
Perioperative !-Blockade: How Best
to Translate Evidence into Practice

Lee A. Fleisher, MD During the 1980s, preoperative testing to identify patients with signifi-
cant coronary artery disease and coronary revascularization was the
mainstay of therapy to reduce the cardiac risk of noncardiac surgery (1).
Beginning in the mid-1990s, several groups began to focus on postopera-
tive monitoring and therapy, including the perioperative administration of
!-adrenergic blocking drugs (or !-blockers) as a more effective approach
(2,3). In 2002, Shojania et al. (4) published an evidence-based review
funded by the Agency for Healthcare Research and Quality which identi-
fied perioperative !-blockade for noncardiac surgery as a practice with the
strongest basis in the literature. This followed a review of the literature on
the use of perioperative !-blockers that included clinical recommendations
(5,6). These articles were followed by the establishment of perioperative
quality of care measures by groups such as Leapfrog and the National
Quality Forum which included perioperative !-blockade. This in turn has
led many groups of perioperative caregivers, including surgeons, anesthe-
siologists, cardiologists, and medical physicians, to debate the best proto-
cols to accomplish this goal. In this issue of Anesthesia & Analgesia, the
editors have chosen to publish a series of articles to help frame this debate,
and better inform the clinician. By publishing the Guidelines from the
American Heart Association/American College of Cardiology (ACC/AHA),
a new meta-analysis, and a pro–con debate from leaders in the field, they
hope to provide the individual practitioner with sufficient information to
make his or her own informed decision and define the best protocol for
their own interventions (7–10).

In trying to translate evidence into clinical practice, it is important to
understand the different forms of evidence that frame this debate and how
best to apply them (11). As all the articles published this month indicate,
the strongest evidence for perioperative ! blockade comes from prospec-
tive randomized trials. Although several small randomized trials demon-
strated a strong beneficial effect, others did not (12). Randomized trials
offer the advantage of providing the strongest internal validity, but their
external validity (i.e., ability to generalize the results) is less robust. In
contrast, large cohort studies [e.g., administrative datasets used in the
article by Lindenauer et al. (13)] offer insights into the efficacy of an
intervention in routine clinical practice (i.e., external validity), but have
much less internal validity. It is within this framework that the four articles
are discussed.

The meta-analysis by Wiesbauer et al. (10) adds to a growing number of
such analyses on this topic (12,14,15). The authors of the current meta-
analysis focused on randomized controlled trials and included both
published manuscripts and abstracts. By analytically combining these
trials, the authors were unable to demonstrate an effect of !-blockers on the
hard end points of perioperative myocardial infarction or mortality. The
clinician could therefore assume that either 1) !-blockers are not effective,
or 2) the studies included in the meta-analysis should not have been
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combined in the manner performed in the analysis
because the populations or protocols used are differ-
ent. If the latter is true, then the clinician should exert
caution in specifics with regard to implementation of
the protocols.

The pro–con debate (7,8) nicely illustrates this last
point by outlining the issues related to interpretation
of the data and how two groups of experts in this area
choose to approach their own practice. On the pro
side, the Dutch group led by Dr. Poldermans (8)
clearly believes that many of the other trials did not
control heart rate as tightly or provide perioperative
!-blockade for as long a duration as in their own
studies. The importance of these comments is high-
lighted by two articles published by the group (16,17),
after the editorial was accepted, which further dem-
onstrate the beneficial effect of !-blocker dosage and
heart rate control on outcome. In contrast, Dr. London
(7) presents a less expansive view with regard to the
use of perioperative !-blockade. He argues that the
evidence is insufficient to generalize beyond the known
literature, and outlines some of the deficiencies in both
the evidence and the theoretical underpinnings of
widespread treatment. As he notes in his conclusion,
given the evidence, it is important to separate the
mandatory use of !-blockers as a quality assurance
measure from their judicious use in the armamen-
tarium to manage high risk patients.

