference in the incidence of
cardiac events (4 of 11 for those taking beta blockers vs. 5 of
15 for those not taking beta blockers). Therefore, beta-block-
er therapy was beneficial in all but the subset of patients with
more extensive ischemia. 

One must also be cautious about inferring a class effect
from this observation about bisoprolol and be mindful of the
course of therapy used. The Multicenter Study of Peri-
operative Ischemia Research Group (251,305) randomized
200 patients undergoing general surgery to a combination of
intravenous and oral atenolol vs. placebo for 7 days.
Although they found no difference in perioperative MI or
death, they reported significantly fewer episodes of ischemia
by continuous monitoring (24% vs. 39%; p=0.03) in the
atenolol and placebo groups, respectively. They then fol-
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controlled studies of clonidine for perioperative myocardial
protection were performed in 297 patients undergoing vascu-
lar surgery (310) and 61 patients undergoing general surgery
(311). Both demonstrated a significant decrease in the inci-
dence of myocardial ischemia (35/145 vs. 59/152, p less than
0.01, and 1/28 vs. 5/24, p=0.05, respectively). There have
been only 2 studies examining the role of calcium channel
blockers in this situation. These studies are too small to allow
definitive conclusions (Table 11).

The use of nitrates is discussed in the section on intraoper-
ative management (Section VIII).

2. Recommendations

There are still very few randomized trials of medical therapy
before noncardiac surgery to prevent perioperative cardiac
complications, and they do not provide enough data from
which to draw firm conclusions or recommendations. Most
are insufficiently powered to address the effect on outcome
of MI or cardiac death and rely on the surrogate end point of
ECG ischemia to show effect. Current studies, however, sug-
gest that appropriately administered beta blockers reduce
perioperative ischemia and may reduce the risk of MI and
death in high-risk patients. When possible, beta blockers
should be started days or weeks before elective surgery, with
the dose titrated to achieve a resting heart rate between 50
and 60 beats per minute. Perioperative treatment with alpha2
agonists may have similar effects on myocardial ischemia,
MI, and cardiac death. Clearly, this is an area where further
research would be valuable.

Recommendations for Perioperative Medical Therapy

Class I
1. Beta blockers required in the recent past to control

symptoms of angina or patients with symptomatic
arrhythmias or hypertension.

2. Beta blockers: patients at high cardiac risk owing to
the finding of ischemia on preoperative testing who
are undergoing vascular surgery.

Class IIa
Beta blockers: preoperative assessment identifies
untreated hypertension, known coronary disease, or
major risk factors for coronary disease.

Class IIb
Alpha2 agonists: perioperative control of hyperten-
sion, or known CAD or major risk factors for CAD.

Class III
1. Beta blockers: contraindication to beta blockade.
2. Alpha2 agonists: contraindication to alpha2 agonists.

C. Valve Surgery

There is little information about the appropriateness of
valvular repair or replacement before a noncardiac surgical

procedure is undertaken. Clinical experience indicates that
patients with valvular heart disease severe enough to warrant
surgical treatment should have valve surgery before elective
noncardiac surgery. Recently it has been suggested that
patients with severe mitral or aortic stenosis who require
urgent noncardiac surgery, such as intestinal resection for
lesions causing serious gastrointestinal bleeding, may bene-
fit from catheter balloon valvuloplasty at least as a temporiz-
ing step to reduce the operative risk of noncardiac surgery
(187,188). Unfortunately, there are no controlled studies, and
the risks of balloon aortic valvuloplasty in older patients are
significant (187).

Experience with managing valvular heart disease during
labor and delivery provides insights into the approach to
management of the patient for noncardiac surgery. The vast
majority of women with regurgitant valvular heart disease
can be managed medically during the course of pregnancy,
including labor and delivery, because the decrease in periph-
eral vascular resistance that occurs with pregnancy tends to
decrease regurgitant lesions (189). Increased arterial imped-
ance is not well tolerated in patients with aortic and mitral
regurgitation. Therefore, increases in blood pressure should
be prevented, and left ventricular afterload should be opti-
mized with vasodilators. In contrast, patients with significant
aortic or mitral stenosis often do not do well with the
increased hemodynamic burden of pregnancy. If the stenosis
is severe, percutaneous catheter balloon valvotomy should be
considered as definitive therapy or as a bridge to care for the
patient through pregnancy, labor, and surgical delivery.
Excessive changes in intravascular volume should be avoid-
ed (see also Section III, “Valvular Heart Disease”).

D. Arrhythmia and Conduction Disturbances

In the perioperative setting, cardiac arrhythmias or conduc-
tion disturbances often reflect the presence of underlying
cardiopulmonary disease, drug toxicity, or metabolic
derangements. In patients with documented hemodynamical-
ly significant or symptomatic arrhythmias, electrophysiolog-
ic testing and catheter ablation, particularly for supraventric-
ular arrhythmias, may be indicated to prevent arrhythmia
recurrence (190,191,312). Supraventricular arrhythmias may
require either electrical or pharmacological cardioversion if
they produce symptoms or hemodynamic compromise. If
cardioversion is not possible, satisfactory heart rate control
should be accomplished with oral or intravenous digitalis,
beta-adrenergic blockers, or calcium channel blockers.
Among these 3 types of medications, digitalis is the least
effective agent, and beta blockers are the most effective agent
for controlling the ventricular response during atrial fibrilla-
tion (313). An additional benefit of beta blockers is that they
have been shown to accelerate the conversion of postopera-
tive supraventricular arrhythmias to sinus rhythm as com-
pared with diltiazem (314). In patients with atrial fibrillation
who are taking oral anticoagulation therapy, it may be neces-
sary to discontinue the anticoagulant several days before sur-
gery. If time does not allow and it is important that the patient



not be on anticoagulants, the effect of warfarin can be
reversed by parenteral vitamin K or fresh frozen plasma (66).
Ventricular arrhythmias, whether simple premature ventricu-
lar contractions, complex ventricular ectopy, or nonsustained
tachycardia, usually do not require therapy unless they are
associated with hemodynamic compromise or occur in the
presence of ongoing or threatened myocardial ischemia or
left ventricular dysfunction. Studies have shown that
although nearly half of high-risk patients undergoing noncar-
diac surgery have frequent premature ventricular contrac-
tions or asymptomatic nonsustained ventricular tachycardia,
the presence of these ventricular arrhythmias is not associat-
ed with an increase in nonfatal MI or cardiac death
(240,241). Nevertheless, the presence of an arrhythmia in the
preoperative setting should provoke a search for underlying
cardiopulmonary disease, ongoing myocardial ischemia or
infarction, drug toxicity, or metabolic derangements.
Physicians should also have a low threshold at which they
institute prophylactic beta-blocker therapy in patients at
increased risk of developing a perioperative or postoperative
arrhythmia (including those in whom arrhythmias are present
during the preoperative evaluation). Several recent studies
have demonstrated that beta-blocker therapy can reduce the
incidence of arrhythmias during the perioperative period
(250,259).

Sustained or symptomatic ventricular tachycardia should
be suppressed preoperatively with intravenous lidocaine,
procainamide, or amiodarone, and a thorough search should
be conducted for underlying causes and appropriate short-
and long-term therapy. The indications for temporary pace-
makers are almost identical to those previously stated for
long-term permanent cardiac pacing (192). Patients with
intraventricular conduction delays, bifascicular block (right
bundle-branch block with left anterior or posterior hemi-
block), or left bundle-branch block with or without first-
degree atrioventricular block do not require temporary pace-
maker implantation in the absence of a history of syncope or
more advanced atrioventricular block (71). 

E. Implanted Pacemakers and ICDs 

It is important to be aware of the many potential adverse
interactions between electrical/magnetic activity and pace-
maker or ICD function that may occur during the operative
period (see Section III). These interactions result from elec-
trical current generated by electrocautery or cardioversion, as
well as the impact of metabolic derangements, antiarrhyth-
mic agents, and anesthetic agents on pacing and sensing
thresholds. The probability of these adverse interactions can
be minimized if certain precautions are taken. Although this
topic has been analyzed in a number of review articles and
book chapters, no formal guidelines have been developed
(315-318).

