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Perioperative ! blockade: where do we go from here?
The POISE (PeriOperative ISchemic Evaluation) trial 
reported in today’s Lancet presents mixed results of 
the e! ectiveness of perioperative "-blocker therapy.1 
In the trial, 8351 patients were randomly assigned to 
either controlled-release oral metoprolol succinate 
or placebo. The primary endpoint of cardiac death, 
non-fatal myocardial infarction, or cardiac arrest was 
reduced in the metoprolol group compared with placebo 
(5·8% vs 6·9%, hazard ratio 0·84, 95% CI 0·70–0·99, 
p=0·04), driven by a reduction of non-fatal myocardial 
infarctions. However, these improvements were at 
the cost of an increased incidence of total mortality 
and stroke. Stroke was associated with perioperative 
hypotension, bleeding, atrial fi brillation, and a history 
of stroke or transient ischaemic attack in patients 
assigned to receive metoprolol. Data from sites in Iran 
and Colombia were excluded because of inconsistencies 
in these regions.

The use of " blockers in the perioperative setting is a 
subject of importance and debate. One area which is not 
debated, however, is that patients who have been treated 
with " blockers for a long time should be continued 
on their medication throughout the perioperative 
period.2 In the USA, several groups have identifi ed 
initiation of treatment with perioperative " blockers as a 
recommended practice and have advocated its adoption 
as a performance measure of quality of care.3 The POISE 
study puts that contention into question. However, in 
the non-surgical setting, " blockers are the cornerstone 
in the treatment of coronary artery disease, improving 
survival in patients with angina pectoris, myocardial 
infarction, peripheral arterial disease, and heart failure.4,5 
Coronary artery disease and heart failure are the major 
risk factors of adverse postoperative outcome after 
non-cardiac surgery.6 What is the reason that treatment 
of the same patients with coronary artery disease by 
" blockers is associated with di! erent outcomes in the 
surgical setting?

There are two reasons that might explain these 
di! erences: "-blocker treatment regimens di! er, and the 
operative setting has specifi c haemodynamic regulatory 
mechanisms. In the POISE study, metoprolol succinate, 
a long-acting " blocker, was used. The starting dose was 
100 mg given orally 2–4 h before surgery, and again 
100 mg 0–6 h after surgery. Medication was withheld 

if systolic blood pressure dipped below 100 mm Hg 
or heart rate was below 50 beats per min. So, on the 
fi rst day of surgery, metoprolol succinate could have 
been administered at a dose up to 200 mg, 50% of the 
maximum daily therapeutic dose. In the non-surgical 
setting, much lower starting doses are recommended. 
For instance, in patients with New York Heart 
Association Class II heart failure, 12·5–25 mg a day is 
started for 2 weeks, and for hypertension the initial dose 
is 25–100 mg, usually increased at weekly intervals.4,5 
In the POISE study, the starting dose of metoprolol 
succinate was 2–8 times the commonly prescribed dose.

By contrast with the fi xed higher metoprolol succinate 
dose regimen of the POISE study, a low-dose bisoprolol 
regimen was applied in the series of randomised and 
non-randomised DECREASE (Dutch Echocardiographic 
Cardiac Risk Evaluation Applying Stress Echo) trials.7,8 In 
DECREASE, the bisoprolol starting dose was 25% of the 
maximum daily therapeutic dose in the initial studies 
and was decreased to 12% in the more recent studies, 
similar to heart failure patients at least 30 days before 
surgery. The dose was adjusted immediately before 
surgery to achieve a heart rate control between 
50 and 65 beats per min. The importance of the 
initiation time of "-blocker therapy before surgery 
could also be argued by the pathophysiology of a 
perioperative myocardial infarction. Half of fatalities 
at autopsy are related to coronary plaque rupture and 
thrombus formation.9 The acute e! ects of " blockade 
include the reduction of myocardial oxygen demand by 
a decrease in heart rate, systolic pressure, and ventricular 
contractility, which can reduce shear stress at the level 
of a vulnerable plaque. Otherwise, the suggested e! ect 
of " blockers on coronary plaque stabilisation might be 
related to anti-infl ammatory properties and possibly 
only be noted after protracted use.

The POISE trial supports the results of DECREASE 
and other trials of long-acting agents in reducing 
perioperative cardiac events, although with an 
increased incidence of stroke. As the authors of POISE 
show, other randomised trials of acute initiating 
" blockers immediately before surgery also have shown 
an increased stroke rate. However, contrary to the 
current protocol, the incidence of perioperative stroke 
in the low-dose bisoprolol regimen started at least 
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7 days before surgery in the DECREASE trials was 0·4% of 
3994 patients, similar to that with placebo therapy. By 
contrast, 1·0% of patients in the higher-dose metoprolol 
regimen started the morning of surgery in POISE.

What are the consequences of the POISE results 
for "-blocker use in daily clinical practice? Based on 
the pathophysiology discussed above, reduction of 
perioperative cardiac morbidity will require a multi-
modal approach that we believe includes heart rate 
control. In patients with class I indications for " blockers 
for secondary prevention of heart disease, therapy 
is recommended independent of the non-cardiac 
surgery.1,10 The current trial clearly shows that acute 
administration of higher-dose "-blocker therapy in 
the perioperative period is associated with greater risk 
than benefi t, but we believe that the protocol used in 
the DECREASE studies (low-dose long-acting agents 
titrated to e! ect at least 7 days in advance) is associated 
with overall benefi t compared to risk.

What do we do for those with indications for 
perioperative "-blocker therapy (table), but in whom 
there is insu#  cient time to appropriately titrate the 
medication? The over-riding theme is that tachycardia 
caused by perioperative events, such as bleeding, 
hypovolaemia, inadequate control of pain, or infection, 
should not be initially treated with additional "-blocker 
therapy. The underlying cause of these conditions 
should be treated fi rst. If tachycardia persists, then we 
recommend that a " blocker can be used cautiously in 
high-risk patients with proven or suspected coronary 
artery disease, preferably supervised in the perioperative 
setting by physicians who have experience with 
perioperative haemodynamics, such that hypotension 
and other haemodynamic aberrations which might 

have led to the increased incidence of stroke or septic 
death are avoided.
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Surgery No clinical risk factors One or more clinical risk 
factors

Coronary heart disease or 
high cardiac risk

Patients currently taking 
! blocker

Vascular Class IIb, level of evidence: B* Class IIa, level of evidence: B Class I†/ class IIa‡, level of 
evidence: B

Class I, level of evidence: B

Intermediate risk ·· Class IIb, level of evidence: C Class IIa, level of evidence: B Class I, level of evidence: C

Low risk ·· ·· ·· Class I, level of evidence: C

*Weight of evidence in support of recommendation is listed as follows: Level of evidence A=data derived from multiple randomised clinical trials. Level of evidence B=data 
derived from single-randomised trial or non-randomised studies. Level of evidence C=only consensus opinion of experts, case studies, or standard-of-care. †Applies to 
patients found to have coronary ischaemia on preoperative testing. ‡Applies to patients found to have coronary heart disease. Level of evidence according to ACC/AHA. 
Class I=conditions for which there is evidence for and/or general agreement that procedure or treatment is benefi cial, useful, and e! ective. Class II=conditions for which there 
is confl icting evidence and/or divergence of opinion about usefulness/e#  cacy of procedure or treatment. Class IIa=weight of evidence/opinion is in favour of usefulness/
e#  cacy. Class IIb=usefulness/e#  cacy is less well established by evidence/opinion. Class III=conditions for which there is evidence and/or general agreement that procedure/
treatment is not useful/e! ective, and in some cases might be harmful. Adapted from reference 2.

Table: Recommendations for perioperative !-blocker therapy according to ACC/AHA guidelines



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.
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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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5. Stone JG, Foëx P, Sear JW, Johnson LL, Khambatta HJ, Triner L.
Myocardial ischemia in untreated hypertensive patients: effect
of a single small oral dose of a beta-adrenergic blocking agent.
Anesthesiology 1988;68:495–500

6. Pasternack PF, Grossi EA, Baumann FG, Riles TS, Lamparello
PJ, Giangola G, Primis LK, Mintzer R, Imparato AM. Beta
blockade to decrease silent myocardial ischemia during periph-
eral vascular surgery. Am J Surg 1989;158:113–6

7. Auerbach AD, Goldman L. beta-Blockers and reduction of
cardiac events in noncardiac surgery: scientific review. JAMA
2002;287:1435–44

8. Leape LL, Berwick DM, Bates DW. What practices will most
improve safety? Evidence-based medicine meets patient safety.
JAMA 2002;288:501–7

9. Mehta RH, Montoye CK, Gallogly M, Baker P, Blount A, Faul J,
Roychoudhury C, Borzak S, Fox S, Franklin M, Freundl M,
Kline-Rogers E, LaLonde T, Orza M, Parrish R, Satwicz M,
Smith MJ, Sobotka P, Winston S, Riba AA, Eagle KA. Improving
quality of care for acute myocardial infarction: The Guidelines
Applied in Practice (GAP) Initiative. JAMA 2002;287:1269–76