It is in the context of this debate that the
ACC/AHA produced a Focused Update on Perioper-
ative Beta Blockade (9). Specifically, the American
Medical Association Physician Consortium on Perfor-
mance Improvement and the Surgical Care Improve-
ment Project had both begun to evaluate the class and
level of evidence to determine the appropriateness of
developing performance measures based on continu-
ation and initiation of perioperative !-blockade in
noncardiac surgery. It became increasingly important
that the appropriate specialty societies weigh in and
develop evidence-based guidelines upon which per-
formance measures can be developed. As outlined in
the introduction to the Guidelines, the American Col-
lege of Cardiology has issued a formal position state-
ment indicating that performance measures should be
limited to Class I or Class III recommendations—those
recommendations in which patients should or should
not have the form of therapy—and that they should
not include Class IIa or IIb recommendations, in
which the evidence is less strong and for which
opinion dictates the class of indications. The ACC/
AHA mandates that only published trials be included in
defining recommendations, and therefore, some of the
literature discussed in the meta-analysis could not be
included. Importantly, in developing Table 1 (see Ref. 9),
we attempted to review the published literature and
develop a schemata whereby recommendations for in-
dividual cohorts of patients can be easily changed to
reflect new evidence.

So, how would I put it all together? Clearly, Class I
recommendations should be followed, and therefore,
patients receiving !-blockers should be continued on
!-blockers, and patients with a positive stress test
undergoing vascular surgery should be started on
!-blockers. There are large groups of patients cur-
rently not taking !-blockers but who have Class I
indications for !-blockers independent of noncardiac
surgery. For example, !-blockers should be started
and continued indefinitely in all patients who have
myocardial infarction, acute coronary syndrome, or
left ventricular dysfunction, with or without heart
failure symptoms, unless contraindicated (18). As
shown in multiple studies, many patients who are not
taking !-blockers present to vascular surgery with a
history of a myocardial infarction (19,20). Therefore,
there are patients who should be taking !-blockers for
long-term benefits, but for whom there is no evidence
to demonstrate that acute administration in the peri-
operative period will impact outcome. For this reason,
we considered such instances as Class IIa indications
in the new guidelines, suggesting that they are likely
beneficial but that this indication lacks evidence to
mandate inclusion as a quality of care measure. In
patients who do not have the above indications for
!-blockers independent of noncardiac surgery, there
are now several trials and the meta-analysis that
demonstrate no effect. The use of perioperative
!-blockers in the latter group thus represents a Class
IIb indication. Finally, Lindenauer et al. (13) suggest
harm in subpopulations of surgical patients without
any coronary artery disease risk factors. If this harmful
effect is shown in randomized trials, then this would
qualify as a Class III indication.

The question remains regarding the best protocol to
initiate perioperative !-blockade. Ideally, these drugs
should be started a week before surgery similar to the
protocol by Poldermans et al. and titrated to heart
rate-decreasing effect, but this is not always practical.
Given emerging data suggesting that inadequate
!-blockade and heart rate control may be associated
with worse outcomes, it is important to ensure that
any protocol will yield the desired effect and not cause
harm. Given the lack of data regarding the efficacy of
starting !-blockade the morning of surgery versus
intraoperatively, the Surgical Care Improvement
Project recently defined “appropriate” !-blockade for
patients who have not received this therapy before
arrival at the operating room as initiating treatment
before arriving in the postanesthesia care unit. This
allows the caregivers to individualize therapy. In my
opinion, further data are needed to understand the
risks and benefits of starting !-blockers in this group
of patients, and that the results of the Perioperative
Ischemic Evaluation (POISE) trial (21), a randomized
controlled trial of metoprolol versus placebo in 10,000
patients undergoing noncardiac surgery, are eagerly
awaited. The information and opinions in these four
articles should allow clinicians to develop their own
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best approach to perioperative !-blocker therapy in
specific patient populations.
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Con: Beta-Blockers Are Indicated for
All Adults at Increased Risk
Undergoing Noncardiac Surgery

Martin J. London, MD Although anesthesiologists have long recognized the value of using
!-adrenergic receptor blocking drugs perioperatively to attenuate adren-
ergic “stressors,” it is only recently that other specialties have rallied
around “perioperative !-blockade” (PBB) (1). This enthusiasm is linked to
the publication of two seminal but controversial reports in the New England
Journal of Medicine (2–3) and the tentative recommendation for PBB by the
American College of Physicians in 1997 (4). Interest in PBB has grown to a
“fevered pitch” with its designation as a top tier “safety practice” by the
Agency for Healthcare Research and Quality’s report (5) and has become
“highly desirable” in the eyes of clinicians interested in optimizing patient
outcome, hospital administrators eager to enhance their hospitals status as
a provider of “safe care,” and, more recently, by administrative organizations
developing performance measures for benchmarking care and reducing costs.
From the onset, however, there was skepticism about PBB by clinicians and
researchers trained in classical epidemiologic techniques for evaluating effi-
cacy (e.g., results in a highly controlled setting such as the randomized clinical
trial with strict inclusion and exclusion criteria) and effectiveness (e.g., results
in the larger universe of clinical practice) (6).

