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ABSTRACT

Background

Randomized controlled trials (RCTs) have yielded conflicting results regarding the ability of beta-blockers to influence perioperative
cardiovascular morbidity and mortality. Thus routine prescription of these drugs in an unselected population remains a controversialissue.
A previous version of this review assessing the effectiveness of perioperative beta-blockers in cardiac and non-cardiac surgery was last
published in 2018. The previous review has now been split into two reviews according to type of surgery. This is an update, and assesses
the evidence in non-cardiac surgery only.

Objectives

To assess the effectiveness of perioperatively administered beta-blockers for the prevention of surgery-related mortality and morbidity in
adults undergoing non-cardiac surgery.

Search methods

We searched CENTRAL, MEDLINE, Embase, CINAHL, Biosis Previews and Conference Proceedings Citation Index-Science on 28 June 2019.
We searched clinical trials registers and grey literature, and conducted backward- and forward-citation searching of relevant articles.

Selection criteria

We included RCTs and quasi-randomized studies comparing beta-blockers with a control (placebo or standard care) administered during
the perioperative period to adults undergoing non-cardiac surgery. If studies included surgery with different types of anaesthesia, we
included them if 70% participants, or at least 100 participants, received general anaesthesia. We excluded studies in which all participants
in the standard care control group were given a pharmacological agent that was not given to participants in the intervention group, studies
in which all participants in the control group were given a beta-blocker, and studies in which beta-blockers were given with an additional
agent (e.g. magnesium). We excluded studies that did not measure or report review outcomes.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 1
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Data collection and analysis

Two review authors independently assessed studies for inclusion, extracted data, and assessed risks of bias. We assessed the certainty of
evidence with GRADE.

Main results

We included 83 RCTs with 14,967 participants; we found no quasi-randomized studies. All participants were undergoing non-cardiac
surgery, and types of surgery ranged from low to high risk. Types of beta-blockers were: propranolol, metoprolol, esmolol, landiolol,
nadolol, atenolol, labetalol, oxprenolol, and pindolol. In nine studies, beta-blockers were titrated according to heart rate or blood
pressure. Duration of administration varied between studies, as did the time at which drugs were administered; in most studies, it was
intraoperatively, but in 18 studies it was before surgery, in six postoperatively, one multi-arm study included groups of different timings,
and one study did not report timing of drug administration. Overall, we found that more than half of the studies did not sufficiently report
methods used for randomization. All studies in which the control was standard care were at high risk of performance bias because of
the open-label study design. Only two studies were prospectively registered with clinical trials registers, which limited the assessment of
reporting bias. In six studies, participants in the control group were given beta-blockers as rescue therapy during the study period.

The evidence for all-cause mortality at 30 days was uncertain; based on the risk of death in the control group of 25 per 1000, the effect
with beta-blockers was between two fewer and 13 more per 1000 (risk ratio (RR) 1.17, 95% confidence interval (Cl) 0.89 to 1.54; 16 studies,
11,446 participants; low-certainty evidence). Beta-blockers may reduce the incidence of myocardial infarction by 13 fewer incidences
per 1000 (RR 0.72, 95% ClI 0.60 to 0.87; 12 studies, 10,520 participants; low-certainty evidence). We found no evidence of a difference in
cerebrovascular events (RR 1.65,95% CI 0.97 to 2.81; 6 studies, 9460 participants; low-certainty evidence), or in ventricular arrhythmias (RR
0.72,95% Cl10.35to 1.47; 5 studies, 476 participants; very low-certainty evidence). Beta-blockers may reduce atrial fibrillation or flutter by 26
fewer incidences per 1000 (RR 0.41, 95% CI 0.21 to 0.79; 9 studies, 9080 participants; low-certainty evidence). However, beta-blockers may
increase bradycardia by 55 more incidences per 1000 (RR 2.49, 95% CI 1.74 to 3.56; 49 studies, 12,239 participants; low-certainty evidence),
and hypotension by 44 more per 1000 (RR 1.40, 95% CI 1.29 to 1.51; 49 studies, 12,304 participants; moderate-certainty evidence).

We downgraded the certainty of the evidence owing to study limitations; some studies had high risks of bias, and the effects were
sometimes altered when we excluded studies with a standard care control group (including only placebo-controlled trials showed an
increase in early mortality and cerebrovascular events with beta-blockers). We also downgraded for inconsistency; one large, well-
conducted, international study found a reduction in myocardial infarction, and an increase in cerebrovascular events and all-cause
mortality, when beta-blockers were used, but other studies showed no evidence of a difference. We could not explain the reason for the
inconsistency in the evidence for ventricular arrhythmias, and we also downgraded this outcome for imprecision because we found few
studies with few participants.

Authors' conclusions

The evidence for early all-cause mortality with perioperative beta-blockers was uncertain. We found no evidence of a difference in
cerebrovascular events or ventricular arrhythmias, and the certainty of the evidence for these outcomes was low and very low. We found
low-certainty evidence that beta-blockers may reduce atrial fibrillation and myocardial infarctions. However, beta-blockers may increase
bradycardia (low-certainty evidence) and probably increase hypotension (moderate-certainty evidence). Further evidence from large
placebo-controlled trials is likely to increase the certainty of these findings, and we recommend the assessment of impact on quality of life.
We found 18 studies awaiting classification; inclusion of these studies in future updates may also increase the certainty of the evidence.

PLAIN LANGUAGE SUMMARY

Beta-blockers to prevent death or serious events after surgery not involving the heart

This review assessed evidence from randomized controlled trials (RCTs) on whether beta-blockers reduce deaths or other serious events
when given to people undergoing surgery other than heart surgery. The findings for heart surgery are covered in another review.

Background

Surgery increases stress in the body, which responds by releasing the hormones adrenaline and noradrenaline. Stress from surgery can
lead to death or other serious events such as heart attacks, stroke, or an irregular heartbeat. For surgery that does not involve the heart,
an estimated 8% of people may have injury to their heart around the time of surgery. Beta-blockers are drugs that block the action of
adrenaline and noradrenaline on the heart. Beta-blockers can slow down the heart, and reduce blood pressure, and this may reduce the
risk of serious events. However, beta-blockers may lead to a very low heart rate or very low blood pressure which could increase the risk
of death or a stroke. Prevention of early complications after surgery is important, but using beta-blockers to prevent these complications
is controversial.

Study characteristics

The evidence is current to 28 June 2019. We included 83 RCTs with 14,967 adults who were undergoing different types of surgery other
than heart surgery. Eighteen studies are awaiting classification (because we did not have enough details to assess them), and three studies

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 2
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are ongoing. The types of beta-blockers used in the studies were: propranolol, metoprolol, esmolol, landiolol, nadolol, atenolol, labetalol,
oxprenolol, and pindolol. Studies compared these beta-blockers with either a placebo (disguised to look like a beta-blocker but containing
no medicine) or with standard care.

Key results

Beta-blockers may make little or no difference to the number of people who die within 30 days of surgery (16 studies, 11,446 participants;
low-certainty evidence), have a stroke (6 studies, 9460 participants; low-certainty evidence), or experience ventricular arrhythmias
(irregular heartbeat rhythms, starting in the main chambers of the heart, that are potentially life-threatening and may need immediate
medical treatment; 5 studies, 476 participants; very low-certainty evidence). We found that beta-blockers may reduce atrial fibrillation (an
irregular heartbeat, startingin the atrial chambers of the heart, thatincreases the risk of stroke if untreated; 9 studies, 9080 participants; low
certainty-evidence), and the number of people who have a heart attack (12 studies, 10,520 participants; low-certainty evidence). However,
taking beta-blockers may increase the number of people who experience a very low heart rate (49 studies, 12,239 participants; low-certainty
evidence), or very low blood pressure (49 studies, 12,304 participants; moderate-certainty evidence), around the time of surgery.

In a few studies, we also found little or no difference in the number of people who died after 30 days, who died because of a heart problem,
or had heart failure. We found no evidence of whether beta-blockers alter the length of time in hospital.

No studies assessed whether people who were given beta-blockers had a better quality of life after heart surgery.
Certainty of the evidence

The certainty of the evidence in this review was limited by including some studies that were at high risk of bias, and we noticed that some
of our findings were different if we only included placebo-controlled studies or studies that reported how participants were randomized.
We also found one large, well-conducted, international study that had different findings to the smaller studies. It showed a reduction in
heart attacks and an increase in stroke and all-cause mortality when beta-blockers were used, whilst the other studies did not show a clear
effect. We were also less certain of the findings for outcomes with few studies, such as for ventricular arrhythmias.

Conclusion

Although beta-blockers may make little or no difference to the number of people who die within 30 days, have a stroke, or have ventricular
arrhythmias, they may reduce atrial fibrillation and heart attacks. Taking beta-blockers may increase the number of people with a very low
heart rate or very low blood pressure around the time of surgery. Further evidence from large, placebo-controlled trials is likely to increase
the certainty of these findings, and we recommend the assessment of impact on quality of life.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Perioperative beta-blockers compared to placebo or standard care for preventing surgery-related
mortality and morbidity in adults undergoing non-cardiac surgery

Perioperative beta-blockers compared to placebo or standard care for preventing mortality and morbidity in adults undergoing non-cardiac surgery

Population: adults undergoing non-cardiac surgery under general anaesthesia (to include: low-risk, medium-risk, and high-risk surgeries)

Setting: hospitals in: Argentina, Australia, Bangladesh, Brazil, Canada, China, Columbia, Cuba, Denmark, Egypt, Equador, El Salvador, Finland, France, Ghana, Greece, Hong
Kong, Hungary, India, Italy, Japan, South Korea, Malaysia, Mexico, Nepal, New Zealand, Norway, Peru, Singapore, Spain, Sweden, Switzerland, Thailand, Taiwan, Turkey, UK,
USA

Intervention: beta-blockers (to include: propranolol, metoprolol, esmolol, landiolol, nadolol, atenolol, labetalol, oxprenolol, and pindolol)

Comparison: placebo or standard care

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Number of partici- Certainty of the
(95% Cl) pants evidence
Risk with placebo  Risk with beta-block- (studies) (GRADE)
or standard care ers
Early all-cause mortality Study population RR1.17 11,446 SPOO
o (0.89to 1.54) (16 studies)
(within 30 days) 25 per 1000 29 per 1000 Low?
(22 to 38)
Acute myocardial infarction Study population RR0.72 10,520 BPOO
o (0.60 to 0.87) (12 studies)
(within 30 days) 48 per 1000 35 per 1000 Low?
Cerebrovascular events Study population RR 1.65 9460 SPOO
o (6 studies)
(within 30 days) 5 per 1000 8 per 1000 (0.97t0 2.81) Low¢
(5to 14)
Ventricular arrhythmias Study population RR0.72 476 BOOO
o (0.35t0 1.47) (5 studies)
(within 30 days) 101 per 1000 73 per 1000 Very lowd
(35 to 149)
Atrial fibrillation or atrial flutter, or both Study population RR0.41 9080 ®B00
o (0.21t0 0.79) (9 studies)
(within 30 days) 44 per 1000 18 per 1000 Lows
(9 t0 35) NNTB: 39 (29 to 108)
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Bradycardia Study population RR2.49 12,239 P00
(1.74 to 3.56) (49 studies)

(within 30 days; as defined by study authors, 37 per 1000 92 per 1000 Lowf

minimum heart rate < 60 beats per minute or (65 to 132) NNTH: 18 (11 to 37)

requiring medication)

Hypotension Study population RR 1.40 12,304 Tl I0)
(1.29to 1.51) (49 studies)

(within 30 days; as defined by study authors, 110 per 1000 154 per 1000 Moderateg

minimum systolic blood pressure <90 mmHg (142 to 166) NNTH: 23 (18 to 31)

or requiring medication)

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; RR: risk ratio; NNTB: number needed to treat for an additional beneficial outcome; NNTH: number needed to treat for an additional harmful out-
come

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aWe downgraded by two levels: one for study limitations because we assessed 10 studies to be at high risk of bias in at least one domain, and the effect estimate was not robust
when we excluded studies of poorer methodological standards in sensitivity analysis; and one for inconsistency because we noted that one large study demonstrated an increase
in mortality that was not replicated in the remaining smaller studies.

bwe downgraded by two levels: one level for study limitations because we assessed eight studies to be at high risk of bias in at least one domain; and one level for inconsistency
because we noted that one large study demonstrated a protective effect that was not replicated in the remaining smaller studies.

We downgraded by two levels. We downgraded by one level for inconsistency because we noted differences in the effect between studies; in particular, one large study

demonstrated an increase in cerebrovascular events that was not replicated in the remaining smaller studies. We also downgraded by one level for study limitations; the effect
estimate was not robust when we excluded studies with poorer methodological standards in sensitivity analysis.

dwe downgraded by three levels: one level for imprecision because the evidence was from too few participants and few single centre studies, one level for inconsistency because
we noted a moderate level of statistical heterogeneity that we were unable to explain, and one level for study limitations because we judged several studies to be at high or
unclear risk of bias.

eWe downgraded by two levels: one level owing to inconsistency because we were unable to effectively assess or explain the substantial statistical heterogeneity that we noted

for this outcome, and one level for study limitations because the effect estimate was not robust when we excluded studies with poorer methodological standards in sensitivity
analysis.

fwe downgraded by two levels: one level for study limitations because we assessed several studies to be at high or unclear risk of bias, and one level for inconsistency owing to

substantial statistical heterogeneity that we were unable to explain from subgroup analyses.

8We downgraded by one level for study limitations because we assessed several studies to be at high or unclear risk of bias.
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BACKGROUND

Description of the condition

Cardiovascular mortality and morbidity are prevalent and costly
in people undergoing cardiac and non-cardiac surgery. Worldwide,
major perioperative complications are responsible for a third
of deaths during the perioperative period (Devereaux 2015).
Complications include myocardial infarction and myocardial injury
(Sellers 2018), and in non-cardiac surgery, up to 8% of patients may
show signs of myocardial injury during the perioperative period
(VISION 2014). Postoperative arrhythmias, such as atrial fibrillation,
occur in 3% of people (Sellers 2018). Prevention of postoperative
complications remains a major issue (Jargensen 2018).

Description of the intervention

There are various pharmacological agents that may be used to
protect people undergoing surgery against adverse cardiovascular
events (Lewis 2018), and alpha-2 adrenergic agents have also been
evaluated for their use perioperatively (Duncan 2018). In addition,
the choice of anaesthetic drugs and techniques can also affect
cardiovascular outcomes (Hristovska 2017).

This review, however, evaluates the effectiveness of beta-
adrenoceptor blocking agents, or beta-blockers, for this purpose.
These pharmacological agents block the actions of the
stress hormones epinephrine (adrenaline) and norepinephrine
(noradrenaline). They are typically used to manage abnormal
heart rhythms, heart failure, coronary heart disease, and their
effectiveness has been assessed for hypertension (Wiysonge 2017)
and for secondary prevention of stroke (De Lima 2014).

How the intervention might work

Cardiac adverse events appear to be related to the persistently
exaggerated sympathetic response that is associated with
substantial increases in heart rate and myocardial oxygen
consumption. Drugs that block beta-adrenergic receptors, and
thus the sympathetic response, are capable of preventing cardiac
complications in people with acute myocardial infarction, silent
ischaemia and heart failure (Jorgensen 2018). There is thus a
pharmacological rationale to support the use of beta-blockers in
the perioperative period (Oprea 2019).

Why it is important to do this review

Although several trials have provided encouraging findings
demonstrating a reduced perioperative incidence of death
from cardiac causes and non-fatal cardiovascular complications
(Mangano 1990; Wallace 1998), the routine administration of beta-
blocking agents in an unselected population before major surgery
is still discussed as a controversial topic, especially after the
results of the POISE trial were published (POISE 2008), which
demonstrated an increase of all-cause mortality and stroke with the
use of beta-blockers. Until recently, recommendations were largely
based on the results of four randomized trials (DECREASE-IV 2009;
POISE 2008; Poldermans 1999; Wallace 1998). After the DECREASE
(Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress
Echo) trial family, which showed beneficial effects of beta-blockers
on mortality and on prevention of myocardial infarction in the
perioperative setting, was discredited in 2011 (Bouri 2014; Chopra
2012), perioperative use of beta-blockers became once again a
matter of controversy.

The previous version of this review, which assessed the
effectiveness of beta-blockers in both cardiac and non-cardiac
surgery, excluded one retracted study but did not include an
updated search (Blessberger 2018). The previous version has now
been split into two reviews according to type of surgery. This is
an update, and incorporates new evidence in non-cardiac surgery
only. Evidence for cardiac surgery is reported in (Blessberger 2019).

OBJECTIVES

To assess the effectiveness of perioperatively administered beta-
blockers for the prevention of surgery-related mortality and
morbidity in adults undergoing non-cardiac surgery.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs) and quasi-
randomized studies in which investigators used methods to
allocate participants to groups such as hospital record number or
date of birth.

Types of participants

We included studies that assessed the effects of beta-blockers on
adults who were 18 years of age or older and who were undergoing
non-cardiac surgery under general anaesthesia. If studies included
surgery under different types of anaesthesia, we included the study
if more than 100 randomly assigned participants received general
anaesthesia, or if more than 70% of participants received general
anaesthesia.

We excluded trials investigating procedures that required local or
regional anaesthesia only.

Types of interventions

We included studies in which beta-adrenoceptor-blockers (beta-
blockers) were administered during the perioperative period; we
defined the perioperative period as 30 days before surgery to 30
days after surgery. Beta-blockers could be started before surgery,
during surgery or at the latest by the end of the first day after
surgery. Beta-blockers were given intravenously, orally or via a
feeding tube, and were compared with a control (placebo or
standard care). We excluded studies in which all participants in
the standard care control group were given a pharmacological
agent that was not given to participants in the intervention group;
similarly, we excluded studies in which all participants in the
control group were given a beta-blocker.

We excluded studies (or intervention groups within a multi-arm
study) in which the beta-blocker was given with a supplementary
agent (e.g. magnesium) unless the agent was given in both groups
as part of standard care management.

