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Abstract
Objective To determine the effect of perioperative � blocker
treatment in patients having non-cardiac surgery.
Design Systematic review and meta-analysis.
Data sources Seven search strategies, including searching two
bibliographic databases and hand searching seven medical
journals.
Study selection and outcomes We included randomised
controlled trials that evaluated � blocker treatment in patients
having non-cardiac surgery. Perioperative outcomes within 30
days of surgery included total mortality, cardiovascular
mortality, non-fatal myocardial infarction, non-fatal cardiac
arrest, non-fatal stroke, congestive heart failure, hypotension
needing treatment, bradycardia needing treatment, and
bronchospasm.
Results Twenty two trials that randomised a total of 2437
patients met the eligibility criteria. Perioperative � blockers did
not show any statistically significant beneficial effects on any of
the individual outcomes and the only nominally statistically
significant beneficial relative risk was 0.44 (95% confidence
interval 0.20 to 0.97, 99% confidence interval 0.16 to 1.24) for
the composite outcome of cardiovascular mortality, non-fatal
myocardial infarction, and non-fatal cardiac arrest. Methods
adapted from formal interim monitoring boundaries applied to
cumulative meta-analysis showed that the evidence failed, by a
considerable degree, to meet standards for forgoing additional
studies. The individual safety outcomes in patients treated with
perioperative � blockers showed a relative risk for bradycardia
needing treatment of 2.27 (95% CI 1.53 to 3.36, 99% CI 1.36 to
3.80) and a nominally statistically significant relative risk for
hypotension needing treatment of 1.27 (95% CI 1.04 to 1.56,
99% CI 0.97 to 1.66).
Conclusion The evidence that perioperative � blockers reduce
major cardiovascular events is encouraging but too unreliable
to allow definitive conclusions to be drawn.

Introduction
Non-cardiac surgery is associated with an increase in
catecholamines,1 which results in an increase in blood pressure,
heart rate, and free fatty acid concentrations.2–4 � blockers
suppress the effects of increased catecholamines and as a result
may prevent perioperative cardiovascular events.

Several authors and guideline committees have advocated
the use of � blockers for patients having non-cardiac surgery.5–8

The two authors of the American College of Physicians’
non-cardiac surgery perioperative guidelines inserted an adden-
dum, after the college had approved the guidelines, advocating
the use of perioperative atenolol in patients with coronary artery
disease.7 More recently, the American College of Cardiology/
American Heart Association task force on guidelines for
non-cardiac surgery recommended perioperative � blockers for
patients with preoperative stress test ischaemia having vascular
surgery (class I recommendation) and for patients with
established coronary artery disease, risk factors for coronary
artery disease, or untreated hypertension having non-cardiac
surgery (class IIa recommendation).8 Other authors have
questioned the robustness of the evidence for perioperative �
blockers and have advocated the need for a large definitive ran-
domised controlled trial.9 10

Accurate understanding of the strength of the evidence for
perioperative � blockers requires a systematic, comprehensive,
and unbiased accumulation of the available evidence and meth-
ods adapted from formal interim monitoring boundaries
applied to cumulative meta-analysis.11 We therefore undertook a
systematic review and meta-analysis to evaluate the effect of �
blockers on cardiovascular events in patients having non-cardiac
surgery.

Methods
Eligibility criteria
We included randomised controlled trials that evaluated the
effect of � blocker treatment in patients having non-cardiac sur-
gery. Randomised controlled trials were eligible regardless of
their publication status, language, or primary objectives. We
excluded trials in which no control group received a placebo or
standard care and those in which no relevant events occurred in
the treatment and control groups, as these trials provide no
information on the magnitude of treatment effects.12

Study identification
Strategies to identify studies included an electronic search of two
bibliographical databases (see appendix A on bmj.com); a hand
search of seven anaesthesia journals (appendix A); consultation

Appendices A and B are on bmj.com
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with experts; our own files; review of reference lists from eligible
trials; use of the “see related articles” feature for key publications
in PubMed (April 2003); and search of SciSearch (April 2003)
for publications that cited key publications.

Assessment of study eligibility
Two researchers independently evaluated study eligibility
(� = 0.96). The consensus process to resolve disagreements
required researchers to discuss the reasoning for their decisions;
in all cases, one person recognised an error.

