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The United States spends more on health care than other nations,
yet our health outcomes remain inferior to those of many countries.
Change is therefore necessary. One approach to health care reform
is to identify and eliminate practices associated with high cost and
limited benefit. Recent research has shown that many perioperative
practices meet this definition. An opportunity thus exists for rational
reduction of perioperative expenditure.

Perioperative tests and treatments improve outcomes only when
targeted at specific patient subsets. For example, routine perioper-
ative stress testing provides no incremental diagnostic yield in pa-
tients at low risk for cardiac events, and indiscriminate perioperative
therapy with !-blockers can increase mortality in otherwise stable

patients. Thus, many “accepted” perioperative practices conflict
with the evidence and can be safely discontinued while preserving
outcomes and reducing costs. Implementation of the American
College of Cardiology/American Heart Association perioperative
guidelines ensures cost-effective management and promises the
greatest benefit for our patients. Our society demands better care
at lower cost; in perioperative medicine, it is time for us to throt-
tle back.
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Many current perioperative practices reinforce an un-
sustainable increase in health care expenditure. For

instance, perioperative coronary revascularization does not
improve outcomes in patients with stable coronary disease
(1). Similarly, perioperative stress testing benefits far fewer
patients than current implementation rates justify, and in-
discriminate perioperative !-blocker therapy can cause
harm when not directed to clearly defined, at-risk pa-
tient populations (2, 3). Perioperative medicine has thus
come to represent an excellent target for health care
reform.

The 2007 focused update to the joint American Col-
lege of Cardiology/American Heart Association (ACC/
AHA) Guidelines on Perioperative Cardiovascular Evalua-
tion and Care for Noncardiac Surgery (4) recommends
perioperative testing and treatments only for specific car-
diac conditions (Table 1). This perspective discusses how
current perioperative practice conflicts with trial-derived
evidence. By implementing the ACC/AHA guidelines and
heeding the evidence, perioperative costs and outcomes can
be favorably affected.

SCREENING STABLE PATIENTS BEFORE NONCARDIAC

SURGERY: A FAILED STRATEGY

The pathophysiology of perioperative cardiac events is
complex. Catecholamine surges occur during surgery, pro-
ducing elevations of heart rate and blood pressure. Height-
ened vasomotor reactivity and an increase in circulating
coagulation factors further augment the risk for periopera-
tive cardiovascular events (5).

It was not illogical to believe that preoperative coro-
nary revascularization might afford protection in this situ-
ation. Working with the CASS (Coronary Artery Survival
Study) investigators, we performed the largest retrospective
study to date to assess whether preoperative revasculariza-
tion reduced the risk for subsequent cardiac events (6).
Over 10 years, 1961 patients undergoing high-risk surgery
had fewer outcomes of postoperative death (1.7% vs.

3.3%; P ! 0.03) and myocardial infarction (0.8% vs.
2.7%; P ! 0.02) after coronary bypass than medically
managed coronary disease. The strategy of screening stable
patients for coronary artery disease (CAD) before noncar-
diac surgery to identify candidates for revascularization
seemed valuable, and perioperative revascularization thus
emerged as a risk-reducing procedure.

In hindsight, this strategy failed for several reasons.
First, the studies that suggested benefit by this approach
were retrospective and were conducted almost exclusively
in vascular surgery populations (7–9). Consequently, par-
ticipants in these studies who underwent revascularization
may have done so for indications other than the upcoming
surgery itself. This was confirmed in a substudy of CASS in
which perioperative coronary revascularization benefited
only patients with poor left ventricular ejection fraction,
peripheral arterial disease, and 3-vessel CAD (9). Addi-
tional studies also questioned the benefit of routine revas-
cularization among patients with stable CAD. The
COURAGE (Clinical Outcomes Utilizing Revasculariza-
tion and Aggressive Drug Evaluation) trial (10) compared
percutaneous coronary intervention and optimal medical
therapy with optimal medical therapy alone. At a median
follow-up of 4.6 years, COURAGE investigators found no
differences between the 2 study groups with respect to
death or myocardial infarction (10). The BARI 2D (Bypass
Angioplasty Revascularization Investigation in Diabetes-2)
study (11) also found no advantage of revascularization
over intensive medical therapy among diabetics with stable
CAD. The findings of CASS, COURAGE, and BARI 2D
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emphasize that coronary revascularization beyond excellent
medical therapy may offer no substantial benefit in stable
patients, regardless of operative status.