10. Hunt SA, Baker DW, Chin MH, Cinquegrani MP, Feldmanmd
AM, Francis GS, Ganiats TG, Goldstein S, Gregoratos G, Jessup
ML, Noble RJ, Packer M, Silver MA, Stevenson LW, Gibbons RJ,
Antman EM, Alpert JS, Faxon DP, Fuster V, Jacobs AK, Hiratzka
LF, Russell RO, Smith SC, Jr.: ACC/AHA Guidelines for the
Evaluation and Management of Chronic Heart Failure in the
Adult: Executive Summary. A Report of the American College
of Cardiology/American Heart Association Task Force on Prac-
tice Guidelines (Committee to Revise the 1995 Guidelines for the
Evaluation and Management of Heart Failure): Developed in
Collaboration With the International Society for Heart and Lung
Transplantation; Endorsed by the Heart Failure Society of
America. Circulation 2001;104:2996–3007

1028 Editorial ANESTHESIA & ANALGESIA



11. Raby KE, Brull SJ, Timimi F, Akhtar S, Rosenbaum S, Naimi C,
Whittemore AD. The effect of heart rate control on myocardial
ischemia among high-risk patients after vascular surgery.
Anesth Analg 1999;88:477–82

12. Zaugg M, Tagliente T, Lucchinetti E, Jacobs E, Krol M, Bodian C,
Reich DL, Silverstein JH. Beneficial effects from beta-adrenergic
blockade in elderly patients undergoing noncardiac surgery.
Anesthesiology 1999;91:1674–86

13. Urban MK, Markowitz SM, Gordon MA, Urquhart BL, Kligfield
P. Postoperative prophylactic administration of beta-adrenergic
blockers in patients at risk for myocardial ischemia. Anesth
Analg 2000;90:1257–61

14. Devereaux PJ, Yusuf S, Yang H, Choi PT, Guyatt GH. Are the
recommendations to use perioperative beta-blocker therapy in
patients undergoing noncardiac surgery based on reliable evi-
dence? CMAJ 2004;171:245–7

15. London MJ, Zaugg M, Schaub MC, Spahn DR. Perioperative
beta-adrenergic receptor blockade: physiologic foundations and
clinical controversies. Anesthesiology 2004;100:170–5

16. Devereaux PJ, Goldman L, Yusuf S, Gilbert K, Leslie K, Guyatt
GH. Surveillance and prevention of major perioperative isch-
emic cardiac events in patients undergoing noncardiac surgery:
a review. CMAJ 2005;173:779–88

17. London MJ, Itani KM, Perrino AC Jr, Guarino PD, Schwartz
GG, Cunningham F, Gottlieb SS, Henderson WG. Periopera-
tive beta-blockade: a survey of physician attitudes in the
Department of Veterans Affairs. J Cardiothorac Vasc Anesth
2004;18:14 –24

18. Ferguson TB Jr, Coombs LP, Peterson ED. Preoperative beta-
blocker use and mortality and morbidity following CABG
surgery in North America. JAMA 2002;287:2221–7

19. London MJ, Zaugg M, Schaub MC, Spahn DR. A large trial is
vital to prove perioperative beta-blockade effectiveness and
safety before widespread use. Anesthesiology 2004;101:804–5

20. Yeager MP, Fillinger MP, Hettleman BD, Hartman GS. Periop-
erative beta-blockade and late cardiac outcomes: a complemen-
tary hypothesis. J Cardiothorac Vasc Anesth 2005;19:237–41

21. Devereaux PJ, Yusuf S. The evolution of the randomized
controlled trial and its role in evidence-based decision making.
J Intern Med 2003;254:105–13

22. Devereaux PJ, Yang H, Guyatt GH, Leslie K, Villar JC, Monteri
VM, Choi P, Giles JW, Yusuf S. Rationale, design, and organization
of the PeriOperative ISchemic Evaluation (POISE) trial: a random-
ized controlled trial of metoprolol versus placebo in patients
undergoing noncardiac surgery. Am Heart J. 2006;152:223–30

23. Chen ZM, Pan HC, Chen YP, Peto R, Collins R, Jiang LX, Xie JX,
Liu LS. Early intravenous then oral metoprolol in 45,852 pa-
tients with acute myocardial infarction: randomised placebo-
controlled trial. Lancet 2005;366:1622–32

24. Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM,
Casey DE Jr, Chavey WE II, Fesmire FM, Hochman JS, Levin
TN, Lincoff AM, Peterson ED, Theroux P, Wenger NK, Wright
RS, Smith SC Jr, Jacobs AK, Halperin JL, Hunt SA, Krumholz
HM, Kushner FG, Lytle BW, Nishimura R, Ornato JP, Page RL,
Riegel B. ACC/AHA 2007 Guidelines for the Management of
Patients With Unstable Angina/Non-ST-Elevation Myocardial
Infarction-Executive Summary A Report of the American Col-
lege of Cardiology/American Heart Association Task Force on
Practice Guidelines (Writing Committee to Revise the 2002
Guidelines for the Management of Patients With Unstable
Angina/Non-ST-Elevation Myocardial Infarction) Developed in
Collaboration with the American College of Emergency Physi-
cians, the Society for Cardiovascular Angiography and Inter-
ventions, and the Society of Thoracic Surgeons Endorsed by the
American Association of Cardiovascular and Pulmonary Reha-
bilitation and the Society for Academic Emergency Medicine.
J Am Coll Cardiol 2007;50:652–726

25. Antman EM, Hand M, Armstrong PW, Bates ER, Green LA,
Halasyamani LK, Hochman JS, Krumholz HM, Lamas GA,
Mullany CJ, Pearle DL, Sloan MA, Smith SC Jr. 2007 Focused
update of the ACC/AHA 2004 Guidelines for the Manage-
ment of Patients With ST-Elevation Myocardial Infarction. A
report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. Circu-
lation 2008;117:296 –329

26. Lanfear DE, Jones PG, Marsh S, Cresci S, McLeod HL, Spertus
JA. {beta}2-Adrenergic receptor genotype and survival among
patients receiving {beta}-blocker therapy after an acute coronary
syndrome. JAMA 2005;294:1526–33

27. Rochais F, Vilardaga JP, Nikolaev VO, Bunemann M, Lohse MJ,
Englelhardt S. Real-time optical recording of beta1-adrenergic
receptor activation reveals supersensitivity of the Arg389 vari-
ant to carvedilol. J Clin Invest 2007;117:229–35

28. Akhter SA, D’Souza KM, Petrashevskaya NN, Mialet-Perez J,
Liggett SB. Myocardial beta1-adrenergic receptor polymor-
phisms affect functional recovery after ischemic injury. Am J
Physiol Heart Circ Physiol 2006;290:H1427–32

29. Zaugg M, Bestmann L, Wacker J, Lucchinetti E, Boltres A,
Schulz C, Hersberger M, Kalin G, Furrer L, Hofer C, Blumenthal
S, Muller A, Zollinger A, Spahn DR, Borgeat A. Adrenergic
receptor genotype but not perioperative bisoprolol therapy may
determine cardiovascular outcome in at-risk patients undergoing
surgery with spinal block: the Swiss Beta Blocker in Spinal Anes-
thesia (BBSA) study: a double-blinded, placebo-controlled, multi-
center trial with 1-year follow-up. Anesthesiology 2007;107:33–44

30. Feringa HH, Bax JJ, Boersma E, Kertai MD, Meij SH, Galal W,
Schouten O, Thomson IR, Klootwijk P, van Sambeek MR, Klein
J, Poldermans D. High-dose beta-blockers and tight heart rate
control reduce myocardial ischemia and troponin T release in
vascular surgery patients. Circulation 2006;114:I344–9

31. Poldermans D, Schouten O, Vidakovic R, Bax JJ, Thomson IR,
Hoeks SE, Feringa HH, Dunkelgrun M, de Jaegere P, Maat A,
van Sambeek MR, Kertai MD, Boersma E. A clinical random-
ized trial to evaluate the safety of a noninvasive approach in
high-risk patients undergoing major vascular surgery: the
DECREASE-V Pilot Study. J Am Coll Cardiol 2007;49:1763–9

32. Mangano DT, Tudor IC, Dietzel C. The risk associated with
aprotinin in cardiac surgery. N Engl J Med 2006;354:353–65

33. Karkouti K, Beattie WS, Dattilo KM, McCluskey SA, Ghannam
M, Hamdy A, Wijeysundera DN, Fedorko L, Yau TM. A
propensity score case-control comparison of aprotinin and
tranexamic acid in high-transfusion-risk cardiac surgery. Trans-
fusion 2006;46:327–38

34. Croft CH, Rude RE, Gustafson N, Stone PH, Poole WK, Roberts
R, Strauss HW, Raabe DS, Thomas LJ, Jaffe AS, Muller J,
Hoagland P, Sobel BE, Passamani ER, Braunwald E, Willerson
JT. Abrupt withdrawal of beta-blockade therapy in patients
with myocardial infarction: effects on infarct size, left ventricu-
lar function, and hospital course. Circulation 1986;73:1281–90

35. Psaty BM, Koepsell TD, Wagner EH, LoGerfo JP, Inui TS. The
relative risk of incident coronary heart disease associated
with recently stopping the use of beta-blockers. JAMA 1990;
263:1653–7

36. Morimoto S, Shimizu K, Yamada K, Hiramitsu S, Hishida H.
Can beta-blocker therapy be withdrawn from patients with
dilated cardiomyopathy? Am Heart J 1999;138:456–9

