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In the midst of [the lungs] is seated a hot organ, the heart, which
is the origin of life and respiration. It imparts to the lungs the
desire of drawing in cold air, for it raises a heat in them; but it is
the heart which attracts. If, therefore, the heart suffer primarily,
death is not far off.

—Aretaeus of Cappadocia

Although no one truly wants to undergo a surgical procedure, the
results of surgery can be highly gratifying to both patient and sur-
geon when the right operation is performed accurately, expedi-
tiously, and for the right reasons on the right patient at the right
time. In attempting to bring about this state of affairs, surgeons
must consciously and honestly balance the physiologic, psycho-
logical, social, and financial burdens of surgery against the antici-
pated benefits.! Although surgeons are not the only medical pro-
fessionals who perform this kind of balancing act, they are proba-
bly the most conspicuous.

Currently, the measures of both anticipated surgical risk and
expected outcome are being assessed in an increasingly sophisti-
cated manner under the umbrella of health care quality.2 Mortality
alone is no longer considered a sufficient indicator of the success
or failure of treatment. Cost is no longer addressed only in
absolute terms but is (appropriately) related to years of life saved.
Therapeutic morbidity is now taken into account in figuring the
cost of each quality-adjusted life year (QALY) saved. Age is con-
sidered not merely in terms of distance from the beginning of life
but also, more importantly, in terms of proximity to the end of life.

It goes without saying that in balancing risks against benefits, sur-
geons as a group should make use of the best available evidence. In
the end, however, it is the responsibility of the surgeon to examine,
digest, and individualize the morass of medical material relevant to
each patient’s disease and expected surgical outcome. This is key for
developing not only the surgeon’s ability to provide care but also the
patient’s ability to respond to it. Sensitive communication of the
nature and severity of the disease and clear explanation of the pro-
posed treatment are integral parts of the therapeutic process. A
knowledgeable patient who participates in his or her treatment will
recover faster. Finally, it is incumbent on the surgeon to honor the
extraordinary trust inherent in his or her relationship with the
patient by providing ongoing psychological and social support dur-
ing surgical therapy—even after such support might be deemed
excessive. A patient must not be allowed to relinquish hope.

The emerging focus on evidence-based care highlights the
importance of accurate preoperative cardiac risk assessment, risk
stratification, and optimization of risk parameters to formulate
effective perioperative risk reduction strategies. Accordingly, our
main aims in this chapter are (1) to assess approaches to the delin-
eation of surgical risk, (2) to outline current thinking on the appro-
priate use of preoperative testing, (3) to highlight the importance
of the patient’s mental and emotional satisfaction with care as a
component of outcome, and (4) to describe ways of reducing peri-
operative cardiac risk.

Tools for Assessment of Surgical Risk

Continuing refinement of the methods employed to stratify pre-
operative risk is permitting surgeons to “handicap” both patients
and surgical procedures with greater and greater precision.>4 It is
clear, for example, that outcome assessment must incorporate a
so-called sickness quotient—typically expressed in terms of the
ratio of observed outcome to expected outcome (O/E)—into the
assessment of therapeutic value.> Obviously, if a surgeon operates
exclusively on Olympic-level athletes with single-organ disease (or
no disease at all), his or her patients will almost always do very well
(or at least survive); one who operates on a more varied group of
patients will have quite different results.

The most widely used classification system is the one developed
by the American Society of Anesthesiologists (ASA), which is
based on the patient’s functional status and comorbid conditions
(e.g., diabetes mellitus, peripheral vascular disease, renal dysfunc-
tion, and chronic pulmonary disease) [see Table 1].6 The ASA index
generally associates poorer overall health with increased postoper-
ative complications, longer hospital stay, and higher mortality.
ASA classes I and II correspond to low risk, class III to moderate
risk, and classes IV and V to high risk.

Besides functional capacity and comorbid conditions, age has
also been shown to be a determinant of operative risk, as has the
type of operation being performed (with vascular procedures and
prolonged, complicated thoracic, abdominal, and head and neck
procedures carrying higher levels of risk).

HISTORY AND PHYSICAL EXAMINATION

The initial history, physical examination, chest x-ray, and electro-
cardiographic assessment should focus on the identification of
potential respiratory or cardiac disorders [see Table 2],” emphasizing
evaluation of the patient’s cardiac status. High-risk cardiac condi-
tions include recent myocardial infarction (MI), decompensated
heart failure, unstable angina, symptomatic dysrhythmias, and
symptomatic valvular heart disease. Underlying cardiac conditions,
even if apparently stable at the time of assessment, may become
manifest during perioperative stresses.® Such conditions include sta-
ble angina, distant MI, previous heart failure, and moderate valvu-
lar disease. Abnormal ECG findings include atrial fibrillation, left or
right bundle-branch block, left ventricular hypertrophy, premature
ventricular complexes, pacemaker rhythm, Q waves, or ST changes.
In a retrospective analysis of 23,036 patients undergoing noncardiac
surgery, the preoperative ECG was shown to improve the predictive
value of perioperative cardiac events in comparison to clinical risk
stratification alone.? This predictive benefit was not apparent, how-
ever, in low-risk patients undergoing low-risk procedures.?

The review of symptoms should identify serious comorbid con-
ditions such as diabetes, cerebrovascular disease, peripheral vas-
cular disease, renal insufficiency, blood dyscrasias, and pulmonary
disease. The goal should be to codify clinical and laboratory fac-
tors insofar as is possible.
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Table 1 American Society of Anesthesiologists’ Physical Status Classification: Nonemergency Surgery®
Classification Description Examples
Class | Normal, healthy patient An inguinal hernia in a fit patient or a fibroid uterus in a healthy woman
Patient with mild systemic disease—a mild to moderate . A ’ ’ !
Class Il systemic disorder related to the condition to be Mgﬁgﬁ? C?bt;?fggl[isgtreurrrﬁg r?e]: agdei,sgéitéoontrolled diabetes, mild hypertension,
treated or to some other, unrelated process P ry
. . I - - Morbid obesity, severely limiting heart disease, angina pectoris, healed myocardial
Class Il P%tlﬁri]; ﬁ/g?iﬁg\;eraecﬁﬁitﬁm'c disease that limits activity infarction, insulin-dependent diabetes, moderate to severe pulmonary
p 9 insufficiency
) L o - . Organic heart disease with signs of cardiac insufficiency; unstable angina;
Class IV Patient with incapacitating systemic disease that is refractory arrhythmia; advanced pulmonary, renal, hepatic, or endocrine
life threatening di
isease
Class V Moribund patient not expected to survive 24 hr without Ruptured aortic aneurysm with profound shock, massive pulmonary embolus,
an operation major cerebral trauma with increasing intracranial pressure
Smoking