Electrocautery involves the use of radiofrequency current
to cut or coagulate tissues. It is usually applied in a unipolar
fashion between the cautery device and an indifferent plate
attached to the patient’s skin. The potential for electrical
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magnetic interference with an implanted device is related to
the amount of generated current in the vicinity of the pace-
maker or ICD device. In general, high current is generated if
the cautery device is close to the pacemaker, particularly if
the current path of the cautery lies along the axis of the pace-
maker or ICD lead. The electrical current generated by elec-
trocautery can cause a variety of responses by the implanted
device, including the following: (1) temporary or permanent
resetting to a backup, reset, or noise-reversion pacing mode
(i.e., a dual-chamber pacemaker may be reset to VVI pacing
at a fixed rate); (2) temporary or permanent inhibition of
pacemaker output; (3) an increase in pacing rate due to acti-
vation of the rate-responsive sensor; (4) ICD firing due to
activation by electrical noise; or (5) myocardial injury at the
lead tip that may cause failure to sense and/or capture.
Cardioversion can have similar effects on pacemaker or ICD
function. Although the probability of any of these adverse
interactions occurring has fallen owing to the almost univer-
sal use of bipolar leads (which reduces the probability of
electrical-magnetic interference) and improved pacemaker
and ICD design, they still do occur (315-318). 

The likelihood and potential clinical impact of adverse
interactions occurring in patients with ICDs and pacemaker
devices will be influenced by a number of factors, including
whether the pacemaker has unipolar or bipolar leads,
whether the electrocautery is bipolar or unipolar, the relative
distance from and orientation of the electrocautery relative to
the pacemaker and pacemaker lead, and whether the patient
is pacemaker dependent. These factors, combined with the
urgency of surgery and the availability of expertise in pacing
and/or ICDs, will ultimately determine the type and extent of
evaluation that is performed. However, under optimal cir-
cumstances, several general recommendations can be made.
Patients with implanted ICDs or pacemakers should have
their device evaluated before and after surgical procedures.
This evaluation should include determination of the patient’s
underlying rhythm and interrogation of the device to deter-
mine its programmed settings and battery status. If the pace-
maker is programmed in a rate-responsive mode, this feature
should be inactivated during surgery. If a patient is pacemak-
er dependent, pacing thresholds should be determined if the
patient has not been evaluated recently in a pacemaker clin-
ic. ICD devices should be programmed off immediately
before surgery and then on again postoperatively to prevent
unwanted discharge due to spurious signals that the device
might interpret as ventricular tachycardia or fibrillation. If
QRS complexes cannot be seen during electrocautery, other
methods of determining heart rate should be monitored to be
certain device inhibition is not present. Finally, if emergent
cardioversion is required, the paddles should be placed as far
from the implanted device as possible and in an orientation
likely to be perpendicular to the orientation of the device
leads (i.e., anterior-posterior paddle position is preferred). 



subcutaneous heparin, low-molecular-weight heparin, war-
farin, or intermittent pneumatic compression—will depend
on the risk of venous thromboembolism and the type of sur-
gery planned. Table 12 provides published recommendations
for various types of surgical procedures (320).

The noninvasive techniques—impedance plethysmography
and real-time compression ultrasonography—are effective
objective tests to exclude clinically suspected deep venous
thrombosis and are best used for this purpose (197,198).
Routine screening of all postoperative patients with a nonin-
vasive technique is not as cost-effective or efficient as appro-
priate antithrombotic prophylaxis for moderate- and high-
risk patients (195,199).

The prevalence of chronic occlusive peripheral arterial dis-
ease rises with increasing age, affecting more than 10% of
the general population older than 65 years (200) and as many
as half of persons with CAD (201). Patients with this condi-
tion may be at increased risk of perioperative cardiac com-
plications, even for a given degree of coronary disease (321).
This may warrant particular attention to the preoperative
evaluation and intraoperative therapy of such patients.
Protection of the limbs from trauma during and after surgery
is as important for those with asymptomatic arterial disease
as for those with claudication.

VIII. ANESTHETIC CONSIDERATIONS AND
INTRAOPERATIVE MANAGEMENT

The pathophysiological events that occur with the trauma of
surgery and the perioperative administration of anesthetic
and pain-relieving drugs often affect the physiology of car-
diac function and dysfunction to great degrees. Specific inte-
gration of these changes with the consultative evaluation is a
field unto itself and beyond the scope of these guidelines.
The information provided by the cardiovascular consultant
needs to be integrated by the anesthesiologist, surgeon, and
postoperative caregivers in preparing an individualized peri-
operative management plan.

There are many different approaches to the details of the
anesthetic care of the cardiac patient. Each has implications
regarding anesthetic and intraoperative monitoring. In addi-
tion, no study has clearly demonstrated a change in outcome
from the use of the following techniques: a pulmonary artery
catheter, ST-segment monitor, transesophageal echocardiog-
raphy (TEE), or intravenous nitroglycerin. Therefore, the
choice of anesthetic and intraoperative monitors is best left to
the discretion of the anesthesia care team. Intraoperative
management may be influenced by the perioperative plan,
including need for postoperative monitoring, ventilation, and
analgesia. Therefore, a discussion of these issues before the
planned surgery will allow for a smooth transition through
the perioperative period.

A. Choice of Anesthetic Technique and Agent

Multiple studies have examined the influence of anesthetic
drugs and techniques on cardiac morbidity. In a large-scale

F. Preoperative Intensive Care

1. General Considerations

Preoperative invasive monitoring in an intensive care setting
can be used to optimize and even augment oxygen delivery
in patients at high risk. It has been proposed that indexes
derived from the pulmonary artery catheter and invasive
blood pressure monitoring can be used to maximize oxygen
delivery which will lead to a reduction in organ dysfunction.

2. Summary of Evidence

Only 2 studies have prospectively evaluated the efficacy of
preoperative pulmonary artery catheter utilization and opti-
mization of hemodynamics in a randomized trial with car-
diac complications as a major outcome. Berlauk et al ran-
domly assigned 89 patients undergoing infrainguinal arterial
bypass procedures to groups that received a pulmonary artery
catheter and (1) preoperative hemodynamic optimization
overnight in the intensive care unit, (2) hemodynamic opti-
mization for 3 hours preoperatively by the anesthesia care
team, or (3) intraoperative monitoring based solely on clini-
cal indications (193). When MI or nonarrhythmogenic car-
diac death was used as the outcome, no significant differ-
ences were demonstrated. Similarly, Ziegler et al found no
differences in intraoperative or perioperative cardiac compli-
cations between vascular surgery patients randomly assigned
to preoperative pulmonary catheter-guided hemodynamic
optimization vs. routine care (319).

3. Recommendations

Although no benefit has been shown, some experienced cli-
nicians believe that preoperative preparation in an intensive
care unit may benefit certain high-risk patients, particularly
those with decompensated HF. Preparation of such patients
should occur under close supervision.

G. Venothromboembolism/Peripheral Arterial
Disease

Two peripheral vascular disorders that merit attention preop-
eratively are venous thromboembolism and, in the elderly,
chronic occlusive peripheral arterial disease.

Prophylactic measures need to be planned and in some
cases started preoperatively for persons with clinical circum-
stances associated with postoperative venous thromboem-
bolism. These correlates of thromboembolic risk include
advanced age, prolonged immobility, or paralysis; prior
venous thromboembolism; malignancy; major surgery, par-
ticularly operations involving the abdomen, pelvis, or lower
extremities; obesity; varicose veins; HF; MI; stroke; frac-
tures of the pelvis, hip, or leg; congenital or acquired aberra-
tions in hemostatic mechanisms (hypercoagulable states);
and possibly, high-dose estrogen use as determined by the
recent consensus conference of the American College of
Chest Physicians (320). The choice of prophylactic measure
or agent—graded-compression elastic stockings, low-dose
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associated with an increased incidence of myocardial
ischemia compared with a narcotic-based anesthetic in
patients undergoing CABG, although the incidence of MI
was not different (322).

Neuraxial anesthetic techniques include spinal and epidur-
al approaches. Both techniques can result in sympathetic
blockade, resulting in decreases in both preload and after-
load. The decision to use neuraxial anesthesia for the high-
risk cardiac patient may be influenced by the dermatomal
level of the surgical procedure. Infrainguinal procedures can
be performed under spinal or epidural anesthesia with mini-
mal hemodynamic changes if neuraxial blockade is limited
to those dermatomes. Abdominal procedures can also be per-
formed using neuraxial techniques; however, high der-
matomal levels of anesthesia may be required and may be
associated with significant hemodynamic effects. High der-
matomal levels can potentially result in hypotension and
reflex tachycardia if preload becomes compromised or
blockade of the cardioaccelerators occurs. A total of 5 stud-

study of unselected patients, coexisting disease and surgical
procedure were the most important determinants of outcome
(202). It appears there is no one best myocardium-protective
anesthetic technique (203-207). All anesthetic techniques
and drugs are associated with known effects that should be
considered in the perioperative plan. Opioid-based anesthet-
ics have become popular because of the cardiovascular sta-
bility associated with their use. The use of high doses, how-
ever, is associated with the need for postoperative ventilation.
Because weaning from the ventilator in an intensive care set-
ting has been associated with myocardial ischemia, this fea-
ture is important in the overall risk-benefit equation.