Data collection and quality assessment
We abstracted descriptive data (such as type of surgery, patient
population) and markers of validity (such as concealment, blind-
ing) from all trials. We abstracted data on the following
perioperative outcomes: total mortality, cardiovascular mortality,
non-fatal myocardial infarction, non-fatal cardiac arrest,
non-fatal stroke, congestive heart failure, hypotension needing
treatment, bradycardia needing treatment, bronchospasm, and
the composite outcome of major perioperative cardiovascular
events (cardiovascular death, non-fatal myocardial infarction, or
non-fatal cardiac arrest). We defined perioperative outcomes as
outcomes that occurred within 30 days of surgery.

The definitions of outcomes were those used in the original
trials, except when a trial did not define or report one of our
main outcomes. We anticipated that three of our main outcomes
would not be defined or reported in all trials. We therefore
defined, a priori, cardiovascular death, bradycardia needing
treatment, and hypotension needing treatment (see appendix B
on bmj.com).

Teams of two researchers independently abstracted data
from all trials (� = 0.69-1.0). Disagreements were resolved by
consensus according to the process described above.

Statistical analysis
For each trial we calculated the relative risks of the outcomes for
patients receiving perioperative � blocker treatment compared
with patients receiving placebo or standard care. For each
relative risk we determined the conventional 95% confidence
limit and the 99% confidence limit. When (as with small trials
with few or a moderate number of events) statistical significance
depends on a difference of only a handful of events, the 99%
confidence interval may better convey our confidence in the esti-
mate of the treatment effect.

We did analyses on an intention to treat basis. We pooled
relative risks by using the DerSimonian and Laird random
effects model.13 We calculated an I2 value as a measure of hetero-
geneity for each outcome analysis. An I2 value represents the
percentage of total variation across trials that is due to heteroge-
neity rather than to chance, and we considered I2 < 25% as low
and I2 > 75% as high.14 Before the analyses we specified several
hypotheses related to the markers of trial validity, treatment
interventions, and duration of follow-up to explain potential het-
erogeneity (I2 > 25%). We entered data in duplicate and used
RevMan 4.2 (Cochrane Collaboration, Oxford) for all analyses.

Because no reason exists why the standards for a
meta-analysis should be less rigorous than those for a good sin-
gle randomised controlled trial, we used methods adapted from
formal interim monitoring boundaries applied to cumulative
meta-analysis to assess the reliability and conclusiveness of the
available evidence on perioperative � blockers,15 focusing on the
composite outcome of major perioperative cardiovascular
events. The sample size needed for a reliable and conclusive
meta-analysis is at least as large as that for a single optimally
powered randomised controlled trial, so we calculated the

sample size (optimal information size) requirement for our
meta-analysis. We did formal interim monitoring for meta-
analyses by using the optimal information size to help to
construct a Lan DeMets sequential monitoring boundary for our
meta-analysis,15 analogous to interim monitoring in a ran-
domised controlled trial. We used this monitoring boundary as a
way of determining whether the evidence in our meta-analysis
was reliable and conclusive.

Results
Included trials
We identified 22 randomised controlled trials published between
1980 and 2004 that fulfilled our eligibility criteria (fig 1).16–37 We
obtained data from or confirmed them with trialists from all
included trials. Table 1 summarises the design characteristics of
the included trials.16–37 The 22 trials randomised a total of 2437
patients, and the median sample size was 61 patients. The type of
non-cardiac surgery was unrestricted in eight trials. Treatment
interventions varied from brief intravenous � blocker just before
surgery to 30 day postoperative � blocker use. The duration of
follow-up was limited to the end of surgery in one trial and until
discharge from the recovery room in five trials.

Quality assessment
Most randomised controlled trials fulfilled our quality measures
(for example, all trials had complete patient follow-up). Table 2
reports the quality measures of the trials that failed to fulfil at
least one of our markers of validity.19 22 33 35 36

Effect of perioperative � blockers
Table 3 presents the results of the meta-analyses. Overall only a
moderate number of major perioperative cardiovascular events
occurred (18 cardiovascular deaths, 58 non-fatal myocardial inf-
arctions, and 7 non-fatal cardiac arrests).