37. Shammash JB, Trost JC, Gold JM, Berlin JA, Golden MA,
Kimmel SE. Perioperative beta-blocker withdrawal and mortal-
ity in vascular surgical patients. Am Heart J 2001;141:148–53

38. Hoeks SE, Scholte Op Reimer WJ, van Urk H, Jorning PJ,
Boersma E, Simoons ML, Bax JJ, Poldermans D. Increase of
1-year mortality after perioperative beta-blocker withdrawal in
endovascular and vascular surgery patients. Eur J Vasc Endo-
vasc Surg 2007;33:13–9

39. Beattie WS, Wijeysundera DN, Karkouti K, McCluskey S, Tait G:
Does tight heart rate control improve beta-blocker efficacy? An
updated analysis of the noncardiac surgical randomized trials.
Anesth Analg 2008;106:1039–48

40. Biccard BM, Sear JW, Foex P. Meta-analysis of the effect of heart
rate achieved by perioperative beta-adrenergic blockade on
cardiovascular outcomes. Br J Anaesth 2008;100:23–8

41. Cleophas TJ, Zwinderman AH. Meta-analysis. Circulation
2007;115:2870–5

42. Gotzsche PC, Hrobjartsson A, Maric K, Tendal B. Data extrac-
tion errors in meta-analyses that use standardized mean differ-
ences. JAMA 2007;298:430–7

43. Pildal J, Hrobjartsson A, Jorgensen K, Hilden J, Altman D,
Gotzsche P. Impact of allocation concealment on conclusions
drawn from meta-analyses of randomized trials. Int J Epidemiol
2007;36:847–57

44. Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta
Blockade after myocardial infarction: systematic review and
meta regression analysis. BMJ (Clin Res Ed) 1999;318:1730–7

Vol. 106, No. 4, April 2008 © 2008 International Anesthesia Research Society 1029



45. Bangalore S, Messerli FH, Kostis JB, Pepine CJ. Cardiovascular
protection using beta-blockers: a critical review of the evidence.
J Am Coll Cardiol 2007;50:563–72

46. Rosendorff C, Black HR, Cannon CP, Gersh BJ, Gore J, Izzo JL Jr,
Kaplan NM, O’Connor CM, O’Gara PT, Oparil S. Treatment of
hypertension in the prevention and management of ischemic
heart disease: a scientific statement from the Am Heart Asso-
ciation Council for High Blood Pressure Research and the
Councils on Clinical Cardiology and Epidemiology and Preven-
tion. Circulation 2007;115:2761–88

47. Kapoor AS, Kanji H, Buckingham J, Devereaux PJ, McAlister
FA. Strength of evidence for perioperative use of statins to
reduce cardiovascular risk: systematic review of controlled
studies. BMJ 2006;333:1149

48. London MJ. Beta blockers and alpha2 agonists for cardioprotec-
tion. Best Pract Res Clin Anaesthesiol 2008; (in press)

49. Schouten O, Poldermans D, Visser L, Kertai MD, Klein J, van Urk
H, Simoons ML, van de Ven LL, Vermeulen M, Bax JJ, Lameris
TW, Boersma E. Fluvastatin and bisoprolol for the reduction of
perioperative cardiac mortality and morbidity in high-risk patients
undergoing non-cardiac surgery: rationale and design of the
DECREASE-IV study. Am Heart J 2004;148:1047–52

1030 Editorial ANESTHESIA & ANALGESIA



Correspondence

Submissions should be 
made via our electronic 
submission system at 
http://ees.elsevier.com/
thelancet/

!-blocker therapy in 
non-cardiac surgery
The POISE trial (May 31, p 1839)1 
of perioperative ! blockade was 
admirable. However, I wonder whether 
the noble goal of the trial led to a 
design that was predictably fl awed 
and that should have been viewed as 
unethical.

It was foreseeable that use of a 
controlled-release formulation of 
meto prolol that resulted in stable 
24-h concentrations in plasma2 might 
have been problematic in an acute 
perio perative setting where a patient’s 
physiology can change strikingly in 
hours. Yet the justifi cation consisted of 
weak, disconnected pieces of evidence 
in irrelevant settings. The decision to 
use this potentially hazardous, long-
acting preparation was not evinced 
to be independent of the study’s 
association with AstraZeneca.

Furthermore, although conceding 
“there is strong evidence that peri-
operative ! blockers cause hypo-
tension and bradycardia requiring 
treatment”,2 the arbitrary dose and 
dosing regimen lacked reference to 
any physiological or experimental 
rationale. The quasi justifi cation pro-
vided, post-hoc, in the Discussion was 
not sustainable. 

Similarly, no justifi cation was 
provided for why rigid, uniform, 
absolute haemodynamic cut-o"  
values for withholding the drug were 
superior to a regimen which included 
consideration of an individual patient’s 
preoperative and contemporaneous 
clinical condition. Did any centres 
refuse to participate because of these 
concerns? Was the fact that intention-
to-treat analysis underestimates 
adverse e" ects3 considered when the 
POISE Study Group examined the 
pretrial literature? In light of these 
issues, were patients reasonably 
informed?

The premise that such a rigid, 
one-size-fi ts-all regimen could ever 
“provide a reliable assessment of 
the e" ects of !-blocker therapy in 

patients undergoing non-cardiac 
surgery”2 is highly unlikely. We are 
predictably left in a situation where 
the next question is: “What about 
150 mg then?” The lack of a pretrial, 
sample-size correction for predictable 
non-compliance4 further confuses this 
issue. If there are too many factors 
to control to allow individualisation 
of the drug regimen, the answer is 
to conceive a more relevant study 
design.
I declare that I have no confl ict of interest.

Michael Keane
mikekeane00@hotmail.com
Monash Medical Centre, Melbourne, Victoria 3168, 
Australia
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The POISE trial1 is the biggest study to 
address the role of !-blocker therapy 
in non-cardiac surgery. Despite 
the fact that the primary endpoint 
analysis disclosed a protective e" ect, 
there was an increased incidence of 
stroke and overall mortality in the 
metoprolol group. The POISE Study 
Group suggests that the perioperative 
!-blocker paradigm should now be  
modifi ed.

However, a cautious analysis of 
the POISE data could give some 
clues to the mechanisms underlying 
these results. The metoprolol group 
had a higher incidence of clinically 
signifi cant hypotension that could 
explain the occurrence of more strokes 
and deaths. Additional data provided 
by the POISE Study Group and in the 
webextra material shows that, in the 
metoprolol group, clinically signifi cant 
hypotension occurred in 625 (15%) and 

bradycardia in 277 (6·6%). Why only 
555 of them temporarily discontinued 
the study drug remains unexplained. 
Indeed, at least 70 patients continued 
on metoprolol despite a formal 
indication to discontinue (temporary 
or permanent).

The e" ect of these 70 patients 
on the secondary endpoints overall 
mortality (129 patients) and stroke 
(41 patients) should be clarifi ed. If 
no conclusive information can be 
gathered from this analysis, standard 
clinical practice should be maintained 
until new data are available.2

We declare that we have no confl ict of interest.
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Pai C Yu, Daniela Calderaro
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2 Feitosa ACR, Ayub B, Caramelli B, et al. 
Guidelines for perioperative evaluation. 
Arq Bras Cardiol 2007; 89: e172–209.

The POISE Study Group1 found that 
preoperative and perioperative 
treat ment with extended-release 
meto prolol in patients undergoing 
non-cardiac surgery could cause harm, 
with an excess of death and strokes 
in the treatment group, despite a 
reduction in myocardial infarction.

It is worth noting that 2·7% of the 
treatment group had been admitted 
to hospital for heart failure in the 
past 3 years and 6·2% had a history 
of heart failure, but were not taking 
! blockers. Given what we know about 
the importance of low starting doses 
and gradual uptitration of ! blockers 
in this group,2,3 the administration 
of high-dose metoprolol to 
!-blocker-naive patients with heart 
failure perioperatively could cause 
substantial harm.

What were the risks in the group 
of patients with a history of heart 
failure and do the trial results alter 
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if this group is excluded from the 
analysis?
I declare that I have no confl ict of interest.
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Authors’ reply
Michael Keane questions our use of 
a controlled-release formulation of 
metoprolol. Before POISE, the small 
perioperative trials that resulted 
in guidelines recommending peri-
operative # blockers used long-acting 
formulations.1,2 A large perioperative 
cohort study suggested that the 
long-acting # blockers were more 
cardio protective than the short-
acting # blockers.3 The POISE trial was 
an investigator-initiated trial that, 
after extensive peer review, received 
funding from four national funding 
bodies. Institutional review boards in 
190 centres in 23 countries approved 
the protocol.

Keane would prefer a more fl exible 
approach to dosing and holding 
of the study drug. All the previous 
perioperative #-blocker trials used 
relatively similar haemodynamic 
require ments to those used in POISE.4 
Guide lines provided in POISE did not 
preclude use of clinical judgment. To 
our knowledge, no centre refused to 
participate owing to concerns about 
haemodynamic thresholds for dosing 
and holding the study drug.

Bruno Caramelli and colleagues 
note that some of the patients who 
had clinically signifi cant hypotension 
or brady cardia did not temporarily 
discontinue the study drug. They 
imply that this might explain the 

negative #-blocker outcomes; how-
ever, it does not.

