
Quo Vadis, Perioperative Beta
Blockade? Are You “POISE’d”
on the Brink?

Martin J. London, MD Over a decade has past since the seminal report of Mangano et al. on
the efficacy of a hemodynamically targeted protocol of perioperative
�-blockade with oral or IV atenolol on “intermediate term” postoperative
outcome (6–24 mo) in a mixed cohort of vascular and nonvascular surgical
patients (Atenolol study).1 Shortly thereafter, Poldermans et al. reported a
striking reduction in perioperative cardiac mortality in a small cohort of
vascular patients with positive preoperative dobutamine stress echocar-
diographic findings (DECREASE study).2 It had previously been appreci-
ated from several smaller, less sophisticated, and considerably less well
publicized studies of either unselected vascular surgery patients or poorly
treated hypertensive patients undergoing surgery that administration of
�-blockers at periods of “high stress” (particularly during tracheal intuba-
tion, on emergence from anesthesia, and in the early postoperative period)
reduced hypertension, tachycardia, arrhythmias, and the incidence of ST
segment depression.3–6

The Atenolol and DECREASE studies were embraced by clinicians,
researchers, and administrators as breakthrough studies in the newly
delineated specialty of perioperative medicine. Given their sophisticated
design and longitudinal breadth, perioperative �-blockade of at-risk
individuals was recommended as a strong candidate for best clinical
practice guidelines, performance measures, and institutional benchmark-
ing.7 The coincident publication of the Institute of Medicine’s controversial
report on medical errors added to the enthusiastic adoption of this
apparently low-risk, high-benefit perioperative intervention.8 This also
coincided with aggressive efforts by national subspecialty societies to
increase use of �-blockers for secondary prevention after myocardial
infarction (MI) and as first-line therapy for congestive heart failure
(CHF).9,10 These resulted in widespread enthusiasm for perioperative
�-blockade and rapid institution of �-blocker protocols at many university
and private institutions.

Not all clinicians were convinced of the safety and efficacy of aggressive
perioperative �-blockade. Thus, a variety of small clinical studies were
subsequently performed, some of which supported the beneficial effects of
�-blockade on “surrogate” outcome measures.11–13 Other investigators
openly challenged the key findings of the Atenolol and DECREASE
trials.14,15 The criticisms most often put forth have been well summarized
elsewhere, but the Atenolol study was criticized for its small sample size,
a controversial statistical analysis that resulted in excluding in-hospital
deaths from the long-term survival analysis, and the surprising lack of
perioperative benefit. The DECREASE study has similarly been criticized
for a small sample size, lack of a true placebo control, early termination of
the trial, and a magnitude of efficacy nearly unprecedented in contempo-
rary clinical trials.16

Given these objections, particularly the small cumulative number of
patients studied, several groups proposed conducting larger multicenter
studies.17 However, the prevailing wisdom, particularly in the United
States, was that perioperative �-blockade was potentially life-saving, and

From the University of California, San
Francisco, California.

Accepted for publication December 21,
2007.

Address correspondence to Martin J.
London, MD, Anesthesia (129), Veterans
Affairs Medical Center, 4150 Clement St.,
San Francisco, CA 94121. Address e-mail to
londonm@anesthesia.ucsf.edu.

Copyright © 2008 International Anesthe-
sia Research Society
DOI: 10.1213/ane.0b013e3181684af6

Vol. 106, No. 4, April 2008 1025

Editorial



thus withholding it from at-risk individuals was unethi-
cal. Given this assumption, designing or conducting a
larger double-blind, randomized, placebo controlled
trial was nearly impossible to consider. However,
without such a trial, millions of patients worldwide
might be treated with perioperative �-blockers, based
nearly exclusively on two cohorts: male veterans at a
single medical center (the Atenolol trial) or vascular
patients with easily inducible ischemia on dobutamine
stress echocardiography (the DECREASE trial). Al-
though one could argue that evaluating the safety of
perioperative �-blockade in larger cohorts than the
Atenolol study was necessary (an issue contentiously
debated in the early 1970s in patients undergoing
coronary artery bypass grafting, which was clearly
settled in favor of continuation in patients with ad-
equate ventricular function),18 the aforementioned
trends promoting aggressive use of �-blockers in
patients with coronary artery disease (CAD) or CHF
would have essentially required recruitment of pa-
tients with hypertension or other risk factors only
(e.g., long-term Framingham predictors). This would
make it cumbersome to recruit adequate numbers of
patients. Perhaps most importantly, it was perceived
that the commonly observed Hawthorne effect (e.g.,
“collateral” improvements inpatient care in the vicin-
ity of an active study protocol) would contaminate
any large scale study, as would the common practice
of administering small doses of �-blockers in the
operating room, postanesthesia recovery unit or inten-
sive care unit to control overt hypertension or tachy-
cardia (e.g., causing a “treatment crossover”).