Types of outcome measures

We excluded studies that did not measure review outcomes (see
Differences between protocol and review). Except for long-term
all-cause mortality, length of hospital stay, and quality of life, we
aimed to collect outcome data that were measured within 30 days
postoperatively or before hospital discharge (whichever occurred
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later). We removed some outcomes in this update (see Differences
between protocol and review).

Primary outcomes

« Early all-cause mortality

Secondary outcomes

« Long-term all-cause mortality, occurring later than 30 days
postoperatively

« Death due to cardiac causes

« Acute myocardial infarction, as defined by study authors. We
included only non-fatal myocardial infarctions if a distinction
was possible.

« Cerebrovascular events: transient ischaemic attack, prolonged
reversible ischaemic neurological deficit, or stroke, as defined
by study authors. We included only non-fatal cerebrovascular
events if a distinction was possible.

« Ventricular arrhythmias:
ventricular fibrillation

« Atrial fibrillation or atrial flutter (or both)

« Bradycardia, as defined by study authors (minimum criteria:
below 60 beats per minute or requiring medical intervention)

« Hypotension, as defined by study authors (minimum criteria:
below 90 mmHg systolic blood pressure or requiring medical
intervention)

« Congestive heart failure, as defined by study authors

« Length of hospital stay

« Quality of life, as defined by study authors

ventricular  tachycardias and

Search methods for identification of studies
Electronic searches

We identified RCTs through literature searching with systematic
and sensitive search strategies, as outlined in Chapter 6.4 of
theCochrane Handbook for Systematic Reviews of Interventions
(Lefebvre 2011). We applied no restrictions to language or
publication status. We searched the following databases for
relevant trials:

« Cochrane Central Register of Controlled Trials (CENTRAL; 2019;
Issue 6) via the Cochrane Library (searched on 28 June 2019);

« MEDLINE (Ovid SP; 1946 to 28 June 2019);

« Embase (Ovid SP; 1974 to 28 June 2019);

o CINAHL (EBSCOhost: 1981 to 28 June 2019)

« Biosis Previews (1969 to 28 June 2019)

« Web of Science (SCI-EXPANDED; 1900 to 28 June 2019)

« Conference Proceedings Citation Index-Science (CPCI-S; 1990 to
28 June 2019)

In consultation with the Information Specialist for Cochrane
Anaesthesia, we developed a subject-specific and sensitive search
strategy in MEDLINE and other listed databases. We subtracted
the previous review's search results (up to and including 2012)
from the new search. Search strategies can be found in: Appendix
1; Appendix 2; Appendix 3; Appendix 4; Appendix 5; Appendix 6;
Appendix 7.

We scanned the following clinical trials registers for ongoing and
unpublished trials:

» World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp/en/) on 22 March 2019;

o ClinicalTrials.gov (www.clinicaltrials.gov) on 22 March 2019.

Searching other resources

We carried out forward-citation searching of identified included
studies published since 2012 in Web of Science on 22 March
2019 (apps.webofknowledge.com). We conducted a search of grey
literature using Opengrey on 5 April 2019 (www.opengrey.eu/). In
addition, we scanned reference lists of relevant systematic reviews
published since 2015.

Data collection and analysis

Two review authors (SL, and LF or MP) independently selected
studies and extracted data from new included studies. We
compared decisions at each stage. In cases of disagreement,
we reassessed the respective studies to reach consensus, and if
necessary included a third review author (HB) for resolution.

Selection of studies

We used reference management software to collate the results of
searches and to remove duplicates (Endnote). We used Covidence
2019 software to screen results of the search of titles and abstracts
and to identify potentially relevant studies. We sourced the full texts
of all potentially relevant studies and considered whether they met
the inclusion criteria (see Criteria for considering studies for this
review). We reviewed abstracts at this stage and included them in
the review only if they provided sufficient information and relevant
results that included denominator figures for the intervention and
control groups. We recorded the number of papers retrieved at each
stage and report this information using a PRISMA flow chart (see
Figure 1). We report in the review brief details of closely related but
excluded papers.

Data extraction and management

We used a data extraction form to collect information and
outcome data from studies (Appendix 8). We collected the following
information.

« Methods: type of study design, setting, dates of study, funding
sources and study author declarations of interest

« Participants: number randomized to each group; number of
losses; number analysed in each group and whether intention-
to-treat analysis was used; baseline characteristics (age, gender,
American Society of Anesthesiologists (ASA) grade of other
measure of health status, type of surgery, history of coronary
heart disease, myocardial infarction, hypertension, reduced
ejection fraction, chronic obstructive pulmonary disease,
preoperative use of beta-blockers).

« Intervention: details of beta-blocker (type; dose; time; duration;
route of administration; goal-directed or fixed-dose), and details
of control (placebo or standard care)

« Outcomes: data for all reported review outcomes, including
study author definitions, measurement tools, and time points.

We considered the applicability of information from individual
studies and generalizability of the data to our intended study
population (i.e. the potential for indirectness in our review).
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In multi-arm studies, we did not collect data on intervention agents
that were not eligible for inclusion in the review.

Assessment of risk of bias in included studies

We assessed study quality, study limitations, and the extent of
potential bias using the Cochrane 'Risk of bias' tool (Higgins 2017).
We considered the following domains.

« Sequence generation (selection bias);
« Allocation concealment (selection bias);

« Blinding of participants, personnel, and outcomes assessors
(performance and detection bias);

« Incomplete outcome data (attrition bias);
« Selective outcome reporting (reporting bias);
« Other potential risks of bias.

For each domain, two review authors (SRL, and MP or LF) judged
whether study authors made sufficient attempts to minimize bias
in their study design. We made judgements using three measures -
high, low, or unclear risk of bias. We recorded this in 'Risk of bias'
tables and present a 'Risk of bias' graph and a summary 'Risk of
bias' figure (see Figure 2 and Figure 3).

For other potential risks of bias, we considered the effect of beta-
blockers given as 'rescue therapy' to treat specified conditions. We
judged studies to have a high risk of other bias if administration of
such 'rescue therapy' had the potential to influence outcome data.

Measures of treatment effect

We collected dichotomous data for mortality outcomes,
acute myocardial infarction, cerebrovascular events, ventricular
arrhythmias, atrial fibrillation and atrial flutter, bradycardia,
hypotension, and congestive heart failure. We collected continuous
data for length of hospital stay.

We report dichotomous data as risk ratios (RRs) to compare groups,
and continuous data as mean differences (MDs). We report 95%
confidence intervals (Cl).

Unit of analysis issues

For multi-arm studies, which included different types of beta-
blockers or different doses of beta-blockers, we combined
dichotomous data to create a single beta-blocker group, and
we used these composite data in the primary analysis. During
subgroup analysis by type of beta-blocker, we included data
separately for each type of beta-blocker, and used the 'halving
method' with data in the control group to avoid a unit of analysis
error (Deeks 2017).

If multi-arm studies had included continuous data for length of stay,
we planned to calculate combined mean and standard deviation
values according to the formula provided in Chapter 7.7.3.8 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

Dealing with missing data

If information on both study group allocation and respective
outcomes was available, we re-included withdrawn participants in
keeping with the intention-to-treat principle. If information was
not available, we performed an available case analysis. We did not
perform imputation techniques.

We excluded continuous data that assessed length of stay, if a
range of dispersion (standard deviation or standard error) was not
provided along with mean values. When both measures of spread
(standard deviation and standard error) were presented, we used
the standard deviation as the measure of choice. We did not apply
imputation techniques.

We attempted contact with some study authors for additional
information; we report this information in the Notes section of the
Characteristics of included studies.

Assessment of heterogeneity

We assessed whether evidence of inconsistency was apparent
in our results by considering heterogeneity. We assessed clinical
and methodological heterogeneity by comparing similarities
in our included studies between study designs, participants,
interventions, and outcomes, and used the data collected from
the full-text reports (as stated in Data collection and analysis).
We explored clinical and methodological heterogeneity through
subgroup analysis. We assessed statistical heterogeneity by
calculating the ChI2 test or 12 statistic (Higgins 2003), and judged
any heterogeneity above an 12 statistic value of 40% and a Chi2 P
value of 0.05 or less to indicate moderate to substantial statistical
heterogeneity (Deeks 2017). We did not conduct meta-regression
to explore heterogeneity in this updated review (see Differences
between protocol and review).

As well as looking at statistical results, we considered point
estimates and overlap of Cls. If Cls overlap, then results are
more consistent. However, combined studies may show a large
consistent effect but with significant heterogeneity. We, therefore,
planned to interpret heterogeneity with caution (Guyatt 2011a).

Assessment of reporting biases

We attempted to source published protocols for each of our
included studies by using clinical trials registers. We planned
to compare published protocols with published study results, to
assess the risk of selective reporting bias. In addition, we appraised
reporting bias through visual assessment of funnel plots (Egger
1997). We only included figures of funnel plots in the review
in which we identified possible reporting bias based on visual
assessment.

Data synthesis

We presented a statistical summary of treatment effects in the
absence of significant clinical or methodological heterogeneity. We
used the statistical calculator in Review Manager 5 (RevMan 5) to
perform meta-analysis (Review Manager 2014).

For dichotomous outcomes, we used the Mantel-Haenszel random-
effects model to account for potential variability in participant
conditions between studies (Borenstein 2010). For continuous
outcomes, we used inverse variance using a random-effects model.

We calculated Cls at 95%, and used a P value of 0.05 or less to
judge whether a result was statistically significant; for statistically
significant results, we also reported the number needed to treat
for an additional beneficial outcome (NNTB) or the number
needed to treat for an additional harmful outcome (NNTH). We
considered imprecision in the results of analyses by assessing the
Cl around effect measures; a wide Cl would suggest a higher level
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of imprecision in our results. A small number of studies may also
reduce precision (Guyatt 2011b).

Subgroup analysis and investigation of heterogeneity

In subgroup analysis, we evaluated the following factors that may
influence the results.

o The effect of the start of beta-blocker therapy (i.e. before
surgery, during surgery, or after surgery)
« The type of beta-blocking agent

« The degree of surgical risk (low- and medium-risk procedures
versus high-risk procedures). We determined degree of risk
using Kristensen 2014 as a guide.

In multi-arm studies of more than one type of beta-blocking agent,
we compared each type of beta-blocker using the 'halving method'
for the control group data (Higgins 2011b); thus, we avoided a unit
of analysis error.

We planned to complete subgroup analysis in which we found more
than 10 studies (Deeks 2017), for the following outcomes.

« Early all-cause mortality

« Acute myocardial infarction

« Cerebrovascular events

« Ventricular arrhythmias

« Atrial fibrillation or atrial flutter, or both
« Bradycardia

« Hypotension

Sensitivity analysis

We explored the potential effect of decisions made as part of the
review process. In each sensitivity analysis, we compared the effect
estimate with the main analysis. We reported these effect estimates
only if they indicated a difference in interpretation of the effect. We
performed the following sensitivity analyses.

« We excluded studies in which the control group was standard
care rather than placebo.

« We excluded studies that we judged at high or unclear risk of
selection bias.

« We excluded studies that we judged to have high risk of attrition
bias because of missing data which were a loss of more than 10%
participants, were unbalanced between groups, or which were
unexplained.

In addition to sensitivity analyses reported in an earlier version
of the review (Blessberger 2018), we also used sensitivity analysis
to explore the potential effect of studies in which the control
group were given beta-blockers as a 'rescue therapy' The review
included several studies published before 2000, in which clinical
management may differ from current standards. We, therefore,
made a post-hoc decision to explore the potential effect of these
early studies on the outcomes; in sensitivity analysis, we excluded
studies published before 2000.

We calculated RRs using a random-effects model for all analyses
in the review. Although the random-effects model accounted for
potential variation in the population, this statistical tool did not
account for outcomes with rare events. In sensitivity analysis, we
evaluated the effect of outcomes with events fewer than 1% using
Peto odds ratio (Higgins 2011).

We assessed the effect of these potential biases on the following
outcomes.

« Early all-cause mortality

« Acute myocardial infarction

« Cerebrovascular events

« Ventricular arrhythmias

« Atrial fibrillation or flutter, or both
« Bradycardia

» Hypotension

'Summary of findings' table and GRADE

One review author (SL) used the GRADE system to assess the
certainty of the body of evidence and construct a 'Summary of
findings' table associated with the following outcomes (Guyatt
2008).

« Early all-cause mortality

« Acute myocardial infarction

» Cerebrovascular events

« Ventricular arrhythmias

« Atrial fibrillation or atrial flutter, or both
« Bradycardia

« Hypotension

The GRADE approach appraises the certainty of a body of evidence
based on the extent to which we can be confident that an estimate
of effect or association reflects the item being assessed. Evaluation
of the certainty of a body of evidence considers within-study risk
of bias, directness of the evidence, heterogeneity of the data,
precision of the effect estimates, and risk of publication bias. We
constructed a 'Summary of findings' table using GRADEpro GDT
software (gradepro.org).

We used the GRADE approach to appraise the certainty of the body
of evidence for the remaining outcomes, but we did not construct a
'Summary of findings' table for these outcomes.

RESULTS

Description of studies
Results of the search

After the removal of duplicates from the search results, we screened
5972 titles and abstracts for this update, which included forward-
and backward-citation searches, clinical trials registers and grey
literature. We sourced 312 full-text reports to assess eligibility. See
Figure 1.
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Figure 1. Study flow diagram for updated search on 28 June 2019
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Figure 1. (Continued)
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See Characteristics of included studies.

We included 83 RCTs with 14,967 participants (Ali 2015; Alkaya
2014; Aoyama 2016; Apipan 2010; Bayliff 1999; Bhattacharjee 2016;
Burns 1988; Ceker 2015; Chung 1992; Cucchiara 1986; DIPOM 2006;
Do 2012; El-Shmaa 2016; Gibson 1988; Goyagi 2005; Gupta 2011;
Harasawa 2006; Helfman 1991; Horikoshi 2017; Inada 1989; Inoue
2010; Jakobsen 1986; Jakobsen 1992; Jakobsen 1997; Jangra 2016;
Kao 2017; Kawaguchi 2010; Kindler 1996; Lai 2006; Lee 1994; Lee
2010;Lee2015;Lee2017;Lim 2000; Liu 1986; Liu 2006; Louizos 2007;
Magnusson 1986; Mallon 1990; Meftahuzzaman 2014; Menigaux
2002; Mikawa 1991; Miller 1990; Miller 1991; Miyazaki 2009; Moon
2011; Neary 2006; Ohri 1999; Ojima 2017; Oxorn 1990; Park 2009;
POBBLE 2005; POISE 2008; PRESAGE 2016; Raby 1999; Safwat 1984;
Shailaja 2013; Sharma 1996; Sharma 2018; Shrestha 2011; Shukla
2010; Singh 1995; Singh 2010; Singh 2012; Srivastava 2015; Stone
1988; Sugiura 2007; Tendulkar 2017; Ugur 2007; Unal 2008; Urias
2016; Van den Berg 1998; Verma 2018; Wajima 2011; Wallace 1998;
Ward-Booth 1983; White 2003; Whitehead 1980; Yamazaki 2005;
Yang 2006; Yang 2008; Yoshida 2017; Zaugg 1999). We found no
quasi-randomized studies. We included one study for which we
could only source the abstract and this limited the details of study
characteristics that we were able to extract (Urias 2016). We sourced
the full text of all remaining studies.

This review included 52 new non-cardiac surgery studies (Ali
2015; Alkaya 2014; Aoyama 2016; Bhattacharjee 2016; Ceker 2015;
Chung 1992; Do 2012; El-Shmaa 2016; Goyagi 2005; Harasawa 2006;
Helfman 1991; Horikoshi 2017; Inoue 2010; Jakobsen 1986; Jangra
2016; Kao 2017; Kindler 1996; Lee 1994; Lee 2015; Lee 2017; Lim
2000; Louizos 2007; Mallon 1990; Meftahuzzaman 2014; Menigaux
2002; Mikawa 1991; Miyazaki 2009; Ohri 1999; Ojima 2017; Park
2009; PRESAGE 2016; Safwat 1984; Shailaja 2013; Sharma 1996;
Sharma 2018; Shrestha 2011; Singh 1995; Singh 2010; Singh 2012,
Srivastava 2015; Sugiura 2007; Tendulkar 2017; Ugur 2007; Unal
2008; Urias 2016; Van den Berg 1998; Verma 2018; Wajima 2011,
Ward-Booth 1983; White 2003; Yamazaki 2005; Yoshida 2017). The
remaining studies were previously included in Blessberger 2018.

Study population

Participants were scheduled for the surgery, which we categorized
as high risk, medium risk, and low risk (Kristensen 2014). We
categorized studies in which study authors did not specify types of
surgery as medium risk.

Twenty-two studies included high-risk surgeries which were as
follows.

o Thoracic  surgery:  segmentectomy, lobectomy, or
pneumonectomy (Aoyama 2016); pneumectomy, lobectomy,
oesophagectomy (Bayliff 1999); oesophagectomy (Horikoshi
2017; Lai 2006; Ojima 2017; Yoshida 2017); thoracotomy for lung
resection (Jakobsen 1997); lung cancer surgery (PRESAGE 2016)

« Vascular surgery: infrarenal vascular surgery (POBBLE 2005);
aortic aneurysm repair, infrainguinal arterial bypass, carotid
endarterectomy (Raby 1999); abdominal aortic surgery,
infrainguinal or extra-anatomical revascularization (Yang 2006)

« Neurosurgery (Gibson 1988; Gupta 2011; Kawaguchi 2010;
Srivastava 2015); intracranial surgery (Lim 2000); craniotomy
(Alkaya 2014)

« Burnssurgery (Ali 2015)

« Mixed: intracranial or maxillofacial surgery (Harasawa 2006);
lung resection, oesophagectomy, gastrectomy (Liu 2006);
emergency surgery - gastrointestinal resection surgery,
major limb amputation, arterial reconstruction, orthopaedic
procedures (Neary 2006); major vascular, intra-abdominal,
orthopaedic, neurosurgical, and other (Wallace 1998)

Forty-eight studies included medium-risk surgeries, which were as
follows.