All inhalational agents have cardiovascular effects, includ-
ing depression of myocardial contractility and afterload
reduction, their similarities being greater than their differ-
ences. The choice of agent among the most common
agents—halothane, enflurane, isoflurane, and sevoflurane—
did not influence outcome in randomized trials (206).
Desflurane, one of the newer inhalational agents, has been
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Table 12. General Guidelines for Perioperative Prophylaxis for Venous Thromboembolism*

Type of Patient/Surgery Recommendation

Minor surgery in a patient less than 40 years Early ambulation
old with no correlates of venous thrombo-
embolism risk†

Moderate-risk surgery in a patient more than ES; LDH (2 h preoperatively and every 12 h after) or 
40 to 60 years old with no correlates of IPC (intraoperatively and postoperatively)
thromboembolism risk

Major surgery in a patient less than 40 to 60 LDH (every 8 h) or LMWH, IPC if prone to 
years old with clinical conditions associated wound bleeding
with venous thromboembolism risk, or older 
than 60 years old without risk factors

Very-high-risk surgery in a patient with multiple LDH, LMWH, or dextran combined with IPC. In 
clinical conditions associated with thrombo- selected patients, perioperative warfarin (INR 2 to 3)
embolism risk may be used.

Total hip replacement LMWH (postoperative, subcutaneous twice daily, fixed 
dose unmonitored) or warfarin (INR 2 to 3, started 
preoperatively or immediately after surgery) or adjusted-
dose unfractionated heparin (started preoperatively). ES 
or IPC may provide additional efficacy.

Total knee replacement LMWH (postoperative, subcutaneous, twice daily, fixed 
dose unmonitored) or IPC

Hip fracture surgery LMWH (preoperative, subcutaneous, fixed dose unmoni-
tored) or warfarin (INR 2 to 3). IPC may provide 
additional benefit.

Intracranial neurosurgery IPC with or without ES. Consider addition of LDH or
LMWH in high-risk patients.

Acute spinal cord injury with lower-extremity LMWH for prophylaxis. Warfarin may also be effective. 
paralysis ES and IPC may have benefit when used with LMWH.

Patients with multiple trauma LMWH when feasible; serial surveillance with duplex 
ultrasonography may be useful. In selected very-high-
risk patients, consider prophylactic caval filter. If 
LMWH not feasible, IPC may be useful.

ES indicates graded-compression elastic stockings; INR, international normalized ratio; IPC, intermittent pneumatic compression; LDH,
low-dose subcutaneous heparin; LMWH, low-molecular-weight heparin.

*Developed from Clagett et al. Chest 1998;114:531S-60S.
†Clinical conditions associated with increased risk of venous thromboembolism: advanced age; prolonged immobility or paralysis; previ-
ous venous thromboembolism; malignancy; major surgery of abdomen, pelvis, or lower extremity; obesity; varicose veins; heart failure;
myocardial infarction; stroke; fracture(s) of the pelvis, hip, or leg; hypercoagulable states; and possibly high-dose estrogen use.
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C. Intraoperative Nitroglycerin

1. General Considerations

Nitroglycerin has been shown to reverse myocardial
ischemia intraoperatively. Intraoperative prophylactic use of
nitroglycerin in patients at high risk may have no effects,
however, or may actually lead to cardiovascular decompen-
sation through decreases in preload. Additionally, nitroglyc-
erin paste or patch may have uneven absorption intraopera-
tively. Accordingly, nitroglycerin should usually be adminis-
tered in the intravenous formulation, if required.

The venodilating and arterial dilating effects of nitroglyc-
erin are mimicked by some anesthetic agents, so that the
combination of agents may lead to significant hypotension
and myocardial ischemia. Therefore, nitroglycerin should be
used only when the hemodynamic effects of other agents
being used are considered.

2. Summary of Evidence

Four controlled studies have evaluated the value of prophy-
lactic nitroglycerin infusions for high-risk patients, including
2 studies in noncardiac surgery patients (Table 12)
(183,184,208,209). Only 1 study, performed in patients with
stable angina undergoing carotid endarterectomy, demon-
strated a reduced incidence of intraoperative myocardial
ischemia in the group receiving 1 mcg per kg per minute of
nitroglycerin. Neither of the 2 small studies demonstrated
any reduction in the incidence of MI or cardiac death.

Recommendations for Intraoperative Nitroglycerin

Class I
High-risk patients previously taking nitroglycerin
who have active signs of myocardial ischemia without
hypotension.

Class IIb
As a prophylactic agent for high-risk patients to pre-
vent myocardial ischemia and cardiac morbidity, par-
ticularly in those who have required nitrate therapy to
control angina. The recommendation for prophylactic
use of nitroglycerin must take into account the anes-
thetic plan and patient hemodynamics and must rec-
ognize that vasodilation and hypovolemia can 
readily occur during anesthesia and surgery.

Class III
Patients with signs of hypovolemia or hypotension.

ies have been published (203-207) that evaluate regional vs.
general anesthesia for high-risk patients undergoing noncar-
diac surgery. No difference in outcome was detected in any
of these studies.

Monitored anesthesia care by an anesthesia caregiver
includes the use of local anesthesia supplemented with intra-
venous sedation/analgesia and is believed by some to be
associated with the greatest safety margin. In a large-scale
study, however, monitored anesthesia care was associated
with the highest incidence of 30-day mortality (202). This
finding may reflect a strong selection bias in which the
patients with significant coexisting disease were selected for
surgery with monitored anesthesia care rather than other
anesthetic techniques. Although this technique can eliminate
some of the undesirable effects of general or neuraxial anes-
thesia, it provides poor blockade of the stress response unless
the local anesthetic provides profound anesthesia of the
affected area. If the local anesthetic block is less than satis-
factory or cannot be used at all, monitored anesthesia care
could result in an increased incidence of myocardial
ischemia and cardiac dysfunction compared with general or
regional anesthesia. To achieve the desired effect, excess
sedation can occur. Therefore, there may be no significant
difference in overall safety with monitored anesthesia care,
and general or regional anesthesia may be preferable.

B. Perioperative Pain Management

From the cardiac perspective, pain management may be a
crucial aspect of perioperative care. Because the majority of
cardiac events in noncardiac surgical patients occur postop-
eratively, the postoperative period may be the time during
which ablation of stress, adverse hemodynamics, and hyper-
coagulable responses is most critical. Although no random-
ized, controlled study specifically addressing analgesic regi-
mens has demonstrated improvement in outcome, patient-
controlled analgesia techniques are associated with greater
patient satisfaction and lower pain scores. Epidural or spinal
opiates are becoming more popular and have several theoret-
ic advantages. Several studies have evaluated differing com-
binations of general and epidural anesthesia and intravenous
and epidural analgesia (323-327). The patients having
epidural anesthesia/analgesia have demonstrated lower opi-
ate dosages, better ablation of the catecholamine response,
and a less hypercoagulable state (328,329). In 1 study of
patients undergoing-lower extremity vascular bypass proce-
dures, the use of epidural anesthesia/analgesia was associat-
ed with a lower incidence of cardiac morbidity; however, this
finding was not confirmed in 2 other studies (205,207,327).
In a study of 124 patients undergoing aortic surgery, there
was no difference in the incidence of myocardial ischemia in
patients randomized to postoperative intravenous analgesia
vs. epidural analgesia (326). Most important, an effective
analgesic (i.e., one that blunts the stress response) regimen
must be included in the perioperative plan.



1. Summary of Evidence

One randomized clinical trial has been performed in 300
high-risk patients undergoing noncardiac surgery in which
patients were randomized to active warming via forced air
(normothermic group) vs. routine care (332). Perioperative
morbid cardiac events occurred less frequently in the nor-
mothermic group than in the hypothermic group (1.4% vs.
6.3%; p=0.02). Hypothermia was an independent predictor
of morbid cardiac events by multivariate analysis (relative
risk, 2.2; 95% CI, 1.1 to 4.7; p=0.04), indicating a 55%
reduction in risk when normothermia was maintained.