Perioperative � blockers did not show any statistically signifi-
cant beneficial effects on any of the individual outcomes. Patients
in four trials had fatal events.31–33 37 Nine deaths (five cardiovascu-
lar) occurred among the 453 patients randomised to � blocker
treatment, compared with 19 deaths (13 cardiovascular) among
the 454 patients randomised to placebo or standard care
(relative risk 0.56, 95% confidence interval 0.14 to 2.31, 99%
confidence interval 0.09 to 3.60 for total mortality; 0.40, 0.14 to
1.15, 0.10 to 1.60 for cardiovascular mortality).

The individual safety outcomes in patients treated with peri-
operative � blockers showed a relative risk of 2.27 (1.53 to 3.36,
1.36 to 3.80) for bradycardia needing treatment (fig 2) and 1.27
(1.04 to 1.56, 0.97 to 1.66) for hypotension needing treatment.
Both these analyses showed low heterogeneity (I2 of 3% for
bradycardia needing treatment and 6% for hypotension needing
treatment).

Eight trials had patients who had a major perioperative car-
diovascular event (cardiovascular death, non-fatal myocardial
infarction, or non-fatal cardiac arrest) (fig 3).30–37 Twenty eight
major perioperative cardiovascular events occurred among the
589 patients randomised to � blocker treatment, compared with
55 among the 563 patients randomised to placebo or standard
care (relative risk 0.44, 0.20 to 0.97, 0.16 to 1.24). Moderate het-
erogeneity existed across the trial results (I2 = 42%).

Exploring heterogeneity
Our a priori hypothesis related to trial validity helped to explain
the heterogeneity. The three trials by Poldermans, Zaug, and
Urban did not fulfil all our quality measures (these trials were
stopped early after an interim analysis suggested a much larger
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Table 1 Design characteristics of randomised controlled trials included in systematic review

Trials Year of publication No randomised
Type of surgery and patient
population Intervention Length of follow-up

Coleman16 1980 42 Inpatient elective general non-cardiac
surgery

Metoprolol 2 mg or 4 mg, or placebo
injection just before anaesthesia

Discharge from hospital

Cucchiara17 1986 74 Inpatient carotid endarterectomy;
patients with an MI in the preceding
six months and CHF were excluded

Esmolol 500 �g/kg/min for 4 minutes
then 300 �g/kg/min for 8 minutes or
placebo infusion starting 5 minutes
before anaesthesia

End of surgery

Jakobsen18 1986 20 Inpatient middle ear or nasal septum
surgery; patients with evidence of
cardiopulmonary disease were
excluded

Oral metoprolol 50 mg or placebo the
day before surgery and metoprolol
100 mg or placebo 1.5-3 hours before
anaesthesia

Discharge from recovery room

Liu19 1986 30 Non-cardiac surgery (primarily
gynaecological); unclear if restricted
to inpatient surgery; patients were
ASA class I

Esmolol 500 �g/kg/min for 4 minutes
then 300 �g/kg/min for 8 minutes or
placebo infusion starting 5 minutes
before anaesthesia

Discharge from recovery room

Magnusson20 1986 30 Inpatient cholecystectomy or hernia
repair; patients had untreated
hypertension but no prior MI or CHF

Oral metoprolol 200 mg or placebo
daily for at least 2 weeks before
surgery and the morning of surgery,
and metoprolol 15 mg or placebo
injection just before anaesthesia

Discharge from hospital

Gibson21 1988 40 Inpatient neurosurgery; patients had a
≥20% increase in systolic blood
pressure above ward pressure on
emergence from anaesthesia

Esmolol 40 mg/min or placebo
infusion for 4 minutes just before
extubation and then esmolol 24
mg/min or placebo infusion for 10
minutes

Discharge from recovery room

Stone22 1988 128 Inpatient major non-cardiac surgery;
patients had untreated hypertension
but no CAD or CHF

Oral labetalol 100 mg, atenolol 50 mg,
oxprenolol 20 mg, or usual care 2
hours before surgery

Discharge from hospital

Mackenzie23 1989 100 Outpatient gynaecological surgery or
dental extractions

Oral timolol 10 mg or placebo 72
minutes before anaesthesia

Discharge from hospital

Inada24 1989 30 Inpatient elective non-cardiac surgery;
patients with CHF, unstable angina, or
ASA class IV were excluded