Although efficacy (either perioperative or long-term) has been challenged
by a few outspoken critics (supported in part by 2 meta-analyses), (7–10) this
debate focuses on the evidence that PBB should be routinely administered to
all “at-risk patients” and excludes patients already receiving !-blockers or
those with clear-cut indications for this therapy regardless of surgery (11).
“At-risk” patients are usually considered to belong to either of 2 categories: 1)
those undergoing high-risk vascular surgery with no evidence of coronary
artery disease (CAD) or with stable CAD but without easily inducible
ischemia, and 2) those undergoing nonvascular procedures with comorbidi-
ties predictive of CAD identified with traditional risk factors (advanced age,
high total and HDL cholesterol, elevated blood pressure, cigarette smoking,
family history of premature CAD, and diabetes mellitus). Although vascular
surgery is recognized as producing the greatest percentage of perioperative
adverse cardiac events, the latter group of patients undergoing noncardiac
surgery is numerically much larger and thus, in many respects, of greatest
interest.

Central to this debate are several linked questions: Just how large a
problem is cardiac morbidity and mortality in patients without overt CAD
(and in what types of surgery)? Do risk factors (or even overt CAD) influence
short-term or longer-term (e.g., 1–2 yr) “intermediate” outcome after surgery?
What does the current literature of PBB report?

With regards to the magnitude of the problem, the literature on the
epidemiology of perioperative myocardial infarction (PMI) is derived primar-
ily from investigations of patients with known prior MI and those undergoing
vascular surgery (12). Both groups are recognized to have substantially higher
risk over the general surgical population. Definitive reports of increased risk
for PMI in patients with risk factors alone undergoing nonvascular surgery are
lacking. Although accumulating evidence suggests that even low-grade postop-
erative “troponin leakage” has adverse implications for outcome for up to a year
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after surgery, even less data are available with regard to
patients with CAD risk factors only (13).

Using classic Framingham predictors for CAD to risk
stratify patients for PMI is problematic. Although pre-
dictive for CAD events over a timeframe measured in
decades, these clinical markers are not intended for risk
prediction over a period of weeks to months (14). To
further confuse matters, the National Cholesterol Edu-
cation Program-III considers diabetes or peripheral vas-
cular disease as CAD equivalents (based on a 10-yr risk
of a CAD event of !20%) (14). These epidemiologic
complexities have contributed to the favored use by con-
sultants of the “revised Cardiac Risk Index”(RCRI), which
has identified stronger risk factors such as overt CAD,
congestive heart failure, and highest risk surgery as most
predictive of adverse perioperative outcomes (15). Al-
though the RCRI has significant limitations, a recent report
suggests its predictive ability can be enhanced by incorpo-
rating age and additional surgical details (16).

This discussion of the potential efficacy of PBB is
complicated not only by the issue of risk factors alone
versus overt CAD but also by purported effects of PBB
on longer-term outcome after surgery (e.g., 1 to 2 yr).
Although anesthesiologists have traditionally focused
on perioperative outcomes, extending attention to long-
term events entails the probability that one is evaluating
the “natural history” of the patient’s surgical indication
(e.g., malignancy) or comorbidities (peripheral vascular
disease, renal disease, diabetes) along with the impact of
other important unmeasured factors (e.g., surgeon skill
and outpatient medical care). There is currently no
well-defined hypothesis as to why a short course of PBB
might influence long-term outcomes leading to poorly
substantiated speculation regarding perioperative inflam-
mation and plaque stability as potential mechanisms (17).