F. Intra-Aortic Balloon Counterpulsation Device

Placement of an intra-aortic balloon counterpulsation device
has been suggested as a means of reducing perioperative car-
diac risk in noncardiac surgery. Several case reports have
documented its use in patients with unstable coronary syn-
dromes or severe CAD undergoing urgent noncardiac sur-
gery (212,213,333,334). Although the rate of cardiac com-
plications is low compared with other series of patients at
similarly high risk, there are no randomized trials to assess
its true effectiveness. Additionally, the use of intra-aortic bal-
loon counterpulsation is associated with complications, par-
ticularly in patients with peripheral vascular disease.

1. Recommendations

There is currently insufficient evidence to determine the ben-
efits vs. risks of prophylactic placement of an intra-aortic
balloon counterpulsation device for high-risk noncardiac sur-
gery.

IX. PERIOPERATIVE SURVEILLANCE

Although much attention has been focused on the preopera-
tive preparation of the high-risk patient, intraoperative and
postoperative surveillance for myocardial ischemia and
infarction, arrhythmias, and venous thrombosis should also
lead to reductions in morbidity. Postoperative myocardial
ischemia has been shown to be the strongest predictor of
perioperative cardiac morbidity and is rarely accompanied by
pain (1). Therefore, it may go untreated until overt symptoms
of cardiac failure develop.

The diagnosis of a perioperative MI has both short- and
long-term prognostic value. Traditionally, a perioperative MI
has been associated with a 30% to 50% perioperative mor-
tality and has been associated with reduced long-term sur-
vival (19,29,214,215). Therefore, it is important to identify
patients who sustain a perioperative MI and to treat them
aggressively since it may reduce both short- and long-term
risk.
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D. Use of TEE

1. General Considerations

The use of TEE has become increasingly common in the
operating room for cardiac surgery but is less frequently used
in noncardiac surgery. Multiple investigations have docu-
mented the improved sensitivity of TEE for detection of
myocardial ischemia compared with electrocardiography or
pulmonary capillary wedge pressure measurements. Most
studies have used off-line analysis of the TEE images, how-
ever, and automated, on-line detection may increase its value.

2. Summary of Evidence

There are few data regarding the value of TEE-detected wall-
motion abnormalities to predict cardiac morbidity in noncar-
diac surgical patients. In 2 recent studies from the same
group, intraoperative wall-motion abnormalities were poor
predictors of cardiac morbidity (210,211). In 1 study involv-
ing 322 men undergoing noncardiac surgeries, TEE demon-
strated an odds ratio of 2.6 (95% CI, 1.2 to 5.7) for predict-
ing perioperative cardiac events (210).

3. Analysis and Interpretation

Interpretation of TEE requires additional training. At present
there are no commercially available real-time monitors of
quantitative wall motion. Although regional wall-motion
abnormalities in a high-risk patient suggest myocardial
ischemia, resolution of myocardial ischemia may not result
in improvement of wall motion.

4. Recommendations

Currently there is insufficient evidence to determine cost-
effectiveness of TEE for its use as a diagnostic monitor or to
guide therapy during noncardiac surgery; however, the rou-
tine use of TEE in noncardiac surgery does not appear war-
ranted. Guidelines for the appropriate use of TEE have been
developed by the American Society of Anesthesiologists and
the Society of Cardiovascular Anesthesiologists (330).

E. Maintenance of Body Temperature

Hypothermia is common during the perioperative period in
the absence of active warming of patients. In a retrospective
analysis of a prospective randomized trial comparing 2 dif-
ferent anesthetic techniques for infrainguinal revasculariza-
tion surgery, hypothermia was associated with an increased
risk of myocardial ischemia compared with patients who had
a core temperature greater than 35.5 degrees C in the
postanesthesia care unit (331). Several methods of maintain-
ing normothermia are available in clinical practice, the most
widely studied being forced-air warming. 
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A. Intraoperative and Postoperative Use of
Pulmonary Artery Catheters

1. General Considerations

The pulmonary artery catheter can provide significant infor-
mation critical to the care of the cardiac patient. Its use, how-
ever, must be balanced against the cost and risk of complica-
tions from insertion and use of the catheter, which are low
when the operators are experienced. Several studies have
evaluated the benefit of pulmonary artery catheters in both
randomized trials and those using historical controls. In
patients with prior MI, when perioperative care included pul-
monary artery and intensive care monitoring for 3 days post-
operatively, there was a lower incidence of reinfarction than
in historical controls (29). Other changes in management
occurred during the period under study, however, including
the increased use of beta-adrenergic sympathetic blockade.
In particular, patients with signs and symptoms of HF preop-
eratively, who have a very high (35%) postoperative inci-
dence of HF, might benefit from invasive hemodynamic
monitoring (67).

2. Summary of Evidence

Although a great deal of literature has evaluated the utility of
a pulmonary artery catheter during the perioperative period
in noncardiac surgery, relatively few controlled studies have
evaluated pulmonary artery catheterization in relation to clin-
ical outcomes. Randomized trials have evaluated the routine
use of pulmonary artery catheters vs. central venous pressure
catheters or selective use of monitoring in abdominal aortic
surgery and in elective vascular surgery. In studies using
appropriate patient selection, no differences in cardiac mor-
bidity (MI, cardiac death) were detected (216,217,319,
335,336). An additional study demonstrated no difference in
cardiac morbidity in infrainguinal surgery patients when
monitored by a pulmonary artery catheter either from the
evening before surgery, 3 hours before surgery, or only if
clinically indicated; however, the groups with the pulmonary
artery catheter had fewer intraoperative hemodynamic disor-
ders (193). Polanczyk et al performed a prospective cohort
study of 4059 patients aged 50 years or older who underwent
major elective noncardiac procedures with an expected
length of stay of 2 or more days (337). Major cardiac events
occurred in 171 patients, and those who underwent perioper-
ative pulmonary artery catheterization had a three-fold
increased incidence of major postoperative cardiac events
(34 [15.4%] vs. 137 [3.6%]; p less than 0.001). In a case-con-
troll analysis of a subset of 215 matched pairs of patients
who did and did not undergo pulmonary artery catheteriza-
tion, adjusted for propensity of pulmonary artery catheteriza-
tion and type of procedure, patients who underwent periop-
erative pulmonary artery catheterization also had increased
risk of postoperative congestive HF (odds ratio, 2.9; 95% CI,
1.4 to 6.2) and major noncardiac events (odds ratio, 2.2; 95%
CI, 1.4 to 4.9) (337). Iberti et al demonstrated in a multicen-
ter survey that physicians’ understanding of pulmonary

artery catheterization data is extremely variable, which may
account for the higher rate of postoperative congestive HF
and greater perioperative net fluid intake (338).

3. Recommendations

Current evidence does not support routine use of a pul-
monary artery catheter perioperatively. Although evidence
from controlled trials is scant and a large-scale cohort study
demonstrated potential harm, the use of pulmonary artery
catheters may benefit high-risk patients. This is in keeping
with practice parameters for the intraoperative use of a pul-
monary artery catheter published by the American Society of
Anesthesiologists (218). These parameters approach the
decision to place the pulmonary artery catheter as the inter-
relationship among 3 variables: patient disease, surgical pro-
cedure, and practice setting. With regard to the surgical pro-
cedure, the extent of intraoperative and postoperative fluid
shifts is a dominant factor. Physician education on the inter-
pretation of the pulmonary artery catheterization data is crit-
ical to achieve optimal benefit without harm.

Recommendations for Intraoperative Use of Pulmonary
Artery Catheters (218)

Class IIa
Patients at risk for major hemodynamic disturbances
that are most easily detected by a pulmonary artery
catheter who are undergoing a procedure that is like-
ly to cause these hemodynamic changes in a setting
with experience in interpreting the results (e.g.,
suprarenal aortic aneurysm repair in a patient with
angina).

Class IIb
Either the patient’s condition or the surgical proce-
dure (but not both) places the patient at risk for hemo-
dynamic disturbances (e.g., supraceliac aortic
aneurysm repair in a patient with a negative stress
test).

Class III
No risk of hemodynamic disturbances.