« Vascular surgery: carotid endarterectomy (Cucchiara 1986);
peripheral vascular surgery (Miller 1990)

« Abdominal surgery: major lower abdominal (Shukla 2010);
major abdominal (Yang 2008); laparoscopic cholecystectomy
(Bhattacharjee  2016; Urias  2016);  cholecystectomy,
herniorrhaphy (Magnusson 1986); laparoscopic appendectomy
(Lee 2010); lower and upper abdominal (Wajima 2011); non-
specified abdominal (Sharma 1996)

« Gynaecological surgery: general gynaecological (Burns 1988;
Chung 1992; Inoue 2010; Kindler 1996; Moon 2011; White 2003);
hysterectomy (Jakobsen 1992; Oxorn 1990); hysterectomy and
gynaecological surgery (Liu 1986);

« Lumbar disc surgery (Unal 2008);

« Nephrectomy (Verma 2018);

« Mixed: abdominal, peripheral, and vascular surgery (Stone
1988); major non-cardiac - orthopaedic, neurological, vascular,
gynaecological, thoracic, intra-abdominal and other operations
(DIPOM 2006); orthopaedic or gynaecological surgery (Miyazaki
2009); vascular, intraperitoneal, orthopaedic and other (POISE
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2008); major abdominal surgery, hip replacement, intrathoracic
surgery (Zaugg 1999); general to include open thyroid surgery,
endoscopic thyroidectomy, or orthopaedic surgery (Lee 2015);
cancer (stomach, large intestine, uterine, ovarian) or middle ear
infection (myringoplasty and tympanoplasty; Do 2012);

« Notspecified: Ceker 2015; El-Shmaa 2016; Goyagi 2005; Helfman
1991; Inada 1989; Lee 1994; Mallon 1990; Meftahuzzaman 2014;
Menigaux 2002; Mikawa 1991; Miller 1991; Ohri 1999; Safwat
1984; Shailaja 2013; Sharma 2018; Shrestha 2011; Singh 1995;
Singh 2010; Singh 2012; Tendulkar 2017; Ugur 2007; Yamazaki
2005.

Eleven studies included low-risk surgeries, which were as follows.

« Oral and maxillofacial surgery: orthognathic surgery (Apipan
2010); wisdom teeth removal (Whitehead 1980); dental surgery
(Lee 2017); oral surgery (Ward-Booth 1983)

« Ear, nose and throat: middle ear or nasal septum surgery
(Jakobsen 1986); endoscopic sinus surgery (Jangra 2016);
microlaryngeal surgery (Louizos 2007).

« Thyroidectomy (Park 2009)

« Cataract extraction (Van den Berg 1998)

« Minor breast surgery (Kao 2017)

« Not specified minor surgery (Sugiura 2007)

All trials included participants under general anaesthesia only,
except four studies, which included participants who received other
types of anaesthesia (DIPOM 2006; POISE 2008; Raby 1999; Yang
2006); at least 100 participants, or 70% of participantsin each group
received general anaesthesia. Study authors in these four trials did
not report subgroup data according to type of anaesthesia.

We collected data from study reports on additional risk factors for
included participants; we used information reported in the baseline
characteristics tables and in the study inclusion and exclusion
criteria. We summarized the most commonly reported factors in a
table (Appendix 9).

Thirty studies excluded participants who were taking beta-blockers
preoperatively (Alkaya 2014; Bayliff 1999; DIPOM 2006; Gibson 1988;
Horikoshi 2017; Inada 1989; Jangra 2016; Lai 2006; Lee 2015; Lim
2000; Liu 2006; Mallon 1990; Menigaux 2002; Miller 1990; Neary
2006; Oxorn 1990; POBBLE 2005; POISE 2008; PRESAGE 2016;
Safwat 1984; Sharma 2018; Singh 2010; Singh 2012; Srivastava
2015; Sugiura 2007; Unal 2008; Verma 2018; Yang 2006; Yang 2008;
Zaugg 1999). Whilst no studies specifically included participants
who were already taking beta-blockers, four studies reported in
baseline characteristics tables that at least some participants were
taking beta-blockers pre-operatively (Helfman 1991; Raby 1999;
Van den Berg 1998; Wallace 1998); the remaining studies did not
report this information.

Six studies included only participants who had hypertension (Ceker
2015; Magnusson 1986; Shailaja 2013; Sharma 1996; Stone 1988;
Sugiura 2007), whilst 12 studies excluded participants who had
a history of hypertension (Bhattacharjee 2016; Chung 1992; El-
Shmaa 2016; Goyagi 2005; Lee 2015; Liu 1986; Meftahuzzaman 2014;
Menigaux 2002; Sharma 2018; Singh 2012; Srivastava 2015; Verma
2018). Seventeen studies reported in baseline characteristics tables
that at least some participants had a history of hypertension (Bayliff
1999; DIPOM 2006; Gibson 1988; Helfman 1991; Horikoshi 2017;
Inada 1989; Kawaguchi 2010; Lai 2006; Lim 2000; Miller 1991; Ojima

2017; POISE 2008; PRESAGE 2016; Safwat 1984; Van den Berg 1998;
Wallace 1998; Zaugg 1999).

In addition, we noted that one study included only participants with
diabetes (DIPOM 2006), and one study included only participants
who were cigarette smokers (Louizos 2007). Four studies specified
inclusion of only elderly participants (Lai 2006; Liu 2006; Miyazaki
2009; Zaugg 1999), and one included only participants described as
middle-aged to elderly (Van den Berg 1998). However, because the
surgical population in this review was mixed, we noted that some
studies also typically included an elderly population.

Study setting

All studies were conducted in a hospital setting. Studies did not
always report whether they were conducted in a single centre
or in multiple centres. Six studies reported that they were multi-
centre studies (Cucchiara 1986; DIPOM 2006; Miller 1991; POBBLE
2005; POISE 2008; Yang 2006), and we assumed that the remaining
studies were all single-centre studies.

Interventions and comparisons

Twenty-two studies were multi-arm studies and included:

« more than one type of beta-blocker (Inoue 2010; Singh 2010;
Stone 1988);

« different doses of the same beta-blocker (Harasawa 2006; Inada
1989; Kindler 1996; Lee 1994; Lee 2017; Lim 2000; Louizos 2007;
Mallon 1990; Mikawa 1991; Miller 1990; Miller 1991; Oxorn 1990;
Sharma 1996; Sugiura 2007; Unal 2008; Yamazaki 2005);

« different groups according to whether participants had
hypertension (Miyazaki 2009);

« different timings of the intervention agent (Safwat 1984; Zaugg
1999).

Types of beta-blockers assessed were:

« propranolol versus a placebo (Apipan 2010; Bayliff 1999; Safwat
1984), or standard care (Ali 2015);

+ metoprolol versus a placebo (DIPOM 2006; Jakobsen 1986;
Jakobsen 1992; Jakobsen 1997; Magnusson 1986; POBBLE 2005;
POISE 2008; Urias 2016; Ward-Booth 1983; Whitehead 1980; Yang
2006), or standard care (Lai 2006; Liu 2006; PRESAGE 2016; Yang
2008);

« esmolol versus a placebo (Alkaya 2014; Bhattacharjee 2016;
Ceker 2015; Cucchiara 1986; Gibson 1988; Helfman 1991; Inoue
2010; Jangra 2016; Kao 2017; Kindler 1996; Lee 2010; Lee
2015; Lee 2017; Lim 2000; Liu 1986; Louizos 2007; Mallon
1990; Menigaux 2002; Miller 1990; Miller 1991; Moon 2011;
Oxorn 1990; Park 2009; Raby 1999; Shailaja 2013; Sharma 2018;
Shrestha 2011; Shukla 2010; Singh 1995; Singh 2010; Singh 2012;
Srivastava 2015; Ugur2007; Unal 2008; Van den Berg 1998; Verma
2018; White 2003), or standard care (Ohri 1999; Tendulkar 2017);

« landiolol versus a placebo (Aoyama 2016; Goyagi 2005;
Harasawa 2006; Horikoshi 2017; Inoue 2010; Miyazaki 2009;
Ojima 2017; Sugiura 2007; Wajima 2011; Yamazaki 2005; Yoshida
2017), or standard care (Kawaguchi 2010);

+ nadolol with a placebo (Burns 1988);

« atenolol with a placebo (Gupta 2011; Neary 2006; Wallace 1998),
or standard care (Stone 1988; Zaugg 1999);
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« labetolol with a placebo (Chung 1992; Do 2012; El-Shmaa 2016;
Inada 1989; Lee 1994; Meftahuzzaman 2014; Singh 2010), or
standard care (Stone 1988);

« oxprenolol with standard care (Stone 1988);
« pindolol with a placebo (Mikawa 1991).

In nine studies, beta-blockers were titrated according to heart
rate or blood pressure (Ali 2015; DIPOM 2006; Harasawa 2006;
Kawaguchi 2010; POBBLE 2005; Raby 1999; Wallace 1998; Yang
2008; Zaugg 1999). In the remaining studies, beta-blockers were
given at a fixed dose.

In 18 studies, administration was started before surgery, and we
defined this time point as any time up to 15 minutes before
the induction of anaesthesia (Ali 2015; Apipan 2010; Bayliff 1999;
Burns 1988; DIPOM 2006; Gupta 2011; Jakobsen 1986; Jakobsen
1992; Jakobsen 1997; Magnusson 1986; POBBLE 2005; POISE
2008; Shrestha 2011; Shukla 2010; Ward-Booth 1983; Whitehead
1980; Yang 2006; Yang 2008). In six studies, administration was
started after surgery (Harasawa 2006; Ojima 2017; Park 2009;
PRESAGE 2016; Raby 1999; Wallace 1998). Urias 2016 did not
report time of administration, and Zaugg 1999 was a multi-
arm study that included administration pre- and postoperatively
and administration intraoperatively. In the remaining studies,
administration was during surgery; we defined this time point as
startingimmediately before,and up to 15 minutes before, induction
of anaesthesia until emergence from anaesthesia. Duration of
administration varied across studies.

Outcomes

Allstudiesincluded at least one review outcome as this formed part
of the inclusion criteria for this review. However, we found that we
could not use outcome data in 15 studies because they had not
clearly reported data (Alkaya 2014; Chung 1992; Do 2012; Gibson
1988; Helfman 1991; Jakobsen 1986; Jangra 2016; Kindler 1996;
Oxorn 1990; Sharma 1996; Singh 2010; Van den Berg 1998; Verma
2018; Wajima 2011; White 2003). We reported numbers of studies
for each outcome in Effects of interventions.

Funding

We found that most studies did not report sources of support
or conflicts of interest. Seven studies reported support from
pharmaceutical companies (Inada 1989; Jakobsen 1986; Lee 2017;
Mallon 1990; Miller 1991; Raby 1999; Whitehead 1980). Twenty-four
studies reported departmental or other sources of funding, which
we assumed to be independent (Ali 2015; Bayliff 1999; Kao 2017,
Kawaguchi 2010; Liu 1986; Magnusson 1986; Menigaux 2002; Neary
2006; POBBLE 2005; Wajima 2011; Wallace 1998; White 2003; Yang
2006), or that they received no funding (Alkaya 2014; Bhattacharjee
2016; El-Shmaa 2016; Gupta 2011; Horikoshi 2017; Jangra 2016;
PRESAGE 2016; Sharma 2018; Singh 2010; Ugur 2007; Verma 2018).
Three studies declared support from both pharmaceutical and
independent sources (DIPOM 2006; Helfman 1991; POISE 2008).

Excluded studies

We excluded 239 articles following assessment of full texts (Figure
1). It was not practical to report the details of all 239 excluded
articles in the review, and therefore, we report the details of only
seven studies, which we consider to be most closely related to our
review criteria (Chae 1990; Ryder 1973; Sezai 2015; Taenaka 2013;
Tan 2002; Vucevic 1992; Zmora 2016).

In summary, the reasons for exclusion were because studies did
not measure or report review outcomes (152 studies); articles were
the wrong design (such as commentaries or editorials) or were
not RCTs (50 studies); studies had an ineligible population (13
studies), this included studies in which surgical procedures were
not conducted under general anaesthesia and one study in which
participants were as young as 10 years of age (Ryder 1973); studies
had an ineligible intervention or comparison (23 studies), this
includes studies that did not have a placebo or standard care group,
participants in the intervention group were given an additional
agent that was not a beta-blocker (Chae 1990; Tan 2002; Zmora
2016), all participants were given beta-blockers after surgery during
the study follow-up period (Sezai 2015), and administration was
started up to seven days after surgery (Taenaka 2013). One old
study did not report the number of participants in each group, and
contact author detail was insufficient (Vucevic 1992).

In addition, we re-evaluated studies included in the previous
version of the review (Blessberger 2018), and excluded three of
these: in one study, participants were undergoing a non-surgical
procedure (Sandler 1990); in one study, the control group included
an additional intervention (dobutamine echocardiography), which
was not equivalent to standard care practices in other control
groups (Marwick 2009); and in one study, a change to the review
outcomes meant that one study no longer measured or reported
review outcomes (Coleman 1980).

See Characteristics of excluded studies for the 10 cited studies.
This review does not include studies that were previously excluded;
details of previous exclusions can be found elsewhere (Blessberger
2014; Blessberger 2018).

Studies awaiting classification

We found 18 studies awaiting classification
(ACTRN12605000639628; ACTRN12615000889; Birbicer 2007;
Boussofara 2001; Boussofara 2004; Gong 1999; Hornamand 2017,
Inada 2002; Itani 2013; Joo 2010; Kajiura 2013; Kawano 2005;
NCT02466542; Tangoku 2016; UMIN000024040; Wang 1994; Wang
1999; Yuan 1994). Three studies were published only as abstracts,
with insufficient detail to assess eligibility (Itani 2013; Kajiura 2013;
Tangoku 2016), and we were unable to access the full text of
seven studies (Birbicer 2007; Boussofara 2001; Boussofara 2004;
Gong 1999; Inada 2002; Wang 1994; Yuan 1994). Four studies are
awaiting translation in order to assess study eligibility (Hornamand
2017; Joo 2010; Kawano 2005; Wang 1999). Four studies were
described as completed in a clinical trials register but results are
not yet published (ACTRN12605000639628; ACTRN12615000889;
NCT02466542; UMIN000024040). See Characteristics of studies
awaiting classification.

Ongoing studies

We found three ongoing studies (EUCTR2010-021844-17;
NCT01555554; NCT03138603). One study compares esmolol
with a placebo in people undergoing arterial vascular surgery
(EUCTR2010-021844-17), one compares propranolol with a placebo
given to veterans with post-traumatic stress disorder (PTSD), who
are scheduled for any type of surgical procedure under general
anaesthesia (NCT01555554), and one compares metoprolol with
a placebo in participants who have or are at risk of coronary
artery disease and are scheduled for major non-cardiac surgery
(NCT03138603). See Characteristics of ongoing studies.
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Risk of bias in included studies

See Characteristics of included studies, Figure 2 and Figure 3.

Figure 2. 'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages
across all included studies
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Figure 3. 'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study
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Figure 3. (Continued)
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Overall, we found 26.5% studies were at high risk of bias in at least
one domain.

Allocation

For random sequence generation, we found 36 studies that
reported sufficient methods to randomize participants to groups,
and we judged these studies to be at low risk of selection bias
(Aoyama 2016; Bhattacharjee 2016; Ceker 2015; DIPOM 2006; El-
Shmaa 2016; Gupta 2011; Helfman 1991; Horikoshi 2017; Jangra
2016; Kawaguchi 2010; Kindler 1996; Lee 2017; Mallon 1990;
Menigaux 2002; Miller 1990; Miller 1991; Miyazaki 2009; Neary 2006;
Ojima 2017; Park 2009; POBBLE 2005; POISE 2008; PRESAGE 2016;
Raby 1999; Shailaja 2013; Sharma 2018; Singh 1995; Singh 2010;
Srivastava 2015; Tendulkar 2017; Ugur 2007; Van den Berg 1998;
Verma 2018; Wajima 2011; Wallace 1998; Yang 2006). We judged
the risk of selection bias for random sequence generation in the
remaining studies to be unclear.

For allocation concealment, we judged 28 studies to be at low risk
of bias (Aoyama 2016; Bhattacharjee 2016; Ceker 2015; DIPOM 2006;
El-Shmaa 2016; Gupta 2011; Horikoshi 2017; Jangra 2016; Lee 2017;
Mallon 1990; Meftahuzzaman 2014; Miller 1990; Miller 1991; Moon
2011; Neary 2006; Ojima 2017; Park 2009; POBBLE 2005; POISE
2008; PRESAGE 2016; Raby 1999; Shailaja 2013; Sharma 2018; Singh
1995; Singh 2010; Van den Berg 1998; Wallace 1998; Yang 2006). We
judged the risk of selection bias for allocation concealment in the
remaining studies to be unclear, because of inadequate reporting.

Blinding

Some of the studies in this review compared a beta-blocker with
standard care, and because it was not feasible to blind personnel to
the intervention, we judged all studies with a standard care control
group to be at high risk of performance bias because of this open-
label study design (Ali 2015; Kawaguchi 2010; Lai 2006; Liu 2006;
Ohri 1999; PRESAGE 2016; Stone 1988; Tendulkar 2017; Yang 2008;
Zaugg 1999). In addition, we judged four placebo-controlled trials
to be at high risk of performance bias because personnel were
aware, or appeared to be aware, of group allocation (El-Shmaa
2016; Neary 2006; POBBLE 2005; Raby 1999). In 13 studies, study
authors reported insufficient information to ascertain whether
anaesthetists or clinicians were blinded and we judged risk of
performance bias in these studies to be unclear (Bhattacharjee
2016; Do 2012; Goyagi 2005; Harasawa 2006; Kao 2017; Lee 1994;
Lee 2010; Lim 2000; Safwat 1984; Shrestha 2011; Unal 2008;
Yamazaki 2005; Yoshida 2017). We judged the remaining studies to
be at low risk of bias.