Regardless, the existing literature of PBB centers
primarily on two well-publicized studies. Mangano et al.
(2) evaluated a short perioperative course (immediately
before induction to up to 7 days after surgery or the time
of hospital discharge) of atenolol versus placebo titrated
to heart rate in 200 male veterans selected based on a
history of known CAD or the presence of CAD risk
factors. Although perioperative outcomes were not dif-
ferent between treatment groups, risk for adverse car-
diac events was reduced approximately 65% the first
year after surgery. In the other study, Poldermans et al.
(3) reported a striking reduction (90%) in perioperative
risk in a small study of 112 high-risk patients (easily
inducible ischemia on preoperative dobutamine stress
echo), recommending a prolonged period of preopera-
tive and postoperative PBB.

It is important to consider the direct precursor for the
atenolol trial of Mangano et al. (2), a National Institutes
of Health-funded observational study of the predictors
of perioperative cardiac morbidity. In this study, 454
male veterans (of which approximately 40% underwent
vascular surgery and 50% had known CAD) were evalu-
ated using perioperative Holter monitoring (2 days

preoperatively, intraoperatively, and 2 days postopera-
tively). Postoperative myocardial ischemia occurred in
40% of patients and it imparted a ninefold increased risk
of combined cardiac death, nonfatal MI, or unstable
angina (18). The latter end-points occurred in only 3.2%
of patients. In a subsequent 2-yr follow-up report of this
cohort, 11% of patients developed major cardiovascular
complications (19). Independent predictors of longer-
term adverse cardiac events were known vascular dis-
ease, history of congestive heart failure (CHF), known
CAD, and perioperative cardiac events that included
PMI, unstable stable angina, and Holter-detected myo-
cardial ischemia (hazards ratio, 2.2; P ! 0.03) (19).
Curiously, the hypotheses and sample size estimations
for the subsequent atenolol study (performed at the
same center) were presented as dual goals to simulta-
neously evaluate reduction of in-hospital “surrogate”
events (hemodynamic changes, dysrhythmias, and
Holter-detected myocardial ischemia) and longer-term
outcome, rather than the 3.2% perioperative cardiac
event rate (fatal/nonfatal MI or unstable angina) of more
interest to clinicians and with the most direct physiologic
rationale. However, a properly performed power analy-
sis suggests that the latter hypothesis would require
6,000–10,000 patients. Thus, the rationale for PBB in
at-risk patients (particularly the large group of nonvas-
cular surgery patients) was never really supported by
existing data, which suggested that known CAD, CHF,
and vascular surgery were the major risk factors.

Regardless, in the multivariate analysis of the atenolol
trial, diabetes was identified as the major risk factor for
adverse long-term outcome (hazard ratio, 2.8; P ! 0.01),
and atenolol use was actually not a significant protective
factor in this model (with a 95% confidence interval of
0.2–1.1; P value of 0.06). This finding is of interest given
the preliminary report of a large (more than 900 patients)
randomized trial of diabetic patients (DIPOM) that re-
ported that PBB did not influence either perioperative or
intermediate adverse cardiac outcomes in this group of
patients (20). Furthermore, although Holter-detected
myocardial ischemia was reduced by approximately
50% by atenolol in the trial of Mangano et al. (2), it is
unclear why this reduction did not influence periopera-
tive outcome given its role as a major prognostic factor in
the original “predictors” study (21). This failure is
most consistent with the well accepted truism that
myocardial ischemia alone is a relatively nonspe-
cific “surrogate outcome.”

The recent large-scale retrospective observational
analysis of Lindenauer et al (22) of in-hospital mortality
in over 780,000 patients at 329 United States hospitals
(predominantly nonteaching facilities) in 2000 and 2001,
using data obtained from a large proprietary adminis-
trative database, has generated considerable attention
with regard to the findings of neutral or even adverse
associations of PBB in low and at-risk only patients (22).
Of the 85% of patients without contraindications to
"-blockers, 18% received them (tracked only during the
first 2 hospital days), increasing from 14% in those with
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no RCRI risk factors (50% of patients) to 44% in those
with !4 risk factors (which notably were present in only
!1% of patients). PBB was associated with lower mor-
tality only in patients with 3 or more risk factors (3% of
the total cohort). The most controversial findings were
that in the lowest-risk patients PBB actually increased
mortality. As speculated by the authors, the increased
mortality may reflect the use of "-blockers to treat
complications, rather than as prophylaxis. Despite its
large size, this study has numerous important caveats
and limitations, the most important of which is its
nonrandomized design. Other preliminary data by Yang
et al. (23) in more than 400 patients (MAVS trial) and a
recently reported peer-reviewed small (103 patients)
randomized controlled trial (POBBLE) (24) found no
differences in perioperative outcomes in lower-risk vas-
cular patients with PBB. The peer reviewed results of the
MAVS trial are eagerly awaited. A large ongoing multi-
national randomized trial (POISE) is likely to provide the
most definitive data within the next few years regarding
the benefits versus risk of PBB, particularly for low-risk
patients (10).