This author’s attempts to mount a study in the
Department of Veterans Affairs (DVA) supported
with a planning grant by its Cooperative Studies
Program in 2002 in the shadow of the Atenolol and
DECREASE studies was stymied by these issues and
the deeper philosophical question: “Just what is peri-
operative �-blockade?”19 Is it simply suppression of
the resting heart rate to the 50–60 bpm range (as most
clinical cardiologists promote for CAD patients)? Is it
suppression of heart response to stress or exercise
independent of the resting heart rate (as most studies
of efficacy in stable angina suggest)? Is it reduction of
cardiac output at rest or in response to stress (as
studies of its efficacy in chronic hypertension seem to
suggest)? Is it protection of the myocyte from the
toxic effects of elevated intra and extracellular cat-
echolamines (as studies of its efficacy in CHF sug-
gest)? Or are there other “pleiotropic” effects based on
assorted laboratory studies suggesting antiinflamma-
tory effects of �-blockers (a term usually reserved for
statins but indirectly evoked by some authors to
explain the unexplained improvement in intermediate-
term outcome in the Atenolol study)?20 The multidi-
mensional matrix of �-blocker effects and outcomes,
the complexities of dosing and safely titrating �-
blockers pre-, intra-, and postoperatively in a large
cohort of patients undergoing many different surgical

procedures, and a required sample size estimated at
well over 5000 patients, brought the DVA proposal to
its knees. Thus, a hybrid trial of aggressive perioper-
ative �-blockade with strict titration based on heart
rate and arterial blood pressure measured at multiple
time periods versus a standard care control group
with a sample size of 10,000 patients was presented to
the evaluation committee, nearly all of whom were
experts in well controlled large simple trials of therapy
versus placebo.21 The evaluation committee ultimately
felt the proposal was too complex for funding (or even
further investigation).

However, in the preceding year, an effort had
already been mounted by the Canadian-based POISE
group to conduct a “proper” large, simple, placebo
controlled trial. They were able to obtain funding from
the Canadian Institute of Health Research and from
the drug manufacturer Astra Zeneca (makers of ex-
tended release metoprolol). They also obtained per-
mission from the responsible IRBs to include the
high-risk CAD and CHF groups that were perceived
to be not randomizable in the United States.22 These
investigators designed the study with key logistical
issues in mind, quite differently from the DVA pro-
posal that incorporated the recommendations of the
newly released at the time 2002 American Heart
Association Perioperative Evaluation guidelines ad-
vising preoperative titration of �-blockers to a low
heart rate as was done in the DECREASE study. Such
an approach was felt logistically feasible, given the
DVA’s well developed clinic system and robust sys-
temwide computerized electronic medical record. The
POISE investigators more closely followed the Ateno-
lol study approach of acutely instituting aggressive
perioperative �-blockade using a single oral dose of
extended release metoprolol at what clearly appears to
be a generous dose (100 mg) to avoid the logistical
impediments of preoperative titration followed by 30
days of oral (200 mg) or IV therapy (15 mg metoprolol
every 6 h). The POISE group also realized that pursu-
ing their protocol in the United States would not be
possible given the prevailing sentiment regarding
randomization to placebo (and very limited funding)*
but was ultimately quite successful in involving nu-
merous countries outside Canada. After enrolling and
analyzing data from 8351 patients, they presented
their preliminary findings at the American Heart
Association Annual meeting in November 2007.

The presented results of the POISE study (30 day
outcomes), although not formally published at the
time of this writing, are dramatic.† At first reading,
they appear to pose a nearly impossible conundrum
for clinicians (and patients). Statistically significant

*Personal communication, POISE Steering Committee and DVA
CSP #534 Executive Committee Joint Conference Call, 2002.