Cigarette smoking is the leading cause of preventable death in
the United States.!0 According to the American Heart Association
(AHA), smokers made up a 40% smaller percentage of the U.S.
population in 2003 than they did in 1965.11 Nevertheless, approx-
imately one third of surgical patients are still smokers. Smoking is
clearly a risk factor for perioperative complications,!2 including
pulmonary complications, circulatory complications, and an
increased incidence of surgical site infection. Numerous mecha-
nisms contribute to the deleterious effects of smoking: smoking
inhibits clearance of pulmonary secretions, adversely affects the
immune system and collagen production, and contributes to
wound hypoxia (thereby increasing susceptibility to infection).!3
Some studies have suggested that even passive smoking can
reduce blood flow velocity in the coronary arteries of healthy
young adults.14

A 2002 trial demonstrated that preoperative smoking cessation
reduced the incidence of postoperative complications from 52%
to 18%.12 A 2003 study reported similar results: patients who
stopped smoking 4 weeks before operation had significantly lower
postoperative wound infection rates than patients who continued
to smoke up to the time of operation.!3 Ideally, cessation of smok-
ing at least 4 to 6 weeks before operation is recommended.
Preoperative counseling of patients on smoking cessation not only
can reduce postoperative complications but also can serve as the
impetus for permanent smoking cessation and consequent
improvement in overall long-term health status.!5.16

Alcohol Abuse

Although well-defined criteria for alcohol abuse and depen-
dence exist,!7 the effects of chronic alcohol abuse and dependence
on perioperative risk have not been as thoroughly studied as the
effects of smoking.17 The pathogenic mechanism is certainly mul-
tifactorial but is postulated to involve ethanol-mediated suppres-
sion of the immune system; this immune suppression is reversible,
at least during abstinence in nonsurgical patients. Other deleteri-
ous effects of chronic alcohol ingestion include alcoholic car-
diomyopathy, decreased platelet count and function, reduced fib-
rinogen level, and compromised wound healing. Various alcohol
abstinence periods, ranging from 1 week to 3 months, have been
reported to decrease these adverse effects.18

Preoperatively, efforts should be made to identify patients who
abuse or are dependent on alcohol. Once identified, these patients
may be managed with abstinence counseling, substance abuse ther-

apy, pharmacologic intervention, detoxification and rehabilitation
programs, or a combination of two or more of these methods.19

Long-term abuse of alcohol is often associated with central ner-
vous system impairment and hepatic dysfunction, as well as mal-
nutrition. Alcohol abusers, even those who exhibit no overt alco-
hol-related organ dysfunction, experience greater morbidity than
nonabusers and exhibit longer recovery times.!8

PREOPERATIVE TESTING

It was once generally agreed that surgical patients should
undergo a series of routine screening tests before operation. This
approach has proved not only unhelpful but also confusing and
expensive. Perhaps predictably, it has been observed that the more
tests are ordered, the more abnormal values are obtained. On the
reasonable assumption that a test performed in a healthy person
will yield an abnormal result 5% of the time, when 10 such tests
are ordered, there is a 50% probability of an abnormal test
result.20When an SMA-20 is ordered, the probability of an abnor-
mal test result is quite high. Moreover, although these abnormal-
ities are reported, they rarely alter the physician’s behavior or
result in cancellation or postponement of the operation [see Table
3].20 Accordingly, current practice is to a take a much more selec-
tive approach to preoperative laboratory evaluation. Preoperative
testing can provide predictive data when judiciously employed.

Table 2 Minimal Preoperative Test Requirements™
at the Mayo Clinic’

Age (yr) Tests Required
<40 None
40-59 Electrocardiography, measurement of creatinine and
glucose
>60 Complete blood cell count, electrocardiography;,
chest roentgenography, measurement of creati-
nine and glucose

*In addition, the following guidelines apply. (1) A complete blood cell count is indicated in
all patients who undergo blood typing and who are crossmatched. (2) Measurement of
potassium is indicated in patients taking diuretics or undergoing bowel preparation.

(3) Chest roentgenography is indicated in patients with a history of cardiac or puimonary
disease or with recent respiratory symptoms. (4) A history of cigarette smoking in patients
older than 40 years who are scheduled for an upper abdominal or thoracic surgical proce-
dure is an indication for spirometry (forced vital capacity).
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Table 3 Effect of Abnormal Screening Test Results
on Physician Behavior®

Abnormal Test
Results (%)

Resulting Management

Screening Test Change (%)

5 (for < 10 g/dl;
< 9 g/dl was rare)

Abnormal result rarely led to

Hemoglobin level
change

Total leukocyte count < Abnormal result rarely led to

change
Bleeding time 3.8
Coagulation time 4.8 Abnormal result rarely led to
. . change
Partial thromboplastin 15.6
time
Chest x-ray 2.5-3.7 2.1
ECG 4.6-31.7 0-2.2
1.4
Sodium, potassium o5 Abnormal result rarely led to
change
5.2
Urinalysis 1-34.1 0.1-2.8

Serum creatinine,?! glucose, and glycosylated hemoglobin levels22
are strong predictors of perioperative cardiac events. There are
some data suggesting that high concentrations of plasma N-termi-
nal pro-brain natriuretic peptide (N T-proBNP) predict adverse
postoperative cardiac outcome as well.23

Identification of Factors Affecting Cardiac Risk

Perhaps the simplest and most cost-effective component of pre-
operative cardiac risk stratification is identification of clinical risk
factors with subsequent optimization of potentially modifiable fac-
tors. Numerous cardiac risk indices have been created over the
past three decades. During that period, risk stratification criteria
have evolved from the Goldman criteria, which represented the
first substantial effort at stratification, to the Revised Cardiac Risk
Index (RCRI) developed by Lee and associates,24 which is cur-
rently the most widely applied risk stratification system. The RCRI
identifies six predictors of major cardiac complications (i.e.,
myocardial infarction, cardiogenic pulmonary edema, cardiac
arrest, and cardiac death); scores range from 0 to 5, and the like-
lihood of major perioperative complications increases with rising
scores [see Table 4].2! This index has weaknesses—namely, its
exclusion of emergency surgical patients, as well as neurosurgical
patients; its overrepresentation of thoracic, vascular, and orthope-
dic patients; and its simplistic classification of surgical procedures
into only two categories, high risk or non-high risk.25> Despite
these weaknesses, however, the predictive accuracy of the RCRI
has been validated in large cohorts.24

Whereas the RCRI documents factors that affect cardiac risk,
the updated guidelines developed by the American College of
Cardiology (ACC) and the AHA [see American College of
Cardiology/American Heart Association Task Force Guidelines,
below] serve as a national quality initiative for utilization of the
RCRI and optimization of perioperative risk by either medical or,
in rare cases, surgical means. As currently understood, the goal of
a cardiac consultation is to determine the most appropriate testing
and treatment strategies for optimizing patient care while avoiding
unnecessary testing. This understanding represents a definite par-
adigm shift from the stratification and revascularization strategies
employed between the 1970s and the early 1990s.