Some of the patients who had 
clinically signifi cant hypo tension or 
brady cardia had the study drug per-
manently, rather than temporarily, 
dis continued. Eight metoprolol 
patients and 14 placebo patients who 
had clinically sig nifi cant hypo tension 
and no temporary or per manent dis-
continuation of the study drug died 
(p=0·2008) within the 30-day follow-
up period; no strokes occurred in this 
group of patients. Four metoprolol 
patients and two placebo patients who 
had clinically signifi cant bradycardia 
and no temporary or permanent 
discontinuation of the study drug died 
(p=0·4135) within the 30-day follow-
up period; no strokes occurred in this 
group of patients.

Jasper Trevelyan inquires whether 
there was a sub group e! ect among the 
patients without a history of admission 
for congestive heart failure within 
3 years of random isation or any history 
of congestive heart failure for the out-
come death and stroke. Such analyses 
did not show any sub group e! ect. The 
inter action p values were 0·8564 for 
death and 0·9042 for stroke.

It remains possible that an alternat-
ive strategy for perioperative #-blocker 
administration will retain the benefi ts 
shown in POISE (eg, reduction in 
myo cardial infarction) and eliminate 
the harms (eg, increased death and 
stroke). Pending the results of a large, 
well designed trial such as POISE to 
show such fi ndings, the best evidence 
suggests that stroke-averse patients 
undergoing non-cardiac surgery who 
are concerned about increases in 
absolute death rates are unlikely to 
want a # blocker.
SY has received consultancy fees, research grants, 
and honoraria from AstraZeneca who provided the 
study drug for the POISE Trial. The remaining authors 
declare that they have no confl ict of interest outside 
of AstraZeneca providing the study drug for the 
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The POISE trial1 of perioperative 
#-blocker therapy reports a reduction 
in cardiac events at the cost of 
increased mortality and stroke. The 
accompanying Comment2 correctly 
notes that e"  cacy of non-surgical 
#-blocker therapy might not be 
extrapolable to the surgical setting, 
where an unpredictable stress 
response exists. 

We submit that, by dosing patients 
to a predefi ned fi xed target heart 
rate and blood pressure in the POISE 
trial, the importance of individual 
adaptive responses within biological 
systems and the timeframe required 
to reset these might have been 
underestimated. Specifi cally, the 
drug was not titrated to achieve 
an optimum change within the 
cardiovascular physiology of each 
patient. The importance of tight 
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intra operative haemodynamic con-
trol in a relatively homo geneous 
popul ation, manifesting as improved 
30-day mortality, has recently been 
emphasised.3

We speculate whether other factors, 
intrinsic to the dynamic surgical 
stress response, also signifi cantly 
con tributed to adverse outcome. 
Participants in the POISE study were 
patients with major cardiovascular 
risk undergoing non-cardiac surgery, 
and were therefore undoubtedly 
a! ected by impaired vascular 
hom oeo stasis. The surgical stress 
response induces a proinfl ammatory–
prothrombotic–antifi brinolytic milieu 
that might contribute to increased 
risk of perioperative adverse outcome. 
Endothelial dysfunction has been 
reported to predict adverse acute and 
long-term outcome after vascular 
surgery,4 and improved perioperative 
survival has been attributed to the 
pleiotropic (anti-infl ammatory, endo-
thelial-modulating) e! ects of statin 
therapy.5

We suggest that individualised 
tight haemodynamic control and 
microvascular homoeostasis both 
signifi cantly contribute to peri-
operative outcome in non-cardiac 
surgery, and need to be carefully 
considered when assessing therapeutic 
options for these patients.
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POISE trial quality 
control
As Secretary of the Isfahan Regional 
Bioethics Committee (IRBC), I 
would like to provide the following 
clarifi cations with regard to web-
appendix 1 of the POISE trial.1 

One of the research centres in 
our region participated in POISE. As 
highlighted in the webappendix, there 
was the unfortunate occasion of data 
falsifi cation in this centre. We were 
informed of the incident immediately 
after the fraud came to light. An 
investigation was launched and the 
principal investigator and coordinator 
of POISE were contacted.

Our investigation revealed that a 
recently graduated doctor who was 
employed as a research assistant by 
the POISE Study Group was at the 
centre of the fraud. We found that 
inadequate supervision had been 
given to this person. It was also 
unfortunate that a previous audit on 
behalf of the principal investigator 
and coordinator lacked su#  cient 
rigour to detect the fraud. This was a 
breach of the 26-item National Ethical 
Codes for Protection of Research 
Participants.2 IRBC issued o#  cial 
academic penalties against the Iranian 
principal investigator as well as the 
coordinating research centre.

As a result of the investigation, 
IRBC asked the university to which 
the research centre in dispute was 
a#  liated to do an audit of all other 
projects underway. The audit did not 
reveal any other major problems and 
IRBC was assured that the research 
assistant at the centre of this fraud 
had not been involved in any other 

projects at this research centre or 
anywhere else in the country. On 
the basis of a request by the research 
centre to other principal investigators 
of international studies, audits were 
done that gave similar results.

Since the occurrence of this incident, 
IRBC recommended to the chancellor 
of the university that external audit 
costs be included in the budget of all 
studies applying for ethics approval. 
This has been accepted by the 
chancellor and implemented.

The Iranian team did its utmost to 
facilitate the external audit, and the 
highest levels of executive authorities 
in the region were engaged in the 
collaboration.

We at the IRBC will continue to 
strengthen and review our safeguards 
to prevent similar events happening in 
the future, will endeavour to promote 
principles of good research practice 
drawn from our rich cultural heritage, 
and hope that the wrongdoings of 
a few do not cast a shadow on the 
commendable activities of the many.

Peyman Adibi
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Secretary, Isfahan Regional Bioethics Committee, 
Isfahan, Iran
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For webappendix 1 of the POISE 
trial see Articles Lancet 2008; 
371: 1839–47

Perioperative ! blockade

In their Comment1 on the POISE trial,2 
Lee Fleisher and Don Poldermans 
(May 31, p 1813) defend perioperative 
" blockade in non-cardiac surgery, 
mostly on the basis of DECREASE,3 
which showed an overall favourable 
risk/benefi t ratio. However, before 
we accept their conclusion, we should 
remember that half the highly selected 
112 patients in DECREASE had a 
previous myocardial infarction, up to 
a third were symptomatic with angina 
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pectoris, and all of them had abnormal 
stress echocardiography. Thus, these 
patients should have been on a 
! blocker to begin with, irrespective of 
their need for surgery. The DECREASE 
trial was unblinded and hence has a 
high risk of bias.

Fleisher and Poldermans also 
argue that the deleterious e" ect 
seen in POISE was probably due 
to the high dose of the ! blocker. 
Indeed, the dose of metoprolol in 
POISE was eight times the equivalent 
dose of bisoprolol used in the 
DECREASE trial. However, in POISE, 
only 15% of patients on a ! blocker 
developed clinically signifi cant 
hypotension, whereas this proportion 
was consistently higher in other trials, 
up to 85%,4 even though the doses 
were lower than those used in POISE.

The double-blind POISE trial, with 
a sample size 75 times that of the 
unblinded DECREASE, showed clear 
harm of perioperative blockade and 
its results are in accord with the 
DIPOM trial5 (relative risk of all-cause 
mortality 1·33 for POISE and 1·32 for 
DIPOM). To us this seems su#  cient 
evidence to turn the page. Instead of 
clinging to old dogma, perioperative 
guidelines urgently need to be 
rewritten.
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Authors’ reply
We agree with Sripal Bangalore 
and colleagues that guidelines for 
perio perative ! blockade should 
be assessed in terms of recently 
pub lished trials including POISE1 
and DECREASE-IV.2 Importantly, 
Bangalore and colleagues point out 
that there is a group of patients who 
“should have been on a ! blocker to 
begin with,  irrespective of their need 
for surgery”. We agree that coronary 
artery disease and left ventricular 
dysfunction should be treated 
according to common guidelines, 
irrespective of the planned surgery.3 
These are also major determinants 
of adverse postoperative outcome. 
Additionally, optimum treatment of 
perioperative cardiac events should 
not only include ! blockers, but also 
treatment aimed at coronary plaque 
stabilisation.

There is increasing evidence 
that continuation of ! blockers, 
statins, and aspirin is essential in 
patients undergoing non-cardiac 
surgery.4 POISE does not address this 
population of chronic users; high-
dose treatment was started only 
hours before surgery. We therefore 
believe that there is some period 
of time before surgery in which 
! blockers could be titrated to e" ect 
in patients with a class I indication for 
these agents, irrespective of the need 
for surgery, and that continuation 
and titration of the ! blocker in the 
perioperative period will be associated 
with greater benefi t than risk. In our 
experience, such treatment includes 
low-dose bisoprolol begun at least 
7 days before surgery in patients with 
active ischaemic heart disease.

Given the protocol of the POISE 
trial, we agree that giving high-dose 
metoprolol succinate acutely in the 
perioperative period has greater risk 
than benefi t.
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WHO’s checklist for 
surgery: don’t confi ne it 
to the operating room

In your Editorial of July 5,1 you 
describe the launch of the Safe 
Surgery Saves Lives campaign by 
WHO’s World Alliance for Patient 
Safety.2 The Alliance has developed 
a surgical safety checklist that is 
essentially an expanded timeout 
procedure, in cluding a debriefi ng. In 
recent years, this type of procedure 
has been widely advocated and 
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E! ects of extended-release metoprolol succinate in patients 
undergoing non-cardiac surgery (POISE trial): a randomised 
controlled trial
POISE Study Group*

Summary
Background Trials of ! blockers in patients undergoing non-cardiac surgery have reported confl icting results. This 
randomised controlled trial, done in 190 hospitals in 23 countries, was designed to investigate the e" ects of 
perioperative ! blockers.

