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■ ABSTRACT

After studies in the 1990s suggested that beta-blockers
offer substantial benefits when given before surgery,
several national organizations endorsed the perioperative
use of these drugs as a best practice in certain patients.
However, subsequent research has cast doubt on whether
it is appropriate to use these drugs as widely as
suggested by those early studies.

■ KEY POINTS

Beta-blockers reduce perioperative ischemia, but the
benefit may be only in high-risk patients undergoing
high-risk surgery. Currently, the best evidence supports
their use in two groups: patients undergoing vascular
surgery who have known ischemic heart disease or
multiple risk factors for it, and patients who are already
on beta-blockers.

The Perioperative Ischemic Evaluation (POISE) findings
suggest that beta-blockers should be used in the
immediate preoperative period only with great caution,
after ensuring that the patient is clinically stable and
without evidence of infection, hypovolemia, anemia, or
other conditions that could make heart-rate titration
misleading or use of the drug dangerous.

When feasible, beta-blockers should be started a month
before surgery, titrated to a heart rate of 60 beats per
minute, and continued for approximately a month. If the
drug is then to be discontinued, it should be tapered
slowly.

HE PENDULUM of expert opinion is swing-
ing away from routinely recommending

beta-blockers to prevent cardiac events in non-
cardiac surgery patients. We won’t be abandon-
ing the perioperative use of beta-blockers alto-
gether, but we will probably be using them
more selectively than in the past.

The latest factor driving the trend is the
online publication in May 2008 of the results
of the Perioperative Ischemic Evaluation
(POISE) trial,1 the largest placebo-controlled
trial of perioperative beta-blocker use to date.
In brief, in a cohort of patients with athero-
sclerotic disease or at risk for it who were
undergoing noncardiac surgery, fewer patients
who received extended-release metoprolol
succinate had a myocardial infarction, but
more of them died or had a stroke compared
with those receiving placebo. (Extended-
release metoprolol succinate is available in the
United States as Toprol-XL and generically.)

Not so long ago, the pendulum was going
the other way. After two small trials in the 1990s
concluded that beta-blockers reduced the risk of
perioperative cardiac events in selected patients
with known or suspected coronary disease,2,3

their perioperative use was subsequently
endorsed by the Leapfrog Group and the Agency
for Healthcare Research and Quality. The
National Quality Forum included perioperative
beta-blockade in its “Safe Practices for Better
Healthcare 2006 update,”4,5 and the Physician
Consortium for Performance Improvement and
the Surgical Care Improvement Project both
listed it as a quality measure.

Since then, this practice has been close-
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ly studied, especially as concomitant
research has failed to demonstrate that pre-
operative coronary revascularization
improves outcomes, even in the presence of
ischemic disease. But evidence has been
accumulating that routine use of beta-block-
ers may not benefit as many patients as was
hoped, and may actually cause harm. The
2007 joint American College of Cardiology
(ACC) and American Heart Association
(AHA) guidelines on perioperative cardio-
vascular evaluation and care for noncardiac
surgery gives its strongest recommendation
(class I: benefit clearly outweighs risk) for
perioperative beta-blocker use only for
patients at high risk: those with known
ischemic heart disease undergoing vascular
surgery and those who are already on these
drugs before surgery.6

However, there are still gaps in our knowl-
edge. Perhaps, with proper implementation,
we may be able to use beta-blockers to
improve outcomes in patients at intermediate
risk as well. In this paper, we review the ratio-
nale and the evidence for and against periop-
erative use of beta-blockers and provide prac-
tical guidance for internists and hospitalists.

■ WHY CARDIAC EVENTS OCCUR
AFTER SURGERY

Adverse cardiovascular events such as
myocardial infarction and unstable angina are
the leading causes of death after surgery.7 Such
events occur in approximately 1% of patients
older than 50 years undergoing elective inpa-
tient surgery, but this number may be higher
(approximately 5%) in those with known or
suspected coronary disease.8,9 Perioperative
cardiac events can also be harbingers of fur-
ther complications, dramatically increasing
hospital length of stay.10

Some ischemic events are caused by phys-
iologic derangements involving the balance
between inflammatory mediators, sympathetic
tone, and oxygen supply and demand that
occur under the stress of surgery. Others are
more “traditional” in etiology, involving acute
plaque rupture, thrombosis, and occlusion.
Studies have consistently found a correlation
between perioperative ischemia and cardiac
events (both in-hospital and long-term) and

death.11–17 Other studies suggest that most
perioperative cardiac infarcts are non-Q-wave
events,18 and most events occur within the
first few days after surgery, particularly the first
48 hours, when the effects of anesthetics, pain,
fluid shifts, and physiologic derangements are
greatest.