Twenty-nine studies reported that outcome assessors were blinded
and we judged these studies to be at low risk of detection bias
(Apipan 2010; Burns 1988; Ceker 2015; DIPOM 2006; El-Shmaa 2016;

Gupta 2011; Kindler 1996; Jakobsen 1986; Lee 2015; Lee 2017;
Lim 2000; Menigaux 2002; Miyazaki 2009; Moon 2011; Neary 2006;
Ojima 2017; Oxorn 1990; Park 2009; POBBLE 2005; POISE 2008;
Raby 1999; Safwat 1984; Shailaja 2013; Sharma 2018; Sugiura 2007;
Ugur 2007; Wajima 2011; Ward-Booth 1983; Whitehead 1980). We
judged studies with a standard care control group to be at high
risk of detection bias if study authors did not describe whether
outcome assessors were blinded (Ali 2015; Kawaguchi 2010; Lai
2006; Liu 2006; Ohri 1999; PRESAGE 2016; Stone 1988; Tendulkar
2017; Yang 2008; Zaugg 1999). Study authors did not describe
whether outcome assessors were blinded in the remaining studies
and we judged the risk of bias to be unclear.

Incomplete outcome data

Most studies did not report losses, and therefore we assumed
that there were no losses and we used the numbers of
randomized participants to inform the assumed number of
analysed participants. In addition, most studies did not report
whetherthey used intention-to-treat (ITT) analysis and when losses
were reported and study authors did not state use of ITT analysis,
we assumed that study investigators used per-protocol analysis.

We judged five studies to have a high risk of attrition bias (Ali 2015;
Cucchiara 1986; DIPOM 2006; Kao 2017; Yang 2006); these studies
lost more than 10% of participants, or loss of participants was
imbalanced between groups. We judged the remaining studies to
have a low risk of attrition bias because study authors reported no
losses or losses were fewer than 10% and we did not expect the loss
to influence outcome data.

Selective reporting

Only two studies were prospectively registered with a clinical
trials register (Lee 2017; Ojima 2017). We judged Ojima 2017 to
be at low risk of reporting bias but, because the clinical trials
register documents listed primary and secondary outcomes that
were not consistent with the published study report, we judged
the risk of reporting bias in Lee 2017 to be unclear. Seven studies
reported clinical trial registration that was retrospective, and
therefore, we could not feasibly assess risk of bias from these
registration documents (DIPOM 2006; Horikoshi 2017; Kawaguchi
2010; Lee 2015; POBBLE 2005; POISE 2008; PRESAGE 2016). We
judged these, and all other studies, to have an unclear risk of
reporting bias because we could not assess this domain without
access to published protocols or prospectively registered clinical
trial documents.

Other potential sources of bias

Six studies reported use of beta-blockers as rescue therapy in
the control group (Gibson 1988; Louizos 2007; Ojima 2017; Raby
1999; Whitehead 1980; Yang 2006). We believed that this introduced
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considerable bias to the data and we judged all these studies to be
at high risk of bias.

Three studies had limited information in the report and it was
also not feasible to effectively assess risks of other bias in these
studies (Burns 1988; Urias 2016; Ward-Booth 1983). We used the
information reported in the English abstract and tables in one
study written in Korean and, similarly, we were unable to effectively
assess other risks of bias from this report (Lee 1994). We noted a
difference in the time of administration of two different blockers in
Singh 2010, which were either before or after tracheal intubation,
and we were uncertain whether this difference in study design
might have influenced outcome data. Study authors in Jangra
2016 highlighted differences between groups and we were similarly
uncertain whether this difference might influence outcome data.
We judged these six studies to be at unclear risk of bias. We did not
identify any other sources of bias in the remaining study reports.

Effects of interventions

See: Summary of findings for the main comparison Perioperative
beta-blockers compared to placebo or standard care for preventing
surgery-related mortality and morbidity in adults undergoing non-
cardiac surgery

Early all-cause mortality at 30 days

Sixteen studies reported mortality data (Ali 2015; Aoyama 2016;
Bayliff 1999; DIPOM 2006; Kawaguchi 2010; Lai 2006; Miller 1990;
Miller 1991; Neary 2006; Ojima 2017; POBBLE 2005; POISE 2008;
PRESAGE 2016; Wallace 1998; Yang 2006; Yang 2008). We noted that
six of these studies had no deaths in either group (Aoyama 2016; Lai
2006; Miller 1990; Miller 1991; Ojima 2017; PRESAGE 2016).

Based on the risk of death in the control group of 25 per 1000,
the effect with beta-agonists was between 2 fewer and 13 more
deaths per 1000 (risk ratio (RR) 1.17, 95% confidence interval (Cl)
0.89 to 1.54; 12 = 5%; 16 studies, 11,446 participants; low-certainty
evidence; Analysis 1.1). See Figure 4.

Figure 4. Forest plot of comparison 1. Beta-blockers vs control, outcome: 1.1 Early all-cause mortality
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We used GRADE to downgrade the certainty of the evidence for all-
cause mortality by two levels: one for study limitations because we
assessed 10 studies to be at high risk of bias in at least one domain,
and the effect estimate was not robust when we excluded studies
with poorer methodological standards in sensitivity analysis; and
one for inconsistency because from visual inspection of the data,
we noted that one large international study represented 63.2% of

Favours beta-blocker Favours control

the weighting and showed an increase in mortality when beta-
blockers were used, which was not replicated in the remaining
smaller studies. See Summary of findings for the main comparison.

From visual inspection of a funnel plot, we note the possibility of
publication bias for this outcome; however, we did not explore this
observation further (Figure 5).
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Figure 5. Funnel plot of comparison 1. Beta-blockers vs control, outcome: 1.1 Early all-cause mortality
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Long-term mortality despite a large sample size owing to one large international study
Five studies measured long-term mortality (DIPOM 2006; (97.1% weighting).

Kawaguchi2010; Neary 2006; Wallace 1998; Yang 2006). Time points
of measurement were at three months (Kawaguchi 2010), at six
months (DIPOM 2006; Yang 2006), and at two years (Neary 2006;
Wallace 1998). We were unable to include Yang 2006 in analysis
because data were not clearly reported.

We found little or no difference in long-term mortality according to
whether perioperative beta-blockers were administered (RR 0.82,
95% Cl 0.58 to 1.17; 12 = 20%; 5 studies, 1215 participants; low-
certainty evidence; Analysis 1.2). We used GRADE to downgrade
the certainty of the evidence by two levels: one level for study
limitations because we assessed three studies to be at high risk
of bias in at least one domain; and one level for imprecision
because, for this outcome, evidence was from few studies with few
participants.

Death due to cardiac causes

Three studies reported how many participants died because of
cardiac causes (POISE 2008; Wallace 1998; Yang 2006). We found
little or no difference in the number of deaths according to whether
perioperative beta-blockers were administered (RR 1.25, 95% CI
0.90 to 1.75; 12 = 0%; 3 studies, 9047 participants; low-certainty
evidence; Analysis 1.3). We used GRADE to downgrade the certainty
of the evidence by two levels; one level for study limitation because
we assessed one of the three studies to be at high risk of biasin one
domain; and one level for imprecision because studies were few,

Acute myocardial infarction

Twelve studies reported whether participants had a myocardial
infarction (DIPOM 2006; Jakobsen 1997; Lai 2006; Miller 1990;
POBBLE 2005; POISE 2008; Raby 1999; Stone 1988; Wallace 1998;
Yang 2006; Yang 2008; Zaugg 1999). Three of these studies reported
no events in either group (Lai 2006; Miller 1990; Stone 1988).

Beta-blockers may reduce the occurrence of myocardial infarctions
(RR0.72,95% C1 0.60 to 0.87; 12 =0%; 12 studies, 10,520 participants;
low-certainty evidence; Analysis 1.4); the number needed to treat
for an additional beneficial outcome (NNTB) was 74 (95% CI 52 to
160). We used GRADE to downgrade the certainty of the evidence
by two levels: one level for study limitations because we assessed
eight studies to be at high risk of bias in at least one domain;
and one level for inconsistency because from visual inspection of
the data, we noted that one large international study represented
87.9% weighting in the primary analysis and demonstrated a
protective effect of beta-blockers, which was not replicated in the
remaining smaller studies. See Summary of findings for the main
comparison.

Cerebrovascular events

Six studies reported cerebrovascular events (POBBLE 2005; POISE
2008; PRESAGE 2016; Wallace 1998; Yang 2006; Yang 2008).
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We found no evidence of a difference in cerebrovascular events
when beta-blockers were used (RR 1.65, 95% Cl 0.97 to 2.81; 12 =
0%; 6 studies, 9460 participants; low-certainty evidence; Analysis
1.5). We used GRADE to downgrade the certainty of the evidence
by one level for inconsistency. From visual inspection of the data,
we noted that one large international study showed an increase
in cerebrovascular events when beta-blockers were used, but this
effect was not replicated in the smaller studies and we found too
few studies in order to explore this difference effectively through
subgroup analysis. We also downgraded the evidence by one level
for study limitations; we found that the effect was not robust
when we excluded studies with poorer methodological standards
during sensitivity analyses. See Summary of findings for the main
comparison.

Ventricular arrhythmias

Five studies reported ventricular arrhythmias (Bayliff 1999;
Jakobsen 1997; Mallon 1990; POBBLE 2005; Wallace 1998).

We found no evidence of a difference to ventricular arrhythmias
when beta-blockers were used (RR 0.72, 95% Cl 0.35 to 1.47; 12
= 35%; 5 studies, 476 participants; very low-certainty evidence;
Analysis 1.6). We used GRADE to downgrade the certainty of the
evidence by three levels: one level for imprecision because the
evidence was from too few participants and few single-centre
studies; one level for inconsistency because we noted a moderate
level of statistical heterogeneity that we were unable to explain,
and one level for study limitations because we judged several
studies to be at high or unclear risk of bias. See Summary of findings
for the main comparison.

Atrial fibrillation or atrial flutter, or both

Nine studies reported atrial fibrillation or atrial flutter (Aoyama
2016; Bayliff 1999; Horikoshi 2017; Lai 2006; Ojima 2017; POISE
2008; PRESAGE 2016; Urias 2016; Yoshida 2017).

Beta-blockers may reduce atrial fibrillation (RR 0.41, 95% CI 0.21 to
0.79; 12 = 67%; 9 studies, 9080 participants; low-certainty evidence;
Analysis 1.7); the NNTB was 39 (95% Cl 29 to 108). We used GRADE
to downgrade the certainty of the evidence by one level owing to
inconsistency; we were unable to effectively assess or explain the
substantial statistical heterogeneity that we noted for this outcome.
We also downgraded one level for study limitations; the effect
estimate was not robust when we excluded studies with poorer
methodological standards in sensitivity analysis. See Summary of
findings for the main comparison.

Bradycardia

Sixty-five studies reported bradycardia (Ali 2015; Alkaya 2014;
Apipan 2010; Bayliff 1999; Bhattacharjee 2016; Burns 1988; Ceker
2015; Chung 1992; Cucchiara 1986; Do 2012; El-Shmaa 2016; Gibson
1988; Goyagi 2005; Gupta 2011; Harasawa 2006; Helfman 1991;
Horikoshi 2017; Inada 1989; Inoue 2010; Jakobsen 1986; Jakobsen
1992; Jakobsen 1997; Kao 2017; Kawaguchi 2010; Kindler 1996; Lee
1994; Lee 2015; Lee 2017; Lim 2000; Liu 1986; Liu 2006; Louizos 2007;
Magnusson 1986; Mallon 1990; Meftahuzzaman 2014; Menigaux
2002; Mikawa 1991; Miller 1991; Miyazaki 2009; Moon 2011; Neary
2006; Ojima 2017; Oxorn 1990; Park 2009; POBBLE 2005; POISE

2008; Safwat 1984; Shailaja 2013; Sharma 2018; Shrestha 2011;
Shukla 2010; Singh 2010; Srivastava 2015; Stone 1988; Tendulkar
2017; Ugur 2007; Van den Berg 1998; Verma 2018; Wajima 2011,
Wallace 1998; Ward-Booth 1983; Whitehead 1980; Yamazaki 2005;
Yang 2006; Yoshida 2017). Of these, four studies reported data
unclearly (Alkaya 2014; Jakobsen 1986; Oxorn 1990; Van den Berg
1998), and 12 studies did not clearly report whether bradycardia
was measured in all groups (Chung 1992; Do 2012; Gibson 1988;
Helfman 1991; Kindler 1996; Neary 2006; Shrestha 2011; Singh
2010; Tendulkar 2017; Verma 2018; Wajima 2011; Yoshida 2017);
we did not include these 16 studies in analysis. We note that 21
studies reported no events in either group (Ceker 2015; El-Shmaa
2016; Harasawa 2006; Horikoshi 2017; Inada 1989; Inoue 2010;
Jakobsen 1997; Kao 2017; Lee 1994; Lee 2015; Lee 2017; Louizos
2007; Menigaux 2002; Mikawa 1991; Moon 2011; Ojima 2017; Safwat
1984; Sharma 2018; Srivastava 2015; Ugur 2007; Yamazaki 2005).

Perioperative beta-blockers probably increase incidences of
bradycardia (RR 2.49, 95% Cl 1.74 to 3.56; 12 = 68%; 49 studies,
12,239 participants; low-certainty evidence; Analysis 1.8); the
number needed to treat for an additional harmful outcome (NNTH)
was 18 (95% CI 11 to 37). We used GRADE to downgrade the
certainty of the evidence for this outcome by one level for
inconsistency owing to substantial statistical heterogeneity which
we were unable to explain from subgroup analyses. We also
downgraded by one level for study limitations because we assessed
several studies to be at high or unclear risk of bias. See Summary of
findings for the main comparison.

Hypotension

Sixty-two studies reported hypotension (Ali 2015; Alkaya 2014;
Bayliff 1999; Bhattacharjee 2016; Ceker 2015; Chung 1992;
Cucchiara 1986; Do 2012; El-Shmaa 2016; Gibson 1988; Goyagi 2005;
Gupta 2011; Harasawa 2006; Helfman 1991; Horikoshi 2017; Inada
1989; Inoue 2010; Jakobsen 1992; Jakobsen 1997; Jangra 2016; Kao
2017; Kawaguchi 2010; Kindler 1996; Lee 1994; Lee 2015; Lee 2017;
Liu 1986; Louizos 2007; Magnusson 1986; Mallon 1990; Menigaux
2002; Mikawa 1991; Miller 1990; Miller 1991; Moon 2011; Neary 2006;
Ohri 1999; Ojima 2017; Oxorn 1990; Park 2009; POBBLE 2005; POISE
2008; PRESAGE 2016; Safwat 1984; Shailaja 2013; Sharma 1996;
Sharma 2018; Shrestha 2011; Shukla 2010; Singh 1995; Singh 2012;
Stone 1988; Sugiura 2007; Tendulkar 2017; Unal 2008; Verma 2018;
Wajima 2011; Wallace 1998; Whitehead 1980; Yamazaki 2005; Yang
2006; Yoshida 2017). Of these, two studies reported data unclearly
(Alkaya 2014; Oxorn 1990), and 11 studies did not clearly report
whether hypotension was measured in all groups (Chung 1992;
Do 2012; Gibson 1988; Helfman 1991; Jangra 2016; Kindler 1996;
Neary 2006; Sharma 1996; Verma 2018; Wajima 2011; Yoshida 2017);
we did not include these 13 studies in analysis. We note that 22
studies reported no events in either group (Goyagi 2005; Gupta
2011; El-Shmaa 2016; Harasawa 2006; Horikoshi 2017; Inada 1989;
Inoue 2010; Kao 2017; Lee 1994; Lee 2015; Lee 2017; Louizos 2007;
Menigaux 2002; Mikawa 1991; Moon 2011; Ojima 2017; Safwat 1984;
Sharma 2018; Shrestha 2011; Singh 2012; Tendulkar 2017; Yamazaki
2005).

Perioperative beta-blockers probably increase incidences of
hypotension (RR 1.40,95% Cl 1.29 to 1.51; 12 = 0%; 49 studies, 12,304
participants; moderate-certainty evidence; Analysis 1.9); the NNTH
was 23 (95% CI 18 to 31). See Figure 6.
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Figure 6. Forest plot of comparison: 1 Beta-blockers vs control, outcome: 1.9 Hypotension
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Footnotes
(1) Data taken from Mangano 1996 {an associated reference to Wallace 1993)

We used GRADE to downgrade the certainty of the evidence for ~ Congestive heart failure
hypotension by one level for study limitations because we assessed
several studies to be at high or unclear risk of bias. See Summary of
findings for the main comparison.

Six studies reported congestive heart failure (Bayliff 1999; Horikoshi
2017; Magnusson 1986; POISE 2008; Wallace 1998; Yang 2006). One
study reported no events in either group (Horikoshi 2017).
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We found little or no difference in the number of people who had
congestive heart failure according to whether perioperative beta-
blockers were administered (RR 1.18, 95% Cl 0.94 to 1.48; 12 = 0%j;
6 studies, 9212 participants; low-certainty evidence; Analysis 1.10).
We used GRADE to downgrade the certainty of the evidence by one
level owing to study limitations because we assessed some studies
to be at high risk of bias in at least one domain, and one level for
imprecision because studies were few, despite a large sample size
owing to one large international study (86.9% weighting).

Length of hospital stay

Seven studies reported length of hospital stay (Bayliff 1999;
Horikoshi 2017; Lee 2010; POBBLE 2005; POISE 2008; PRESAGE
2016; White 2003). We did not include three studies in analysis
because they did not report data using equivalent values (Bayliff
1999; POISE 2008; White 2003); study authors reported little or no
difference between groups.

In the remaining studies, we found little or no difference in hospital
length of stay according to whether perioperative beta-blockers
were administered (mean difference (MD) -1.21 days, 95% CI -2.75
to 0.33; 12 = 66%); 404 participants; very low-certainty evidence;
Analysis 1.11). We used GRADE to downgrade the certainty of the
evidence by three levels: one level for study limitation because we
assessed some studies to be at high risk of bias in at least one
domain; one level for imprecision because the evidence was from
few studies with few participants, and one level for inconsistency
because we noted a moderate level of statistical heterogeneity.