Methods We randomly assigned 8351 patients with, or at risk of, atherosclerotic disease who were undergoing 
non-cardiac surgery to receive extended-release metoprolol succinate (n=4174) or placebo (n=4177), by a computerised 
randomisation phone service. Study treatment was started 2–4 h before surgery and continued for 30 days. Patients, 
health-care providers, data collectors, and outcome adjudicators were masked to treatment allocation. The primary 
endpoint was a composite of cardiovascular death, non-fatal myocardial infarction, and non-fatal cardiac arrest. 
Analyses were by intention to treat. This trial is registered with ClinicalTrials.gov, number NCT00182039.

Findings All 8351 patients were included in analyses; 8331 (99·8%) patients completed the 30-day follow-up. Fewer 
patients in the metoprolol group than in the placebo group reached the primary endpoint (244 [5·8%] patients in the 
metoprolol group vs 290 [6·9%] in the placebo group; hazard ratio 0·84, 95% CI 0·70–0·99; p=0·0399). Fewer patients 
in the metoprolol group than in the placebo group had a myocardial infarction (176 [4·2%] vs 239 [5·7%] patients; 
0·73, 0·60–0·89; p=0·0017). However, there were more deaths in the metoprolol group than in the placebo group 
(129 [3·1%] vs 97 [2·3%] patients; 1·33, 1·03–1·74; p=0·0317). More patients in the metoprolol group than in the 
placebo group had a stroke (41 [1·0%] vs 19 [0·5%] patients; 2·17, 1·26–3·74; p=0·0053).

Interpretation Our results highlight the risk in assuming a perioperative !-blocker regimen has benefi t without 
substantial harm, and the importance and need for large randomised trials in the perioperative setting. Patients are 
unlikely to accept the risks associated with perioperative extended-release metoprolol. 

Funding Canadian Institutes of Health Research; Commonwealth Government of Australia’s National Health and 
Medical Research Council; Instituto de Salud Carlos III (Ministerio de Sanidad y Consumo), Spain; British Heart 
Foundation; AstraZeneca.

Introduction
Worldwide, about 100 million adults undergo non-cardiac 
surgery every year.1 Non-cardiac surgery is associated 
with major cardiovascular complications and over 
1 million patients are likely to have such a complication 
every year.2

Non-cardiac surgery causes a rise in catecholamine 
concentrations that results in an increase in heart rate, 
blood pressure, and free fatty acid concentrations, which 
in turn increases myocardial oxygen demand.2–4 ! blockers 
attenuate the e" ects of increased catecholamine levels 
and therefore could prevent perioperative cardiovascular 
complications.5,6 Small non-cardiac surgery trials 
suggested that ! blockers might reduce the occurrence of 
major cardiovascular events,7,8 although these trials had 
methodological limitations.9 Recent, moderate sized 
randomised controlled trials of perioperative ! blockers 
did not demonstrate benefi t.10,11 A meta-analysis of 
non-cardiac surgery randomised controlled trials 
suggested that ! blockers might prevent major 
cardiovascular events but increase the risk of hypotension 

and bradycardia.12 To further investigate the e" ects of 
perioperative !-blocker therapy, we undertook the 
PeriOperative ISchemic Evaluation (POISE) trial, a 
randomised controlled trial comparing the e" ect of 
extended-release metoprolol succinate with that of 
placebo on 30-day risk of major cardiovascular events in 
patients with, or at risk of, atherosclerotic disease who 
were undergoing non-cardiac surgery.

Methods
Patients
Recruitment for POISE took place between October, 2002, 
and July, 2007. Patients were eligible if they were 
undergoing non-cardiac surgery, were aged 45 years or 
older, had an expected length of hospital stay of at least 
24 h, and fulfi lled any one of the following criteria: history 
of coronary artery disease; peripheral vascular disease; 
stroke; hospitalisation for congestive heart failure within 
previous 3 years; undergoing major vascular surgery (ie, 
vascular surgery except arteriovenous shunt, vein 
stripping procedures, and carotid endarterectomies); or 
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any three of seven risk criteria (undergoing intrathoracic 
or intraperitoneal surgery, history of congestive heart 
failure, transient ischaemic attack, diabetes, serum 
creatinine >175 µmol/L, age >70 years, or undergoing 
emergent or urgent surgery).

Patients meeting any of the following criteria were 
excluded: heart rate under 50 beats per minute (bpm); 
second or third degree heart block; asthma; receiving a 
! blocker or their physician planned to start one 
perioperatively; prior adverse reaction to a ! blocker; 
coronary artery bypass graft surgery in the preceding 
5 years and no cardiac ischaemia since; low-risk surgical 
procedure (based on individual physician’s judgment); 
on verapamil; or previous enrolment in POISE.

All participating sites obtained ethical approval from 
institution ethics review boards before recruiting patients. 
All participants provided written informed consent.

Procedures
Details of the methods of this trial have been published 
previously.13 Briefl y, after obtaining written informed 
consent, patients were randomly assigned to treatment 
group via a 24-h computerised randomisation phone 
service using block randomisation stratifi ed by centre. 
Participants, health-care providers, data collectors, and 
outcome adjudicators were masked to treatment 
allocation but data analysts were not.

The study regimen was infl uenced by practicality (eg, 
starting the study drug 2–4 h before surgery) and trials 
that showed that extended-release metoprolol 200 mg 
daily had a more even reduction in exercise heart rate 
and systolic blood pressure than did atenolol 100 mg 
daily14 and better anti-anginal e" ects than metoprolol 
100 mg twice daily.15 Furthermore, the operations 
committee reviewed confi dential blinded safety data on 

the fi rst 10 000 patients included in COMMIT (a 
randomised controlled trial of 45 852 patients with acute 
myocardial infarction randomised to early intravenous 
metoprolol and starting on day 2 extended-release 
metoprolol 200 mg daily vs placebo).16

In POISE, patients received the fi rst dose of the study 
drug (ie, oral extended-release metoprolol 100 mg or 
matching placebo) 2–4 h before surgery. Study drug 
administration required a heart rate of 50 bpm or more 
and a systolic blood pressure of 100 mm Hg or greater; 
these haemodynamics were checked before each 
administration. If, at any time during the fi rst 6 h after 
surgery, heart rate was 80 bpm or more and systolic blood 
pressure was 100 mm Hg or higher, patients received 
their fi rst postoperative dose (extended-release metoprolol 
100 mg or matched placebo) orally. If the study drug was 
not given during the fi rst 6 h, patients received their fi rst 
postoperative dose at 6 h after surgery. 12 h after the fi rst 
postoperative dose, patients started taking oral 
extended-release metoprolol 200 mg or placebo every day 
for 30 days. If a patient’s heart rate was consistently 
below 45 bpm or their systolic blood pressure dropped 
below 100 mm Hg, study drug was withheld until their 
heart rate or systolic blood pressure recovered; the study 
drug was then restarted at 100 mg once daily. Patients 
whose heart rate was consistently 45–49 bpm and systolic 
blood pressure exceeded 100 mm Hg delayed taking the 
study drug for 12 h.

Patients who were unable to take medications orally 
received the study drug by slow or rapid intravenous 
infusion every 6 h until they could resume oral 
medications. The slow infusion consisted of 15 mg of the 
study drug in 25 mL normal saline infused over 60 min; 
heart rates and blood pressures were checked at 10, 30, 
and 60 min into the infusion. If a patient’s heart rate 
dropped below 50 bpm or systolic blood pressure dropped 
to below 100 mm Hg the infusion was stopped and 
subsequent infusions had 10 mg of study drug. The rapid 
intravenous infusion consisted of 5 mg of the study drug 
infused over 2 min and repeated—as long as 
haemodynamic criteria were met—every 5 min for a total 
of 15 mg. Investigators were allowed to select either the 
slow or rapid intravenous infusion for any participant 
who was unable to take medications orally.

An electrocardiograph (ECG) was recorded 6–12 h 
postoperatively and on the fi rst, second, and 30th days 
after surgery. We obtained a measurement of troponin or, 
if unavailable, a creatine kinase-MB measurement 6–12 h 
postoperatively and on the fi rst, second, and third days 
after surgery. These measurements were recorded on the 
case report forms and forwarded to the POISE project 
o#  ce. All measurements were reviewed centrally. If a 
patient’s biomarkers or cardiac enzymes were raised but 
a myocardial infarction case report form was not 
submitted, we asked the centre to review the case to 
ensure that a myocardial infarction was not missed. 
Centres were encouraged to obtain more frequent ECGs 

9298 randomised 

8 lost to follow-up 12 lost to follow-up 

474 excluded because of
         fraudulent data  

473 excluded because of
         fraudulent data  

4648 allocated extended- 
            release metoprolol

4650 allocated placebo 

4174 allocated metoprolol
            included in trial  

  4174 patients analysed by
              intention to treat
(4166 patients with
             complete 30-day
             follow-up data)

4177 allocated placebo
           included in trial  

  4177 patients analysed by
             intention to treat
(4165 patients with
            complete 30-day
            follow-up data)

Figure !: Trial profi le
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and cardiac biomarkers if they suspected a myocardial 
infarction.