Factors that may trigger acute occlusion in
the perioperative period include abrupt
changes in sympathetic tone, increased levels
of cortisol and catecholamines, and tissue
hypoxia. Other potential triggers activated or
increased by the stress of surgery include coag-
ulation factors such as alterations in platelet
function; inflammatory factors such as tumor
necrosis factor alpha, interleukin 1, inter-
leukin 6, and C-reactive protein; and metabo-
lism of free fatty acids (which contribute to
increased oxygen demand as well as endothe-
lial dysfunction).9,19,20

A 1996 autopsy study found that 38 (90%)
of 42 patients who died of a perioperative
infarct had evidence of acute plaque rupture or
plaque hemorrhage on coronary sectioning,
findings corroborated in another, similar
study.21,22 These studies suggest that multiple
causes contribute to perioperative myocardial
infarction, and a single strategy may not suffice
for prevention.

■ IF BETA-BLOCKERS PROTECT,
HOW DO THEY DO IT?

Beta-blockers have several effects that should,
in theory, protect against cardiac events dur-
ing and after surgery.23 They reduce cardiac
oxygen demand by reducing the force of con-
traction and the heart rate, and they increase
the duration of diastole, when the heart mus-
cle is perfused. They are also antiarrhythmic,
and they may limit free radical production,
metalloproteinase activity, and myocardial
plaque inflammation.24

Some researchers have speculated that
using beta-blockers long-term may alter intra-
cellular signaling processes, for example
decreasing the expression of receptors that
receive signals for cell death, which in turn
may affect the response to reperfusion cell
injury and death. If this is true, there may be
an advantage to starting beta-blockers well in
advance of surgery.25
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■ EARLY CLINICAL EVIDENCE IN FAVOR
OF PERIOPERATIVE BETA-BLOCKER USE

Evidence in patients at high risk
Mangano et al,2 in a study published in

1996, randomized 200 patients with known
coronary disease or established risk factors for
it who were undergoing noncardiac surgery to
receive the beta-blocker atenolol orally and
intravenously or placebo in the immediate
perioperative period. Fewer patients in the
atenolol group died in the first 6 months after
hospital discharge (0 vs 8%, P < .001), the
first year (3% vs 14%, P = .005), and the first
2 years (10% vs 21%, P = .019). However,
there was no difference in short-term out-
comes, and the study excluded patients who
died in the immediate postoperative period. If
these patients had been included in the analy-
sis, the difference in the death rate at 2 years
would not have been statistically significant.26

Other critical findings: more patients in the
atenolol group were using angiotensin-con-
verting enzyme inhibitors and beta-blockers
when they were discharged, and the placebo
group had slightly more patients with prior
myocardial infarction or diabetes.27 (Atenolol
is available in the United Sates as Tenormin
and generically.)

Poldermans et al,3 in a study published in
1999, randomized 112 vascular surgery
patients to receive either oral bisoprolol  or
placebo. These patients were selected from a
larger cohort of 1,351 patients on the basis of
high-risk clinical features and abnormal
results on dobutamine echocardiography.
Bisoprolol was started at least 1 week before
surgery (range 7–89 days, mean 37 days), and
patients were reevaluated before surgery so
that the dose could be titrated to a goal heart
rate of less than 60 beats per minute. After
surgery, the drug was continued for another 30
days. The study was stopped early because the
bisoprolol group had a 90% lower rate of non-
fatal myocardial infarction and cardiac death
at 30 days. Despite the study’s limitation (eg,
enrolling selected patients and using an
unblinded protocol), these compelling find-
ings made a strong case for the use of beta-
blockers perioperatively in patients at high
risk, ie, those with ischemic heart disease who
are undergoing major vascular surgery.