Quality of life

No studies reported outcome data for quality of life.

Subgroup analysis

We did not complete subgroup analysis for cerebrovascular events,
ventricular arrhythmias, and atrial fibrillation or flutter because we
found fewer than 10 studies for these outcomes.

Type of beta-blocker

Two studies were multi-arm studies with more than one type of
beta-blocker (Inoue 2010; Stone 1988); in subgroup analysis, we
divided the control group data evenly in order to avoid a unit of
analysis error.

o All-cause mortality: we found no evidence of a difference
between subgroups (P = 0.31, 12 = 17.1%; Analysis 2.1). Most
types of agent showed little or no difference in early all-cause
mortality, which was consistent with our primary analysis:
propranolol (RR 0.68, 95% CI 0.30 to 1.58; 12 = 0%; 2 studies,
168 participants); landiolol (RR 0.33, 95% Cl 0.04 to 3.01; 3
studies, 206 participants); and atenolol (RR 1.02, 95% Cl 0.35 to
2.98; 12 =9%; 2 studies, 238 participants). However, evidence for
metoprolol, which included the large multi-centre study POISE
2008, showed an increase in mortality with beta-blocker use (RR
1.31,95% CI 1.03 to 1.66; 12 = 0%); 7 studies, 10,241 participants).
Evidence for esmolol was from studies with no event data.

« Acute myocardial infarction: we found no evidence of a
difference between subgroups (P = 0.40, 12 = 0%; Analysis
2.2). Most studies compared metoprolol and analysis of this
subgroup was consistent with our primary analysis for acute
myocardial infarction (RR 0.73, 95% Cl 0.61 to 0.88; 12 = 0%;

7 studies, 10,062 participants). For oxprenolol and labetalol,
evidence was from a study with no events in either group (Stone
1988). For esmolol, only one study had event data with little
or no difference between groups (RR 0.25, 95% CI 0.01 to 5.62;
2 studies, 71 participants). For atenolol, only two studies had
event data with little or no difference between groups (RR 0.23,
95% Cl1 0.03 to 1.57; 12 = 9%; 3 studies, 302 participants).

« Bradycardia: we noted a difference between subgroups (P <
0.00001, 12 = 87.7%; Analysis 2.3). Analysis for four agents
was largely consistent with the primary analysis and showed
evidence of an increase in bradycardia in the beta-blocker
group: propranolol (RR 3.39, 95% CI 1.35 to 8.50; 12 = 0%; 4
studies, 268 participants); metoprolol (RR 2.87, 95% Cl 2.40
to 3.42; 0%; 9 studies, 9200 participants); atenolol (RR 2.76,
95% CI 1.66 to 4.61; 12 = 0%; 3 studies, 287 participants); and
labetalol (RR 8.13, 95% CI 1.10 to 60.07; 12 = 0%; 5 studies, 252
participants). Analysis of landiolol showed only slightly more
incidences of bradycardia in the beta-blocker group (RR 2.76,
95% Cl 0.98 to 7.75; I2 = 11%; 8 studies, 395 participants); we
noted that most studies in this subgroup reported zero event
data. Data for oxprenolol and nadolol were both from single
studies with little or no difference between groups for each
agent (RR 4.06, 95% Cl 0.23 to 70.46; 43 participants; and RR
0.94,95% CI 0.73 to 1.21; 86 participants, respectively), and data
for pindolol were from a single study with no events in either
group. Esmolol, which was the largest subgroup, showed little or
no difference in bradycardia according to whether beta-blockers
were administered (RR 1.29, 95% CI 0.60 to 2.75; 12 = 0%; 20
studies, 1678 participants).

« Hypotension: the test for subgroup differences showed no
difference (P = 0.51; 12 = 0%; Analysis 2.4). The two largest
groups of agents were consistent with the primary analysis:
metoprolol (RR 1.38, 95% Cl 1.24 to 1.55; 12 = 12%; 9 studies,
9354 participants); and esmolol (RR 1.78, 95% Cl 1.29 to 2.45;
I2 = 0%,; 23 studies, 1828 participants). In subgroup analysis
of the remaining agents, which had fewer studies, we found
little or no difference according to whether beta-blockers were
administered: propranolol (RR 1.36, 95% Cl 0.71 to 2.61; I2 =
63%; 3 studies, 208 participants); landiolol (RR 1.15, 95% CI
0.90 to 1.48; 12 = 0%; 8 studies, 362 participants; we noted
that only two of the seven landiolol studies had events);
atenolol (RR 1.20, 95% CI 0.61 to 2.38; 12 = 0%; 3 studies, 287
participants); oxprenolol (RR 2.26, 95% CI 0.12 to 44.02; 1 study;
43 participants), and labetalol (RR 3.14, 95% Cl 0.43 to 22.97; 4
studies, 192 participants). One study of pindolol had no events
in either group.

Start of beta-blocker therapy

One study included two intervention groups in which beta-blockers
were given pre- and postoperatively, and intraoperatively (Zaugg
1999); for subgroup analysis, we included only outcome data for the
group in which beta-blockers were given intraoperatively.

« All-cause mortality (30 days): we found no evidence of a
difference between subgroups (P = 0.36, 12 = 3.2%; Analysis
3.1). Each analysis by time of administration showed little
or no difference according to whether beta-blockers were
administered, which was consistent with our primary analysis:
before surgery (RR 1.17,95% CI 0.83 to 1.64; 12 = 12%; 7 studies,
10,135 participants); during surgery (RR0.56,95% C10.18 to 1.69;
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12 = 0%; 6 studies, 797 participants); and after surgery (RR 2.04,
95% Cl 0.38 to 10.89; 3 studies, 514 participants).

Acute myocardial infarction: we found no evidence of a
difference between subgroups (P = 0.43, 12 = 0%; Analysis 3.2).
Evidence for before surgery was from the largest group of studies
and this was consistent with the primary analysis (RR 0.73, 95%
Cl 0.61 to 0.88; 12 = 0%; 6 studies, 10,002 participants). Of four
studies in which beta-blockers were given during surgery, only
one study had outcome data with little or no difference between
groups (RR0.14,95% CI 0.01 to 2.47; 4 studies, 272 participants).
Although the effect for administration after surgery showed little
or no difference between groups, this analysis included only two
small studies (RR 0.39, 95% CI 0.06 to 2.60; 12 = 0%; 2 studies, 226
participants).

Bradycardia: we found no evidence of a difference between
subgroups (P = 0.59, 12 = 0%; Analysis 3.3). Analysis by time
of administration at each time point was consistent with our
primary analysis and showed an increase in bradycardia with
beta-blocker use: before surgery (RR 2.89, 95% CI 1.70 to 4.91;
12 = 84%; 13 studies, 9528 participants); during surgery (RR 1.98,
95% Cl 1.17 to 3.35; 12 = 14%; 32 studies, 2291 participants); and
after surgery (RR 2.59, 95% Cl 1.54 to 4.37; 12 = 0%; 4 studies, 420
participants).

Hypotension: we found no evidence of a difference between
subgroups (P = 0.99, 12 = 0%; Analysis 3.4). Analysis for
administration of beta-blockers at two of the time points
showed anincrease in hypotension with beta-blocker use, which
was consistent with our primary analysis: before surgery (RR
1.37,95% Cl 1.19 to 1.58; 12 =31%; 11 studies, 9354 participants);
and during surgery (RR 1.36, 95% Cl 1.12 to 1.65; 12 = 0%;
33 studies, 2312 participants). Analysis for administration after
surgery was from only four studies, with event data in three of
these studies; analysis showed little or no difference according
to whether beta-blockers were given postoperatively (RR 1.30,
95% Cl 0.65 to 2.58; 12 = 0%; 5 studies, 638 participants).

Surgical risk factors

All-cause mortality (30 days): we found no evidence of a
difference between subgroups (P =0.08, 12=67.2%; Analysis 4.1).
However, evidence in low- to medium-risk surgeries showed an
increase in mortality with beta-blockers (RR 1.32,95% Cl 1.04 to
1.68; 12 = 0%; 5 studies, 9967 participants). Only three studies of
low- or medium-risk surgery had outcome data in this analysis
and one was the large multi-centre study POISE 2008. For high-
risk surgery, we found little or no difference between groups (RR
0.75, 95% Cl 0.42 to 1.35; 12 = 0%; 11 studies, 1479 participants)
Acute myocardial infarction: whilst we found no evidence of a
difference between subgroups (P = 0.67, 12 = 0%; Analysis 4.2),
the effect for each subgroup differed from the primary analysis.
We noted little or no difference between groupsin the number of
myocardial infarctions for both low- to medium-risk surgery (RR
0.71, 95% Cl 0.47 to 1.07; 12 = 5%; 6 studies, 9606 participants)
and high-risk surgery (RR 0.82, 95% CI 0.49 to 1.37; 12 = 0%; 6
studies, 914 participants).

Bradycardia: we found no evidence of a difference between
subgroups (P =0.24, 12 =26.9%; Analysis 4.3). Subgroup analysis
according to surgical risk was consistent with the primary
analysis, showing an increase in bradycardia when beta-
blockers were used: in low- and medium-risk surgery (RR 2.19,

95% Cl1.28t0 3.74; 12=74%; 35 studies, 10,846 participants); and
high-risk surgery (RR3.13,95% CI 2.40 t0 4.07; 12 =0%; 14 studies,
1393 participants). The substantial statistical heterogeneity that
we noted in the primary analysis was between the studies
with the low- and medium-risk surgeries, rather than between
studies with high-risk surgeries.

Hypotension: whilst the test for subgroup differences showed a
statistically significant difference (P =0.003, 12 = 89.1%; Analysis
4.4), we noted that overall subgroup analysis according to each
surgical risk group was consistent with the primary analysis,
showing an increase in hypotension when beta-blockers were
used: in low- and medium-risk surgery (RR 1.57, 95% Cl 1.41
to 1.75; 12 = 0%; 36 studies, 10,789 participants); and high-risk
surgery (RR 1.24, 95% CI 1.11 to 1.38; 12 = 0%,; 13 studies; 1515
participants).

Sensitivity analysis

Standard care control

All-cause mortality (30 days): we excluded five studies from
analysis in which the control group comparison was standard
care (Ali 2015; Kawaguchi 2010; Lai 2006; PRESAGE 2016; Yang
2008). Including only placebo-controlled trials in this analysis,
we found that mortality was slightly increased when beta-
blockers were given (RR 1.30, 95% Cl 1.03 to 1.65; 12 = 0%);
11 studies, 10,945 participants); this differed from our primary
analysis in which we found little or no difference between
groups.

Acute myocardial infarction: we excluded four studies from
analysis in which the control group comparison was standard
care (Lai 2006; Stone 1988; Yang 2008; Zaugg 1999). This did not
alter interpretation of the effect for this outcome.
Cerebrovascular events: we excluded two studies from analysis
in which the control group comparison was standard care
(PRESAGE 2016; Yang 2008). Including only placebo-controlled
trials in this analysis, we found that cerebrovascular events
were increased with beta-blocker use (RR 1.89, 95% Cl 1.09 to
3.28; 12 = 0%; 4 studies, 9144 participants); this differed from
our primary analysis in which we found little or no difference
between groups.

Ventricular arrhythmias: the primary analysis included only
placebo-controlled trials.

Atrial fibrillation or atrial flutter, or both: we excluded two
studies from analysis in which the control group comparison
was standard care (Lai 2006; PRESAGE 2016). This did not alter
interpretation of the effect for this outcome.

Bradycardia: we excluded four studies from analysis in which
the control group comparison was standard care (Ali 2015;
Kawaguchi 2010; Liu 2006; Stone 1988). This did not alter
interpretation of the effect for this outcome.

Hypotension: we excluded seven studies from analysis in which
the control group comparison was standard care (Ali 2015;
Kawaguchi 2010; Liu 2006; Ohri 1999; PRESAGE 2016; Stone
1988; Tendulkar 2017). This did not alter interpretation of the
effect for this outcome.

Risk of selection bias

All-cause mortality (30 days): we excluded five studies with an
unclear risk of selection bias (Ali 2015; Bayliff 1999; Lai 2006;
Neary 2006; Yang 2008). Without these studies, analysis showed
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a slight increase in mortality when beta-blockers were used (RR
1.31,95%Cl 1.03 to 1.66; 12=0%; 11 studies, 11,078 participants).

Acute myocardial infarction: we excluded five studies with an
unclear risk of selection bias (Jakobsen 1997; Lai 2006; Stone
1988;Yang 2008; Zaugg 1999), This did not alter interpretation of
the effect for this outcome.

Cerebrovascular events: we excluded Yang 2008, which had
an unclear risk of selection bias. Without this study, analysis
showed a slight increase in cerebrovascular events when beta-
blockers were used (RR 1.77, 95% CI 1.03 to 3.03; 12 = 0%; 5
studies, 9358 participants).

Ventricular arrhythmias: we excluded two studies with an
unclear risk of selection bias (Bayliff 1999; Jakobsen 1997). This
did not alter interpretation of the effect for this outcome.

Atrial fibrillation or atrial flutter, or both: we excluded four
studies with an unclear risk of selection bias (Bayliff 1999; Lai
2006; Urias 2016; Yoshida 2017). This did not alter interpretation
of the effect for this outcome.

Bradycardia: we excluded 28 studies with an unclear risk of
selection bias (Ali 2015; Apipan 2010; Bayliff 1999; Burns 1988;
Cucchiara 1986; Goyagi 2005; Harasawa 2006; Inada 1989; Inoue
2010; Jakobsen 1992; Jakobsen 1997; Kao 2017; Lim 2000; Lee
1994; Lee 2015; Liu 1986; Liu 2006; Louizos 2007; Magnusson
1986; Meftahuzzaman 2014; Mikawa 1991; Moon 2011; Safwat
1984; Shukla 2010; Stone 1988; Ward-Booth 1983; Whitehead
1980; Yamazaki 2005). This did not alter interpretation of the
effect for this outcome.

Hypotension: we excluded 27 studies with an unclear risk of
selection bias (Ali 2015; Bayliff 1999; Cucchiara 1986; Goyagi
2005; Harasawa 2006; Inada 1989; Inoue 2010; Jakobsen 1992;
Jakobsen 1997; Kao 2017; Lee 1994; Lee 2015; Liu 2006; Louizos
2007; Magnusson 1986; Mikawa 1991; Moon 2011; Ohri 1999;
Safwat 1984; Shrestha 2011; Shukla 2010; Singh 2012; Stone
1988; Sugiura 2007; Unal 2008; Whitehead 1980; Yamazaki 2005).
This did not alter interpretation of the effect for this outcome.

Risk of attrition bias

All-cause mortality (30 days): we excluded three studies with
a high risk of attrition bias (Ali 2015; DIPOM 2006; Yang 2006).
Without these studies, analysis showed a slight increase in
mortality when perioperative beta-blockers were used (RR 1.29,
95% Cl 1.01 to 1.65; 12 = 0%; 13 studies, 9960 participants).
Acute myocardial infarction: we excluded two studies with a high
risk of attrition bias (DIPOM 2006; Yang 2006). This did not alter
interpretation of the effect for this outcome.

Cerebrovascular events: we excluded Yang 2006, which had a
high risk of attrition bias for this outcome. This did not alter
interpretation of the effect for this outcome.

Ventricular arrhythmias: we included no studies with a high risk
of attrition bias in analysis of this outcome.

Atrial fibrillation or atrial flutter, or both: we included no studies
with a high risk of attrition bias in analysis of this outcome.
Bradycardia: we excluded four studies with a high risk of attrition
bias (Ali 2015; Cucchiara 1986; Kao 2017; Yang 2006). This did not
alter interpretation of the effect for this outcome.

Hypotension: we excluded four studies with a high risk of
attrition bias (Ali 2015; Cucchiara 1986; Kao 2017; Yang 2006).
This did not alter interpretation of the effect for this outcome.

Beta-blockers given as rescue therapy

All-cause mortality (30 days): we excluded two studies because
participants in the control group of this study were given beta-
blockers as rescue therapy (Yang 2006; Ojima 2017). This did not
alter interpretation of the effect for this outcome.

Acute myocardial infarction: we excluded two studies in which
participants in the control group were given beta-blockers
as rescue therapy (Raby 1999; Yang 2006). This did not alter
interpretation of the effect for this outcome.

Cerebrovascular events: we excluded Yang 2006 because
participants in the control group of this study were given beta-
blockers as rescue therapy. This did not alter interpretation of
the effect for this outcome.

Ventricular arrhythmias: for this outcome we included no
studies in which study authors reported that participants in the
control group were given additional beta-blockers.

Atrial fibrillation and atrial flutter: we excluded one study in
which participants in the control group were given beta-blockers
as rescue therapy. this did not alter interpretation of the effect.

Bradycardia: we excluded four studies in which participants in
the control group were given beta-blockers as rescue therapy
(Louizos 2007; Ojima 2017; Whitehead 1980; Yang 2006). This did
not alter interpretation of the effect for this outcome.

Hypotension: we excluded four studies in which participants in
the control group were given beta-blockers as rescue therapy
(Louizos 2007; Ojima 2017; Whitehead 1980; Yang 2006). This did
not alter interpretation of the effect for this outcome.

Studies published before 2000

All-cause mortality (30 days): we excluded four studies
published before 2000 (Bayliff 1999; Miller 1990; Miller 1991;
Wallace 1998).This did not alter interpretation of the effect for
this outcome.

Acute myocardial infarction: we excluded six studies published
before 2000 (Jakobsen 1997; Miller 1990; Raby 1999; Stone 1988;
Wallace 1998; Zaugg 1999).This did not alter interpretation of the
effect for this outcome.

Cerebrovascular events: we excluded one study published
before 2000 (Wallace 1998). This did not alter interpretation of
the effect for this outcome.