Labetalol 5 mg or 10 mg or placebo
injection 2 minutes before anaesthesia

Discharge from recovery room

Leslie25 1989 60 Inpatient elective non-cardiac surgery;
patients were ASA class I or II but no
prior MI or CHF

Labetalol 0.25, 0.5, 0.75, or 1 mg/kg
or placebo injection just before
surgery

Discharge from hospital

Jakobsen26 1990 98 Inpatient elective hysterectomy or
lower extremity orthopaedic surgery;
patients were ASA class I or II

Oral metoprolol (slow release) 100 mg
or placebo 1-3 hours before surgery

Discharge from hospital

Miller27 1990 45 Inpatient elective peripheral vascular
surgery; patients had known CAD or
≥2 risk factors but no history of CHF
or MI within six months of surgery

Esmolol 1.5 mg/kg or 3.0 mg/kg or
placebo injection just before
anaesthesia

Discharge from hospital

Miller28 1991 548 Inpatient elective non-cardiac surgery;
patients had no history of CHF or MI
within six months of surgery

Esmolol 100 mg or 200 mg or
placebo injection just before
anaesthesia

Discharge from recovery room

Davies29 1992 40 Inpatient carotid endarterectomy Oral atenolol 50 mg or placebo 2
hours before surgery

Day 4 post-surgery

Jakobsen30 1997 36 Inpatient elective thoracotomy for lung
resection; patients without
cardiovascular problems

Oral metoprolol 100 mg or placebo 90
minutes before surgery and once daily
thereafter until day 11 post-surgery or
discharge from hospital if sooner

Day 11 post-surgery or
discharge from hospital if
sooner

Wallace31 1998 200 Inpatient elective non-cardiac surgery;
patients with or at risk for CAD

Atenolol 5 mg (for HR≥55 bpm and
SBP≥100 mm Hg) or placebo injection
twice 30 minutes before surgery with
repeat dosing immediately after
surgery; daily thereafter the study
drug was given the same way twice a
day, or oral atenolol 100 mg (for
HR>65 bpm and SBP≥100 mm Hg) or
50 mg (for HR 55-65 bpm and
SBP≥100 mm Hg) or placebo on the
first postoperative morning and each
day until day 7 post-surgery or
discharge from hospital if sooner

Discharge from hospital

Bayliff32 1999 99 Inpatient major (non-cardiac) thoracic
surgery

Oral propranolol 10 mg or placebo
every 6 hours, starting before surgery
and continuing for 5 days
post-surgery

Discharge from hospital

Poldermans33 1999 112 Inpatient elective abdominal aortic or
infrainguinal arterial surgery; patients
had a cardiac risk factor and a
positive dobutamine echocardiography
study

Oral bisoprolol 5 mg daily for a least
a week before surgery and then 10
mg daily if HR>60 bpm; post-surgery
the study drug was continued for 30
days; patients unable to take drugs
orally were given metoprolol infusions
to keep HR below 80 bpm; control
group received standard perioperative
care

Day 30 post-surgery
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than predicted treatment effect or there was no blinding of
patients, healthcare providers, or data collectors) and their
pooled relative risk for major perioperative cardiovascular events
was 0.13 (0.04 to 0.38, 0.03 to 0.54) with I2 = 0%.33 35 36 The

remaining five high quality trials had a pooled relative risk for
major perioperative cardiovascular events of 0.82 (0.49 to 1.36,
0.42 to 1.59) with I2 = 0%.30–32 34 37

Reliability and conclusiveness of composite outcome result
To determine the optimal information size we assumed a 10%
control event rate (the control event rate in our meta-analysis for
the composite outcome) and a 25% relative risk reduction (the
average relative risk reduction among the � blocker myocardial
infarction trials38) with 80% power and a 0.01 two sided �. Our
calculations indicated that the optimal information size needed
to reliably detect a plausible treatment effect, for the composite
outcome of major perioperative cardiovascular events, is 6124
patients. Currently, 1152 patients have been randomised in the �
blocker randomised controlled trials with patients who have had
a major perioperative cardiovascular event. We used the optimal
information size to help to construct the Lan-DeMets sequential
monitoring boundary (fig 4). The sequential monitoring bound-
ary has not been crossed, indicating that the cumulative evidence
is unreliable and inconclusive.