(Bisoprolol is available in the United States as
Zebeta and generically)

Evidence in patients at intermediate risk
Boersma et al28 performed a follow-up to

the study by Poldermans et al, published in
2001, in which they analyzed characteristics
of all 1,351 patients who had been originally
considered for enrollment. Using regression
analysis, they identified seven clinical risk fac-
tors that predicted adverse cardiac events:
angina, prior myocardial infarction, conges-
tive heart failure, prior stroke, diabetes, renal
failure, and age 70 years or older. Furthermore,
for the entire cohort, patients receiving beta-
blockers had a lower risk of cardiac complica-
tions (0.8%) than those not receiving beta-
blockers (2.3%). In particular, the patients at
intermediate risk (defined as having one or
two risk factors) had a very low event rate
regardless of stress test results, provided they
were on beta-blockers: their risk of death or
myocardial infarction was 0.9%, compared
with 3.0% for those not on beta-blockers.

The authors concluded that dobutamine
stress testing may not be necessary in patients
at intermediate risk if beta-blockers are appro-
priately prescribed. However, others took issue
with their data and conclusions, arguing that
there have been so few trials that the data are
still inconclusive and inadequate to ascertain
the benefit of perioperative beta-blockade,
particularly in patients not at high risk.26,29

The Revised Cardiac Risk Index.
Although the Boersma risk-factor index is not
used in general practice, numerous
experts27,20–32 recommend a similar one, the
Revised Cardiac Risk Index, devised by Lee et
al.8 This index consists of six risk factors, each
of which is worth one point:
• Congestive heart failure, based on history

or examination
• Myocardial infarction, symptomatic isch-

emic heart disease, or a positive stress test
• Renal insufficiency (ie, serum creatinine

level > 2 mg/dL)
• History of stroke or transient ischemic

attack
• Diabetes requiring insulin
• High-risk surgery (defined as intratho-

racic, intra-abdominal, or suprainguinal
vascular surgery).
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Patients with three or more points are
considered to be at high risk, and those with
one or two points are considered to be at inter-
mediate risk. The ACC/AHA 2007 guide-
lines6 use a modified version of this index that
considers the issue of surgical risk separately
from the other five clinical conditions.

Devereaux et al33 performed a meta-
analysis, published in 2005, of 22 studies of
perioperative beta-blockade. They concluded
that beta-blockers had no discernable benefit
in any outcome measured, including deaths
from any cause, deaths from cardiovascular
causes, other cardiac events, hypotension,
bradycardia, and bronchospasm. However,
they based this conclusion on the use of a 99%
confidence interval for each relative risk,
which they believed was justified because the
trials were small and the numbers of events
were only moderate. When the outcomes are
assessed using the more common 95% confi-
dence interval, benefit was detected in the
combined end point of cardiovascular death,
nonfatal myocardial infarction, and nonfatal
cardiac arrest.

Yang et al,34 Brady et al,35 and Juul et
al36 performed three subsequent randomized
trials that added to the controversy. Most of
the patients in these trials were at intermedi-
ate or low risk, and none of the trials found a
significant benefit with perioperative beta-
blocker use. However, the protocols in these
studies were different from the one in the
study by Poldermans et al,3 which had found
perioperative beta-blockade to be beneficial.
Whereas patients in that earlier study started
taking a beta-blocker at least 1 week before
surgery (and on average much earlier), had
their dose aggressively titrated to a target heart
rate, and continued taking it for 30 days after-
ward, the protocols in the later trials called for
the drug to be started within 24 hours before
surgery and continued for only a short time
afterward.

Lindenauer et al,37 in a retrospective
study published in 2005, found that fewer sur-
gical patients who received beta-blockers in
the hospital died in the hospital. The
researchers used an administrative database of
more than 780,000 patients who underwent
noncardiac surgery, and they used propensity-
score matching to compare the postoperative

mortality rates of patients who received beta-
blockers and a matched group in the same
large cohort who did not. Beta-blockers were
associated with a lower morality rate in
patients in whom the Revised Cardiac Risk
Index score was 3 or greater. However,
although there was a trend toward a lower rate
with beta-blocker use in patients whose score
was 2 (ie, at intermediate risk), the difference
was not statistically significant, and patients
with a score of 0 or 1 saw no benefit and were
possibly harmed.