Ventricular arrhythmias: for this outcome, we included only one
study published after 2000 (POBBLE 2005). The effect estimate
for this single study was consistent with the meta-analysis which
included studies published before 2000.

Atrial fibrillation and atrial flutter: we excluded one study
published before 2000 (Bayliff 1999). This did not alter
interpretation of the effect for this outcome.

Bradycardia: we 17 excluded studies published before 2000
(Bayliff 1999; Burns 1988; Cucchiara 1986; Inada 1989; Jakobsen
1992; Jakobsen 1997; Lee 1994; Liu 1986; Magnusson 1986;
Mallon 1990; Mikawa 1991; Miller 1991; Safwat 1984; Stone 1988;
Wallace 1998; Ward-Booth 1983; Whitehead 1980). This did not
alter interpretation of the effect for this outcome.

Hypotension: we excluded studies published before 2000 (Bayliff
1999; Cucchiara 1986; Inada 1989; Jakobsen 1992; Jakobsen
1997; Lee 1994; Magnusson 1986; Mallon 1990; Mikawa 1991;
Miller 1990; Miller 1991; Ohri 1999; Safwat 1984; Singh 1995;
Stone 1988; Wallace 1998; Whitehead 1980). This did not alter
interpretation of the effect for this outcome.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 25
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Outcomes with rare events

« In studies reporting cerebrovascular events, fewer than 1%
participants had an event. In sensitivity analysis, we used Peto
odds ratio. This did not alter the interpretation of the effect.

DISCUSSION

Summary of main results

We found 83 studies in which beta-blockers were given during
the perioperative period to adults undergoing non-cardiac surgery.
We also identified 18 studies awaiting classification (three were
reported only as abstracts; we were unable to access the full text of
seven; four are completed trials without full-text reports; and four
require translation), and three ongoing studies.

The evidence for early all-cause mortality was uncertain; based
on the risk of death in the control group of 25 per 1000, the
effect of beta-blockers was between two fewer and 13 more per
1000. We found no evidence of a difference in cerebrovascular
events (low-certainty evidence), and ventricular arrhythmias (very
low-certainty evidence). We found low-certainty evidence that
beta-blockers may reduce the incidence of myocardial infarction
and atrial fibrillation or flutter. However, we also found low-
certainty evidence that beta-blockers may increase bradycardia,
and moderate-certainty evidence that beta-blockers probably
increase hypotension.

We found little or no difference in long-term mortality, death due
to cardiac causes, and in congestive heart failure, depending on
whether beta-blockers were given; we assessed the certainty of
the evidence for these outcomes to be low. We found no evidence
of a difference in length of hospital stay, but we did not explore
reasons for moderate statistical heterogeneity in this effect, and we
assessed the certainty of the evidence to be very low. No studies
assessed quality of life.

Overall completeness and applicability of evidence

We identified 83 studies with 14,967 participants, of which more
than half were identified in the most recent search.

All studies included adult participants undergoing non-cardiac
surgery. Only one study assessed beta-blockers for emergency
surgery (Neary 2006); the remaining surgeries were elective. We
anticipated that studies for this review would include a wide range
of types of surgery, with different degrees of risk. The evidence
included studies of surgery that were: thoracic; vascular; neuro;
burns; abdominal; oral and maxillofacial; ear, nose and throat;
gynaecological; orthopaedic; mixed surgeries; and some elective
surgeries that were not specified by study authors. We categorized
surgical risk according to Kristensen 2014, and found 26.5% studies
included high-risk surgeries and 13.3% included low-risk surgeries.
Although we categorized most studies as medium risk, we included
in this category studies in which the type of surgery was not
specified. We used subgroup analysis to explore whether beta-
blockers had a different effect according to the surgical risk.
Whilst we found no evidence of a difference between subgroups
overall, we noted the effect of POISE 2008 in the data for all-
cause mortality. For this subgroup analysis, we noted that studies
of low- or medium-risk surgeries showed an increase in mortality
with beta-blockers, but there was no evidence of a difference
in effect in high-risk surgeries; POISE 2008 recruited participants

undergoing various surgeries to include vascular, intraperitoneal,
and orthopaedic surgery and we categorized this as medium risk.

We included in the review several studies published prior to 2000,
and these studies may have used clinical management strategies
that differ from current practice. We explored this in sensitivity
analysis, and found no changes to the interpretation of the effect
for the main review outcomes.

Quality of the evidence

We used GRADE to downgrade the certainty of the evidence. In our
risk of bias assessments, we judged 26.5% of studies to be at high
risk of biasin at least one domain, and we downgraded evidence for
all outcomes owing to study limitations. In sensitivity analyses, we
explored the effect of including only studies with more robust study
designs. We excluded open-label studies in which comparisons had
been made with standard care, and studies with risks of selection
bias or attrition bias. We noted some differences in effect during
some sensitivity analyses and we, therefore, also considered these
sensitivity analyses, downgrading the certainty of the evidence
owing to study limitations for all-cause mortality, cerebrovascular
events, and atrial fibrillation or flutter.

We noted that one large, international, and methodologically
robust study did not report results that were consistent with smaller
studies (POISE 2008). We downgraded the evidence for all-cause
mortality and cerebrovascular events because POISE 2008 showed
an increase in events when beta-blockers were used, whilst the
remaining smaller studies showed evidence of neither an increase
or decrease in events. Similarly, we downgraded the evidence for
myocardial infarction because POISE 2008 showed a reduction in
events when beta-blockers were used, whilst the remaining smaller
studies showed evidence of neither an increase or decrease in
events.

Evidence for ventricular arrhythmias was from few studies with
few participants, and we downgraded this outcome owing to
imprecision.

Overall, we graded the evidence for perioperative beta-blockers as
low certainty, very low certainty, and moderate certainty, which
means there is the possibility that the true estimate may be
substantially different

Potential biases in the review process

Our previous review assessed beta-blockers in both cardiac and
non-cardiac surgery (Blessberger 2018); we split this review into
two reviews according to type of surgery. This version incorporates
data from studies of non-cardiac surgery and includes an updated
and refined search strategy. We conducted a thorough search in
the update and used two review authors to assess study eligibility,
extract data, and assess risk of bias in included studies; therefore,
we reduced potential bias in the review process.

During the updating process, we made changes to the review
to meet current Cochrane standards. This included minor
clarifications to the inclusion criteria of the review, and changes
to wording of the sections of the methods within Data collection
and analysis. In particular, this version of the review includes
fewer outcomes. Data for myocardial ischaemia, supraventricular
arrhythmias (except atrial fibrillation), bronchospasm and cost of
care are reported only in the previous version (Blessberger 2018).
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In reducing the number of outcomes, our intention was to improve
the usability of the review; therefore, we selected outcomes that we
considered to be most important to users of the review. We used
the work of Myles and colleagues to support this decision making
process (Myles 2016), and sought advice from a Cochrane Editor
before agreeing to a reduction in outcomes.

In addition, we did not include meta-regression as a method to
explore heterogeneity in this review. We explored heterogeneity
only through subgroup analysis, which was pre-specified in
the review protocol. We conducted analyses using a random-
effects model, rather than choosing the effects-model based
on statistical heterogeneity (Borenstein 2010); we evaluated in
sensitivity analysis the effect of using Peto odds ratio for rare
events, which uses a fixed-effect model. Again, we made these
decisions following advice from the Cochrane Editorial team.

We included only trials that investigated at least one outcome
specified in the Methods section. Because of the vast scope of
the literature search and the large number of search results and
included trials, this approach was justified in order to improve
the management of the review. Whilst this may have introduced a
source of bias, we judged the impact of potentially missing studies
as small because the available set of data was derived from a
large number of trials. As explained in previous versions of the
review, we included studies in which some participants may not
have received general anaesthesia, which differed from our original
protocol. Whilst we attempted to limit the number of participants
not undergoing general anaesthesia, we could not be certain of the
effect of including a mixed population.

Furthermore, we could not contact all study authors to gather
further information about trial design or data analysis (e.g.
performance of an ITT analysis) because of the large number of
studies. However, it is likely that study authors, if contacted, may
over-report trial design quality criteria.

Agreements and disagreements with other studies or
reviews

In the previous version of the review we found no clear evidence
of a difference in all-cause mortality (Blessberger 2018). When
analysis was restricted to placebo-controlled studies, we continued
to find an increase in all-cause mortality with the use of beta-
blockers. However, our subgroup analysis continued to be led
by one large multi-centre, and well-conducted, study in which
metoprolol given to participants undergoing medium risk surgeries
showed an increase in mortality with beta-blocker use (POISE
2008). The effect of POISE 2008 was also evident in the analyses
for myocardial infarction (POISE 2008 showed a reduction in
myocardial infarction) and cerebrovascular events (POISE 2008
showed an increase in stroke), and these results were also
inconsistent with the remaining smaller studies. The review by
Bouri and colleagues endeavoured to re-evaluate the evidence for
perioperative beta-blockers without studies that were at risk of
including fictitious data. Bouri 2014 assessed only preoperative
beta-blocker use, therefore including POISE 2008. Their analyses
showed an increase in mortality and stroke with beta-blocker use,
alongside a reduction in myocardial infarction.

It should be noted that our primary analyses include evidence from
a variety of different beta-blockers, and doses of beta-blockers,
which were started before, during or after surgery of different risk

statuses. We cannot ignore the results from POISE 2008, which
indicate an increased risk of mortality and stroke; however, results
of POISE 2008 may be influenced specifically by the use of a
relatively high dose of metoprolol administered if the pre-operative
heart rate was above 50 beats per minute (not titrated to a specific
heart rate), and was given just before surgery (two to four hours).
We have allowed for this inconsistency when downgrading the
certainty of the evidence in this review.

Our findings for all-cause mortality and myocardial infarction were
consistent with an early systematic review, which included POISE
2008 (Bangalore 2008); although we noted that Bangalore 2008
found an increase in cerebrovascular events with beta-blockers.
Hajibandeh 2017 found little or no difference in effect for all-
cause mortality and myocardial infarction. The systematic review
included both observational studies and RCTs and was limited to
vascular and endovascular surgery; its findings were consistent
with our subgroup analyses results for high-risk surgery.

AUTHORS' CONCLUSIONS

Implications for practice

In non-cardiac surgery, the evidence for early all-cause mortality
was uncertain. We found no evidence of a difference in
cerebrovascular events or ventricular arrhythmias; however, the
certainty of this evidence was low and very low. We found low-
certainty evidence that beta-blockers may reduce atrial fibrillation
and myocardial infarctions. However, perioperative beta-blockers
may increase incidences of bradycardia and probably increase
hypotension. We found 18 studies awaiting classification; inclusion
of these studies in future updates may also increase the certainty
of the evidence.

Implications for research

We continued to find some uncertainty in the evidence,
demonstrated by inconsistency between study results in smaller
trials and one large trial. Further research is needed in the field of
non-cardiac surgery so that firm conclusions can be drawn on the
use of perioperative beta-blockers.

Furthermore, timing of beta-blocker application may have an
important influence on their effect (for example, the possible effect
of plaque stabilization, and haemodynamic adaptation). More large
placebo-controlled trials with robust methodology are needed to
explore this effect in unselected surgical populations.

We found no studies measuring the effect on quality of life.
This important outcome can be measured effectively through
validated questionnaires, and we recommend that this outcome is
incorporated into all future studies in this field.

The review assessed only direct comparisons. Given the different
types of beta-blockers, and continuing research that we expect
to contribute to this field, a network meta-analysis should be
considered in future review updates. A network meta-analysis
would explore indirect comparisons, as well as direct comparisons,
and may be useful to clinicians by providing a more comprehensive
analysis of the effects of each type of beta-blocker, and further
improve the precision of the estimates.
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* Indicates the major publication for the study

Methods RCT, parallel design

Participants Total number of randomized participants: 73

Inclusion criteria: > 18 years of age; burns wounds = 30% TBSA; treatment with at least 1 surgical skin
grafting procedure; consent to participate

Exclusion criteria: not reported

Type of surgery: skin graft surgery (burns)

Baseline characteristics

Intervention group (propranolol)

« Age, mean (SD): 41 (+ 14) years
« Gender, M/F:29/6
« TBSA, mean (SD): 49% (+ 18)

Control group (standard care)

« Age, mean (SD): 38 (+ 16) years
« Gender,M/F:30/4
« TBSA, mean (SD): 59% (+ 22)

Country: USA

Setting: single centre; hospital (burns unit)

Interventions Intervention group (propranolol)

« Randomized, n =39; losses = 4 (did not receive treatment); analysed, n =35 (ITT analysis not used)
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Ali 2015 (continued)

« Details: started within 48 h of hospital admission, and continued throughout hospitalization to
achieve a decrease in baseline HR by approximately 20%. Details of dose not given

Control group (standard care)

« Randomized, n = 34; losses = 0; analysed, n =34
« Details: standard burn care management

Outcomes Outcomes measured/reported by study authors: mean dose requirement, cardiac function (HR,
tachycardia), wound healing, blood loss, fluid balance, bradycardia (HR <60 bpm), bradypnea, hy-
potension (SBP <90 mmHg), ischaemia (MAP <60 mmHg), mortality, length of stay (does not state
whether hospital or burns unit length of stay)

Outcomes relevant to the review: bradycardia, hypotension, mortality (time point not reported)

Notes Funding/declarations of interest: supported by grants from: Wound Healing Society Foundation 3M
Fellowship Award; National Institute for Disabilities and Rehabilitation Research, National Institutes of
Health, Shriners Hospitals for Children; Claude D Perpper Older Americans Independence Center Pilot.
Funders had no role in the study design or collection, interpretation or analysis of data. Study authors
declared no conflicts of interest
Study dates: November 2004-January 2014
Note:

« we did not include length of stay data in the review, because data were reported separately for sur-
vivors and non-survivors, and we were not certain whether data the time point was length of stay in
hospital or length of stay in the burns unit.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk No details

tion (selection bias)

Allocation concealment Unclear risk No details

(selection bias)

Blinding of participants High risk Open-label study; not feasible to blind personnel to treatment group

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label study

sessors (detection bias)

All outcomes

Incomplete outcome data  High risk Loss of 4 participants in the intervention group, because no treatment was

(attrition bias) given. Study authors do not report reasons for no treatment. ITT analysis not

All outcomes used. Although overall loss is < 10%, all losses are in the intervention group

Selective reporting (re- Unclear risk Prospective clinical trial registration or prepublished protocol not reported;

porting bias) not feasible to assess risk of reporting bias

Other bias Low risk Study authors noted that participants in the propranolol group had a higher

percentage of TBSA; however, because of other burn measurements, study au-
thors believed that severity of burns was equivalent between groups
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Alkaya 2014

Methods

RCT, parallel design

Participants

Total number of randomized participants: 30
Inclusion criteria: 20-65 years of age; ASA status I-1l; scheduled for elective craniotomy

Exclusion criteria: significant cardiac, pulmonary, renal, hepatic, and neuropsychiatric disease, chron-
ic alcohol or drug use, a family history of allergy to the drugs used, HR <50 bpm or > 100 bpm,; arterial
BP <96/60 mmHg or > 180/100 mmHg; using beta-blockers, sympathomimetic agents, calcium channel
blockers, or monoamine oxidase inhibitors

Type of surgery: elective craniotomy
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 39.40 (+ 10.76) years
« Gender, M/F:9/6

Control group (placebo)

« Age, mean (SD): 45.07 (+ 13.27) years
« Gender, M/F:10/5

Country: Turkey

Setting: single centre; hospital

Interventions

Intervention group

« Randomized, n = 15; losses = 0; analysed, n = 15 (use of ITT analysis not reported)
« Details: 5 min before extubation, 2 mg/kg diluted in 50 mL and infused over 10 min

Control group

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: 50 mL normal saline infused over 10 min

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; quality of extubation; hy-
pertension; hypotension (SAP <100 mmHg; treated with ephedrine); bradycardia (HR <50 bpm; treated
with atropine)

Outcomes relevant to the review: hypotension; bradycardia

Notes Funding/declarations of interest: no financial support. Study authors declare no conflicts of interest
Study dates: not reported
Note:

« we did not include data for hypotension of bradycardia in analysis because study authors reported
these data unclearly. Study authors stated "The incidence of hypertension and hypotension did not
differ between the groups. No significant difference was noted between the groups with respect to
the need for atropine"

Risk of bias

Bias Authors' judgement  Support for judgement
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Alkaya 2014 (continued)

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Described as double-blinded, and we assumed that the anaesthetists were un-
and personnel (perfor- aware of group allocation

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or a prepub-
porting bias) lished protocol. It is not feasible to assess risk of reporting bias

Other bias Low risk Not detected

Aoyama 2016

Methods

RCT, parallel design

Participants

Total number of randomized participants: 50

Inclusion criteria: adults of either gender; 20-90 years of age; ASA | or II; scheduled to undergo elective
segmentectomy, lobectomy, or pneumonectomy of the lung under GA with thoracic epidural anaesthe-
sia

Exclusion criteria: participant refusal; inability to communicate in Japanese; contraindications to
epidural anaesthesia; recent history or evidence of acute Ml; and supraventricular arrhythmia (under
treatment or requiring treatment); 2nd- or 3rd-degree atrioventricular block; severe heart failure; left
ventricular ejection fraction < 35%; prohibition from beta-blocker; hypotension (< 90/60 mmHg); brady-
cardia (=50 bpm)

Type of surgery: elective segmentectomy, lobectomy, or pneumonectomy of the lung
Baseline characteristics
Intervention group (landiolol hydrochloride)

« Age, mean (SD): 67.4 (+ 8.7) years
« Gender, M/F: 14/11

Control group (placebo)

« Age, mean (SD): 66.9 (+ 8.9) years
« Gender,M/F:17/8

Country: Japan

Setting: single-centre; hospital
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Aoyama 2016 (Continued)

Interventions

Intervention group (landiolol hydrochloride)

« Randomized, n = 25; losses = 0; analysed, n = 25 (used ITT analysis)
« Details: given during induction of GA, rate of 5 pg/kg/min, IV, continued until end of anaesthesia