The prespecifi ed primary outcome was a composite of 
cardiovascular death, non-fatal myocardial infarction, 
and non-fatal cardiac arrest at 30 days after randomisation. 
Individual secondary outcomes at 30 days are shown in 
webtable 1. Outcome adjudicators—clinicians blinded to 
treatment allocation—adjudicated whether a death was 
cardiovascular or non-cardiovascular, and whether a 
patient had a myocardial infarction, non-fatal cardiac 
arrest, or stroke; their decisions were used in the 
statistical analyses.

Monitoring in POISE consisted of central data 
consistency checks, statistical monitoring, and on-site 
monitoring. On-site monitoring occurred at all hospitals 
that recruited 40 or more participants and all sites that 
stood out on statistical monitoring. For the on-site 
monitoring, the study statistician randomly selected 
participants with and without primary outcome events 
and independent monitors audited their hospital charts 
and all other supporting documents. The 560 POISE 
participants for whom on-site monitoring occurred came 
from 77 hospitals that collectively randomised 85% of all 
trial participants; 88% of the primary outcomes occurred 
at these hospitals. On-site monitoring, outside of the 
special cases reported in webappendix 1, did not indicate 
any major discrepancies between the submitted data and 
the audit fi ndings.

Statistical analysis
Assuming an event rate in the control group of 6% for our 
primary outcome, we calculated that 8000 randomised 
patients would provide 85% power and 10 000 patients 
92% power to detect a relative risk reduction of 25% 
(two-sided !=0·05).13 We set a goal to randomise 
10 000 patients, recognising that we would have adequate 
power if we randomised 8000 patients.13 Without knowledge 
of the trial results and knowing that we had randomised 
more than 8000 patients and had a higher than predicted 
event rate, the operations committee decided to terminate 
recruitment on July 31, 2007, mainly because the remaining 
study drug expired in September, 2007.

We analysed patients in the treatment group to which 
they were allocated—ie, on an intention-to-treat basis. 
Patients lost to follow-up without having the outcome 
of interest were censored on the last day their outcome 
status was known. All analyses used Cox proportional 
hazards models except for new clinically signifi cant 
atrial fi brillation, cardiac revascularisation, congestive 
heart failure, clinically signifi cant hypotension, and 
clinically signifi cant bradycardia, for which we used a 
"# test.

On the basis of a study that suggested perioperative 
$-blocker e%  cacy might vary across baseline risk,17 we 
prespecifi ed our primary subgroup analysis on the basis 
of the revised cardiac risk index scoring system.18 We also 
did prespecifi ed secondary subgroup analyses based on 

sex, type of surgery, and use of an epidural or spinal 
anaesthetic. For all subgroup analyses, we used Cox 
proportional hazard models that incorporated tests for 
interactions, designated to be signifi cant at p<0·05.

Metoprolol group 
(N=4174)

Placebo group
(N=4177)

Age (years) 68·9 (10·5) 69·1 (10·4)

Sex (female) 1549 (37·1%) 1509 (36·1%)

Preoperative heart rate (beats per minute) 77·6 (12·2) 78·1 (12·4)

Preoperative blood pressure (mm Hg) 138·7 (19·9)/78·3 (11·3) 138·7 (19·7)/78·5 (11·3)

Patients fulfi lling eligibility criteria

Coronary artery disease 1805 (43·3%) 1784 (42·7%)

Peripheral arterial disease 1731 (41·5%) 1680 (40·2%)

Stroke thought due to atherothrombotic disease 619 (14·8%) 644 (15·4%)

Hospitalisation for CHF within 3 years of 
randomisation

112 (2·7%) 108 (2·6%)

Undergoing major vascular surgery 1500 (36·0%) 1485 (35·6%)

Three of seven risk factors 765 (18·3%) 788 (18·9%)

Intrathoracic or intraperitoneal surgery 997 (23·9%) 1026 (24·6%)

Any history of congestive heart failure 260 (6·2%) 239 (5·7%)

Diabetes and currently on an oral hypoglycaemic 
agent or insulin

1217 (29·2%) 1210 (29·0%)

Preoperative serum creatinine >175 µmol/L 207 (5·0%) 194 (4·6%)

Age >70 years 2106 (50·5%) 2205 (52·8%)

History of a transient ischaemic attack 442 (10·6%) 440 (10·5%)

Emergent/urgent surgery 440 (10·5%) 438 (10·5%)

Other cardiovascular risk factors

History of hypertension 2635 (63·2%) 2627 (62·9%)

Current smoker 806 (19·3%) 793 (19·0%)

Pre-operative cardiac medications*

Aspirin 1517 (36·4%) 1494 (35·8%)

Low-molecular weight heparin or intravenous 
unfractionated heparin

388 (9·3%) 384 (9·2%)

ACE inhibitor or ARB 1849 (44·3%) 1868 (44·7%)

Statin 1335 (32·0%) 1342 (32·1%)

Diuretic 912 (21·9%) 852 (20·4%)

Calcium channel blocker 902 (21·6%) 937 (22·4%)

Surgery

Vascular 1749 (41·9%) 1716 (41·1%)

Intraperitoneal 887 (21·3%) 928 (22·2%)

Orthopaedic 873 (20·9%) 883 (21·1%)

Other 665 (15·9%) 650 (15·6%)

Anaesthesia/analgesia

General 1965 (47·1%) 1985 (47·5%)

Spinal 717 (17·2%) 696 (16·7%)

Lumbar epidural 460 (11·0%) 441 (10·6%)

General and thoracic epidural 377 (9·0%) 351 (8·4%)

General and lumbar epidural 140 (3·4%) 155 (3·7%)

Regional anaesthesia 139 (3·3%) 145 (3·5%)

Other 322 (7·7%) 333 (8·0%)

Data are mean (SD) or n (%).  ACE=angiotensin-converting enzyme, ARB=angiotensin-receptor blocker. 
CHF=congestive heart failure. *Any use in 24 h before surgery except for aspirin which only required any use in the 
7 days before surgery.

Table !: Preoperative characteristics and type of surgery and anaesthesia or analgesia

See Online for webtable 1 and 
webappendix 1
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The independent external safety, e!  cacy, and 
monitoring committee planned to do three unblinded 
interim analyses and review adverse events after 
about 2500, 5000, and 7500 patients were randomised. 
The fi rst two interim analyses were completed but the 
operations committee and safety, e!  cacy, and monitoring 
committee jointly decided to forgo the third because the 
trial would complete recruitment shortly thereafter. For 
both interim analyses, the monitoring committee required 
surpassing of the following thresholds in at least two 
consecutive analyses 3 months or more apart before 
making a recommendation to consider stopping the trial: 
for the primary outcome, four standard deviations, and 
for an adverse e" ect on mortality, three standard 
deviations of the hazard ratio.19,20 The #-level for the fi nal 
analyses remained #=0·05 in view of the infrequent 
interim analyses, their extremely low # levels, and their 
requirement for confi rmation with subsequent analyses. 

Statistical analyses were done with SAS version 9.1 for 
unix. Meta-analyses were done with Rev Man version 4.2.

Role of the funding source
The Population Health Research Institute, Hamilton 
Health Sciences, and McMaster University, Hamilton, 

Ontario, Canada coordinated the study, managed the 
data, and undertook analyses, under the supervision of 
the operations committee, who designed POISE. None 
of the funding sources had a role in the trial design, 
conduct, data collection, analyses, data interpretation, 
or writing of this manuscript. The sponsors were not 
involved in developing the analysis plan or in the 
analysis. The data analysis plan was prespecifi ed by the 
operations committee, who vouch for the data and 
analyses. The corresponding author had full access to 
all data in the trial. The writing committee had fi nal 
responsibility for the decision to submit for 
publication.

Results
Figure 1 shows the trial profi le. Concern was raised 
during central data consistency checks about 
752 participants at six hospitals in Iran coordinated by 
one centre and 195 participants associated with one 
research assistant in three of 11 hospitals in Colombia. 
On-site auditing of these hospitals and cases indicated 
that fraudulent activity had occurred. Before the trial was 
concluded, the operations committee—blinded to the 
trial results at these hospitals and overall—decided to 
exclude these data (webappendix 1).

The analyses presented here thus focus on 8351 patients 
from 190 hospitals in 23 countries (fi gure 1). The 30-day 
follow-up was complete for 8331 (99·8%) participants. 
Table 1 shows the preoperative characteristics, the type of 
surgery, and anesthaesia or analgesia used in the two 
groups. Atherosclerotic cardiovascular disease was 
common: 3444 [83%] patients in the metoprolol group 
and 3410 [82%] patients in the placebo group had a history 
of coronary artery disease, peripheral vascular disease, or 
stroke. During the 30-day follow-up period, we had to 
unblind patients or health-care providers to nine 
treatment allocations; in six of these cases unblinding 
occurred after the patient had experienced a primary 
outcome or a non-cardiovascular death. Table 2 shows 
adherence to study medications. Bradycardia or 
hypotension were the most common reasons for 
temporary discontinuations.