The authors admitted that their study
had a number of limitations, including a ret-
rospective design and the use of an adminis-
trative database for information regarding
risk index conditions and comorbidities. In
addition, because they assumed that any
patient who received a beta-blocker on the
first 2 hospital days was receiving appropriate
perioperative treatment, they may have
incorrectly estimated the number of patients
who actually received these drugs as a risk-
reduction strategy. For instance, some
patients at low risk could have received beta-
blockers for treatment of a specific event,
which would be reflected as an increase in
event rates for this group. They also had no
data on what medications the patients
received before they were hospitalized or
whether the dose was titrated effectively. The
study excluded all patients with congestive
heart failure and chronic obstructive pul-
monary disease, who may be candidates for
beta-blockers in actual practice. In fact, a
recent observational study in patients with
severe left ventricular dysfunction suggested
that these drugs substantially reduced the
incidence of death in the short term and the
long term.38 Finally, half the surgeries were
nonelective, which makes extrapolation of
their risk profile by the Revised Cardiac Risk
Index difficult, since Lee et al excluded
patients undergoing emergency surgery from
the cohorts from which they derived and val-
idated their index criteria.

Nevertheless, the authors concluded that
patients at intermediate risk derive no benefit
from perioperative beta-blocker use, and that
the odds ratio for death was actually higher in
patients with no risk factors who received a
beta-blocker.
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■ DOES PERIOPERATIVE BETA-BLOCKER
USE CAUSE HARM?

The published data on whether perioperative
beta-blocker use harms patients are conflict-
ing and up to now have been limited.

Stone et al39 reported a substantial inci-
dence of bradycardia requiring atropine in
patients treated with a single dose of a beta-
blocker preoperatively, but the complications
were not clearly characterized.

The Perioperative Beta-Blockade
trial.35 Significantly more patients given
short-acting metoprolol had intraoperative
falls in blood pressure and heart rate, and
more required inotropic support during
surgery, although the treating anesthesiol-
ogists refused to be blinded in that study.
(Short-acting metoprolol is available in
the United States as Lopressor and generi-
cally.)

Devereaux et al,33 in their meta-analy-
sis, found a higher risk of bradycardia requir-
ing treatment (but not a higher risk of
hypotension) in beta-blocker users in nine
studies, including the study by Stone et al
and the Perioperative Beta-Blockade trial
(relative risk 2.27, 95% confidence interval
1.36–3.80).

Conversely, at least three other studies
found no difference in rates of intraopera-
tive events.36,40,41 There are few data on the
incidence of other complications such as
perioperative pulmonary edema and bron-
chospasm.

■ POISE: THE FIRST
LARGE RANDOMIZED TRIAL

In May 2008, results were published from
POISE, the first large randomized controlled
trial of perioperative beta-blockade.1 An
impressive 8,351 patients—most of them at
intermediate risk—were randomized to
receive extended-release metoprolol succinate
or placebo starting just before surgery and
continuing for 30 days afterward.

Although the incidence of the primary
composite end point (cardiovascular death,
nonfatal myocardial infarction, and nonfatal
cardiac arrest) was lower at 30 days in the meto-
prolol group than in the placebo group (5.8% vs

6.9%, hazard ratio 0.83, P = .04), other findings
were worrisome: more metoprolol recipients
died of any cause (3.1% vs 2.3%, P = .03) or had
a stroke (1.0% vs 0.5%, P = .005). The major
contributor to the higher mortality rate in this
group appears to have been sepsis.

How beta-blockers might promote death by
sepsis is unclear. The authors offered two possi-
ble explanations: perhaps beta-blocker-induced
hypotension predisposes patients to infection
and sepsis, or perhaps the slower heart rate and
lower force of contraction induced by beta-
blockers could mask normal responses to sys-
temic infection, which in turn could delay
recognition and treatment or impede the nor-
mal immune response. These mechanisms, like
others, are speculative.

The risks of other adverse outcomes such as
bradycardia and hypotension were substantially
higher in the metoprolol group. The authors
also pointed out that most of the patients who
suffered nonfatal strokes were subsequently dis-
abled or incapacitated, while most of those who
suffered nonfatal cardiac events did not progress
to further cardiac problems.