Unfortunately, the guidelines are not always followed in clinical
practice. One survey study found that despite the availability of
guidelines, 40% of cardiology consultations resulted in simple rec-
ommendations to proceed with surgery, with no modification of
perioperative plans or optimization of risk factors.26 Clinical
implementation of ACC/AHA guidelines appears to be poor in
Europe as well. In a survey from the Netherlands, only 21% of
patients referred for noninvasive cardiac testing actually under-
went a study.2” In addition, patients selected for noninvasive test-
ing appeared to receive more medical therapy (e.g., beta blockers,
statins, and platelet inhibitors) than patients not referred for non-
invasive testing did.

PREVIOUS AND CURRENT CARDIOVASCULAR DISEASE

In the United States, approximately 30% of the 27 million
patients scheduled to undergo anesthesia for surgical procedures
yearly are known to have risk factors for coronary artery disease
(CAD).8 Unfortunately 50,000 of these patients experience a peri-
operative MI.28 The estimated incidence of perioperative cardiac
complications after noncardiac surgical procedures ranges from
0.5% to 1.0%.24The estimated economic impact of these compli-
cations is $20 billion annually.8

As the age of the surgical patient population increases, so too
does the prevalence of ischemic and valvular heart disease. Hence,
there is a growing need for expert guidance in the preoperative
evaluation of patients who are known to have or to be at risk for
cardiac disease. Although the literature is replete with suggested
management algorithms, no firm consensus has been reached.
Much of the continuing controversy is related to the obvious dif-
ficulties of conducting large randomized, controlled clinical trials
on this topic—difficulties that are confounded (albeit fortunately)
by the relatively low incidence of perioperative cardiac events. The
incidence of postoperative MI is 0.7% in male general surgery
patients older than 50 years, but it is 3.1% in comparable vascular
surgery patients, in whom the prevalence of asymptomatic CAD
is predictably high.2°

FUNCTIONAL CAPACITY

Patients who are able to exercise on a regular basis without lim-
itations generally have sufficient cardiovascular reserve to with-

Table 4 Revised Cardiac Risk Indexa

Six clinical risk factors:

1. High-risk surgery

2. Ischemic heart disease (MI, positive treadmill test, use of nitrogly-
cerin, current chest pain, pathologic Q waves on ECG)

3. Congestive heart failure (documented history, pulmonary edema,
paroxysmal nocturnal dyspnea, peripheral edema, S3, or chest
X-ray with pulmonary vascular redistribution)

4. Cerebrovascular disease (TIA or CVA)
Insulin-dependent diabetes mellitus
6. Renal failure (preoperative serum creatinine > 2.0 mg/dI)

o

Risk of Major Cardiac

No. of Risk Factors Complication (%)

0 0.4

1 0.9

2 7.0
3+ 1.0

CVA—-cerebrovascular accident MI—myocardial infarction
TIA—transient ischemic attack
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Table 5 MET Scores for Selected Activities
(Duke Activity Status Index)

MET Score Activity

Light activities of daily home life (e.g., eating, getting
1-4 dressed, using the toilet, cooking, washing dishes)
Walking 1-2 blocks on level ground at 2-3 mph

Climbing one flight of stairs

Walking up a hill

Walking on level ground at rate > 4 mph

5-9 Running a short distance

More strenuous household chores (e.g., scrubbing floors,
moving furniture)

Moderate recreational activities (e.g., hiking, dancing, golf)

Strenuous athletic activities (e.g., tennis, running, basketball,
>10 swimming)
Heavy professional work

stand stressful operations. Those with limited exercise capacity
often have poor cardiovascular reserve, which may become mani-
fest after noncardiac surgery. Poor functional status (and exercise
capacity) is associated with worse short- and long-term outcomes
in patients undergoing noncardiac operations.3® Even outside the
surgical arena, patients with poor functional status have shorter life
spans overall.

Functional capacity is readily expressed in terms of metabolic
equivalents (METs). One MET is equivalent to the energy
expended (or the oxygen used) in sitting and reading (3.5 ml
O,/kg/min). For a 70 kg person, one MET amounts to 245 ml
O,/min. Multiples of the baseline MET value can then be used to
quantify the aerobic demands posed by specific activities, as in the
Duke Activity Status Index [see Table 5].3!

Functional status has been shown to correlate strongly with the
results of exercise treadmill testing.3! Subsequent studies have
indicated that perioperative cardiac and long-term risks are
increased in patients who are unable to meet the 4-MET demand
associated with most normal daily activities, as signaled by a poor
performance on a treadmill test protocol.>! Thus, the surgeon’s
assessment of the patient’s exercise capacity is a practical, inex-
pensive, and accurate predictor of that patient’s ability to tolerate
a surgical stress.

TYPE OF SURGICAL PROCEDURE

Procedure-specific risk for noncardiac surgery can be classified
as low, intermediate, or high [see Table 6].32 High-risk procedures
include major emergency surgery, particularly in the elderly; aor-
tic and other major vascular operations; peripheral vascular
surgery; and any operation that is expected to be prolonged and to
be associated with large fluid shifts or substantial blood loss.
Intermediate-risk procedures include intraperitoneal and intratho-
racic operations, carotid endarterectomy, head and neck proce-
dures, orthopedic surgery, and prostate operations. Low-risk pro-
cedures include endoscopic and superficial procedures, cataract
operations, and breast surgery. Current guidelines generally focus
on high-risk surgical procedures, with vascular surgery receiving
the lion’s share of the attention—not surprisingly, given data that
30% of the patients undergoing major vascular procedures in
observational series harbor significant CAD.33 Cardiac complica-
tions remain the leading cause of perioperative morbidity and
mortality in patients undergoing vascular operations.34

Although randomized trials indicate that endovascular repair of
aortic aneurysms yields better short-term survival than conven-
tional repair, the perioperative survival advantage is not sustained

after the first postoperative year, which suggests that the adverse
effects of underlying CAD and other pathophysiologic factors in
this population outweigh the benefits of a seemingly lower-risk
procedure.3> The type of surgical procedure performed is
undoubtedly an important aspect of risk stratification, but it is
only one part of the complete picture and must be considered in
the light of the individual patient’s RCRI.

SPECIALIZED TESTING

Recognition of the limitations of routine testing [see
Preoperative Testing, above] led to specialized preoperative cardiac
testing.36 Since the 1980s, innumerable studies have attempted to
establish the utility of this approach, but results have varied
markedly across studies, making interpretation and recommenda-
tion difficult.3” No single test can replicate all of the components
of surgical stress. Therefore, the challenge is to develop a preoper-
ative assessment approach that makes appropriate use of specific
tests tailored to specific patients undergoing specific procedures.