B. Intraoperative and Postoperative Use of ST-
Segment Monitoring

1. General Considerations

Many contemporary operating rooms and intensive care unit
monitors incorporate algorithms that perform real-time
analysis of the ST segment. In addition, real-time ST-seg-
ment monitoring via telemetry or ambulatory ECG (Holter)
monitors with alarms is being developed. Numerous studies
have demonstrated the limited ability of physicians to detect
significant ST-segment changes compared with computer-
ized or off-line analysis. If available, computerized ST-seg-
ment trending is superior to visual interpretation in the iden-
tification of ST-segment changes. Because the algorithms



benefit from further postoperative and long-term
interventions.

Class IIb
Patients with single or multiple risk factors for CAD.

Class III
Patients at low risk for CAD. 

C. Surveillance for Perioperative MI

Multiple studies have evaluated predictive factors for a peri-
operative MI. The presence of clinical evidence of coronary
artery or peripheral vascular disease has been associated with
an increased incidence of perioperative MI. Factors that
increase the risk of a perioperative MI have been discussed
previously. Because of the increased risk of both short- and
long-term mortality from a perioperative MI, accurate diag-
nosis is important.

1. General Considerations

Perioperative MI can be documented by assessing clinical
symptoms, serial electrocardiography, cardiac-specific bio-
markers, comparative ventriculographic studies before and
after surgery, radioisotopic studies specific for myocardial
necrosis, and autopsy studies. The criteria used to diagnose
infarction in various studies differ not only in the level of car-
diac biomarkers that determine abnormality but also the fre-
quency with which they are sampled following noncardiac
surgery. The cardiac biomarker profile after infarction
exhibits a typical rise and fall that differs among different
biomarkers. Daily sampling may miss detection of a cardiac
biomarker rise (such as MB isoenzyme of creatine kinase
[CK-MB], thus underestimating the incidence of periopera-
tive infarction. The ECG criteria used to define infarction
may also differ not only in the definition of a Q wave but also
with respect to the magnitude of ST-T wave shifts that deter-
mine an abnormal response. In the analysis of cardiac bio-
marker criteria, numerous assays are available to measure
CK-MB, cardiac troponin I, and to a lesser extent, cardiac
troponin T. CK-MB may be released from noncardiac
sources in patients with ischemic limbs or those undergoing
aortic surgery, the group at highest risk for a perioperative
MI. The use of cardiac troponin I or T offers the potential of
enhanced specificity (223,345-350).

2. Summary of Evidence

Very few studies have examined long-term outcome using
protocol-specific criteria for perioperative MI after noncar-
diac surgery. Charlson et al (224) reported on 232 mostly
hypertensive or diabetic patients undergoing elective noncar-
diac surgery. Serial ECGs and CK-MB were collected for 6
days postoperatively. The incidence of perioperative MI var-
ied greatly depending on the diagnostic criteria used. A strat-
egy using an ECG immediately after the surgical procedure
and on the first and second days postoperatively had the

used to measure ST-segment shifts are proprietary, variabili-
ty in accuracy between the different monitors has been eval-
uated in several studies compared with off-line analysis of
standard Holter recordings (339-341). ST-trending monitors
were found to have an average sensitivity and specificity of
74% (range 60% to 78%) and 73% (range 69% to 89%),
respectively (340). Several factors have been identified that
decreased the accuracy of the monitors, which have been dis-
cussed in detail elsewhere. Additionally, the lead system used
affects the incidence of ischemia detected, with leads II and
V5 detecting only 80% of all episodes detected by 12-lead
ECG (342).

2. Summary of Evidence

Virtually all studies examining the predictive value of intra-
operative and postoperative ST-segment changes have been
performed using ambulatory ECG recorders. Using retro-
spective analysis, investigators have found postoperative ST-
segment changes indicative of myocardial ischemia to be an
independent predictor of perioperative cardiac events in
high-risk noncardiac surgery patients in multiple studies,
with changes of prolonged duration being particularly asso-
ciated with increased risk (19,51,219,220). Additionally,
postoperative ST-segment changes have been shown to pre-
dict worse long-term survival in high-risk patients (214).

In patients at moderate risk for CAD (age less than 45 years
without known CAD and only 1 risk factor), the presence of
intraoperative and postoperative ST-segment changes was
not associated with either ischemia on an exercise stress test
or cardiac events within 1 year (343). The total cohort of
patients was small, which may limit generalizability of these
findings.

Intraoperative ST-segment changes may also occur in low-
risk populations. ST-segment depression has been shown to
occur during elective cesarean sections in healthy patients
(221,344). Because these changes were not associated with
regional wall-motion abnormalities on precordial echocar-
diography, in this low-risk population such ST-segment
changes may not be indicative of myocardial ischemia and
CAD.

Thus, although there are data to support the contention that
ST-segment monitoring detects ischemia, no studies have
addressed the issue of the effect on outcome when therapy is
based on the results of ST-segment monitoring.

Recommendations for Perioperative ST-Segment
Monitoring

Class IIa
When available, proper use of computerized ST-seg-
ment analysis in patients with known CAD or under-
going vascular surgery may provide increased sensi-
tivity to detect myocardial ischemia during the peri-
operative period and may identify patients who would
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highest sensitivity. Strategies including the serial measure-
ment of CK-MB had higher false-positive rates without high-
er sensitivities. In contrast, Rettke et al (225) reported that
overall survival was associated with the degree of CK-MB
elevation in 348 patients undergoing abdominal aortic
aneurysm repair, with higher levels associated with worse
survival. Yeager et al (215) evaluated the prognostic implica-
tions of a perioperative MI in a series of 1,561 major vascu-
lar procedures. These authors found that the incidence of
subsequent MI and coronary artery revascularization was
significantly higher in patients who suffered a perioperative
MI, except in the subset who only demonstrated an elevated
CK-MB without ECG changes or cardiovascular symptoms.

The use of cardiac troponin I to examine the diagnosis of
perioperative MI was assessed in a series of 96 subjects
undergoing vascular surgery and 12 undergoing spinal sur-
gery. Blood samples were obtained every 6 hours for 36
hours postoperatively, and ECGs were acquired daily. The
appearance of a new segmental wall-motion abnormality on
a postoperative day 3 echocardiogram was used to diagnose
perioperative infarction. All 8 patients who underwent vas-
cular surgery and had segmental wall-motion abnormalities
had elevated cardiac troponin I levels; 6 had elevated CK-
MB. Of 100 patients without new segmental wall-motion
abnormalities, 19 had CK-MB elevations; 1 had cardiac tro-
ponin I elevation (222). Several studies have examined car-
diac troponin T as a marker for perioperative necrosis after
noncardiac surgery. Of 772 patients who underwent major
noncardiac procedures without major cardiovascular compli-
cations during the index hospital admission, 12% and 27%,
respectively, had elevated cardiac troponin T and CK-MB
values. During 6-month follow-up, 19 subjects had major
cardiac complications (14 cardiac deaths, 3 nonfatal MIs,
and 2 admissions for unstable angina). The relative risk of
cardiac events was 5.4 when cardiac troponin T was elevat-
ed, whereas CK-MB did not predict late postdischarge car-
diac events (349). In another report (346), the diagnosis of
perioperative MI was defined prospectively as total CK-MB
greater than 174 units per liter and 2 of the following: (1)
CK-2/CK (mass or activity) greater than 5%, (2) Q waves
greater than 40 ms and 1 mm deep in 2 contiguous leads, (3)
troponin T greater than 0.2 mcg per liter, or (4) a positive
pyrophosphate scan. Of 323 patients undergoing noncardiac
surgery (13.6% vascular), 18 (5.6%) had a perioperative MI.
The incident rate of perioperative MI was 5.3% when the
diagnosis included autopsy data, new Q waves, or CK-2 ele-
vation greater than 5% of total CK associated with new ECG
changes. The incidence increased to 11.2% when the defini-
tion included autopsy data, new Q waves, cardiac troponin T
greater than 0.2 mcg per liter, and ECG changes. The MI rate
increased to 20.7% when the definition of perioperative MI
included autopsy data, new Q waves, or cardiac troponin T
greater than 0.2 mcg per liter.