This new study has not yet been rigor-
ously debated, but it will likely come under
scrutiny for its dosing regimen (extended-
release metoprolol succinate 100 mg or
placebo 2–4 hours before surgery; another
100 mg or placebo 6 hours after surgery or
sooner if the heart rate was 80 beats per
minute or more and the systolic blood pres-
sure 100 mm Hg or higher; and then 200 mg
or placebo 12 hours after the second dose and
every 24 hours thereafter for 30 days). This
was fairly aggressive, especially for patients
who have never received a beta-blocker
before. In contrast, the protocol for the
Perioperative Beta-Blockade trial called for
only 25 to 50 mg of short-acting metoprolol
twice a day. Another criticism is that the
medication was started only a few hours
before surgery, although there is no current
standard practice for either the dose or when
the treatment should be started. The popula-
tion had a fairly high rate of cerebrovascular
disease (perhaps predisposing to stroke
whenever blood pressure dropped), and 10%
of patients were undergoing urgent or emer-
gency surgery, which carries a higher risk of
morbidity.
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■ ANY ROLE FOR BETA-BLOCKERS
IN THOSE AT INTERMEDIATE RISK?

Thus, in the past decade, the appropriate
perioperative use of beta-blockers, which,
after the findings by Mangano et al and
Poldermans et al, were seen as potentially
beneficial for any patient at risk of coronary
disease, with little suggestion of harm, has
become more clearly defined, and the risks
are more evident. The most compelling evi-
dence in favor of using them comes from
patients with ischemic heart disease undergo-
ing vascular surgery; the 2007 ACC/AHA
guidelines recommend that this group be
offered beta-blockers in the absence of a con-
traindication (class I recommendation: bene-
fit clearly outweighs risk).6 The guidelines
also point out that these drugs should be con-
tinued in patients already taking them for
cardiac indications before surgery, because
ischemia may be precipitated if a beta-block-
er is abruptly discontinued.42,43

Additionally, the guidelines recommend
considering beta-blockers for vascular surgery
patients at high cardiac risk (with a Revised
Cardiac Risk Index score of 3 or more), even
if they are not known to have ischemic heart
disease. This is a class IIa recommendation
(the benefit outweighs the risk, but more
studies are required).

The guidelines also recommend that beta-
blockers be considered for patients who have a
score of 0 if they are undergoing vascular
surgery (class IIb recommendation) or a score of
1 if they are undergoing vascular surgery (class
IIa recommendation) or intermediate-risk
surgery (class IIb recommendation). However,
in view of the POISE results, these recommen-
dations need to be carefully scrutinized.

These data notwithstanding, beta-block-
ers still might be beneficial in perioperative
patients at intermediate risk.

Start beta-blockers sooner?
To help patients at intermediate risk (such as
those with diabetes without known heart dis-
ease), we may need to do what Poldermans et
al did3: instead of seeing patients only once a

day or two before surgery, we may need to do
the preoperative assessment as much as a
month before and, if necessary, start a beta-
blocker at a low dose, titrate it to a goal heart
rate, and follow the patient closely up until
surgery and afterward.

The importance of heart-rate control was
illustrated in a recent cohort study of periopera-
tive beta-blockers in vascular surgery patients,44

in which higher beta-blocker doses, carefully
monitored, were associated with less ischemia
and cardiac enzyme release. In addition, long-
term mortality rates were lower in patients with
lower heart rates. And Poldermans et al45

recently performed a study in more than 700
intermediate-risk patients who were divided
into two groups, one that underwent preopera-
tive stress testing and one that did not. Beta-
blockers were given to both groups, and doses
were titrated to a goal heart rate of less than 65.
The patients with optimally controlled heart
rates had the lowest event rates.

However, the logistics of such a program
would be challenging. For the most part,
internists and hospitalists involved in periop-
erative assessment do not control the timing
of referral or surgery, and adjustments cannot
be made for patients whose preoperative clin-
ic visit falls only a few days before surgery.
Instituting a second or third visit to assess the
efficacy of beta-blockade burdens the patient
and may not be practical.

Are all beta-blockers equivalent?
An additional factor is the choice of agent.
While the most significant studies of periop-
erative beta-blockade have used beta-1
receptor-selective agents (ie, metoprolol,
atenolol, and bisoprolol), there is no prospec-
tive evidence that any particular agent is
superior. However, a recent retrospective
analysis of elderly surgical patients did sug-
gest that longer-acting beta-blockers may be
preferable: patients who had been on
atenolol in the year before surgery had a 20%
lower risk of postoperative myocardial infarc-
tion or death than those who had been on
short-acting metoprolol, with no difference
in noncardiac outcomes.46 ■

To help patients
at intermediate
risk, we may
need to see
them up to 1
month before
surgery
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