Options for further testing include noninvasive resting cardiac
imaging and noninvasive stress cardiac imaging. The simplest
form of cardiac imaging is resting echocardiography, which pro-
vides an approximate assessment of left ventricular dysfunction
and valvular problems (e.g., aortic stenosis). Cardiac computed
tomography and magnetic resonance imaging continue to evolve
and are capable of providing additional data, but they are more
costly. Preoperative cardiac exercise or pharmacologic stress test-
ing is recommended for assessment of a significant change in clin-
ical status, demonstration of focal myocardial ischemia before
revascularization, evaluation of the efficacy of medical manage-
ment, and prognostic assessment after an acute coronary syn-
drome. The presence of CAD will become manifest as a transient
regional mismatch between oxygen delivery and consumption
during physiologic or pharmacologic stress.

Testing modalities are somewhat institution specific and are

Table 6 Selected Surgical Procedures Stratified
by Degree of Cardiac Risk24

Degree of Cardiac Type of Procedure

Risk
Endoscopic procedures
Ambulatory procedures
Ophthalmic procedures
Aesthetic procedures
Low (< 1%) Reconstructive procedures

Endocrine procedures
Gynecologic procedures
Breast procedures
Dental procedures

Minor vascular procedures (e.g., carotid endarterectomy)
Abdominal procedures

Thoracic procedures

Neurosurgical procedures

Otolaryngologic procedures

Low intermediate
(1%-5%)

High intermediate Orthopedic procedures

(1%-5%) Urologic procedures
Emergency procedures (intermediate or high risk)
Major vascular procedures (e.g., peripheral vascular
High (> 5%) surgery, AAA repair)

Extensive surgical procedures with profound estimat-
ed blood loss, large fluid shifts, or both
Unstable hemodynamic situations

AAA—abdominal aortic aneurysm



© 2008 B C Decker Inc All rights reserved.
ELEMENTS OF CONTEMPORARY PRACTICE

ACS Surgery: Principles and Practice
6 RISK STRATIFICATION — 5

beyond the scope of this chapter; useful references are available
elsewhere.38-42 General sensitivity and specificity data have been
accumulated for exercise electrocardiography (85% and 77%,
respectively), myocardial perfusion scintigraphy (87% and 64%),
dobutamine stress echocardiography, and radionuclide ventricu-
lography, all of which are essentially equivalent with respect to
their ability to detect myocardial ischemia.43-45 Perfusion scintigra-
phy surpasses echocardiography for detection of single-vessel dis-
ease and quantification of the ischemic territory.46 Notably, dobu-
tamine echocardiography and nuclear perfusion stress testing for
perioperative MI or death exhibit negative predictive values
approaching 100% but yield positive predictive values lower than
20%.47 Hence, a positive study is a weak harbinger of a perioper-
ative cardiac event. A more recently developed testing method is
dobutamine stress MRI; however, institutional experience with
this modality remains limited, and the available literature on its use
is sparse.

Current guidelines discourage routine preoperative noninvasive
cardiac testing for most intermediate-risk preoperative patients. In
a 2006 study, 1,476 patients were stratified according to their
RCRI scores.4® Of these, 770 patients on beta-blocker therapy
with tight heart rate control met the criteria for intermediate risk.
This intermediate-risk group was split and randomly assigned to
receive either cardiac stress testing or continued beta-blocker ther-
apy. Some degree of ischemia was noted in 25.8% of the patients
in the testing group, but analysis of the 30-day outcomes after
operation found no difference between the two groups with
respect to the incidence of major cardiac adverse events. The
major difference was that the members of the no-testing group
underwent their respective operations 3 weeks sooner than the
members of the testing group.

In general, the indications for specialized testing are the same in
the operative setting as in the nonoperative setting. When selecting
noninvasive cardiac stress tests for the occasional patient, one
should anticipate that the patient will most likely require coronary
revascularization after coronary angiography. The timing of these
interventions, however, depends on the urgency of the noncardiac
procedure, the risk factors present, and specific considerations
associated with the procedure. Coronary revascularization before
noncardiac surgery has sometimes been advocated as a way of
enabling the patient to get through a noncardiac procedure, but it
is appropriate only for a small subset of very high-risk patients.4?

Optimization of Cardiac Status

MEDICAL INTERVENTION

Over the past decade, the scope of perioperative efforts to
reduce cardiac risk with cardioprotective therapy has changed. At
present, the emphasis is on plaque stabilization, reduction of
myocardial oxygen demand (e.g., reduction of delivery-consump-
tion mismatch) and myocardial protection, with revascularization
reserved for a discrete subset of patients who would almost require
cardiac intervention regardless of any elective preoperative evalua-
tion. It is hypothesized that the likelihood of coronary artery
plaque rupture may be increased by perioperative stressors such as
amplified sympathetic activation, vasospasm, disruption of coagu-
lation homeostasis, and oxygen supply-demand mismatch.50

Although there remains some controversy regarding the appro-
priate management of patients identified preoperatively as having
significant but stable CAD, current data supporting the use of
medical therapy have led to reductions in the extent of preopera-
tive cardiac assessment, thereby decreasing the time from surgical

diagnosis to surgical therapy. Documented coronary stenoses
account for only 50% of perioperative MlIs; the remaining 50%
occur in vascular distributions unrelated to documented coronary
stenoses.51:52 The presence of severe stenosis is more a marker of
disease (and thus a subset of patients at risk) than a finite predic-
tor of endangered myocardial territory. In part, preoperative car-
diac stress testing identifies this at-risk subset, even though the
stenotic lesion may not be the cause of the postoperative ischemic
event. The inability to assess the propensity for coronary plaque
rupture proves to be the main challenge in both risk stratification
and risk factor modification.

Whereas the data on risk stratification approaches are relatively
plentiful, the data on risk modification strategies are still evolving,
and in some ways controversial. In what follows, we summarize
the current data on beta blockade and statin therapy. Antiplatelet
therapy, calcium channel blockade, and the use of angiotensin-
converting enzyme (ACE) inhibitors are discussed in greater detail
in the ACC/AHA guidelines [see American College of
Cardiology/American Heart Association Guidelines, below].>3

Beta Blockade

The purported advantages of beta-blocker therapy include pro-
longation of diastole (and thus improved coronary artery perfu-
sion), reduction of ischemic ventricular dysrhthymias, and reduc-
tion of sympathetic tone.>¢ However, the argument for preopera-
tive use of beta blockers to modify cardiac risk remains controver-
sial, despite the plethora of available data. One problem is that
because perioperative cardiac events are so rare among patients
enrolled in randomized, controlled trials of perioperative beta
blockade, any absolute reduction in cardiac risk is difficult to
detect.