Trials Year of publication No randomised Type of surgery and patient
population

Intervention Length of follow-up

Raby34 1999 26 Inpatient elective vascular surgery;
patients had ischaemia during
preoperative Holter monitor testing

Esmolol or placebo infusion adjusted
every hour to reduce HR below a
predetermined ischaemic threshold
starting immediately post-surgery and
continuing for 48 hours

Hour 49 post-surgery

Zaugg35 1999 63 Inpatient elective major non-cardiac
surgery; patients with CHF were
excluded

Group 1—control group received
standard perioperative care. Group
2—atenolol 5 mg (for HR>54 bpm
and SBP>99 mm Hg) injection twice
30 minutes before surgery, repeat
dosing immediately after surgery, and
twice daily thereafter for 72 hours.
Group 3—atenolol 5 mg injections
every 5 minutes during surgery to
maintain HR<80 bpm and MAP≤20%
of preoperative MAP

Discharge from hospital

Urban36 2000 120 Inpatient elective total knee
arthroplasty; patients had known or
probably CAD

Esmolol infusion started within first
hour after surgery and titrated to keep
HR<80 bpm until next morning, then
metoprolol 25 mg twice daily with
titration to keep HR<80 bpm; study
drug continued until discharge from
hospital; control group received
standard perioperative care

Discharge from hospital

Yang37 2004 496 Inpatient elective vascular surgery
(abdominal aortic, infrainguinal, or
extra-anatomical); patients were ASA
III or less and had no history of CHF

Oral metoprolol (50 mg for weight
<75 kg or 100 mg for weight ≥75 kg)
or placebo 2 hours before surgery;
repeat dosing 2 hours after surgery;
daily thereafter the study drug was
given the same way twice a day until
day 5 post-surgery or discharge from
hospital if sooner; patients unable to
take drugs orally were given
metoprolol infusions of 0.2 mg/kg (15
mg maximum) or placebo every 6
hours

Day 30 post-surgery

ASA=American Surgical Association classification; bpm=beats per minute; CAD=coronary artery disease; CHF=congestive heart failure; HR=heart rate; MAP=mean arterial pressure; MI=myocardial
infarction; SBP=systolic blood pressure.

Potentially relevant trials identified and evaluated for inclusion (n=4986)

Trials fulfilling eligibility criteria and included in systematic review (n=22)

Studies excluded (n=4964):
 Non-randomised design (n=4911)
 Patients having cardiac surgery (n=9)
 No placebo or standard care group (n=7)
 No relevant events in trial (n=23)
 Duplicate publication or substudy of an eligible trial (n=14)

Data extraction (duplicate extraction and consensus)

Contacting of authors to confirm or obtain data

Data entry and analysis

Fig 1 Flowchart of randomised controlled trials through the systematic review

Table 2 Quality measures of randomised controlled trials that failed to fulfil any one of the markers of validity

Trials Concealment of randomisation
Trial stopped
early Patients blinded Healthcare providers blinded

Data collectors
blinded

Outcome assessors
blinded

Liu19 No No Yes Yes Yes Yes

Stone22 Yes No No Yes Yes Yes

Poldermans33 Yes Yes No No No Yes

Zaugg35 Yes No No No Yes Yes

Urban36 Yes Yes No No, except anaesthesiologists Yes Yes
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Table 3 Effect of perioperative � blockers within the first 30 days after non-cardiac surgery

Outcome and trials � blocker groups Control groups Risk reduction 95% confidence interval 99% confidence interval I2