3. Recommendations

Further evaluation regarding the optimal strategy for surveil-
lance and diagnosis of perioperative MI is required. On the
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basis of current evidence, in patients without documented
CAD, surveillance should be restricted to patients who devel-
op perioperative signs of cardiovascular dysfunction. In
patients with high or intermediate clinical risk who have
known or suspected CAD and who are undergoing high- or
intermediate-risk surgical procedures, the procurement of
ECGs at baseline, immediately after the surgical procedure,
and daily on the first 2 days after surgery appears to be the
most cost-effective strategy. Cardiac troponin measurements
24 hours postoperatively and on day 4 or hospital discharge
(whichever comes first) should be part of the diagnostic strat-
egy for perioperative MI detection (350). The majority of
perioperative MI events will be non-Q wave. Additional
research is needed to correlate long-term outcome results to
magnitude of isolated cardiac troponin elevations. The diag-
nosis of MI should be entertained when the typical cardiac
biomarker profile is manifest in the immediate postoperative
phase. A risk gradient can be based on the magnitude of bio-
marker elevation and presence or absence of concomitant
new ECG abnormalities, hemodynamic instability, and qual-
ity and intensity of chest pain syndrome, if present. The ACC
and the European Society of Cardiology have provided a
redefinition of acute MI based on studies examining cardiac
troponins and clinical presentation/outcomes (351). Patients
who sustain a perioperative MI should have evaluation of left
ventricular function performed before hospital discharge,
and standard postinfarction therapeutic medical therapy
should be prescribed as defined in the ACC/AHA Acute
Myocardial Infarction guidelines (370). Perioperative sur-
veillance for acute coronary syndromes using routine ECG
and cardiac serum biomarkers is unnecessary in clinically
low-risk patients undergoing low-risk operative procedures.

D. Arrhythmia/Conduction Disease Disorders

Postoperative arrhythmias are often due to remedial noncar-
diac problems such as infection, hypotension, metabolic
derangements, and hypoxia. The approach taken to the acute
management of postoperative tachycardias varies depending
on the likely mechanism. If the patient develops a sustained
regular narrow-complex tachycardia, which is likely due to
atrioventricular nodal re-entrant tachycardia or atrioventricu-
lar reciprocating tachycardia, the tachycardia can almost
always be terminated with vagal maneuvers (Valsalva
maneuver or carotid sinus massage) or with intravenous
adenosine. Most antiarrhythmic agents (especially beta
blockers, calcium channel blockers, and type 1a or 1c antiar-
rhythmic agents) can be used to prevent further recurrences
in the postoperative setting. A somewhat different approach
is generally recommended for atrial fibrillation and atrial
flutter. The initial approach to management generally
involves the use of intravenous digoxin, diltiazem or a beta
blocker in an attempt to slow the ventricular response.
Among these 3 types of medications, digitalis is least effec-
tive and beta blockers most effective for controlling the ven-
tricular response during atrial fibrillation (313). An addition-
al benefit of beta blockers is that they have been shown to
accelerate the conversion of postoperative supraventricular



icant comorbidity in such patients. However, the inability to
administer reperfusion therapy undoubtedly contributes to
the high mortality associated with MI early after noncardiac
surgery.

Many perioperative MIs are a result of a sudden thrombot-
ic coronary occlusion, as is the case with MI that occurs in
the nonoperative setting (362,363). Among eligible patients,
rapid reperfusion therapy is the cornerstone of therapy (364).
Thrombolytic therapy markedly reduces mortality when
administered to patients who have MI unrelated to a surgical
procedure. However, because of the substantial risk of bleed-
ing at the surgical site, patients who have recently undergone
surgery have been excluded from all trials of thrombolytic
therapy, and recent surgery is generally considered a strong
contraindication to thrombolytic therapy. Although throm-
bolytic therapy has been administered to patients for life-
threatening pulmonary embolus shortly after noncardiac sur-
gery, the thrombolytic dosage has generally been less and has
been administered over a longer time interval than is stan-
dard for the treatment of acute MI (365,366). Immediate
coronary angioplasty has been favorably compared with
thrombolytic therapy in the treatment of acute MI (367), but
of greater importance is that the risk of bleeding at the surgi-
cal site is believed to be less with direct angioplasty than
with thrombolytic therapy. Only a single small study (368)
has evaluated the role of immediate angiography and angio-
plasty among 48 patients who were believed able to take
aspirin and intravenous heparin, and to undergo immediate
angiography and PCI. This study suggested that such a strat-
egy is feasible and may be beneficial. However, time to
reperfusion is a critical determinant of outcome in acute MI,
and any hope of benefiting patients who have a perioperative
acute MI due to an acute coronary occlusion requires that
angiography and revascularization be rapidly performed (i.e.,
within 12 hours of symptom onset) (368,369). In addition,
these reperfusion procedures should not be performed rou-
tinely on an emergency basis in postoperative patients in
whom MI is not related to an acute coronary occlusion. For
instance, in cases of increased myocardial demand in a
patient with postoperative tachycardia or hypertension, low-
ering the heart rate or blood pressure is likely to be of greater
benefit, and certainly less risk. There is also no evidence to
support immediate angiography in patients found to have an
elevated cardiac marker, such as CK-MB band or cardiac tro-
ponin, who are otherwise clinically stable.

Although reperfusion therapy is an important therapy in
acute ST-segment–elevation MI, the emphasis on reperfusion
therapy should not detract from pharmacological therapy,
which is also very important and has been shown to reduce
adverse events in such patients, as well as in patients with
non–ST-elevation acute coronary syndromes. Therapy with
aspirin, a beta blocker, and an ACE inhibitor, particularly for
patients with low ejection fractions or anterior infarctions,
may be beneficial, whether or not the patients are rapidly
taken to the catheterization laboratory (370). An extensive
evidence-based review of therapy for acute MI can be found
in the ACC/AHA guidelines for the management of patients
with acute MI (370). Although not intended specifically for

arrhythmias to sinus compared with diltiazem (314).
Cardioversion of atrial fibrillation/flutter is generally not
recommended for asymptomatic or minimally symptomatic
arrhythmias until correction of the underlying problems has
occurred, which frequently leads to a return to normal sinus
rhythm. Also, cardioversion is unlikely to result in long-term
normal sinus rhythm if the underlying problem is not cor-
rected. The avoidance of an electrolyte abnormality, espe-
cially hypokalemia and hypomagnesemia, may reduce the
perioperative incidence and risk of arrhythmias, although
acute preoperative repletion of potassium in an asympto-
matic individual may be associated with greater risk than
benefits (226-228,352). Unifocal or multifocal premature
ventricular contractions do not merit therapy. Very frequent
ventricular ectopy or prolonged runs of nonsustained ven-
tricular tachycardia may require antiarrhythmic therapy if
they are symptomatic or result in hemodynamic compromise.
Patients with an ischemic cardiomyopathy who have nonsus-
tained ventricular tachycardia in the perioperative period
may benefit from referral for electrophysiologic testing to
determine the need for an ICD (353,354). Ventricular
arrhythmias may respond to intravenous beta blockers, lido-
caine, procainamide, or amiodarone (186,355-357). Elec-
trical cardioversion should be used for sustained supraven-
tricular or ventricular arrhythmias that cause hemodynamic
compromise.

Bradyarrhythmias that occur in the postoperative period are
usually secondary to some other cause, such as certain med-
ications, an electrolyte disturbance, hypoxemia, or ischemia.
On an acute basis, many will respond to intravenous medica-
tion such as atropine, and some will respond to intravenous
aminophylline. Bradyarrhythmias due to sinus node dysfunc-
tion and advanced conduction abnormalities such as com-
plete heart block will respond to temporary or permanent
transvenous pacing or permanent pacing. The indications are
the same as those for elective permanent pacemaker implan-
tations.

X. POSTOPERATIVE AND LONG-TERM
MANAGEMENT

It has been recognized since the early 1980s that cardiac
events are a frequent outcome in postoperative vascular sur-
gery patients (358). Over the course of the last decade,
advances in preoperative, intraoperative, and postoperative
management have resulted in better patient outcomes in non-
cardiac (especially vascular) surgery (359,360). This is due
to a number of factors that involve better detection of under-
lying CAD in preoperative patients, as well as greater skill
and experience in the perioperative care of such patients. The
combination of improved medical therapy, which typically
includes beta blockers, aspirin, and lipid-lowering agents,
and coronary revascularization in appropriate cases should
result in improved event-free survival.

Despite optimal perioperative management, some patients
will experience perioperative MI, which is associated with a
40% to 70% mortality (361). The reason for the high mortal-
ity is undoubtedly multifactorial and related in part to signif-
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tive clinical risk assessment as determined by the Goldman
criteria, LVEF, coronary angiography, dipyridamole-thallium
imaging, and dobutamine echocardiography can also be used
to evaluate long-term cardiac risk. Cardiac mortality in the
postoperative period increases with higher clinical risk,
lower LVEF (less than 35%), multivessel CAD, abnormal
thallium scans, or multiple ischemic segments on dobuta-
mine echocardiography studies. Other studies (374-376) also
confirm the value of semiquantitative analysis of myocardial
perfusion imaging when using these types of perioperative
tests to predict future cardiac events. All these studies have
the ability to combine an assessment of myocardial ischemia
and left ventricular function into a more useful clinical index.