†http://www.cardiosource.com/clinicaltrials/trial.asp?trialID�1629,
http://scientificsessions.americanheart.org/portal/scientificsessions/
ss/lbctnr13.2007, http://www.theheart.org/article/826435.do, last ac-
cessed December 15, 2007.
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reductions in the important primary outcomes of
cardiac death, nonfatal MI, and cardiac arrest (5.8% vs
6.9%; hazard ratio [HR]: 0.83; 95% CI: 0.70–0.99; P �
0.04) were essentially counterbalanced by an increase
in death (3.1% vs 2.3%; HR: 1.33; P � 0.03) and stroke
(1.0% vs 0.5%; HR: 2.17; P � 0.005). Other beneficial
effects included a reduction in atrial fibrillation and
the need for myocardial revascularization. A particu-
larly troubling adverse effect was a doubling of the
percentage of patients dying from sepsis. Bradycardia
and significant hypotension were also more common
although, of some assurance, there was no increase in
the incidence of acute heart failure.

Early reaction to the POISE study results among
perioperative clinicians appears similar to the “shock
waves” caused by the initial report of the large scale
COMMIT study (45,852 patients) (with formal publi-
cation more than a year later), which reevaluated, in
one of its treatment arms, the well established, yet
poorly validated, practice of aggressive early institu-
tion of �-blockade during acute MI (in contrast to the
better validated efficacy of “delayed” secondary pre-
vention).23 This landmark study, coincidentally per-
formed exclusively outside of the United States in
China, reported that the benefits of reduced reinfarc-
tion with acute �-blockade were nearly counterbal-
anced by an increased incidence of early cardiogenic
shock. The COMMIT study revealed that patients at
greatest risk for this serious adverse outcome were
already hemodynamically unstable, thus leaving the
clinician latitude to treat stable lower risk patients
more aggressively should they prefer to. It is impor-
tant to note that the major result of the COMMIT
study does not proscribe �-blocker use “peri acute
MI,” but does suggest that it should only be instituted
orally in lower risk patients after the first 24 h (or later
if at all in less stable patients). It is of particular
importance to the issue of perioperative �-blockade
that adverse safety implications of the COMMIT study
regarding aggressive �-blockade are now prominently
displayed as Class III Level of Evidence A recommen-
dations in the recently released American College of
Cardiology/American Heart Association Guidelines for
Management of Patients with ST and Non-ST elevation
Myocardial Infarction Practice Guidelines.24,25

The preliminary results of the POISE study suggest
that delineation of patients at increased risk for ad-
verse outcomes was not detected. This finding is very
troublesome for the future of widespread treatment
protocols and would likely preclude widespread peri-
operative �-blockade protocols from a Class 1 type
recommendation in subsequent Practice Guidelines.
Analysis the results of the POISE study results will
clearly have to await publication of the final manu-
script. Many issues will be debated: What were the
heart rates and blood pressures at key time periods
and what dose adjustments occurred? How were MIs
detected? Are there center and country level effects
with regards to the adverse outcomes that clearly have

an established and rapidly growing scientific basis
(but was not specifically addressed in the POISE
protocol)? Were there genetic or racial effects?26–29

Until the full details are known, the discussions will
center around the “surrogate outcomes” of arterial
blood pressure and heart rate. The hypothesis that low
blood pressure or cardiac output might worsen gut
translocation and increase risk of sepsis may have
been borne out by POISE. The increase in stroke may
be related to critical cerebral hypoperfusion from low
blood pressure. Critics of POISE will state that the
patients were clearly overdosed, whereas its support-
ers will point out that cardiologists and others have
been quite insistent that adequate �-blockade requires
aggressive heart rate control as long as the systolic
blood pressure is more than 100 mm Hg. It is equally
likely that POISE would have been roundly criticized
had the heart rates not been aggressively controlled
and had found no positive treatment effect. The latest
observational and secondary analysis of pilot random-
ized controlled trial (RCT) data from Dr. Polderman’s
group continues to strongly support aggressive heart
rate control and notably, consideration of arterial
blood pressure in these studies is limited solely to its
use as a safety end-point only (dosing withheld for a
systolic blood pressure �100 mm Hg).30,31 The critics
will propose cutting the existing doses in their proto-
cols by half, or perhaps more, whereas POISE support-
ers will argue that safe titration is likely not possible,
and thus widespread use of a drug that now appears
to have a more narrow therapeutic index than previ-
ously appreciated should never be considered a stan-
dard therapy (nor used as a performance measure for
quality of care). The arguments raised here may be
similar to the aprotinin controversy, in which a sup-
posedly well established drug, which appeared to
have a very beneficial effect on a very important
surrogate outcome (blood transfusion) may be less
safe than thought, based on outcome results of a much
larger clinical trial than previously conducted.32,33

Vexing clinical questions remain. POISE apparently
enrolled patients who were naı̈ve to �-blockers at the
time of study enrollment, many of whom had known
CAD. Are the results generalizable to those already
receiving such therapy, which in the United States
may approach or exceed half of all adult patients in
some settings? Critics will point out that withdrawal
of �-blockade is exceedingly hazardous, a finding
widely, but not universally, supported34 in the litera-
ture.35–38 Perhaps the biggest issue is how should we
manage heart rate and arterial blood pressure? It is in
this context that the meta-analysis of Beattie et al.
presented in this issue of the journal is of considerable
interest.39

This meta-analysis examined 10 contemporary (but
pre-POISE) RCTs (1997–2006) involving 2176 patients
in which some heart rate data were presented, a decid-
edly controversial aspect of this analysis given lack of
continuous longitudinal data in many of these reports.