Whereas some randomized, controlled trials have supported the
use of preoperative beta blockade in patients at risk for CAD,55:56
subsequent studies have yielded less encouraging results. The
Perioperative Beta Blockade (POBBLE) trial enrolled 103
patients undergoing vascular surgery at four centers in the United
Kingdom; patients already receiving beta-blocker therapy were
excluded.57 A selective beta, blocker was administered to all aver-
age- or lower-risk vascular surgical patients at admission and for 7
days after operation. Postoperative myocardial ischemia was noted
in 30% of the patients. Perioperative beta blockade did not reduce
the incidence of major cardiac adverse events (during a 30-day fol-
low-up period) either in this study>” or in a 2005 meta-analysis of
published randomized trials.>8

A meta-analysis of 22 randomized trials (including a total of
2,437 patients enrolled between 1980 and 2004) that evaluated
beta-blocker therapy in patients undergoing noncardiac surgery
also did not document a reduction in the incidence of major car-
diac adverse events.’8 The duration of beta blockade in the 22
studies ranged from a brief intravenous infusion in preoperative
holding to a 30-day regimen postoperatively. Notably, despite the
variations in the agent given, the duration of therapy, the inception
of therapy, and the target heart rate achieved, the meta-analysis
lacked sufficient statistical power to detect a 20% reduction in
adverse cardiac events. To detect a difference of this magnitude, a
higher patient enrollment would have been necessary. The authors
concluded that “the current evidence for perioperative beta-block-
er is insufficient and inconclusive.” Similarly, the Diabetic
Postoperative Mortality and Morbidity (DIPOM) trial, which
included 921 patients with diabetes who were undergoing non-
cardiac surgery, failed to show that metoprolol significantly
reduced the risk of death and cardiac morbidity.5°

A large-scale observational study comprising 782,969 patients
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showed that perioperative beta blockade was associated with risk
reduction in high-risk patients undergoing vascular surgery.®® The
study compared the outcomes of 119,632 patients who received
beta blockers during a surgical admission with the outcomes of
risk-adjusted patients who did not receive beta blockers. Follow-
up was restricted to the period of hospitalization. The risk of death
with beta-blocker therapy followed a steep gradient that was cor-
related with the RCRI score. Patients with scores of 0 and 1 expe-
rienced 43% and 13% increases in the risk of death, respectively.
Patients with RCRI scores of 2 or higher, however, exhibited
reductions in mortality ranging from 10% to 43%, a result echo-
ing those of previous studies.6! Beta blockers appeared to be
harmful in low-risk patients, neutral in intermediate-risk patients,
and beneficial in high-risk patients.60

Although it did not include preoperative patients, the Clinical
Outcomes Ultilizing Revascularization and Aggressive Drug
Evaluation (COURAGE) trial concluded that patients with stable
multivessel coronary artery disease fared just as well with maximal
medical management (aspirin plus statin therapy) as they would
have with coronary revascularization.s2 This noninferiority result
was also supported by the findings of the Medicine, Angioplasty,
or Surgery Study (MASS II).63

The current ACC/AHA guidelines recommend perioperative
beta blockade for high-risk patients undergoing vascular surgery;
they also include a probable recommendation for high-risk
patients undergoing intermediate-risk procedures. Beta-blocker
therapy should be considered for intermediate-risk patients on the
basis of whether they are undergoing intermediate-risk or high-
risk procedures. Such therapy should also be considered for low-
risk patients who are undergoing vascular surgery.64 Routine
incorporation of tight heart rate control with beta blockade in all
patients at intermediate risk, though a consensus recommendation
in the current ACC/AHA guidelines, remains controversial.6>

The multicenter Perioperative Ischemic Evaluation (POISE)
trial, currently under way, may provide the long-awaited answers to
many questions surrounding beta-blocker therapy.66 The aim of this
study is to evaluate the ability of metoprolol to prevent major acute
cardiac events in 10,000 patients undergoing noncardiac opera-
tions. Patients will receive either a selective beta, blocker or place-
bo, starting 2 to 4 hours before operation and continuing through a
30-day postoperative period. At last report, 8,351 patients had been
enrolled. Preliminary results presented at the 2007 AHA Annual
Scientific Session indicated that the occurrence of the primary
composite end point (cardiovascular death, MI, or cardiac arrest)
was reduced in the metoprolol group compared with the placebo
group; however, total mortality was increased in the metoprolol
group.6” The metoprolol group also exhibited increased rates of sig-
nificant hypotension and significant bradycardia.

It is reasonable to consider continuing beta blockade in low-
and intermediate-risk patients who were already taking beta block-
ers before their preoperative evaluation. At present, however, the
data do not appear to support routine initiation of beta-blocker
therapy during preoperative screening in low- and intermediate-
risk populations; further investigation is warranted and is current-
ly under way.

Statin Therapy

Researchers have demonstrated that statins exhibit potential
pleiotropic effects beyond their known role in cholesterol reduc-
tion, including increased expression of endothelial nitric oxide
synthase, decreased production of endothelin 1, decreased gener-
ation of reactive oxygen species, and reduced levels of inflamma-
tory cytokines, adhesion molecules, and C-reactive protein.68:69

The pathologic significance of coronary plaque instability and
rupture as a mediator of MI has been widely emphasized.>°
Several studies have validated statin therapy as a means of pre-
venting cardiovascular events by improving the lipid profile and
stabilizing coronary plaques.’%7! A particular focus has been
placed on statin therapy in vascular surgery patients. Reports indi-
cate 30% to 42% reductions in acute coronary syndromes and
death perioperatively in patients receiving statin therapy.”2

Observational data, as well as data from randomized trials, sup-
port the use of statin therapy in vascular surgery patients.”> A 2004
randomized trial found that the incidence of adverse cardiovascu-
lar events during a 6-month follow-up period was 68% lower
among vascular surgery patients who received atorvastatin than in
those who received a placebo.7#

The Dutch Echocardiographic Cardiac Risk Evaluation
Applying Stress Echocardiography (DECREASE)-IV trial is
designed to investigate the efficacy of combination therapy with
fluvastatin and bisoprolol in 6,000 patients scheduled to undergo
noncardiac, nonvascular surgical procedures.” The results of this
trial are expected to be available in early 2008.

An issue that confounds both studies on statin therapy and
studies on beta blockade is that both statins and beta blockers, as
well as aspirin, are prescribed to patients in trials examining the
specific role each individual agent plays in risk modification.
Although observational registry data are important for hypothesis
generation, they are difficult to interpret. Whereas one agent may
be beneficial, its presence hints that other confounding risk mod-
ifiers (e.g., the effects of aspirin, beta blockers, or ACE inhibitors)
are also likely to be present. To tease out the true effect of a single
agent may be difficult; in some cases, attempting to do so may
even be ill advised. In the aforementioned large-scale observation-
al study examining beta blocker therapy,5° 9.9% of the patients
were also on statin therapy. In summary, whether the observed
benefits with respect to perioperative risk prevention are best
explained by tight beta-blocker therapy alone or by a combination
of beta blockade and the pleiotropic effects of statins is currently
unknown, but research is ongoing.”>

REVASCULARIZATION

Referral patterns for preoperative coronary revascularization are
highly variable.76 A retrospective analysis of the Coronary Artery
Surgery Study (CASS) Registry found that in patients with CAD
who were scheduled to undergo a noncardiac operation, the inci-
dence of nonfatal MI was lower in those who had previously
undergone coronary artery bypass grafting (CABG) than in those
who were managed medically.”” Some authorities, however, ques-
tion whether preoperative coronary revascularization confers any
overall risk benefit in this setting, given the independent mortality
associated with CABG (approximately 2%). Current data tend to
refute the idea that preoperative revascularization is advantageous,
even when the lower procedural risk associated with percutaneous
coronary interventions is taken into account.