It is clear from these and other imaging studies (377-379)
that the extent of ischemia or reduced ventricular function
achieves the best level of prognostic utility for future cardiac
events. Overall, a normal or near-normal stress imaging
study suggests a relatively small risk, but the positive predic-
tive accuracy of abnormal studies is greatly enhanced by the
establishment of a progressive gradient for that abnormality.

Although the perioperative cardiac event rate for renal and
liver transplantation is fairly low, the long-term risk for MI or
cardiovascular death associated with such transplants often
results in referrals for preoperative cardiac consultation and
testing. Compared with the data for long-term follow-up in
vascular surgery patients, the results in renal and liver trans-
plants are somewhat less compelling. Not all publications
support the routine use of cardiac screening to help stratify
renal patients according to risk (380), but more recent publi-
cations (262,381) have shown significant prognostic value
for preoperative stress testing in these patients. This is espe-
cially true if there are cardiac risk factors and for patients
with diabetes (382). There are only a few reports (264,383)
dealing with the evaluation of cardiac risk in liver transplant
patients, and the data are not compelling for routine testing.
This is most likely because of the very low incidence of car-
diac events in these studies. However, until more data are
available, it may be prudent to consider preoperative testing
in those liver transplant patients who have clinical cardiac
risk factors. 

These types of observations should encourage us to pay
closer attention to the medical outcome of patients seen for
perioperative evaluations, especially in the context of vascu-
lar surgery. After the preoperative cardiac risk has been
determined by clinical or noninvasive testing, most patients
will benefit from pharmacological agents to lower low-den-
sity lipoprotein cholesterol levels, increase high-density
lipoprotein levels, or both. On the basis of expert opinion, the
goal should be to lower the low-density lipoprotein level to
less than 100 mg per dl (2.6 mmol per dl) (229,384,385).

In general, the indications for additional screening or test-
ing in postoperative patients depend on individual patient
characteristics.  A recent decision-tree model (244) was con-
structed to compare cost-effectiveness of various preopera-
tive screening protocols in postoperative vascular surgery
patients for up to 5 years after discharge. The best event-free
survival and cost-effectiveness ratio were noted for selective

patients who have a postoperative MI, they are nonetheless
appropriate for these high-risk patients. Similarly, the
ACC/AHA guidelines for unstable angina represent an
important template for management of this condition in the
postoperative setting (371).

In the approach to the long-term postoperative manage-
ment of noncardiac surgery patients, one should first appre-
ciate that the occurrence of an intraoperative nonfatal MI car-
ries a high risk for future cardiac events that are often domi-
nated by cardiovascular death (214,372). Therefore, patients
who sustain acute myocardial injury in the perioperative or
postoperative period should receive careful medical evalua-
tion for residual ischemia and overall left ventricular func-
tion. The ACC/AHA guidelines for post-MI evaluation in
these types of patients should be followed as soon as possi-
ble after surgical recovery. The use of pharmacological stress
(26) or dynamic exercise (if feasible) for risk stratification
should also be a priority in patients to help determine who
would benefit from coronary revascularization. In all cases,
the appropriate evaluation and management of complications
and risk factors such as angina, HF, hypertension, hyperlipi-
demia, cigarette smoking, diabetes (hyperglycemia), and
other cardiac abnormalities should commence before hospi-
tal discharge. It is also important to communicate these new
observations and determinations of cardiac status and risk to
the physician who will be responsible for arranging subse-
quent medical care and follow-up.

It is also appropriate to recommend secondary risk reduc-
tion in the relatively large number of elective-surgery
patients in whom cardiovascular abnormalities are detected
during preoperative evaluations. Although the occasion of
surgery is often taken as a specifically high-risk time, most
of the patients who have known or newly detected CAD dur-
ing their preoperative evaluations will not have any events
during elective noncardiac surgery. A recent review (261) of
a national Medicare population sample identified a cohort of
patients (n=6895) who underwent elective vascular surgery
during a 17-month period in 1991 and 1992. The authors
noted a relatively high mortality rate (15%) at 1 year of fol-
low-up among patients who did not undergo preoperative
stress testing. However, in those patients (19%) undergoing
preoperative stress testing with or without coronary bypass
surgery, the mortality rate was lower (less than 6%). In other
follow-up studies (372,373) of vascular surgery patients who
were followed up for a mean of 40 to 48 months, cardiac
events were significantly more frequent in those who had a
reduced LVEF of less than 35% or 40% and who demon-
strated ischemia of at least moderate size on dipyridamole-
thallium imaging. Therefore, it is important to consider
which preoperative clinical risk factors and noninvasive test-
ing parameters can be used to help predict long-term cardiac
risk.

Most of the long-term follow-up studies in postoperative
patients involve vascular surgery. Fig. 2 summarizes some
large follow-up studies in patients undergoing major vascu-
lar surgery who were followed up over the next 2 to 5 years
for subsequent cardiac death or MI. It is clear that preopera-
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• Establishment of optimal guidelines for selected patient 
subgroups, particularly the elderly and women

• Establishment of the efficacy of monitoring patients for
myocardial ischemia and infarction, particularly the role
of monitoring in affecting treatment decisions and out-
comes
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APPENDIX 1. DEFINITION OF TERMINOLOGY

Acute coronary syndrome – Any constellation of clinical
signs or symptoms suggestive of acute myocardial infarction
(MI) or unstable angina. This syndrome includes patients
with acute MI, ST-segment elevation MI, non–ST-segment
elevation MI, enzyme-diagnosed MI, biomarker-diagnosed
MI, late ECG-diagnosed MI, and unstable angina. This term
is useful to generically refer to patients who ultimately prove
to have one of these diagnoses to describe management alter-
natives at a time before the diagnosis is ultimately confirmed.
This term is also used prospectively to identify those patients
at a time of initial presentation who should be considered for
treatment of acute MI or unstable angina.

Acute myocardial infarction – an acute process of myocar-
dial ischemia with sufficient severity and duration to result in
permanent myocardial damage. Clinically, the diagnosis of
permanent myocardial damage is typically made when there
is a characteristic rise and fall in cardiac biomarkers indica-
tive of myocardial necrosis that may or may not be accom-
panied by the development of Q waves on the ECG.
Permanent myocardial damage may also be diagnosed when
histologic evidence of myocardial necrosis is observed on
pathologic examination.

Angina pectoris – a clinical syndrome typically character-
ized by a deep, poorly localized chest, arm, or jaw discom-
fort that is reproducible and associated with physical exertion
or emotional stress and relieved promptly (i.e., less than 5
minutes) by rest or sublingual nitroglycerin. The discomfort
of angina is often hard for patients to describe, and many
patients do not consider it to be “pain.” Patients with unsta-
ble angina may have discomfort with all the qualities of typ-

preoperative stress testing (using dipyridamole-thallium
imaging) in patients with intermediate clinical risk, whereas
high-risk patients were referred to coronary angiography and
low-risk patients were sent to elective surgery without further
workup. This is the general approach suggested in these
guidelines. In addition, another recent report (386) showed
that the clinical risk factors used in these guidelines were
more sensitive than surgical factors for predicting periopera-
tive cardiac events. These recent studies confirm the impor-
tance of clinical evaluations for both the perioperative and
long-term follow-up periods. The performance of prospec-
tive clinical trials would be an important addition to this
overall clinical analysis. Finally, as noted for patients having
a perioperative MI, it is important that the physician(s)
responsible for the long-term care of the patient be provided
with complete information about any cardiovascular abnor-
malities or risk factors for CAD identified during the periop-
erative period.

XI. CONCLUSIONS

Successful perioperative evaluation and management of
high-risk cardiac patients undergoing noncardiac surgery
requires careful teamwork and communication between sur-
geon, anesthesiologist, the patient’s primary care physician,
and the consultant. In general, indications for further cardiac
testing and treatments are the same as in the nonoperative
setting, but their timing is dependent on several factors,
including the urgency of noncardiac surgery, patient-specific
risk factors, and surgery-specific considerations. The use of
both noninvasive and invasive preoperative testing should be
limited to those circumstances in which the results of such
tests will clearly affect patient management. Finally, for
many patients, noncardiac surgery represents their first
opportunity to receive an appropriate assessment of both
short- and long-term cardiac risk. Thus, the consultant best
serves the patient by making recommendations aimed at low-
ering the immediate perioperative cardiac risk, as well as
assessing the need for subsequent postoperative risk stratifi-
cation and interventions directed to modify coronary risk fac-
tors. Future research should be directed at determining the
value of routine prophylactic medical therapy vs. more
extensive diagnostic testing and interventions.