To summarize, there is little evidence demonstrating
that patients not already identified as having CAD or
CHF and not undergoing major vascular surgery (par-
ticularly aortic or lower extremity revascularization) are
at substantially increased risk for PMI. Further, there has
been little effort to document a rational mechanism for
the purported long-term protection afforded by a short-
term course of PBB. The focus on long-term outcomes in
vascular patients is driven by the observation that, in the
absence of medical therapy and lifestyle modifications,
these patients have a high mortality over time as a result
of their underlying cardiovascular disease (25,26). In
contrast to the documented benefits of "-adrenergic
blockers on secondary prevention in post-MI patients
(e.g., prevention of a subsequent recurrent MI with
enhanced long-term survival) (27) and their long-term
benefits in patients with CHF (28), there is minimal, if
any, evidence for primary preventive effects of
"-blockers alone, either on development of overt CAD or
MI, in patients with risk factors only (particularly in
large cohorts of patients treated for hypertension). These
medical observations may be analogous to the perioper-
ative setting. There is no debate that "-blockers are a
great option that can be offered to any at-risk patient
undergoing major surgery. As Devereaux and Yusuf (29)
emphasize, evidence-based decision-making should
equally use research evidence, the clinical state, the
patient’s preference, and the clinician’s expertise. Some
patients will clearly be interested in therapy and others
will refuse it. The skillful perioperative use of
"-adrenergic blockers to control hemodynamic stress is
rapidly approaching, if not already established as, stan-
dard of care for all patients. Their mandatory use,
especially when used as a measure of quality of care, is
still a hypothesis awaiting adequate supporting data.
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ERRATUM
In the April 2006 issue, in the article by Anta et al., “Accidental Epidural Administration of Succinyl-

choline” (Anesth Analg 2006;102:1139–40), on page 1139, the names of the authors are transposed in the
authors’ byline.

The corrected names should be: Anta Sofianou, MD, PhD, Athanasios Chatzieleftheriou, MD, Panorea
Mavrommati, MD, PhD, and Kyriaki Velmachou, MD, PhD.

The authors apologize for the error.
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Pro: Beta-Blockers Are Indicated for
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Of the estimated 100 million adults undergoing noncardiac surgery
annually, approximately 500,000 patients (0.5%) will experience cardiac death
perioperatively (1). Lee et al. (2) reported an overall risk for myocardial
infarction (MI) after noncardiac surgery to be 1.1%, translating into about 1.1
million MIs annually worldwide. Although the pathophysiology of perioper-
ative MI is not entirely clear, coronary plaque rupture, leading to thrombus
formation and subsequent vessel occlusion, is implicated, similar to MI in the
nonoperative setting (3). The incidence of plaque rupture is possibly increased
by the stress response to major surgery. This response includes sympathetic
activation promoting sheer stress on arterial plaques, enhanced vascular
reactivity conducive to the development of vasospasm, reduced fibrino-
lytic activity, platelet activation, and hypercoagulability (4). Heightened
sympathetic tone further increases myocardial oxygen demand (e.g., tachy-
cardia and increased contractility), leading to myocardial oxygen
supply/demand mismatch that, when sustained, might lead to MI (4,5). At
least two studies evaluating the pathophysiology of perioperative MI using
noninvasive tests, coronary angiography, and autopsy have shown that
coronary plaque rupture and thrombus formation occurred in 50% of all fatal
MIs, whereas a sustained oxygen supply/demand mismatch was responsible
for the remaining 50% (3,6).

MECHANISM OF THE PROTECTIVE EFFECT OF BETA-BLOCKERS
Because of the role of sympathetic activation in adverse perioperative

cardiac outcomes, !-adrenergic receptor blocking drugs have been pro-
posed as a means for providing cardioprotection. Potential cardioprotec-
tive mechanisms of !-blockers include a) reduced heart rate and contrac-
tility and subsequently lower myocardial oxygen demand; b) a shift in
energy metabolism from free fatty acids to the more energy efficient
glucose; c) antiarrhythmic effects; d) anti-renin/angiotensin properties;
and e) antiinflammatory effects possibly promoting plaque stability (7–9).
The effects on heart rate, contractility, and energy substrate shift occur
almost instantly, whereas the antiinflammatory effects may be observed
only after prolonged use of !-blockers.