The results of the prospective, multicenter Coronary Artery
Revascularization Prophylaxis (CARP) trial, sponsored by the
Cooperative Committee of the Department of Veterans Affairs
(VA), do not support a revascularization strategy for most
patients.”8 In this trial, patients with one stenosis greater than 70%
were randomly assigned to two groups, one undergoing revascu-
larization (percutaneous revascularization in 59%, CABG in 41%)
and the other receiving medical therapy alone. Medical therapy
was optimized in both groups: 84% of the patients in the revascu-
larization group and 86% of those in the no-revascularization
group received beta blockers, 77% of the former and 70% of the
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latter received aspirin, and 54% of the patients in each group
received statins. The study lacked sufficient statistical power to test
the short-term benefit of prophylactic revascularization against
that of optimized medical therapy; however, no differences in mor-
tality were noted either in the perioperative period or at follow-up
2.7 years later. The incidence of perioperative MI in the prophy-
lactic revascularization group was comparable to that in the opti-
mal medical therapy group (12% versus 14%). No differences in
outcome between the two groups were noted with respect to the
burden of disease (i.e., one-, two-, or three-vessel disease).

One caveat to interpreting the CARP trial is that a substantial
number of enrolled patients would have been stratified as inter-
mediate risk on the basis of their RCRI scores and would not have
met current ACC/AHA criteria for revascularization (unless they
were symptomatic). Most of these patients had one- or two-vessel
disease with preserved left ventricular function. A second caveat is
that because study enrollment took place within the VA health sys-
tem, 98% of the patients enrolled were male. A final caveat is that
patients with left main coronary stenosis, severe aortic stenosis,
severe left ventricular dysfunction, or unstable coronary syn-
dromes were excluded from the study. In some ways, it appears
that the CARRP trial supports the COURAGE trial’s findings that
stable CAD can be managed medically and that prophylactic
revascularization confers no survival benefit. One might reason-
ably wonder, however, whether the design of the CARP trial,
involving a very low event rate in a small patient population,
masked a marginal benefit. Did the trial have sufficient statistical
power to detect a difference, to prove equivalency, or simply to
show similarity? Although it is generally advisable to refrain from
retrospective subgroup analysis, it is nevertheless noteworthy that
in 37 patients with three or more cardiac risk factors and extensive
ischemia evident on stress imaging, there was a favorable trend
toward a long-term survival benefit after revascularization. The
CARRP study focused primarily on therapy: it was not designed to
address the issue of whom to screen or to elaborate a diagnostic
algorithm for elective vascular patients.

A follow-up study by the same VA study group employed a post
hoc subgroup analysis of the CARP enrollment.” The investiga-
tors found CABG to be superior to percutaneous coronary thera-
py with respect to the completeness of revascularization and the
incidence of postoperative MI. Other investigators have also cited
the greater extent of revascularization as an advantage of CABG
over percutaneous revascularization.s®

Retrospective data from the Bypass Angioplasty Revasculariza-
tion Investigation (BARI) trial suggest that percutaneous coronary
revascularization in advance of noncardiac surgery may confer pro-
tection from adverse perioperative events, similar to the protection
afforded by CABG.8! This study was not designed to determine
the optimal strategy in severely ill patients with extensive CAD
immediately before major vascular surgery. The intent of revascu-
larization was to relieve cardiac symptoms, not to provide prophy-
laxis against perioperative cardiac events. In the BARI trial, the
median interval between coronary revascularization and noncar-
diac surgery was 29 months.

In an observational study of 314 preoperative patients stratified
according to the ACC/AHA guidelines, 1.8% of the patients
underwent diagnostic coronary catheterization, with 0% requiring
revascularization before the anticipated procedure.8? Identifying
asymptomatic intermediate-risk patients who are candidates for
revascularization is a low-yield endeavor that probably should not
be a primary focus of the preoperative evaluation. Widespread
noninvasive testing to identify asymptomatic CAD may not be a
rational strategy.s3

Percutaneous intervention carries a certain level of inherent risk
as well. A registry analysis of patients undergoing percutaneous
revascularization followed by elective noncardiac surgery revealed
that 2.6% of patients experienced a major adverse cardiac event
within a 30-day perioperative period; such events were strongly
associated with interruption of antiplatelet therapy.84.85

The DECREASE-V pilot study examined the population at the
highest preoperative risk: patients with multiple cardiac risk fac-
tors who were scheduled for either elective open abdominal aortic
repair or infrainguinal arterial reconstruction.8¢ A total of 1,808
patients were screened. Those with three or more risk factors (430
patients) underwent stress imaging (dobutamine echocardiogra-
phy or stress nuclear imaging). All patients received beta blockers,
titrated to a heart rate of 60 to 65 beats/min. Of the 430 high-risk
patients, 101 (23%) manifested extensive ischemia on their func-
tional studies and were randomly assigned to treatment with either
revascularization (49 patients) or continued medical management
(52 patients). Percutaneous revascularization was performed in 32
of the 49 patients in the revascularization group, CABG in the
remaining 17. Anticoagulation and antiplatelet therapy was con-
tinued after percutaneous revascularization and during the index
surgical procedure. To demonstrate a 20% relative risk reduction
with prophylactic revascularization, the study would have to be
considerably larger. At least 9,000 patients would have to be
screened, and at least 2,000 of them would have to exhibit three
or more clinical risk factors for a functional study to be warrant-
ed. A study of this magnitude, though not impossible, is unlikely
to be done. Therefore, optimal preoperative management of this
high-risk population should still depend to a large extent on clini-
cal suspicion and cardiology consultation.86

Coronary angiography is an invasive procedure that even today
is associated with a mortality of 0.01% to 0.05% and a morbidity
of 0.03% to 0.25%.87 It is indicated only for patients who have
unstable coronary syndromes, those who are undergoing interme-
diate- or high-risk noncardiac procedures after equivocal noninva-
sive test results, and those who may have an indication for elective
coronary revascularization.4 Although antecedent myocardial
revascularization appears to reduce the risk associated with subse-
quent noncardiac surgery,8 the efficacy of elective preoperative
revascularization remains controversial. This latter measure prob-
ably is not beneficial; in fact, the incidence of complications dur-
ing or after revascularization is often comparable to that during or
after the noncardiac surgical procedure itself. Routine angiogra-
phy is indicated only when invasive delineation of CAD would be
indicated in the absence of the noncardiac surgical problem.