XII. CARDIAC RISK OF NONCARDIAC
SURGERY: AREAS IN NEED OF FURTHER
RESEARCH

• Role and cost-effectiveness of prophylactic revasculari-
ization in reducing perioperative and long-term MI and
death 

• Cost-effectiveness of the various methods of noninvasive
testing for reducing cardiac complications

• Establishment of efficacy and cost-effectiveness of vari-
ous medical therapies for high-risk patients
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caused by underlying structural and/or functional heart dis-
ease. Manifestations include neuroendocrine activation, sodi-
um and water retention, edema, reflex control abnormalities,
vascular and endothelial dysfunction, and skeletal muscle
dysfunction.

Hypercholesterolemia – total cholesterol greater than 200
mg per dl, low-density lipoprotein greater than or equal to
130 mg per dl, high-density lipoprotein less than 30 mg per
dl, or admission cholesterol greater than 200 mg per dl. Also
includes patients with a history of hypercholesterolemia
diagnosed and/or treated by a physician.

Hypertension – blood pressure greater than 140 mm Hg sys-
tolic or 90 mm Hg diastolic on at least 2 occasions. Also,
documented by history of treatment for hypertension with
medication, diet, and/or exercise, or current use of antihy-
pertensive pharmacologic therapy.

Ischemic heart disease – a form of heart disease in which
the primary manifestations result from myocardial ischemia
due to atherosclerotic coronary artery disease. This term
encompasses a spectrum of patients ranging from the asymp-
tomatic preclinical phase to acute myocardial infarction and
sudden cardiac death.

Likelihood – used in these guidelines to refer to the proba-
bility of an underlying diagnosis or outcome.

Myocardial ischemia – inadequate circulation of blood to
the heart muscle due to obstructions of heart arteries (see
also “coronary artery disease”).

Orthostatic hypotension – low blood pressure precipitated
by moving from a lying or sitting position to standing up
straight. Postural orthostatic tachycardia syndrome, a 28
beats-per-minute or greater increase in heart rate on standing,
is a type of mild orthostatic intolerance.

Perioperative cardiac evaluation – consideration of cardiac
risk due to noncardiac surgery in a variety of patients in pre-
operative, operative, and postoperative care. The purpose of
perioperative cardiac evaluation is to assess the patient’s cur-
rent medical status; make recommendations concerning the
evaluation, management, and risk of cardiac problems over
the entire perioperative period; and provide a clinical risk
profile that can be used in making treatment decisions.

Peripheral vascular disease – a disorder that occurs when
arteries are blocked by atherosclerotic plaque. Patients most
frequently present with claudication, aching that occurs with
walking and subsides with rest.

Previous myocardial infarction – indicates that a patient
has had at least 1 documented myocardial infarction 8 or
more days before examination. Documented evidence of pre-
vious myocardial infarction is defined as at least 2 of the fol-
lowing: (1) prolonged (greater than 20 min) typical chest
pain not relieved by rest or nitrates; (2) biochemical evidence
of myocardial necrosis (this can be manifested as creatine

ical angina except that episodes are more severe and pro-
longed and may occur at rest with an unknown relationship
to exertion or stress. In most, but not all, patients these symp-
toms reflect myocardial ischemia resulting from significant
underlying coronary artery disease.

Arrhythmias – irregularity of the heartbeat caused by dam-
age to or defect in the heart tissue and its electrical system.
Arrhythmias considered major predictors of increased peri-
operative cardiovascular risk include high-grade atrioventric-
ular block, symptomatic ventricular arrhythmias in the pres-
ence of underlying heart disease, and supraventricular
arrhythmias with uncontrolled ventricular rate.

Atypical chest pain – pain, pressure, or discomfort in the
chest, neck, or arms not clearly exertional or not otherwise
consistent with pain or discomfort of myocardial ischemic
origin.

Cardiomyopathy – disease or disorder of the heart muscle
that results in weakening and/or stiffness of the heart muscle,
heart enlargement, and left ventricular wall changes. Dilated
and hypertrophic cardiomyopathy are associated with an
increased incidence of perioperative heart failure.

Cerebrovascular disease – a general classification deter-
mined by one or more of the following: (1) cerebrovascular
accident (stroke), as documented by loss of neurologic func-
tion caused by an ischemic event with residual symptoms at
least 24 h after onset; (2) reversible ischemic neurologic
deficit, as documented by a loss of neurologic function
caused by ischemia with symptoms at least 24 h after onset
but with complete return of function within 72 h; (3) tran-
sient ischemic attack, as documented by a loss of neurologic
function caused by ischemia that was abrupt in onset but with
complete return of function within 24 h; (4) unresponsive
coma greater than 24 h; or 5) noninvasive carotid test with
greater than 75% occlusion.

Coronary artery disease – the atherosclerotic narrowing of
the major epicardial coronary arteries (see also “myocardial
ischemia”)

Coronary revascularization – includes percutaneous coro-
nary intervention of any type (balloon angioplasty, atherec-
tomy, stent, or other) and/or coronary artery bypass graft. 

Functional capacity/functional status – determined by
patient’s ability to perform activities of daily living, quanti-
fied in metabolic equivalents (METs). Perioperative cardiac
and long-term risk are increased in patients unable to meet a
4-MET demand during most normal daily activities.
Decreased functional capacity may be caused by several fac-
tors, including inadequate cardiac reserve, advanced age,
transient myocardial dysfunction from myocardial ischemia,
deconditioning, and poor pulmonary reserve. 

Heart failure – a clinical syndrome characterized in most
patients by dyspnea and fatigue at rest and/or with exertion



kinase-MB greater than upper limit of normal, total creatine
kinase greater than 2 times the upper limit of normal, or tro-
ponin greater than the upper diagnostic limit); (3) new wall-
motion abnormalities; or (4) at least 2 serial ECGs with (a)
elevation in ST-T segments documented in 2 or more con-
tiguous leads and/or (b) Q waves that are 0.03 seconds in
width or greater than one third of the total QRS complex doc-
umented in 2 or more contiguous leads.

Pulmonary hypertension – systolic pulmonary artery pres-
sure greater than 60 mm Hg or pulmonary vascular resistance
greater than 260 dyne per sec per cm5.

Renal failure – renal insufficiency resulting in an increase in
serum creatinine to more than 2 mg per dl (or a 50% or
greater increase over an abnormal baseline level) measured
before the procedure or that requires dialysis. 

Risk – high, intermediate, and low risk in these guidelines
refer to the probability of future adverse cardiac events, par-
ticularly death or myocardial infarction.

Stable angina – angina without a change in frequency or
pattern for at least the past 6 weeks. Angina is controlled by
rest and/or oral or transcutaneous medications.

Tamponade – fluid in the pericardial space documented by
echocardiography or other methods that result in systemic
hypotension requiring intervention.

Unstable angina – An acute process of myocardial ischemia
that is not of sufficient severity and duration to result in per-
manent myocardial damage. Patients with unstable angina
typically do not present with ST-segment elevation on the
ECG and do not release biomarkers indicative of myocardial
necrosis into the blood.

Unstable coronary disease – general classification of risk,
including recent myocardial infarction with evidence of
ischemic risk by clinical symptoms or noninvasive study,
unstable or severe angina, or new or poorly controlled
ischemia-mediated heart failure.

APPENDIX 2. ABBREVIATIONS

ACC = American College of Cardiology
ACE = angiotensin converting enzyme 
AHA = American Heart Association
BARI = Bypass Angioplasty Revascularization 

Investigation 
CABG = coronary artery bypass graft
CAD = coronary artery disease
CASS = Coronary Artery Surgery Study 
CHD = coronary heart disease
CI = confidence interval
CK-MB = creatine kinase-MB 
DSE = dobutamine stress echocardiogram
ECG = electrocardiogram
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HF = heart failure
ICD = implantable cardioverter defibrillator 
LVEF = left ventricular ejection fraction
MET = metabolic equivalent 
MI = myocardial infarction 
PCI = percutaneous coronary intervention
PTCA = percutaneous transluminal coronary 

angioplasty
TEE = transesophageal echocardiography
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