Total mortality

Wallace31 4/99 2/101 2.04 0.38 to 10.89 0.23 to 18.43

Bayliff32 2/49 1/50 2.04 0.19 to 21.79 0.09 to 45.85

Poldermans33 2/59 9/53 0.20 0.05 to 0.88 0.03 to 1.41

Yang37 1/246 7/250 0.15 0.02 to 1.17 0.01 to 2.26

Total 9/453 19/454 0.56 0.14 to 2.31 0.09 to 3.60 57%

Cardiovascular mortality

Wallace31 1/99 2/101 0.51 0.05 to 5.54 0.02 to 11.71

Bayliff32 2/49 1/50 2.04 0.19 to 21.79 0.09 to 45.85

Poldermans33 2/59 9/53 0.20 0.05 to 0.88 0.03 to 1.41

Yang37 0/246 1/250 0.34 0.01 to 8.27 0.01 to 22.59

Total 5/453 13/454 0.40 0.14 to 1.15 0.10 to 1.60 0%

Non-fatal myocardial infarction

Jakobsen30 1/18 0/18 3.00 0.13 to 69.09 0.05 to 185.13

Poldermans33 0/59 9/53 0.05 0.00 to 0.79 0.00 to 1.93

Raby34 0/15 1/11 0.25 0.01 to 5.62 0.00 to 14.93

Zaugg35 0/43 3/20 0.07 0.00 to 1.26 0.00 to 3.15

Urban36 1/60 3/60 0.33 0.04 to 3.11 0.02 to 6.29

Yang37 19/246 21/250 0.92 0.51 to 1.67 0.42 to 2.01

Total 21/441 37/412 0.38 0.11 to 1.29 0.08 to 1.88 45%

Non-fatal cardiac arrest

Wallace31 2/99 3/101 0.68 0.12 to 3.98 0.07 to 6.94

Bayliff32 0/49 2/50 0.20 0.01 to 4.14 0.00 to 10.67

Total 2/148 5/151 0.50 0.11 to 2.29 0.07 to 3.70 0%

Major perioperative
cardiovascular events*

Jakobsen30 1/18 0/18 3.00 0.13 to 69.09 0.05 to 185.13

Wallace31 3/99 5/101 0.61 0.15 to 2.49 0.10 to 3.88

Bayliff32 2/49 3/50 0.68 0.12 to 3.90 0.07 to 6.74

Poldermans33 2/59 18/53 0.10 0.02 to 0.41 0.02 to 0.64

Raby34 0/15 1/11 0.25 0.01 to 5.62 0.00 to 14.93

Zaugg35 0/43 3/20 0.07 0.00 to 1.26 0.00 to 3.15

Urban36 1/60 3/60 0.33 0.04 to 3.11 0.02 to 6.29

Yang37 19/246 22/250 0.88 0.49 to 1.58 0.41 to 1.90

Total 28/589 55/563 0.44 0.20 to 0.97 0.16 to 1.24 42%

Non-fatal stroke

Wallace31 4/99 1/101 4.08 0.46 to 35.87 0.23 to 71.02 NA

Congestive heart failure

Magnusson20 0/15 1/15 0.33 0.01 to 7.58 0.01 to 20.25

Jakobsen30 1/18 0/18 3.00 0.13 to 69.09 0.05 to 185.13

Wallace31 9/99 7/101 1.31 0.51 to 3.38 0.38 to 4.56

Bayliff32 8/49 4/50 2.04 0.66 to 6.34 0.46 to 9.05

Yang37 5/246 3/250 1.69 0.41 to 7.01 0.26 to 10.96

Total 23/427 15/434 1.54 0.83 to 2.87 0.68 to 3.48 0%

Hypotension needing treatment

Colman16 1/27 0/15 1.71 0.07 to 39.65 0.03 to 106.39

Cucchiara17 5/37 5/37 1.00 0.32 to 3.17 0.22 to 4.55

Gibson21 1/21 0/19 2.73 0.12 to 63.19 0.04 to 169.63

Stone22 12/89 2/39 2.63 0.62 to 11.20 0.39 to 17.65

Miller27 1/30 0/15 1.55 0.07 to 35.89 0.02 to 96.36

Miller28 39/368 19/180 1.00 0.60 to 1.69 0.51 to 1.98

Davies29 6/20 11/20 0.55 0.25 to 1.19 0.20 to 1.52

Wallace31 13/99 13/101 1.02 0.50 to 2.09 0.40 to 2.62

Bayliff32 24/49 13/50 1.88 1.09 to 3.26 0.92 to 3.87

Yang37 114/246 84/250 1.38 1.11 to 1.72 1.03 to 1.84

Total 216/986 147/726 1.27 1.04 to 1.56 0.97 to 1.66 6%

Bradycardia needing treatment

Cucchiara17 0/37 1/37 0.33 0.01 to 7.93 0.01 to 21.46

Liu19 0/16 1/14 0.29 0.01 to 6.69 0.00 to 17.86

Magnusson20 4/15 0/15 9.00 0.53 to 153.79 0.22 to 375.21

Stone22 10/89 0/39 9.33 0.56 to 155.41 0.23 to 376.09

McKenzie23 1/50 0/50 3.00 0.13 to 71.92 0.05 to 195.17

Jakobsen26 5/49 1/49 5.00 0.61 to 41.25 0.31 to 80.06

Davies29 12/20 8/20 1.50 0.79 to 2.86 0.64 to 3.50

Wallace31 2/99 1/101 2.04 0.19 to 22.14 0.09 to 46.84
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Discussion
Our results suggest that perioperative � blockers may decrease
the risk of major perioperative cardiovascular events but increase
the risk of bradycardia and hypotension needing treatment.
These results, however, are based on only a moderate number of
major perioperative cardiovascular events and patients with
bradycardia needing treatment. A total of 1152 patients were
randomised in the eight trials that had patients who had a major

perioperative cardiovascular event. This number of patients ran-