Optimal perioperative evaluation and management of patients
with multiple risk factors and extensive stress-induced ischemia
remain controversial. The ACC/AHA guidelines (see below) sug-
gest that coronary angiography and subsequent coronary revascu-
larization should be limited to cases where the necessity for these
measures is clearly defined, independent of the need for vascular
surgery. A caveat to this recommendation is the lack of controlled
clinical trials addressing optimal perioperative management of
patients with left main disease, severe left ventricular dysfunction,
unstable angina pectoris, or aortic stenosis. The studies done to
date have been limited to patients with stable single- or multiple-
vessel CAD and relatively well preserved ventricular function.

American College of Cardiology/American Heart
Association Task Force Guidelines

Comprehensive identification of patients who are at substantial
risk for perioperative cardiac morbidity remains a difficult task. As
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noted [seeTools for Assessment of Surgical Risk, Preoperative Test-
ing, above], routine preoperative testing has significant inherent
limitations. An evaluation strategy that avoids these limitations has
been developed by combined task forces from the ACC and the
AHA to clarify current recommendations for national quality ini-
tiatives in perioperative stratification and risk modification.46 This
strategy bases diagnostic and therapeutic approaches on clinical
screening for disease state and functional capacity. It employs spe-
cialized testing conservatively—that is, only when the additional
information provided by the proposed test is likely to have an
impact on outcome. The consensus guidelines recommend
aggressive medical management to provide myocardial protection
in the perioperative period and thereby mitigate cardiac risk. The
ACC/AHA strategy has proved to be both efficient and cost-effec-
tive in vascular surgery patients. The most recent update of the
guidelines was published in the latter part of 2007.53

The ACC/AHA guidelines take the form of a five-step algo-
rithm designed to guide patient risk stratification and subsequent
determination of appropriate cardiac evaluation; this algorithm is
available on the ACC’s web site (www.acc.org/clinical/guide-
lines/perio/update/figl .htm). Step 1 of the algorithm is concerned
with assessing the urgency of the operation. Step 2 involves look-
ing for the presence of active cardiac conditions, including unsta-
ble coronary syndromes, decompensated heart failure, significant
dysrhythmias, and severe valvular disease. If any of these condi-
tions are present and the operation is elective, the patient should
be evaluated and treated according to ACC/AHA guidelines. If,
however, no such active cardiac conditions are present, step 3 of
the algorithm, which is concerned with estimating the risk of the
proposed operation, is activated. If the proposed operation is low
risk, it may proceed without further intervention. If it is interme-
diate or high risk, step 4, which involves determining the patient’s
functional status, is activated. If the patient is asymptomatic and
functional status is good, the planned operation may proceed
without further intervention. If the patient is symptomatic or func-
tional status is poor (defined as the inability to perform activities
involving energy expenditures greater than 4 METs) or undeter-
mined, further investigation is necessary.

Step 5, the final step of the algorithm, involves determining
whether the patient has a major clinical predictor of cardiac risk
specifically. As defined by the ACC/AHA task force,46 clinical
cardiac risk factors include a history of ischemic heart disease, a
history of compensated or previous heart failure, a history of
cerebrovascular disease, diabetes mellitus, and renal insufficien-
cy. Patients with no clinical risk factors may proceed to surgery.
Patients with one or two clinical risk factors who are undergoing
a vascular procedure and patients with one or more clinical risk
factors who are undergoing an intermediate-risk operation have
the option of either proceeding with surgery after appropriate
beta blockade or receiving additional evaluation if the results of
the evaluation might change management. Patients with three or
more clinical risk factors who are undergoing a vascular opera-
tion should receive further evaluation if the results might change
management.

Identification of Factors Affecting Noncardiac Risk

RESPIRATORY STATUS

Testing of pulmonary function may be indicated on the basis of
physical findings (e.g. cough, wheezing, dyspnea on exertion,
rales, or rhonchi) or a history of cigarette smoking. Limited pul-
monary reserve may be revealed by observing the patient for dys-

pnea while he or she is climbing one or two flights of stairs. Forced
expiratory volume can be directly measured with a handheld
spirometer whenever there is a question of possible pulmonary
compromise.88 Once identified, patients with pulmonary insuffi-
ciency [see 8:5 Pulmonary Insufficiency] may benefit from a preop-
erative program that includes smoking cessation,!! use of bron-
chodilators, physiotherapy, and specific antibiotics.

NUTRITIONAL STATUS

In 1936, Studley demonstrated that weight loss was a robust
predictor of operative risk.8° Loss of more that 15% of body weight
during the previous 6 months is associated with an increased inci-
dence of postoperative complications, including delayed wound
healing, decreased immunologic competence, and inability to
meet the metabolic demand for respiratory effort. Peripheral
edema and signs of specific vitamin deficiencies are suggestive of
severe malnutrition. A huge multicenter VA hospital study found
that hypoalbuminemia was consistently the most reliable indicator
of morbidity and mortality [see Table 7].°° A decrease in serum
albumin concentration from greater than 4.6 g/dl to less than 2.1
g/dl was associated with an increase in mortality from less than 1%
t0 29% and an increase in morbidity from 10% to 65%. Again, in
these regression models, albumin concentration was the strongest
predictor of mortality and morbidity after surgery.o°

A global nutrition assessment has been shown to identify
patients who are increased risk as a result of nutritional deficien-
cies.%1 Persons with macronutrient deficiencies may benefit from
preoperative nutritional supplementation?? [see 8:22 Nutritional
Support]; however, such supplementation should be employed
selectively and tailored to the particular patient population
involved.?? A trial done by a study group from the VA determined
that preoperative nutritional intervention was necessary only in
the most severely nutritionally depleted patients (i.e., those who
had lost more than 15% of their body weight).%4

ENDOCRINE STATUS

The endocrine-related conditions most relevant in the periop-
erative period are hypothyroidism, hyperthryroidism, diabetes
mellitus, pheochromocytoma, and adrenal insufficiency (in partic-
ular, iatrogenic adrenocortical insufficiency secondary to steroid
use within the preceding 6 months). All of these conditions should

Table 7 Preoperative Predictors of Morbidity and
Mortality in General Surgical Patients?*

Rank Predictor of Morbidity Predictor of Mortality
1 Albumin concentration Albumin concentration
2 ASA class ASA class
3 Complexity of operation Emergency operation
4 Emergency operation Disseminated cancer
5 Functional status Age
6 History of COPD DNR status
7 BUN > 40 mg/dl Platelet count < 150,000/mm3
8 Dependency on ventilator Weight loss > 10%
9 Age Complexity of operation
10 WBC count > 11,000/mm3 BUN > 40 mg/dl
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be normalized to the extent possible before elective surgery,
whether by hormone replacement, by adrenergic blockade, or by
administration of stress-dose steroids [see 8:10 Endocrine Problems).