Vol. 106, No. 4, April 2008 © 2008 International Anesthesia Research Society 1027



Although, in aggregate, perioperative �-blockade was
not associated with a reduction in perioperative MI
(odds ratio, 0.76; 95% CI: 0.4–1.4), a significant reduc-
tion (odds ratio, 0.23; 95% CI: 0.08–0.65) was noted
when perioperative �-blockade resulted in “aggres-
sive” heart rate control, based on a somewhat arbi-
trarily defined threshold of 100 bpm derived from the
data presented in the RCTs alone (which coinciden-
tally corresponds to the commonly used clinical
threshold promoted by older observational clinical
studies of perioperative ischemia). However, hypoten-
sion and bradycardia were significantly more com-
mon with such control (as noted by POISE) with a
weak suggestion of an increase in the incidence of
CHF (not noted by POISE). The incidence of stroke in
these RCTs was too small to be investigated, in
contrast to the much larger POISE trial. Subanalysis of
derived variables related to heart rate (e.g., mean,
maximum, and variation in heart rate) all supported
the statistical association of strong heart rate control
with reduction in perioperative MI.

But perhaps apropos of what appears to be a
continuously uncertain atmosphere surrounding peri-
operative �-blockade, a very recently published meta-
analysis by Biccard et al. of the same RCTs (sans one
study) reported no such relation.40 When comparing
the methodology of these meta-analyses, it appears
that the upper hand with regards to statistical sophis-
tication goes to that of Beattie et al. However, both
groups note that the amount of hemodynamic data
presented in the RCTs are quite limited. Given an
increasing trend to substitute meta-analysis for large-
scale clinical research, there is a definite suggestion in
the recent literature that the limitations of meta-
analysis should be carefully considered before they
are used to guide clinical care.41–43 Nonetheless, it is
also clear that well done meta-analyses have shaped
medical practice, and one need only look as far as the
widespread promotion of �-blockers for secondary
prevention post-MI in medical patients to observe this
in action.44

So quo vadis perioperative �-blockade? After a decade
have we established what perioperative �-blockade is?
Is it simply prevention or attenuation of tachycardia?
In this regard, the conflicting meta-analyses of Beattie
et al. and Biccard et al. are disappointing.39,40 Hope-
fully, the full results of POISE will shed light on this
topic, although the constrained data collection (par-
ticularly of “surrogate outcomes” which includes he-
modynamics) mandated by a “large simple trial”
make this unlikely. Will we be able to delineate groups
of patients in which efficacy and safety can be as-
sured? Will the trends towards increased use of
�-blockers in CAD be counterbalanced or even de-
crease in response to recent evidence and guideline
recommendations against the use of �-blockers as
first-line drugs for hypertension (in the absence of a
strong suspicion for or documentation of underlying
CAD) given evidence that they are inferior to diuretics

and angiotensin receptor blockers with regards to
stroke and adverse renal outcome reduction?45,46

What of the increasing number of large observational
studies suggesting strong efficacy of statins indepen-
dent of �-blockers?47 Do alpha2 agonists have supe-
rior efficacy or safety?48 Will the eagerly awaited
DECREASE-IV �-blocker-statin RCT reach supporting
or confliction conclusions to POISE?49 Conflicting
meta-analyses aside, clinicians should jointly consider
and manage both heart rate and arterial blood pres-
sure (as well as cardiac output which is rarely mea-
sured directly), attempting to balance increased left
ventricular diastolic perfusion time from a low heart
rate while maintaining adequate coronary (and other
organ) perfusion pressure. Perhaps, it is as simple as
that . . . . but as the POISE study clearly points out, the
devil is in the details.
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4. Stone JG, Foëx P, Sear JW, Johnson LL, Khambatta HJ, Triner L.
Risk of myocardial ischaemia during anaesthesia in treated and
untreated hypertensive patients. Br J Anaesth 1988;61:675–9
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