domised is much smaller than our calculated optimal
information size (6124 patients, based on the 10% event rate in
current trials) needed to reliably detect a plausible treatment
effect of � blocker treatment in patients having non-cardiac sur-
gery. Our use of methods adapted from formal interim monitor-
ing boundaries applied to cumulative meta-analysis showed that

Outcome and trials � blocker groups Control groups Risk reduction 95% confidence interval 99% confidence interval I2

Yang37 53/246 19/250 2.83 1.73 to 4.64 1.48 to 5.42

Total 87/621 31/575 2.27 1.53 to 3.36 1.36 to 3.80 3%

Bronchospasm

Cucchiara17 1/37 0/37 3.00 0.13 to 71.34 0.05 to 193.10

Jakobsen18 1/10 0/10 3.00 0.14 to 65.90 0.05 to 173.99

MacKenzie23 0/50 1/50 0.33 0.01 to 7.99 0.01 to 21.69

Inada24 1/20 1/10 0.50 0.03 to 7.19 0.02 to 16.62

Leslie25 1/40 2/20 0.25 0.02 to 2.59 0.01 to 5.41

Jakobsen26 1/49 1/49 1.00 0.06 to 15.54 0.03 to 36.80

Miller28 4/368 2/180 0.98 0.18 to 5.29 0.11 to 8.99

Jakobsen30 1/18 1/18 1.00 0.07 to 14.79 0.03 to 34.47

Wallace31 3/99 0/101 7.14 0.37 to 136.46 0.15 to 344.84

Bayliff32 12/49 16/50 0.77 0.41 to 1.45 0.33 to 1.77

Yang37 4/246 1/250 4.07 0.46 to 36.11 0.23 to 71.74

Total 29/986 25/775 0.91 0.55 to 1.50 0.47 to 1.75 0%

NA=not applicable.
*Composite outcome of cardiovascular death, non-fatal myocardial infarction, and non-fatal cardiac arrest.
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Total events: 87 (β blocker), 31 (control)

Test for heterogeneity: χ2=8.22, df=8, P=0.41, I 2=2.6%

Test for overall effect: z=4.10, P<0.0001
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the current evidence for perioperative � blocker is insufficient
and inconclusive.

Strengths and weaknesses
Our systematic review has several strengths. We did a
comprehensive search using seven strategies to identify
randomised controlled trials, conducted eligibility decisions and
data abstraction in duplicate and showed a high degree of agree-
ment, obtained data from or confirmed them with all trialists,
and evaluated the reliability and conclusiveness of the available
evidence on perioperative � blockers through a method adapted
from formal interim monitoring boundaries applied to cumula-
tive meta-analysis.

Our systematic review focuses only on short term outcomes
(within 30 days of surgery). It is possible that perioperative �
blockers affect long term cardiovascular outcomes. Of all the
randomised controlled trials we identified, only the trial by
Mangano et al evaluated the effect of perioperative � blocker
treatment on long term outcomes.39 This trial is the long term
follow-up component of the trial by Wallace et al that is included
in our review. The authors reported 30 deaths during the two
year follow-up among the 200 patients randomised to atenolol
or placebo for a maximum of seven postoperative days and a
greater than 50% reduction in the relative risk of death among
patients who received atenolol.39 These results, however, did not
include the six deaths that occurred during the period when
patients were receiving the study drug. When these events are
appropriately included in the intention to treat analysis the
reduction in the risk of death with atenolol is no longer statisti-
cally significant.10

Relation to other systematic reviews
A systematic review by Auerbach and Goldman and a systematic
review and meta-analysis by Stevens et al have evaluated the
effects of perioperative � blockers.40 41 The main difference
between our systematic reviews is that we included a lot more tri-
als and we used methods adapted from formal interim monitor-
ing boundaries applied to cumulative meta-analysis to
determine if the current evidence is reliable and conclusive.