Diabetes Mellitus

As of 2003, 10.9 million persons were known to have diabetes
mellitus in the United States, and another 5.7 million were esti-
mated to be harboring the disease without being aware of it.!1 In
diabetic patients, the risk of CAD is two to four times higher than
it is in the general population.® Diabetes is one of the six signifi-
cant morbidities cited by Lee and associates as conferring a high
level of cardiac risk.2! Diabetic autonomic neuropathy is associat-
ed with an impaired vasodilator response of coronary resistance
vessels to increased sympathetic stimulation.?6 Moreover, diabetes
is frequently associated with silent ischemia; if detected by Holter
monitoring, it has a positive predictive value of 35% for perioper-
ative cardiac events.97 The incidence of ischemic events in asymp-
tomatic diabetic patients is similar to that in patients with stable
CAD.% Accordingly, clinicians should lower their threshold for
cardiac testing when managing diabetic patients.

Hemoglobin A, has been cited as an independent marker for
poor perioperative outcomes in patients undergoing noncardiac
surgery.22 Asymptomatic diabetic patients with two or more car-
diac risk factors should be evaluated by means of stress testing if
their functional capacity is low or if they are to undergo a vascular
procedure or any major operation. Only those diabetics who have
good functional capacity and are undergoing minor or intermedi-
ate-risk procedures should proceed directly to operation. This is a
more aggressive interventional approach than is followed for the
general population. It should be kept in mind that, common
assumptions notwithstanding, perioperative beta blockade is not
precluded in diabetic patients and can offer substantial protection
against ischemia. A 2003 study reported a 50% reduction in car-
diovascular and microvascular complications in diabetic patients
who underwent intensive glucose control, exercise therapy, and
preventive medical management.99

HEMATOLOGIC STATES

The most practical tool for detecting hypocoagulable or hyper-
coagulable states [see 1:4 Bleeding and Transfusion and 6:6 Venous
Thromboembolism)] is a careful history. Risk factors for postoperative
phlebothrombosis and possible pulmonary embolism include
Virchow’s well-known triad: hypercoagulability (e.g., from
antithrombin deficiency, oral contraceptives, or malignancy), stasis
(e.g., from venous outflow obstruction, immobility, or congestive
heart failure), and endothelial injury (e.g., from trauma or opera-
tion). A thromboelastogram is an effective screening tool in
patients with suspected abnormalities. Prothrombin time, partial
thromboplastin time, and platelet count constitute sufficient pre-
operative testing in a patient with a suspected bleeding problem.
Antithrombin, protein C, protein S, and factor V Leiden levels
constitute sufficient preoperative screening in a patient with sus-
pected hypercoagulable disease. Perioperative anemia is known to
be a risk factor for poor outcome!®® and was associated with
increased mortality in a 2007 VA study.10!

Assessment of Physical and Mental Happiness

Calculation of the risks and benefits of surgical (or, indeed, any)
therapy has become a much more complex process than it once
was. Simple assessment of survival or basic quality of life is no
longer sufficient: more sophisticated measures are required.

Generic instruments now exist that are aimed at evaluating a

patient’s level of productive assimilation into his or her environ-
ment. The Short Form-36 (SF-36) is designed to assess physical
and mental happiness in eight domains of health: (1) physical
function (10 items); (2) physical role limitations (4 items); (3) bod-
ily pain (2 items); (4) vitality (4 items); (5) general health percep-
tions (5 items); (6) emotional role limitations (3 items); (7) social
function (2 items); and (8) mental health (5 items). The underly-
ing assumption is that mental and physical functions are readily
separable aspects of health, but of course, this is not really the
case.102,103 Predictably, patients’ responses on the SF-36 tend to be
strongly influenced by the type of operation they had. For exam-
ple, a patient who has undergone total hip arthroplasty will feel
better immediately afterward; one who has undergone lung resec-
tion for cancer may not feel particularly well immediately after-
ward but, ideally, will be relieved of a cancer scare; and one who
has undergone abdominal aneurysm repair will feel worse imme-
diately afterward, though conscious of an improved life expectan-
cy. Less predictably, however, patients’ perceptions of their own
surgical outcomes are equally strongly influenced by when ques-
tions are posed during the postoperative period.!04 The answers
obtained 6 months after operation differ from those obtained at 1
month or 12 months. If the questions are asked several times, the
answers change; indeed, the mere asking of the question may
change the answer.105 For an outcome measure to be effective by
current standards, it must be not only feasible, valid, and reliable
but also sensitive to change.106,107

An outcome tool that has been further refined to focus specifi-
cally on cardiovascular capacity and disease is the Specific Activity
Scale (SAS). Unfortunately for assessment purposes, attempts to
use the SAS and the SF-36 simultaneously have yielded signifi-
cantly divergent results. Such results underscore the complexities
of standardizing tests of ability, intelligence, and happiness.108

Quality is subjective. Some patients are happy when they seem-
ingly have every reason to be unhappy; others are unhappy when
they seemingly have every reason to be happy. Scientific tools for
collectively examining psychosocial productivity in groups of
patients may still be largely lacking, but this does not mean that
surgeons have no methods of evaluating and enhancing a given
patient’s prospects for comfort. Indeed, any surgeon whose contri-
bution to patient management stops with superb operative tech-
nique, or even with exemplary perioperative care added to tech-
nique, is not making optimal use of his or her privileged position.
By incorporating a patient’s values into the anticipated outcome,
surgeons are uniquely positioned to achieve the best possible out-
come-to-value ratios.

PATIENT EDUCATION

Education of the patient about the postoperative care plan plays
a major role in modifying his or her response to the operative expe-
rience. Classic studies have shown that well-informed patients
require less analgesia in the postoperative period and experience
significantly less pain than less well informed patients.19 Sub-
sequent investigations have supported these conclusions. Periop-
erative information facilitates coping, reduces preoperative anxiety,
and may enhance postoperative recovery.!1© Such information can
be provided orally or in the form of booklets or videotapes.

Epidemiology of Surgical Risk

In a 1999 prospective study, a team of VA investigators examined
the outcomes of surgical procedures in an effort to identify vari-
ables related to poor surgical results. Initial results were reported
from 23,919 patients who underwent one of 11 noncardiac opera-
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tions performed by surgeons from five specialties (general surgery,
urology, orthopedic surgery, vascular surgery, and neuro-
surgery).!1! The authors concluded that prolonged hospital stay
could be related to advanced age, diminished functional status, and
higher ASA class. Other preoperative patient characteristics were
associated with increased morbidity and mortality [see Table 7].112

Changing Paradigms of Cost-effectiveness

It is now clear that postoperative survival, by itself, is no longer
an adequate assay of surgical success. Risk must be stratified before
operation, and the degree of risk must be evaluated in the light of
both the quantity and the quality of life to be expected after oper-
ation. Cost must then be appropriately factored in: a modern
health care system will want to know the cost of a risk-stratified,
quality-adjusted postoperative year of life. A 1999 study assessed
the cost-effectiveness of various cardiac diagnostic strategies in
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