CLINICAL EVIDENCE FOR THE EFFECTIVENESS OF PERIOPERATIVE
BETA-BLOCKER THERAPY

Although widely prescribed as a means for reducing perioperative cardiac
events, the evidence supporting this indication for !-blockers is based mainly
on two small, prospectively randomized clinical trials and several observa-
tional studies. In the first study, Mangano et al. (10) randomized 200 patients
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with either known or suspected coronary artery disease
undergoing high-risk noncardiac surgery to receive
atenolol (50 mg or 100 mg) or placebo. Atenolol therapy
was not associated with an improved in-hospital out-
come (cardiac death or MI); however, it was associated
with a 50% reduction in electrocardiogram evidence of
myocardial ischemia detected with continuous 3-lead
Holter monitoring during the first 48 h after surgery.
Interestingly, patients receiving perioperative atenolol
had a reduced rate of cardiac events 6 to 8 mo after
surgery compared with the placebo group, suggesting a
delayed beneficial response. In the second trial, the
DECREASE (Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echocardiography Study)-I
trial (11), of 112 vascular surgery patients with evidence
of myocardial ischemia on preoperative dobutamine
stress-echocardiography, Poldermans et al. showed a
10-fold reduction in the incidence of perioperative car-
diac death and MI with perioperative bisoprolol use
compared with placebo (3.4% versus 34%; P ! 0.001).
The high incidence of perioperative cardiac events
was explained by the selection of high-risk patients for
study. From a population of 1351 patients, only 112
met entrance criteria of inducible myocardial isch-
emia.

These promising results supporting perioperative
!-blocker use as a means for improving cardiac out-
comes are not supported by two more recent trials. In the
POBBLE (PeriOperative Beta-BLockadE) trial (12), only
low-risk patients (history of ischemic heart disease was
an exclusion) scheduled for vascular surgery were stud-
ied. This low-risk population was randomized to receive
either metoprolol 25 mg or 50 mg (n " 55) or placebo
(n " 48) starting the day before surgery and continued
during the first 7 days after surgery. There was no
difference in the incidence of perioperative cardiovascu-
lar events between the placebo and metoprolol groups
(34% versus 32%). The duration of hospitalization
though was shorter for those patients receiving metopro-
lol versus placebo (10 days versus 12 days).

In the DIPOM (Diabetic Postoperative Mortality
and Morbidity) study (20) the cardioprotective effect
of 100 mg metoprolol started the evening before major
noncardiac surgery was compared with placebo in 921
diabetic patients. In that study, there were no differ-
ence in 30-day morbidity and mortality (21% versus
20%; P " 0.66). A limitation of the DIPOM study was
that it was only powered to detect a 10% difference in
mortality after 1 yr of follow-up.

EXPLAINING THE CONFLICTING RESULTS OF
PERIOPERATIVE BETA-BLOCKER TRIALS

There are several explanations for the divergent
findings from randomized trials of perioperative
!-blockers, including the use of a fixed versus indi-
vidualized dose titrated to the patients heart rate.

In a study of 150 patients, Raby et al. (13) assessed
the heart rate threshold for myocardial ischemia be-
fore surgery using Holter monitoring. Patients with
myocardial ischemia (n " 26) were then randomized
to receive a) IV esmolol titrated to aiming at tight heart
rate 20% less than the ischemic threshold but #60 bpm
or b) placebo. Of the 15 patients receiving esmolol, 9
had mean heart rates below the ischemic threshold
and none experienced postoperative ischemia. Four of
11 patients receiving placebo had a mean heart rate
below the ischemic threshold, and 3 of the 4 had no
postoperative ischemia. Together, of the 13 patients
with heart rates below the ischemic threshold, 1 (7.7%)
had postoperative electrocardiogram myocardial isch-
emia versus 12 of 13 (92%) patients with heart rates
exceeding the ischemic threshold. Feringa et al. (14)
found similar results in a study of 272 patients receiv-
ing !-blocker therapy and undergoing vascular sur-
gery. In that study it was shown that higher doses of
!-blockers and lower heart rate (HR) were associated
with reduced Holter monitoring-detected periopera-
tive myocardial ischemia (HR, 2.49; 95% confidence
interval [CI], 1.79-3.48) and troponin T release (HR,
1.53; 95% CI, 1.16-2.03) increased. These data suggest
that monitoring of the heart rate and consequent
!-blocker dose adjustment is of critical importance.