Signifi cantly fewer participants in the metoprolol group 
than in the placebo group experienced the primary 
endpoint (hazard ratio 0·84, 95% CI 0·70–0·99, 
p=0·0399; table 3). This benefi cial e" ect resulted from 
fewer myocardial infarctions in the metoprolol group 
than in the placebo group (0·73, 0·60–0·89, p=0·0017; 
table 3). Figure 2 shows the Kaplan-Meier estimates for 
the primary outcome and for myocardial infarction, the 
curves of which separated during the fi rst few days after 
surgery.

By contrast, more individuals in the metoprolol group 
than in the placebo group had a stroke (hazard ratio 2·17, 
95% CI 1·26–3·74, p=0·0053; table 3); the Kaplan-Meier 
estimates started separating on day 1 (fi gure 2).Of the 
60 strokes that occurred in the metoprolol group, 

Metoprolol group (N=4174) Placebo group (N=4177)

Took 100% of study drug 2919 (70%) 3193 (76%)

Took >80% of study drug 3162 (76%) 3255 (78%)

Temporary discontinuation of study drug 752 (18%) 495 (12%)

Due to bradycardia or hypotension 555 (13%) 274 (7%)

Data are n (%).

Table !: Adherence to study medication

Metoprolol 
group 
(n=4174)

Placebo 
group 
(n=4177)

Hazard ratio p value

Cardiovascular death, non-fatal myocardial 
infarction, or non-fatal cardiac arrest*

244 (5·8%) 290 (6·9%) 0·84 (0·70–0·99) 0·0399

Cardiovascular death 75 (1·8%) 58 (1·4%) 1·30 (0·92–1·83) 0·1368

Non-fatal myocardial infarction 152 (3·6%) 215 (5·1%) 0·70 (0·57–0·86) 0·0008

Non-fatal cardiac arrest 21 (0·5%) 19 (0·5%) 1·11 (0·60–2·06) 0·7436

Total mortality 129 (3·1%) 97 (2·3%) 1·33 (1·03–1·74) 0·0317

Myocardial infarction 176 (4·2%) 239 (5·7%) 0·73 (0·60–0·89) 0·0017

Cardiac revascularisation† 11 (0·3%) 27 (0·6%) 0·41 (0·20–0·82) 0·0123

Stroke 41 (1·0%) 19 (0·5%) 2·17 (1·26–3·74) 0·0053

Non-fatal stroke 27 (0·6%) 14 (0·3%) 1·94 (1·01–3·69) 0·0450

Congestive heart failure† 132 (3·2%) 116 (2·8%) 1·14 (0·89–1·46) 0·3005

New clinically signifi cant atrial fi brillation† 91 (2·2%) 120 (2·9%) 0·76 (0·58–0·99) 0·0435

Clinically signifi cant hypotension† 625 (15·0%) 404 (9·7%) 1·55 (1·38–1·74) <0·0001

Clinically signifi cant bradycardia† 277 (6·6%) 101 (2·4%) 2·74 (2·19–3·43) <0·0001

Non-cardiovascular death 54 (1·3%) 39 (0·9%) 1·39 (0·92–2·10) 0·1169

Data are n (%) or hazard ratio or relative risk (95% CI). *Some patients had more than one event. †Relative risks 
presented, rather than hazard ratios, since we did not collect the actual date patients experienced these events. 

Table ": E! ects of study treatment on primary and secondary outcomes at 30 days
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49 were ischaemic and three were haemorrhagic; the 
type of stroke was designated uncertain for the 
remaining eight cases.

More people receiving metoprolol died than did 
individuals receiving placebo (1·33, 1·03–1·74, p=0·0317; 
table 3); the Kaplan-Meier estimates started separating 
on day 10 (fi gure 2). Webtable 2 shows the causes of death 
as reported by investigators; the only reported cause of 
death for which there was a signifi cant di! erence between 
groups was sepsis or infection, which was more common 
among patients allocated to metoprolol.

Fewer patients in the metoprolol group than in the 
placebo group had a non-fatal myocardial infarction 
(hazard ratio 0·70, 95% CI 0·57–0·86; p=0·0008; table 3). 

More patients, however, had a non-fatal stroke in the 
metoprolol group than in the placebo group (1·94, 
1·01–3·69; p=0·0450; table 3). Less than half the 
patients who had a non-fatal myocardial infarction also 
had ischaemic symptoms (ie, chest, epigastric, arm, 
wrist, or jaw discomfort, shortness of breath; 
48 [31·6%] patients in the metoprolol group and 
82 [38·1%] in the placebo group). Less than a third of 
patients who had a non-fatal myocardial infarction also 
had congestive heart failure, coronary revascularisation, 
or went on to have a non-fatal cardiac arrest (table 4). 
Most patients who had a non-fatal stroke subsequently 
required help to perform everyday activities or were 
incapacitated (table 4).
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Figure !: Kaplan-Meier estimates of the primary outcome (A), myocardial infarction (B), stroke (C), and death (D)

See Online for webtable 2
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Fewer individuals in the metoprolol group had cardiac 
revascularisation or developed new clinically signifi cant 
atrial fi brillation than did those in the placebo group, but 
more receiving metoprolol had clinically signifi cant 
hypotension and bradycardia (table 3).

Median length of hospital stay was 8 (IQR 4–14) days in 
the metoprolol group and 8 (4–15) days in the placebo 
group (p=0·4046). The number of nights spent in an 
intensive or cardiac care unit was much the same in the 
two groups (0 nights: 71·1% in the metoprolol group vs 
71·4% in the placebo group; 1–2 nights: 18·7% vs 18·4%; 

3 nights or more: 10·2% vs 10·1%). At hospital discharge, 
participants who had received metoprolol had a lower 
mean heart rate than did placebo patients (71·6 [SD 12·0] 
vs 78·6 [11·8] bpm; p<0·0001); and patients in the 
metoprolol group had a lower mean systolic and diastolic 
blood pressure than did those in the placebo group 
(129·0 [18·9]/72·0 [11·1] vs 131·1 [18·2]/74·2 [11·1] 
mm Hg; p<0·0001 for both systolic and diastolic).

Figure 3 shows the results of our prespecifi ed subgroup 
analyses and indicates consistency of e! ects. Although 
not planned, based on our fi ndings related to mortality, 
myocardial infarction, and stroke, we repeated the 
subgroups analyses in fi gure 3 for these individual 
outcomes and also assessed whether there was a subgroup 
e! ect based on region (ie, Asia; Europe, Australia, New 
Zealand; North America; South America), whether on-site 
monitoring occurred, and based on the presence of 
atherosclerotic cardiovascular disease. None of these 
analyses showed a subgroup e! ect (data not shown). Our 
subgroup analyses were underpowered to detect the 
modest di! erences in subgroup e! ects that one might 
expect to detect if there was a true subgroup e! ect. 
Post-hoc multivariable analyses to investigate how 
extended release metoprolol could have increased the risk 
of death and stroke are shown in table 5 and webappendix 2. 
Clinically signifi cant hypotension had the largest 
population attributable risk for death and the largest 
intraoperative or postoperative risk for stroke.

Discussion
These data indicate that although perioperative 
extended-release metoprolol reduced the risk of 
myocardial infarction, cardiac revascularisation, and 
clinically signifi cant atrial fi brillation 30 days after 
randomisation compared with placebo, the drug also 
resulted in a signifi cant excess risk of death, stroke, and 
clinically signifi cant hypotension and bradycardia.

Although the exclusion of a number of randomised 
patients from our analyses because of fraudulent activities 
could be seen as a limitation, our on-site monitoring 
assessed the hospitals that collectively contributed 88% of 
the primary outcomes, and showed that the trial was 
rigorously done in all these hospitals. Further, subgroup 
analyses suggest there were no di! erences in e! ects 
across hospitals on the basis of whether or not on-site 
monitoring occurred. One should also note that all 
questionable data were excluded from all analyses, 
without knowledge of the results, when evidence of fraud 
was found. We disclosed this information to our external 
safety, e"  cacy, and monitoring committee and to all 
relevant authorities.

We did a number of meta-analyses of trials of 
perioperative # blockers including events within a 30-day 
follow-up period. In a meta-analysis of eight trials, 
including POISE,6,8,10,11,21–23 # blockers did not show a 
signifi cant e! ect on death (fi gure 4, webtable 3), but there 
was moderate heterogeneity that was explained by one 

Metoprolol 
group

Placebo 
group

Non-fatal myocardial infarction 152 215

Congestive heart failure† 30 (20%) 30 (14%)

Non-fatal cardiac arrest 7 (5%) 3 (1%)

Cardiac revascularisation† 9 (6%) 19 (9%)

Non-fatal stroke‡ 27 14

Full recovery 4 (15%) 3 (21%)

Persistent symptoms but no functional 
limitation

4 (15%) 1 (7%)

Functional impairment but patient can 
manage independently

4 (15%) 1 (7%)

Patient requires help to do everyday activities 8 (30%) 9 (64%)

Patient incapacitated 7 (26%) 0 (0%)

*If still alive 30 days after randomisation. †Actual date patients had these events 
not collection, therefore we cannot state with certainty if these events preceded 
the non-fatal myocardial infarction. ‡Outcome at 7 days or discharge, whichever 
was earlier, after stroke onset.