Second, autopsy studies of patients with perioperative
myocardial infarction frequently found that their fatal
event originated from nonstenotic coronary arteries (12).
Whereas we search for occlusive epicardial CAD, as many
as half of perioperative myocardial events occur because of
the rupture of angiographically benign “vulnerable” plaque
(13). The best preoperative testing fails to reliably identify
these otherwise quiescent lesions.

Third, evidence from randomized, controlled studies
suggests that patients with stable coronary disease do not
benefit from preoperative coronary revascularization. In-
vestigators of the CARP (Coronary Artery Revasculariza-
tion Prophylaxis) study (1) randomly assigned veterans
with stable CAD who were scheduled to undergo vascular
surgery to either preoperative medical therapy or coronary
revascularization. After 2.7 years of follow-up, no differ-
ence in myocardial infarction or mortality was found in
either group (1). Garcia and colleagues (14) recently per-
formed a secondary analysis of CARP and confirmed that
regardless of clinical risk, patients with stable CAD receiv-
ing excellent medical therapy derived no additional benefit
from preoperative coronary revascularization.

Targeting coronary revascularization to patients with
high-risk coronary anatomies undergoing high-risk surgery
seems no more advantageous. The DECREASE-V (Dutch
Echocardiographic Cardiac Risk Evaluation Applying
Stress Echocardiography V) pilot study (2) hypothesized
that perioperative revascularization would improve clinical
outcomes in patients with stress-defined extensive CAD.

Although small, the study reported that revascularization
did not change the composite end point of death or myo-
cardial infarction at 30 days (43% vs. 33%; odds ratio, 1.4
[95% CI, 0.7 to 2.8]; P ! 0.30) or at 1 year (49% vs.
44%; odds ratio, 1.2 [CI, 0.7 to 2.3]; P ! 0.48). A long-
term follow-up study of DECREASE-V showed no delayed
benefit of coronary revascularization over medical treatment
for the outcomes of death or cardiac events at 2.8 years (haz-
ard ratio, 1.35 [CI, 0.72 to 2.52; P ! 0.36]) (15).

UNDERSTANDING THE FAILURE OF PERIOPERATIVE

REVASCULARIZATION

Perioperative revascularization does not benefit pa-
tients with stable CAD for 2 reasons. First, our “gold
standard” for detecting coronary disease and determining
its severity may not be as accurate as we once thought.
As studies with intravascular ultrasonography, magnetic
resonance–enhanced imaging, and coronary fractional flow
emerge, we recognize that coronary arteries may be dif-
fusely diseased yet appear remarkably normal on angio-
graphic imaging (16). Coronary disease is far more com-
plex than the number of diseased vessels, plaque burden, or
morphologic characteristics: It is the biology rather than
the anatomy of coronary arteries that matters most. Coro-
nary revascularization may not reduce the risk for coronary
thrombosis, vasospasm, or plaque rupture, and these mech-

Table 1. Cardiac Conditions Warranting Evaluation,
Treatment, and Testing Before Noncardiac Surgery*

Condition Clinical Examples

Unstable coronary syndromes Unstable angina (CCS class III or IV)
Acute myocardial ischemia or infarction
Recent myocardial infarction ("7 d but

"1 mo)
Decompensated heart failure NYHA functional class IV symptoms

New-onset heart failure or newly
detected heart failure

Deteriorating heart failure (e.g.,
pulmonary edema, PND, weight
gain, rales)

Significant atrial arrhythmias Symptomatic bradycardia
High-grade atrioventricular block
Mobitz type II block
Third-degree atrioventricular block
Supraventricular arrhythmias with rapid

ventricular rate at rest (#100
beats/min)

Atrial fibrillation with rapid ventricular
rate at rest (#100 beats/min)

Ventricular arrhythmias Newly recognized or detected
ventricular tachycardia

Ventricular fibrillation
Severe valvular disease Severe aortic stenosis (AVA "1.0 cm2

or mean pressure gradient #40
mm Hg)

Symptomatic mitral stenosis (associated
with heart failure or presyncope)

AVA ! aortic valve area; CCS ! Canadian Cardiovascular Society, NYHA !
New York Heart Association; PND ! paroxysmal nocturnal dyspnea.
* Data are from reference 4.