Implications
Our systematic review provides encouraging evidence that peri-
operative � blockers may reduce the risk of major perioperative
cardiovascular events but increase the risk of bradycardia and
hypotension needing treatment in patients having non-cardiac
surgery. Using a subset of the evidence we identified, several
authors and the American College of Cardiology/American
Heart Association guidelines have recommended perioperative
� blocker treatment for varying groups of patients having
non-cardiac surgery.5–8 42 These recommendations warrant
cautious interpretation.

Firstly, only a moderate number of events occurred in the
perioperative � blocker trials (for example, 83 major periopera-
tive cardiovascular events). Secondly, the evidence on periopera-
tive � blockers from our meta-analyses suggests a large treatment
effect (56% relative risk reduction in major perioperative cardio-
vascular events). This treatment effect, however, is inconsistent
with the results of the � blocker trials in myocardial infarction
and congestive heart failure that have randomised more than
50 000 patients and have shown moderate treatment effects
(relative risk reductions of 15-35%).38 43–46 If perioperative �
blockers prevent major perioperative cardiovascular events, they
probably do so through suppressing adrenergic activity.
Therefore, large treatment effects are unlikely, because a
substantial number of perioperative cardiovascular pathogenic
mechanisms that � blockers do not affect remain (increased
platelet reactivity, plasminogen activator inhibitor I, factor VIII
related antigen levels, and inflammation; decreased anti-
thrombin III concentrations).47–50

Thirdly, the nominally statistically significant beneficial result
of decreased major perioperative cardiovascular events with �
blocker treatment showed moderate heterogeneity (I2 = 42%),
which weakens the reliability of this finding. Furthermore, the
relative risk estimate from the three trials with methodological
limitations (stopped early for unexpected large treatment effects
or failure to blind) was sixfold lower than that of the high quality
trials that failed to show a statistically significant result. This find-
ing is in contrast to the outcomes of bradycardia and
hypotension needing treatment, which showed low heterogene-
ity, strengthening the reliability of these findings.

Fourthly, for a meta-analysis to provide definitive evidence it
should fulfil at least the minimum standards expected of a well
designed, adequately powered, and rigorously conducted single
randomised controlled trial. In fact, the potential for additional
biases (such as publication bias), heterogeneity in various
features of the design and conduct of the included trials, and an
inflated type I error rate (due to multiple looks at the data as tri-
als are added) suggest that a higher level of scepticism is appro-
priate in interpreting a meta-analysis than a single randomised
controlled trial. The question of whether a meta-analysis is
definitive can be considered by using the logic of early stopping
for a randomised controlled trial. The analogy to early stopping
of a single trial would be a recommendation, on the basis of a
meta-analysis, to stop doing further trials. Using this logic, crite-
ria can be adduced for concluding that evidence is adequate to
recommend that no further studies are needed.

Our calculated optimal information size needed to reliably
detect a plausible treatment effect was 6124 patients, assuming a
10% event rate—with a lower event rate, which is more probable,
a higher optimal information size is needed. Our meta-analysis,
however, showed that the eight trials that had patients who had a
major perioperative cardiovascular event included only 20% of
this minimal sample size. Using the optimal information size we
constructed a sequential monitoring boundary, and the cumula-
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tive meta-analysis has not crossed this monitoring boundary. If
the data included in our meta-analysis were from a single
randomised controlled trial at an interim analysis, insufficient
evidence would exist to justify stopping the trial. The monitoring
boundary therefore indicates that the cumulative evidence is
inconclusive and further research is needed.

The evidence examined in our systematic review identifies
the need and provides the impetus for a large adequately
powered randomised controlled trial on perioperative � blockers
to definitively establish the benefits and risks of such treatment.
Such a trial, the perioperative ischemic evaluation (POISE) trial,
which plans to recruit 10 000 patients, was recently initiated and
has recruited more than 4000 patients in 18 countries to date.
Clear evidence establishing the role of � blockers in patients
having non-cardiac surgery awaits the results of such trials.
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