Control group (placebo)

« Randomized, n = 25; losses = 0; analysed, n =25
« Details: placebo, normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: AF (in 7 days postoperatively); predictive bio-mark-
ers of AF (serum magnesium, IL6 etc.); adverse events (not specified); mortality (time point not speci-
fied)

Outcomes relevant to the review: AF; mortality

Notes Funding/declarations of interest: not reported. Study authors declare that they have no conflicts of
interest
Study dates: September 2009-November 2010

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Use of computer-generated randomization table
tion (selection bias)
Allocation concealment Low risk Use of sealed, non-transparent envelopes
(selection bias)
Blinding of participants Low risk Described as double-blinded, placebo controlled. We have assumed that par-
and personnel (perfor- ticipants were blinded
mance bias)
All outcomes
Blinding of outcome as- Unclear risk No details
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No losses reported. Study authors planned to use ITT analysis
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Apipan 2010
Methods RCT, parallel design

Participants

Total number of randomized participants: 60

Inclusion criteria: people scheduled for bimaxillary surgery; ASA status |
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Apipan 2010 (Continued)

Exclusion criteria: people with renal, hepatic, cardiac, asthmatic, haematologic, or endocrine disease
Type of surgery: orthognathic surgery

Baseline characteristics

Intervention group (propranolol)

« Age, mean (SD): 24.63 (+ 3.71) years
« Gender,M/F:19/11

Control group (placebo)

« Age, mean (SD): 26.30 (+ 4.69) years
« Gender,M/F:19/11

Country: Thailand

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n =30; losses = 0; analysed, n =30 (use of ITT analysis not reported)
« Details: 10 mg propranolol orally 30 min before induction of anaesthesia (single dose application)

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n = 30
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: intraoperative HR; amount of sodium nitroprus-
side; intraoperative blood loss; bradycardia (HR <50 bpm)
Outcomes relevant to the review: bradycardia
Notes Funding/declarations of interest: not reported
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Quote: "The anaesthesiologist and patients were kept unaware of which group
and personnel (perfor- the patient was in"
mance bias)
All outcomes
Blinding of outcome as- Low risk See above
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk Study authors reported no losses

(attrition bias)
All outcomes
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Apipan 2010 (Continued)

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Bayliff 1999
Methods RCT, parallel design

Participants

Total number of randomized participants: 99

Inclusion criteria: > 18 years of age, undergoing major thoracic operations (pneumectomy, lobectomy,
oesophagectomy)

Exclusion criteria: history of asthma, congestive heart failure, = 2nd-degree heart block, history of
SVTs, or were receiving any of the following drugs: digoxin, oral beta-blocker, quinidine, procainamide,
amiodarone, diltiazem, verapamil

Type of surgery: major thoracic operations (pneumectomy, lobectomy, oesophagectomy)
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 63.3 (£ 9.3) years
« Gender,M/F:31/18

« History of MI, %: 8

« History of hypertension, %: 8

« History of COPD, n: 10

Control group

« Age, mean (SD): 61.5 (+ 11.3) years
« Gender, M/F:30/20

« History of MI, %: 4

« History of hypertension, %: 16

« History of COPD, n: 14

Country: Canada

Setting: hospital, single centre

Interventions

Intervention group (propranolol)

« Randomized, n = 49; losses = 0; analysed, n =49 (ITT analysis not used)

« Details: propranolol 10 mg every 6 h; starting before operation and continuing for 5 days postopera-
tively

Control group (placebo)

« Randomized, n =50; losses = 0; analysed, n =49
« Details: same an intervention group

Outcomes Outcomes measured/reported by study authors: arrhythmias requiring treatment (until 3 days fol-
lowing surgery, detected by Holter ECG); overall arrhythmia rate, myocardial ischaemia, mortality,
bradycardia, hypotension (SBP < 100 mmHg), length of hospital stay, congestive heart failure, bron-
chospasm
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Bayliff 1999 (continued)

Outcomes relevant to the review: mortality, ventricular arrhythmias, AF, bradycardia (HR < 60 bpm),
hypotension, congestive heart failure, length of hospital stay (see notes below),

Notes Funding/declarations of interest: grant from Victoria Hospital Research Foundation and the Canadian
Society of Hospital Pharmacists Research Foundation
Study dates: February 1994-October 1995
Note:
« we could not combine in analysis data for length of hospital stay because data were reported as me-
dian values: propranolol group 12 days (range 9-38); placebo group 11 days (range 6-108) (P = 0.42)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization in blocks of 4, exact method of sequence generation unclear
tion (selection bias)
Allocation concealment Unclear risk Sealed envelopes. No additional details
(selection bias)
Blinding of participants Low risk We assumed from the information in the study report that all participants and
and personnel (perfor- personnel were blinded to the intervention
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk See below
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Bhattacharjee 2016
Methods RCT, parallel design

Participants

Total number of randomized participants: 40

Inclusion criteria: ASA status | or Il; 20-60 years of age; undergoing elective laparoscopic cholecystec-
tomy under GA

Exclusion criteria: pre-existing hypertension; bronchial asthma; diabetes; sinus bradycardia; severe
hepatic, renal, endocrine and cardiac dysfunction. Participants in whom surgery could not be complet-
ed laparoscopically or had open cholecystectomy were excluded

Type of surgery: elective laparoscopic cholecystectomy

Baseline characteristics

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 44
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:l:.lswns

Cochrane Database of Systematic Reviews

Bhattacharjee 2016 (Continued)

Intervention group (esmolol)

« Age, mean (SD): 28.4 (+ 5.12) years
« Gender, M/F: 8/12

Control group (placebo)

« Age, mean (SD): 30.4 (£ 5.24) years
« Gender, M/F: 8/12

Country: India

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n =20; losses = 0; analysed, n = 20 (use of ITT analysis not reported)

« Details: bolus dose of 500 ug/kg esmolol IV, before pneumoperitoneum, during anaesthesia; followed
by infusion of 100 pg/kg/min. Intervention given intraoperatively only

Control group (placebo)

« Randomized, n =20; losses = 0; analysed, n = 20 (use of ITT analysis not reported)

+ Details: saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; adverse events (to in-
clude bradycardia, hypotension, and hypertension) during postoperative period in the PACU; recovery
times
Outcomes relevant to the review: bradycardia (HR <60 bpm); hypotension (MAP <60 mmHg)

Notes Funding/declarations of interest: no sources of funding and authors declare no conflicts
Study dates: not reported
Note:

« study included a 3rd arm (dexmedetomidine), which we did not include in this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Use of a computer-derived random-number sequence

tion (selection bias)

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Unclear risk Study is described as single-blinded. It is not clear if the anaesthetists are

and personnel (perfor-
mance bias)
All outcomes

blinded to treatment groups

Blinding of outcome as-
sessors (detection bias)
All outcomes

Unclear risk No details

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses
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Bhattacharjee 2016 (Continued)

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Burns 1988
Methods RCT, parallel design
Participants Total number of randomized participants: 86

Inclusion criteria: scheduled for laparoscopic gynaecological procedures
Exclusion criteria: not reported

Type of surgery: laparoscopy (gynaecological surgery)

Baseline characteristics not reported

Overall mean age: 34.2 years

Country: UK

Setting: single centre; hospital

Interventions Intervention group (nadolol)

« Randomized, n =39; losses = 0; analysed, n = 39 (use of ITT analysis not reported)

« Details: given orally 12 h before surgery. First 40 participants (nadolol and placebo groups) were given
40 mg. However, because of increase in bradycardia, dose was reduced to 20 mg

Control group (placebo)

« Randomized, n = 47; losses = 0; analysed, n = 47
« Details: given orally 12 h before surgery

Outcomes Outcomes measured/reported by study authors: all types of arrhythmias (bradycardia, atrial and
ventricular tachyarrhythmias, supraventricular ectopics, ventricular ectopics)

Outcomes relevant to the review: bradycardia (HR <60 bpm)

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study report is short, with limited detail and it does not include a baseline characteristics table

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)
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Burns 1988 (Continued)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial, We have therefore as-
and personnel (perfor- sumed that participants and personnel were blinded
mance bias)
All outcomes
Blinding of outcome as- Low risk ECG tracings were interpreted by 2 observers blinded to study group allocation

sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Unclear risk Short report with limited detail, and we could not assess other potential risks
of bias
Ceker 2015
Methods RCT, parallel design

Participants

Total number of randomized participants: 60

Inclusion criteria: people with hypertension controlled by ACE inhibitors; 20-65 years of age; undergo-

ing elective surgery

Exclusion criteria: unstable angina; conduction disorder or severe arrhythmia; COPD; heart failure;
valvular heart disease; use of drugs that prolong QT-interval; electrolyte disturbances or coagulation
disorders; known hypersensitivity to trial drugs; pregnant women; difficult airways

Type of surgery: elective surgery (type not specified - we assumed non-cardiac)

Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 57 (+ 6.9) years
« Gender, M/F:23/7
« ASAstatus|/Il: 16/14

Control group (placebo)

« Age, mean (SD): 57.9 (+ 6.8) years
« Gender,M/F:21/9
o ASAstatus|/11:21/9

Country: Turkey

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)

« Details: esmolol loading dose of 500 ug/kg, followed by 100 pug/kg/min infusion, continued until 4th

min after intubation

Control group (placebo)
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Ceker 2015 (continued)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: corrected-QT interval; haemodynamic variables;
bradycardia (HR <50 bpm); hypotension (MAP <55 mmHg); arrhythmias; ventricular extrasystoles
Outcomes relevant to the review: hypotension; bradycardia

Notes Funding/declarations of interest: study authors declare no conflicts
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated randomization

tion (selection bias)

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk To ensure blinding, drugs were prepared by an anaesthetist not involved in the

and personnel (perfor- care of participants

mance bias)

All outcomes

Blinding of outcome as- Low risk ECG readings were evaluated by a cardiologist who was blind to group alloca-

sessors (detection bias) tion

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Chung 1992
Methods RCT, parallel design

Participants

Total number of randomized participants: 36

Inclusion criteria: ASA | or II; scheduled for elective gynaecological procedures. All participants were
free of any cardiac congestive heart failure, hypertension, or asthma

Exclusion criteria: not reported

Type of surgery: elective gynaecological surgery
Baseline characteristics

Intervention group (labetalol)

« Age, mean (SD): 40 (+ 12) years
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Chung 1992 (continued)

Control group (placebo)
« Age, mean (SD): 41 (+ 8) year
Country: USA

Setting: single centre; hospital

Interventions Intervention group (labetalol)

« Randomized, n = 18; losses = 0; analysed, n = 18 (use of ITT analysis not reported)
« Details: labetolol 0.4 mg/kg IV, before induction of anaesthesia

Control group (placebo)

« Randomized, n = 18; losses = 0; analysed, n = 18
 Details: normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, hypotension and
bradycardia

Outcomes relevant to the review: hypotension; bradycardia (see notes)

Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:

« we did not include data for hypotension and bradycardia in analysis because it was unclear whether
there were any events in the control group; study authors reported that there were no events of either
hypotension or bradycardia in the labetolol group

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Described as double-blinded, placebo-controlled
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Cucchiara 1986

Methods

RCT, parallel design

Participants

Total number of randomized participants: 74
Inclusion criteria: scheduled for elective carotid endarterectomy

Exclusion criteria: pregnant, < 21 years of age, AF or atrial flutter, atrioventricular conduction block >
1st degree, acute M| within 6 months, SBP < 100 mmHg or DBP <50 mmHg, renal or hepatic failure, car-
diac conditions that reduce interpretability of haemodynamic variables, congestive heart failure, bron-
chospasm or bronchial asthma, drug allergy or idiosyncracy to beta-adrenergic drugs, experimental
drugs within 2 weeks, adrenergic augmenting or depleting drugs, receipt of IV calcium channel block-
ers or beta-blockers within 4 half-lives

Type of surgery: carotid endarterectomy

Baseline characteristics: not fully reported (quote: "There were no significant differences between es-
molol and placebo groups in sex, race, age, ASA classification")

Country: USA

Setting: multi-centre; hospitals

Interventions

Intervention group (esmolol)

« Randomized, n=37;losses =5 (due to protocol violations); analysed, n=32 (ITT analysis was not used)

« Details: before induction of GA, esmolol 500 pg/kg/min for 4 min, then 300 ug/kg/min for 8 min. Use
of calibrated infusion pump

Control group (placebo)

+ Randomized, n=37;losses =7 (due to protocol violations); analysed, n=30 (ITT analysis was not used)
« Details: placebo agent given, same as intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, myocardial ischaemia,
bradycardia (not defined), hypotension (not defined), bronchospasm
Outcomes relevant to the review: bradycardia, hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)
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Cucchiara 1986 (continued)
All outcomes

Incomplete outcome data  High risk 12 participants were excluded from analysis because of protocol violations
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

DIPOM 2006
Methods RCT, parallel design
Participants Total number of randomized participants: 921

Inclusion criteria: scheduled for major non-cardiac surgery (expected to last > 1 h); > 39 years of age;
with diabetes

Exclusion criteria: systemic treatment with beta-blockers; condition indicating beta-blocker treat-
ment; NYHA IV congestive heart failure; 3rd-degree atrioventricular block; pregnancy or breast-feeding;
allergic to study drugs; previously included in DIPOM trial

Type of surgery: orthopaedic, neurological, vascular, gynaecological, thoracic, intra-abdominal and
other operations (major non-cardiac surgery)

Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 64.9 (+ 11.1) years

« Gender, M/F:271/191

« History of coronary heart disease (and hypertension), n: 279
« History of MI, n: 36

« History of hypertension, n: 254

Control group (placebo)

« Age, mean: 64.8 years (typo in study report; therefore, we did not included SD for mean age)
« Gender, M/F:268/191

« History of coronary heart disease (and hypertension), n: 286

« History of MI, n: 34

« History of hypertension, n: 288

Country: Denmark

Setting: multi-centre; 9 hospitals

Interventions Intervention group (metoprolol)

« Randomized, n =462; losses = 104 (did not receive intervention because of: contraindication 6; with-
drew consent 41; incorrect dose 46; no surgery 7; other 4); analysed, n =462 (use of ITT)

« Details: metoprolol succinate controled/extended release, 2 x 50 mg tablets, at least 2 h before induc-
tion of anaesthesia, then given once daily until discharge from hospital or to a maximum of 8 days. If
oral dose could not be tolerated, then drug was given IV every 6th h. Doses were halved or withdrawn
depending on HR and SBP. Follow-up at 6 months
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DIPOM 2006 (Continued)

Control group (placebo)

« Randomized, n = 459; losses = 84 (did not receive intervention because of: contraindication 6; with-
drew consent 30; incorrect dose 38; no surgery 10); analysed, n =459 (use of ITT analysis)

« Details: matching placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: all-cause mortality (within 30 days; at 6-month fol-
low-up), MI, unstable angina or new congestive heart failure, cardiac mortality, non-fatal cardiac mor-
bidity; adverse events
Outcomes relevant to the review: mortality (early and long-term), MI

Notes Funding/declarations of interest: study drugs supplied by AstraZeneca who were also involved in
study design and inclusion phase. Funding from AstraZeneca, Danish Heart Foundation, Danish Dia-
betes Foundation, Copenhagen Hospital Corporation's Research Council, Danish Medical Research
Council, Copenhagen Hospital Corporation. Study authors declare no competing interests
Study dates: July 2000-July 2002
Notes:

« we noted a high participant loss. Study authors reported data as ITT analysis, and we could not be
certain whether imputations had been made in these analyses

« some participants had epidural or spinal anaesthesia, or combined epidural and GA. These were rea-
sonably balanced between groups. In the metoprolol group, 18% had combined epidural and GA, 20%
had epidural or spinal, and in 4% type of anaesthesia was unknown. In the placebo group, 17% had
combined epidural and GA, 15% had epidural or spinal, and in 4% type of anaesthesia was unknown

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated allocation sequence

tion (selection bias)

Allocation concealment Low risk Participants were centrally randomly assigned

(selection bias)

Blinding of participants Low risk Quote: "The DIPOM trial is an investigator initiated and controlled, random-

and personnel (perfor- ized placebo controlled, multicentre trial with central randomisation and

mance bias) blinding of all parties in all phases. The code was broken when analyzes were

All outcomes completed and a conclusion formulated"

Blinding of outcome as- Low risk See above

sessors (detection bias)

All outcomes

Incomplete outcome data  High risk We noted a very high number of losses. Although study authors used ITT analy-

(attrition bias) sis, we should be wary of this analysis because of the high participant loss

All outcomes

Selective reporting (re- Unclear risk Retrospective registration with clinical trial register (ISRCTN58485613). Not

porting bias) feasible to assess risk of reporting bias from these documents

Other bias Low risk Not detected
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Methods

RCT, parallel design

Participants

Total number of randomized participants: 54
Inclusion criteria: ASA status |; 20-60 years of age

Exclusion criteria: cardiovascular, respiratory, or central nervous system disease; difficulty in main-
taining the airway upon induction of anaesthesia; BP = 140/90 mmHg at arrival for surgery and follow-
ing a 10-min rest. People with bradycardia (HR <45 bpm), or severe hypotension on inducing anesthe-
sia were also excluded

Type of surgery: cancer (stomach, large intestine, uterine, ovarian) or middle ear infection (myringo-
plasty and tympanoplasty)

Baseline characteristics
Intervention group

« Age, mean (SD): 41.89 (+9.71) years
« Gender, M/F:5/22

Control group

« Age, mean (SD): 41.26 (+ 10.45) years
+ Gender, M/F:6/21

Country: South Korea

Setting: hospital; single centre

Interventions

Intervention group (labetalol)

« Randomized, n =27; losses = 0; analysed, n =27
« Details: 0.3 mg/kg labetalol bolus injection 5 min before induction of anaesthesia

Control group (placebo)