Key Summary Points

Perioperative tests and treatments improve cardiac outcomes
only when targeted to clearly defined patient subsets.

Clinical trials have shown no additional benefit of cardiac
testing in patients at low to moderate risk for periopera-
tive cardiovascular events.

Perioperative coronary revascularization can cause harm
and does not improve clinical outcomes, even in high-risk
patients.

Perioperative !-blockers at doses titrated to heart rate and
blood pressure can reduce risk in high-risk patients.

Implementing the American College of Cardiology/Ameri-
can Heart Association perioperative guidelines can improve
clinical outcomes and reduce perioperative costs.

Perioperative practice must strive to become more
evidence-based in an era of unprecedented and increasing
health care costs.
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anisms are central to the precipitation of perioperative car-
diac events.

Second, coronary revascularization has its own inher-
ent problems. Bypassing stenotic arteries and opening oc-
cluded vessels may trigger as many events as it prevents
(17). Numerous studies have shown that coronary revascu-
larization does not reduce cardiac risk in clinically stable
patients with either single-vessel or multivessel coronary
disease, but it does substantially increase perioperative cost
(1, 8, 9, 14, 15).

ROUTINE APPLICATION OF PERIOPERATIVE MEDICAL

THERAPIES: A FORMULA FOR HARM

Applying medical therapies to reduce risk in patients
with stable CAD (or to those with risk factors but no
documented CAD) also increases perioperative peril and
expense. A retrospective study of 122 338 Medicare bene-
ficiaries suggested that perioperative !-blockers were ben-
eficial only in patients with Revised Cardiac Risk Index
scores of 2 (intermediate risk) or greater and were poten-

tially harmful because of bradycardia and hypotension in
those with Revised Cardiac Risk Index scores of 0 or 1
(low risk) (18). The DECREASE-IV study confirmed that
intermediate-risk participants (n ! 533) who received
perioperative bisoprolol titrated to heart rate and blood
pressure had a lower incidence of cardiac death or myocar-
dial infarction at 30 days than did control participants not
receiving this treatment (2.1% vs. 6.0%; hazard ratio, 0.34
[CI, 0.17 to 0.67]; P ! 0.002) (19). In contrast, POISE
(Perioperative Ischemic Evaluation Study) reported that
participants receiving perioperative metoprolol succinate,
200 mg/d, had improved cardiac outcomes; however, this
apparent benefit was dramatically offset by increases in
mortality, ischemic stroke, and sepsis compared with those
receiving placebo (3).

The findings of POISE highlight the danger of admin-
istering perioperative !-blockers to intermediate- or low-
risk patients at doses not carefully titrated to hemodynamic
variables (20). Perioperative cardiac event rates in patients
with stable CAD are far lower than those of patients with

Table 2. Comparison of the 2007 and 2009 ACC/AHA Recommendations for Perioperative !-Blocker Therapy*

Original 2007 ACC/AHA Recommendations (4) 2009 ACC/AHA Focused Update (22)

Class I indications (benefit >>> risk)†
Continue !-blocker therapy in patients already receiving this therapy for

angina, arrhythmias, hypertension, or other ACC/AHA class I indications.
(Level of evidence: C)

No changes

!-Blockers should be given to patients undergoing vascular surgery with
ischemia on preoperative testing. (Level of evidence: B)