The conflicting results of perioperative !-blocker
trials might be further explained by varying durations
of therapy. As mentioned, although the sympathico-
inhibitory effects of !-blockers occur almost instantly,
the antiinflammatory effects may be observed only after
prolonged treatment. As mentioned, in the Mangano et
al. study (10), the major benefits of atenolol were ob-
served in the months after surgery. In both the DIPOM
and POBBLE trials, !-blocker therapy was initiated on
the day before surgery. The DECREASE-I trial showed
the largest effect of perioperative !-blocker therapy. The
time between !-blocker therapy initiation and surgery
was 37 days in this trial (11). Further, withdrawal of
!-blocker therapy shortly before surgery, or in the im-
mediate postoperative period, might contribute to ad-
verse myocardial effects resulting from a “rebound”
effect resulting in increased arterial blood pressure, HR,
and plasma noradrenalin concentrations (15). Redelmeier
et al. (16) have recently shown that the long-acting agent
atenolol was superior to the short-acting drug, metopro-
lol, when given perioperatively, probably as the result of
acute withdrawal effects from missed doses of short-
acting !-blockers.

Finally, recent data from Lanfear et al. (17) suggest
that gene polymorphisms might modulate the re-
sponse to !-blockers. They found that survival for
patients receiving !-blocker therapy after an acute
coronary syndrome was lower for patients with the
70C and 46A ADRB2 genotypes. In the future, per-
haps, identifying patients most likely to benefit from
perioperative !-blocker therapy might be possible by
genotyping patients before surgery.
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SHOULD ALL PATIENTS AT INCREASED CARDIAC
RISK RECEIVE PERIOPERATIVE BETA-BLOCKER
THERAPY?

The central question asked in these editorials is
whether, based on existing evidence, all high-risk pa-
tients should receive a !-blocker perioperatively. A
simple answer would be “yes.” Perhaps a more critical
question involves identifying which patients are at in-
creased risk for perioperative cardiac complications. In a
recent cohort study of 663,635 patients, Lindenauer et al.
(18) reported that, in patients at intermediate or high risk
(i.e., "2 risk factors according to the Revised Cardiac
Risk Index (2), undergoing major noncardiac surgery,
!-blocker use was associated with a reduced incidence of
in-hospital mortality. On the other hand, patients at low
risk for cardiac complications were found to have no
benefit from perioperative !-blocker therapy and in fact
experienced a higher incidence of in-hospital mortality.
This finding indicates that perioperative !-blocker ther-
apy is effective for selected patients, based on their risk
for cardiac complications.

CONCLUSION
In high-risk patients, the existing data suggest that

perioperative !-blocker use is effective for reducing
the frequency of adverse cardiac events when admin-
istered in a dose titrated to a heart rate below the
ischemic threshold typically between 60 and 65 bpm.
Beta-blocker therapy should be started before surgery
to achieve the optimal protective effect and most likely
it should be continued after surgery, and possibly the
treatment should be life-long. For patients at interme-
diate risk and for diabetics, the benefits of !-blockers
are less clear. The results of randomized trials in
patients at intermediate risk conducted so far (i.e.,
DIPOM and POBBLE) cannot be considered conclu-
sive because poor heart rate control and the short
interval between initiation and surgery may have
seriously influenced the outcome of these two studies.
The results of two large ongoing trials might help
better define !-blocker use in these populations. In the
POISE (PeriOperative ISchemic Evaluation) trial, a
fixed dose of !-blockers is compared with placebo in
patients at low or intermediate risk for cardiac com-
plications. The DECREASE IV trial will evaluate the
effect of !-blockers (aiming at a heart rate between 60
and 65 bpm), statins, or a combination of both in
patients at intermediate cardiac risk undergoing major
noncardiac surgery (19). These trials may help to
determine the effectiveness of perioperative !-blocker
use in patients at intermediate risk.
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