Table !: Outcomes for patients with a non-fatal myocardial infarction 
and non-fatal stroke*

Number of cardiac risk factors

Sex

Surgery

Anaesthesia

0
1
2
3
4+

Men
Women

Vascular
Orthopaedic
Intraperitoneal
Other

Epidural/spinal
Other

Interaction p value

0·1524

0·9324

0·3463

0·6093

HR (95% CI)

Secondary subgroups

Primary subgroup

0·5 1·0 1·5 2·0

//

//

*

†

Figure ": Subgroup analyses for the primary outcome
*Upper CI 2·51. †Upper CI 3·69.

See Online for webtable 3

See Online for webappendix 2
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trial with few events and an extreme result that led to early 
stopping.8 Exclusion of this trial from the meta-analysis 
suggests that the risk of death increases with ! blockers 
(relative risk 1·29, 95% CI 1·02–1·62; p=0·03; I"=0%). By 
contrast, a meta-analysis of the nine trials, again including 
POISE, in which at least one patient had a non-fatal 
myocardial infarction8,10,11,22,24–27 suggests that ! blockers 
reduce the risk of this outcome, but there was substantial 
heterogeneity. Analysis of the six trials, including POISE, 
that were blinded and not stopped early for an unexpected 
large treatment e# ect with few events resulted in 
essentially the same estimate of e# ect but no heterogeneity 
(0·73, 0·60–0·88; p=0·001; I"=0%).10,11,22,24,25 Patients in 
POISE and fi ve other trials had a non-fatal stroke within a 
30-day follow-up period.6,10,11,22,23 Meta-analysis of these trials 
indicates that perioperative ! blockers increase the risk of 
non-fatal stroke (2·19, 1·26–3·78; p=0·005; I"=0%).

Because the results of other trials with di# erent doses 
or alternate ! blockers are consistent with POISE, the 
e# ects of this group of drugs are unlikely to di# er across 
di# erent dosing regimens. Nonetheless, another 
! blocker or dosing regimen could possibly achieve 
di# erent results. Our results highlight the risk in 
assuming a perioperative !-blocker regimen has benefi t 
without substantial harm before the availability of a 
large randomised controlled trial establishing such 
fi ndings.

Our results suggest that for every 1000 patients with a 
similar risk profi le undergoing non-cardiac surgery, 
extended-release metoprolol would prevent 15 patients 
from having a myocardial infarction, three from 
undergoing cardiac revascularisation, and seven from 
developing new clinically signifi cant atrial fi brillation. 
The results also suggest that extended-release metoprolol 
would result in an excess of eight deaths, fi ve patients 
having a stroke, 53 experiencing clinically signifi cant 
hypotension, and 42 experiencing clinically signifi cant 
bradycardia for every 1000 treated.

Our post-hoc multivariate analyses suggest that 
clinically signifi cant hypotension, bradycardia, and stroke 
explain how ! blockers increased the risk of death in this 
trial. Sepsis or infection was the only cause of death that 
was signifi cantly more common among patients in the 
metoprolol group than in those in the placebo group. 
The hypotension that ! blockers caused could have 
predisposed patients to developing nosocomial 
infection.28,29 The prevention of tachycardia seen with 
! blockers could delay the recognition of sepsis and 
infection, therefore delaying treatment, which might 
increase the risk of death. Furthermore, patients receiving 
!-blocker therapy who develop sepsis or infection might 
not have the capacity to mount the required 
haemodynamic response to sustain life or allow adequate 
delivery of antibiotics to tissue. The same mechanism 
might explain how ! blockers had no e# ect on 30-day 
mortality but signifi cantly increased death due to shock 
in the COMMIT trial.16

0·10 1 2 4 8 16

Total mortality
Pre-POISE
POISE
Total

Non-fatal myocardial infarction
Pre-POISE
POISE
Total

Non-fatal stroke

p=0·10, I2=37%

p<0·0001, I2=31%

p=0·005, I2=0%

Pre-POISE
POISE
Total

! blocker

33/1080
129/4174
162/5254

25/958
152/4174
177/5132

12/972
27/4174
39/5146

Control

36/1070
97/4177

133/5247

42/919
215/4177
257/5096

3/967
14/4177
17/5144

Relative risk (99% CI)

0·89 (0·49–1·64)
1·33 (0·95–1·87)
1·21 (0·90–1·63)

0·58 (0·32–1·06)
0·71 (0·54–0·92)
0·69 (0·54–0·87)

2·98 (0·74–12·0)
1·93 (0·83–4·50)
2·19 (1·06–4·50)

Relative risk (99% CI)

Figure !: Meta-analysis of !-blocker trials in patients undergoing non-cardiac surgery

Adjusted odds 
ratio (95% CI)

Frequency of 
risk factor n (%)

PAR* (95% CI)

Death

Preoperative independent predictors

No use of statin in 24 h before surgery 1·73 (1·22–2·46) 5674 (67·9%) 33·7% (18·3–53·6)

Age !70 years 1·65 (1·20–2·26) 4387 (52·5%) 29·3% (16·2–47·0)

Emergent/urgent surgery 3·71 (2·68–5·14) 878 (10·5%) 24·4% (18·0–32·2)

Serum creatinine >175 µmol/L 2·67 (1·75–4·08) 401 (4·8%) 9·5% (5·4–16·0)

History of congestive heart failure 1·76 (1·14–2·72) 535 (6·4%) 6·0% (2·5–13·6)

Use of low-molecular-weight heparin in 
24 h before surgery

1·74 (1·14–2·68) 556 (6·7%) 5·9% (2·4–13·8)

Intraoperative and postoperative predictors

Clinically signifi cant hypotension 4·97 (3·62–6·81) 1029 (12·3%) 37·3% (29·5–45·8)

Myocardial infarction without ischaemic 
symptoms

3·45 (2·20–5·41) 271 (3·3%) 10·6% (6·4–17·0) 

Signifi cant bleeding 1·67 (1·14–2·44) 553 (6·6%) 9·4% (4·3–19·5)

Stroke 18·97 (9·93–36·25) 60 (0·7%) 8·0% (5·0–12·5)

Clinically signifi cant bradycardia 2·13 (1·37–3·32) 351 (4·2%) 7·9% (3·9–15·3)

Myocardial infarction with ischaemic 
symptoms

3·31 (1·78–6·15) 144 (1·7%) 4·2% (1·9–9·2)

Total explained ·· ·· 85·5% (78·8–90·4)

Stroke

Preoperative independent predictors

History of stroke or transient ischaemic 
attack

2·80 (1·66–4·73) 1759 (21·1%) 30·5% (17·1–48·2)

Use of clopidogrel or ticlopidine in 24 h 
before surgery

3·12 (1·43–6·77) 330 (4·0%) 9·1% (3·2–23·2)

Intraoperative and postoperative predictors

Clinically signifi cant hypotension 2·14 (1·15–3·96) 1029 (12·3%) 14·7% (5·2–35·4)

Signifi cant bleeding 2·18 (1·06–4·49) 553 (6·6%) 10·1% (3·0–28·5)

New clinically signifi cant atrial fi brillation 3·51 (1·45–8·52) 200 (2·4%) 6·9% (2·1–20·4)

Total explained ·· ·· 51·8% (37·1–66·2)

PAR=population attributable risk. *Proportion of all outcomes attributable to the relevant risk factor if causality were 
proven. We calculated PAR from a multivariate logisitic regression analysis and PAR estimates were calculated with 
IRAP (US National Cancer Institute, 2002).1

Table ": Independent predictors of death and stroke and their associated population attributable risks
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The results of POISE and of our meta-analysis provide 
evidence that perioperative ! blockers prevent non-fatal 
myocardial infarctions but increase the risk of non-fatal 
stroke. The consistency of the myocardial infarction and 
stroke results in the meta-analyses increases the 
plausibility of these fi ndings. Our post-hoc multivariate 
analyses suggest that hypotension is a potential 
mechanism through which ! blockers could increase the 
risk of stroke; however, identifi ed risk factors explain 
only half of the strokes.

After 7 days, or at hospital discharge, most patients 
who had a non-fatal stroke were left requiring help to do 
everyday activities or were incapacitated. By contrast, few 
patients who had a non-fatal myocardial infarction had 
ischaemic symptoms, probably because most myocardial 
infarctions occurred during the fi rst few days after 
surgery when patients were receiving analgesic 
medication.30 Furthermore, only a few patients who had 
a non-fatal myocardial infarction also had congestive 
heart failure, non-fatal cardiac arrest, or cardiac 
revascularisation.

For every 15 patients who participated in POISE, one 
had a cardiovascular death, non-fatal myocardial 
infarction, non-fatal cardiac arrest, or non-fatal stroke at 
30-day follow-up. In view of the large numbers of 
individuals undergoing surgery and the high risk of 
cardiovascular complications, more large trials are needed 
urgently. The results of this trial suggest that the addition 
of perioperative extended-release metoprolol has potential 
benefi ts and risks. Patients who would place three times 
more value on avoiding a perioperative stroke than on 
avoiding a myocardial infarction, or who are unwilling to 
accept a probable increase in mortality, are unlikely to 
want perioperative extended-release metoprolol. Current 
perioperative guidelines that recommend !-blocker 
therapy to patients undergoing non-cardiac surgery 
should reconsider their recommendations in light of 
these fi ndings.
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