Discontinued as a class I indication
Downgraded to class IIa recommendation

Class IIa indications (benefit >> risk)‡
!-Blockers are probably recommended in patients undergoing vascular surgery

in whom preoperative assessment identifies CAD. (Level of evidence: B)
!-Blockers titrated to heart rate and blood pressure are probably

recommended for patients undergoing vascular surgery who are at
high cardiac risk owing to existing CAD or the finding of cardiac
ischemia on preoperative testing. (Modified combined
recommendation; class changed from I to IIa; wording revised)

!-Blockers are probably recommended in patients undergoing vascular surgery
with high perioperative risk, defined by the presence of more than 1 clinical
risk factor. (Level of evidence: B)

!-Blockers titrated to heart rate and blood pressure are reasonable for
patients in whom preoperative assessment identifies CAD or high
cardiac risk, defined by more than 1 clinical risk factor, who are
undergoing intermediate-risk surgery. (2007 recommendation
remains current except for revised wording)

!-Blockers are probably recommended in patients undergoing intermediate-risk
or vascular surgery in whom preoperative testing identifies CAD or high
perioperative risk, defined by the presence of more than 1 clinical risk factor.
(Level of evidence: B)

No changes

Class IIb indications (benefit > risk)§
Usefulness of !-blockers is uncertain for patients undergoing intermediate-risk

procedures or vascular surgery with 1 clinical risk factor. (Level of
evidence: C)

No changes

Usefulness of !-blockers is uncertain for patients undergoing intermediate-risk
or vascular surgery with no clinical risk factors who are not currently
receiving !-blockers. (Level of evidence: B)

No changes

Class III indications (risk > benefit)!
!-Blockers should not be prescribed in patients who have absolute

contraindications to this therapy. (Level of evidence: C)
No changes

ACC ! American College of Cardiology; AHA ! American Heart Association; CAD ! coronary artery disease.
* Data are from references 4 and 22.
† Class I ! Recommendation that a procedure or treatment is useful or effective; data are from multiple randomized, controlled trials.
‡ Class IIa ! It is reasonable to perform the procedure or treatment listed; additional studies with focused objectives are needed.
§ Class IIb ! Procedure or treatment may be considered; additional studies with broad objectives are needed.
" Class III ! Risk outweighs benefit; no additional studies are needed.
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unstable CAD, especially patients undergoing vascular sur-
gery (21). The most compelling data for the use of these
treatments are isolated to a strategy of therapy titrated to
hemodynamic variables in high-risk patients with ischemic
heart disease undergoing high-risk surgery. For these rea-
sons, the 2009 ACC Foundation/AHA Focused Update on
Perioperative Beta-Blockers (22) has modified the recom-
mendations for perioperative !-blocker therapy (Table 2).

REDUCING PERIOPERATIVE COSTS AND IMPROVING

CLINICAL OUTCOMES

The ACC/AHA guidelines provide an algorithm that
improves perioperative outcomes and reduces unnecessary
testing and treatments. Through an educational program
emphasizing these guidelines, our preoperative clinic im-
proved test appropriateness and clinical outcomes while
reducing cost by 50% to 75% in patients scheduled to
undergo aortic surgery (23). Similarly, implementation of
the guidelines in a general internal medicine preoperative
clinic reduced exercise stress testing and length of stay
while maintaining a low rate of complications (24). These
studies illustrate how application of the guidelines can re-
sult in less “discretionary” testing or revascularization and
more appropriate use of medical therapy, preserving a low
rate of adverse outcomes. Physicians may struggle with im-
plementing this evidence-based doctrine for various rea-
sons, including legal concerns regarding perioperative car-
diac events, pressure from surgical colleagues, and an
inherent dependence on testing- or procedure-related in-
come. It is thus imperative that any form of health care
reform incentivize and link evidence-based care to pay-
ment. It is the quality of care, not the quantity of tests, that
matters most.

CONCLUSION

Health care–related costs in the United States con-
tinue to increase in a manner disproportionate to the prev-
alence of existing disease. In perioperative medicine, the
evidence has shown little clinical benefit and the potential
for harm from current practices. We must become more
evidence-driven if we are to deliver better perioperative
care in a cost-effective manner. The economic climate calls
for restrained testing and increased discretion in perioper-
ative medicine. It is time for us to throttle back.
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