« Randomized, n =27; losses = 0; analysed, n =27
« Details: 5 mL saline bolus injection given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; end tidal concentra-

tion of anaesthetic gas (desflurane); hypertension; tachycardia (not defined); hypotension (SBP < 80

mmHg or decrease of > 30% from baseline); bradycardia (= 45 bpm); arrhythmia; laryngospasm; bron-

chospasm

Outcomes relevant to the review: hypotension; bradycardia

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

« wedid notinclude data for bradycardia and hypotension in analysis because we could not be certain
whether these outcomes were measured in both groups. Study authors reported that "there were no
side effects" of bradycardia or hypotension

Risk of bias
Bias Authors' judgement Support for judgement
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Do 2012 (Continued)

Random sequence genera-

tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessors (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

Low risk Not detected

El-Shmaa 2016

Methods

RCT, parallel design

Participants

Total number of randomized participants: 60
Inclusion criteria: ASA status | -11; 20-60 years of age; scheduled for elective surgery under GA

Exclusion criteria: < 20 years of age; known allergy to the anaesthetic agents; history of major psychi-
atric disorder; history of substance abuse and current opioid use; compromized renal, pulmonary, and
cardiac status; diabetes; anticipated difficult intubation; hypertension; compensatory tachycardia;
baseline pulse <60 bpm; baseline SBP < 100 mmHg; taking medication with cardiovascular effects

Type of surgery: type not specified (we assumed non-cardiac)
Baseline characteristics
Intervention group (labetalol)

« Age, mean (SD): 47.5 (+ 6.8) years
« Gender,M/F:17/13
o ASAstatus|/Il: 19/11

Control group (placebo)

« Age, mean (SD): 47.6 (+ 8.3) years
« Gender,M/F: 14/16
« ASAstatus I/I: 18/12

Country: Egypt

Setting: hospital; single centre

Interventions

Intervention group (labetalol)
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El-Shmaa 2016 (continued)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: 0.25 mg/kg labetalol IV bolus given 10 min before induction of anaesthesia

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: 10 mL saline IV given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; anaesthetic consump-
tion; hypertension; tachycardia (HR > 25% baseline); bradycardia (HR < 50 bpm); hypotension (SBP <
25% baseline value or 90 mmHg)

Outcomes relevant to the review: bradycardia (measured during study period of 15 min; see notes
below); hypotension

Notes Funding/declarations of interest: no funding; no conflicts of interest
Study dates: May 2011-March 2013
Notes:

« studyincluded an additional intervention group (dexmedetomidine), which we did not include in the
review

« study authors reported that 20% participants who were given labetalol developed bradycardia after
the 10-min study period. In analysis, we included data only for bradycardia within the study period of
15 min; data during the study period were reported for all participants

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomization

tion (selection bias)

Allocation concealment Low risk Quote: "The group assignment numbers were sealed in an envelope and kept
(selection bias) by the study supervisor. After the written consent was signed, the opaque en-
velope was unsealed to determine which drug would be used"

Blinding of participants High risk Anaesthestists were aware of group allocation
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Observer-blinded trial
sessors (detection bias)
All outcomes

Incomplete outcome data ~ Low risk No losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Methods

RCT, parallel design

Participants

Total number of randomized participants: 40

Inclusion criteria: neurosurgical patients who exhibited at least 20% increase in SBP above average
ward pressure on emergence from anaesthesia

Exclusion criteria: unsuitable for beta-blocker treatment, HR <60 bpm, atrioventricular block, sick si-
nus syndrome, prior evidence of congestive heart failure, history of bronchospasm or asthma, impaired
renal or hepatic function, receiving beta-blockers or calcium channel blockers within 4 h of entry into
study

Type of surgery: different neurosurgical interventions
Baseline characteristics
Intervention group (esmolol)

« Age,mean (SD): 51.2 (+ 17.5) years
« Gender,M/F:15/6
« History of hypertension, n: 8

Control group (placebo)

« Age, mean (SD): 51.7 (+ 15.7)
« Gender, M/F: 8/11
« History of hypertension, n: 6

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n =21; losses = 0; analysed, n =21 (use of ITT analysis was not reported)

« Details: during anaesthesia, continuous infusion with a loading dose of esmolol 40 mg/min for 4 min,
followed by infusion rate of 24 mg/min. Continued until 10 min after extubation

Control group (placebo)

« Randomized, n = 19; losses = 0; analysed, n =19
« Details: given same as intervention

Outcomes

Outcomes measured/reported by study authors: haemodynamic variables, hypertension, hypoten-
sion (not defined), bradycardia (not defined); nausea and vomiting

Outcomes relevant to the review: bradycardia and hypotension (see notes below)

Notes

Funding/declarations of interest: not reported
Study dates: not reported
Note:

« wedid notinclude data for bradycardia and hypotension in analysis because we could not be certain
whether these outcomes were measured in both groups. Study authors reported that 2 participants
in the esmolol group had mild to moderate hypotension that required discontinuation of treatment,
and one participant in the placebo group experienced bradycardia

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk An antihypertensive agent (hydralazine or labetalol) was given intraoperative-
ly to participants in either group to control BP. It is unclear how many partic-
ipants in the control group received labetalol, which may influence outcome
data

Goyagi 2005
Methods RCT, parallel design

Participants

Total number of randomized participants: 22
Inclusion criteria: ASA status | or Il; 20-60 years of age

Exclusion criteria: unstable coronary artery disease or heart failure; atrial or ventricular tachyarryth-
mia, 2nd- or 3rd-degree atrioventricular block; controlled and uncontrolled hypertension; and those
who were pregnant

Type of surgery: non-cardiac surgery (type not specified)
Baseline characteristics
Intervention group (landiolol)

« Age, mean (SD): 51 (+ 16) years
« Gender, M/F:4/7
« ASAstatus I/Il: 10/1

Control group (placebo)

« Age, mean (SD): 55 (+ 18) years
« Gender, M/F:5/6
« ASAstatus|/1l: 10/1

Country: Japan
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Setting: single centre; hospital

Interventions

Intervention group (landiolol)

« Randomized, n =11; losses = 0; analysed, n = 11 (use of ITT analysis not reported)

« Details: beforeinduction of anaesthesia; 125 pg/kg/min landiolol for 1 min, followed by 40 pg/kg/min.
Discontinued 2 min after intubation

Control group (placebo)

« Randomized, n =11; losses = 0; analysed, n = 11 (use of ITT analysis not reported)
+ Details: saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; sinus tachycardia; hy-
pertension; bradycardia (< 50 bpm); hypotension (SPB < 90 mmHg); bronchospasm
Outcomes relevant to the review: bradycardia, hypotension
Notes Funding/declarations of interest: not reported
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Described as "via sealed envelope assignment". Insufficient information
tion (selection bias)
Allocation concealment Unclear risk Sealed envelopes were used; however, no additional information is specfied
(selection bias)
Blinding of participants Unclear risk Use of placebo agent, but not specified whether personnel were blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Gupta 2011
Methods RCT, parallel design

Participants

Total number of randomized participants: 44
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Gupta 2011 (Continued)

Inclusion criteria: people undergoing elective sublabial rhinoseptal trans-sphenoidal hypophysecto-
my; ASA status | or Il; 18-65 years of age

Exclusion criteria: people with altered state of consciousness; evident intracranial hypertension; his-
tory of coronary artery disease; uncontrolled hypertension or diabetes mellitus; autonomic dysfunc-
tion; acromegaly; already taking atenolol and clonidine medication. Participants were excluded if
they had bradycardia (HR <40 bpm) or hypotension (MAP < 30% or baseline) needing intervention, or
surgery was prolonged or delayed after administration of study drug

Type of surgery: neurosurgery

Baseline characteristics not reported. Study authors report "no difference in demographic variables
among the groups"

Country: India

Setting: single centre; hospital

Interventions

Intervention group (atenolol)

« Randomized, n=22; losses =2 (excluded from analysis of outcomes not related to our review because
of bradycardia); analysed, n =22 (ITT analysis not used)

« Details: single oral dose 0.5 mg/kg atenolol, given 2 h before surgery
Control group (placebo)

« Randomized, n =22; losses = 0; analysed, n =22 (ITT analysis not used)
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; intraoperative con-
sumption of fentanyl and propofol; sedation scores; bradycardia (HR <40 bpm); hypotension (MAP <
30% or baseline)
Outcomes relevant to the review: bradycardia, hypotension
Notes Funding/declarations of interest: no sources of support, and study authors declare no conflicts
Study dates: February 2008-March 2009
Note:
« study included an additional intervention group (clonidine), which we did not include in the review
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomly assigned to 3 study groups according to a comput-
tion (selection bias) er-generated randomization schedule
Allocation concealment Low risk See above
(selection bias)
Blinding of participants Low risk Study described as double-blinded, and medication and placebo were identi-
and personnel (perfor- cal
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "An independent anaesthesia registrar, blinded to study group alloca-
sessors (detection bias) tion and not involved in anaesthesia management, observed changes in heart
All outcomes rate, mean arterial pressure,...and sedation"
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Gupta 2011 (Continued)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk We re-included 2 excluded participants, because the reasons for their exclu-
sion contributed to relevant review outcome data

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

Low risk Not detected

Harasawa 2006

Methods

RCT, parallel design

Participants

Total number of randomized participants: 32

Inclusion criteria: undergoing surgery for intracranial or maxillofacial tumours under GA; ASA | or Il in-
traoperative HR >90 bpm for > 5 min and SBP > 100 mmHg

Exclusion criteria: > 75 years of age; heart disease including arrhythmias; bronchial asthma; receiving
preoperative cardiovascular medications

Type of surgery: surgery for intracranial or maxillofacial tumours
Baseline characteristics
Intervention group (landiolol 0.1 mg/kg)

« Age, mean (SD): 51 (+ 16) years
« Gender, M/F:4/4

Intervention group (landiolol 0.2 mg/kg)

« Age, mean (SD): 44 (+ 14) years
« Gender, M/F: 4/4

Intervention group (landiolol 0.3 mg/kg)

« Age, mean (SD): 45 (+ 17) years
« Gender, M/F:4/4

Control group (placebo)

« Age, mean (SD): 48 (+ 14) years
« Gender, M/F:4/4

Country: Japan

Setting: single centre; university hospital

Interventions

Intervention group (landiolol 0.1 mg/kg)

« Randomized, n = 8; losses = 0; analysed, n = 8 (use of ITT analysis not reported)

« Details: started 2 h after start of surgery, if HR > 90 bpm for > 5 min and SBP > 100 mmHg, 0.1 mg/kg
landiolol, IV, over 10 seconds

Intervention group (landiolol 0.2 mg/kg)

« Randomized, n = 8; losses = 0; analysed, n = 8 (use of ITT analysis not reported)
« Details: using 0.2 mg/kg landiolol, same as other intervention groups
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Harasawa 2006 (Continued)

Intervention group (landiolol 0.3 mg/kg)

« Randomized, n = 8; losses = 0; analysed, n = 8 (use of ITT analysis not reported)
 Details: using 0.3 mg/kg landiolol, same as other intervention groups

Control group (placebo)

« Randomized, n = 8; losses = 0; analysed, n = 8 (use of ITT analysis not reported)
« Details: 0 mg/kg (described as a placebo in abstract), same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; hypotension (SBP < 80
mmHg); bradycardia (HR <50 bpm); ischaemic changes on ECG
Outcomes relevant to the review: hypotension; bradycardia
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« we combined data in analysis for all landiolol groups
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Unclear risk Described as placebo-controlled, but blinding is not reported
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Helfman 1991

Methods

RCT, parallel design

Participants

Total number of randomized participants: 40

Inclusion criteria: > 21 years of age; ASA status Il, Ill, or IV; scheduled for non-cardiac surgery
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Helfman 1991 (continued)

Exclusion criteria: atrioventricular conduction blocker > 1st-degree; congestive heart failure; cardiac
arrhythmias; asthma; use of beta-blockers within 24 h preceding surgery

Type of surgery: elective non-cardiac surgery
Baseline characteristics

Overall age range: 46-53 years

Intervention group (esmolol)

« History of hypertension, n: 2
« Preoperative use of beta-blockers, n: 3

Control group (placebo)

« History of hypertension, n: 2
« Preoperative use of beta-blockers, n: 3

Country: USA

Setting: hospital; single centre

Interventions

Intervention group (esmolol)

« Randomized, n =20; losses = unclear; analysed, n = unclear

« Details: 150 mg esmolol in 5% dextrose in water to make a solution of 15 mL, given after induction of
anaesthesia and prior to intubation

Control group (placebo)

« Randomized, n =20; losses = unclear; analysed, n = unclear
« Details: 15 mL 5% dextrose in water, given same as the intervention group

Outcomes

Outcomes measured/reported by study authors: haemodynamic variables; adverse events - brady-
cardia (HR <50 bpm), hypotension (SBP <90 mmHg), bronchospasm, seizures, rigidity

Outcomes relevant to the review: bradycardia; hypotension

Notes

Funding/declarations of interest: supported in part by the VA Medical Center, University of Miami
School of Medicine, Department of Anesthesiology, and in part by Dupon Pharmaceuticals

Study dates: not reported
Note:

« studyincluded 2 additional groups (fentanyl; and lidocaine), which we did not include in the review

« study authors report a loss of 8 participants (due to time to laryngoscopy > 30 seconds); number of
losses by group, which includes losses from fentanyl and lidocaine groups, was not adequately re-
ported

« wedid notinclude data for bradycardia and hypotension in analysis because we could not be certain
whether these outcomes were measured in both groups. Study authors reported that bradycardia and
hypotension "did not occur"

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization
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Helfman 1991 (continued)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Study personnel were blinded to group allocation; study drugs were given in
and personnel (perfor- comparable volumes of solution
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data Low risk Some losses (10%), which were not clearly reported, however we were not
(attrition bias) concerned by these losses and, additionally, we were not able to use available
All outcomes outcome data

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Horikoshi 2017

Methods RCT, parallel design

Participants Total number of randomized participants: 40
Inclusion criteria: ASA | or II; scheduled to undergo oesophagectomy for oesophageal cancer

Exclusion criteria: people with cardiac disease (e.g. arrhythmias including AF, conduction abnormali-
ties, antiarrhthymic medications including beta-blockers, recent angina pectoris, and MI); pulmonary
or renal disease; thyroid dysfunction

Type of surgery: elective oesophagectomy
Baseline characteristics
Intervention group (landiolol)

« Age, mean (SD): 67 (+ 7) years
« Gender, M/F: 15/4
« History of hypertension, n: 6

Control group (placebo)

« Age, mean (SD): 63 (+ 8) years
« Gender, M/F: 18/2
« History of hypertension, n: 8

Country: Japan

Setting: single centre; university hospital

Interventions Intervention group (landiolol)

« Randomized, n =20; losses = 1 (due to data collection error); analysed, n =19 (ITT analysis not used)

« Details: 5 pg/kg/min landiolol from induction of anaesthesia until morning of the 1st postoperative
day
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Horikoshi 2017 (continued)

Control group (placebo)

« Randomized, n = 20; losses = 0; analysed, n =20
+ Details: saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: AF (reported after surgery, on 1st postoperative
day, and 2nd postoperative day), sinus tachycardia; haemodynamic variables; plasma cytokines con-
centration in blood; bradycardia (not defined); hypotension (not defined); heart failure; cardiogenic
shock; length of hospital stay
Outcomes relevant to the review: AF (2nd postoperative day), hypotension; bradycardia; length of
hospital stay; congestive heart failure

Notes Funding/declarations of interest: no external funding sources, and study authors declare no conflicts
Study dates: April 2012-January 2015

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Use of computer-generated random numbers

tion (selection bias)

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Anaesthesiologists and surgeons were blinded to group assignment

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specfied

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk Loss of participant, ITT analysis not used

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trial registration (UMIN000020238). Not feasible to as-

porting bias) sess risk of reporting bias from these documents

Other bias Low risk Not detected

Inada 1989
Methods RCT, parallel design

Participants

Total number of randomized participants: 30

Inclusion criteria: adults, 21-71 years of age, scheduled for elective surgery under GA with tracheal in-
tubation

Exclusion criteria: congestive heart failure; unstable angina; bronchospastic disease on bronchodila-
tors; atrioventricular block; severe hepatic dysfunction; ASA physical status IV; concurrent alpha- or be-
ta-adrenergic drug administration
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Type of surgery: elective surgery (type not specified - we assumed non-cardiac)
Baseline characteristics
Intervention group (labetalol 5 mg)

« Age, mean (SD): 52 (+ 5) years
« Gender, M/F:5/5

o ASAstatusI/II/:2/7/1

« History of M, n: 0

« History of hypertension, n: 3
« History of COPD, n: 0

Intervention group (labetalol 10 mg)

« Age, mean (SD): 53 (£ 5) years
« Gender, M/F:4/6

« ASAstatus I/II/III: 2/7/1

« History of MI,n: 0

« History of hypertension, n: 2
« History of COPD, n: 0

Control group (placebo)

« Age, mean (SD): 49 (+ 5) years
« Gender, M/F: 55

« ASAstatus I/II/11:3/7/0

« History of M, n: 2

« History of hypertension, n: 1
« History of COPD, n: 2

Country: USA

Setting: single centre; hospital

Interventions Intervention group (labetalol 5 mg)

« Randomized, n = 10; losses = 0; analysed, n = 10 (use of ITT analysis not reported)
« Details: before induction of GA, 2 mL syringe, labetalol 5 mg

Intervention group (labetalol 10 mg)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: before induction of GA, 2 mL syringe, labetalol 10 mg

Control group

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: saline, same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic response; dysrhythmias (ventricu-
lar begeminy, ventricular extrasystoles); hypotension (not defined); bradycardia (not defined

Outcomes relevant to the review: hypotension, bradycardia

Notes Funding/declarations of interest: drug preparation supported by funds from Shering Corporation
Study dates: not reported

Notes:
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« inanalysis, we combined data from both labetalol groups
« study included an additional group (lidocaine), which we did not include in this review

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial. Participants received
and personnel (perfor- study drugs from "identical syringes" intravenously: content of syringes not
mance bias) predictable in advance
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Inoue 2010
Methods RCT, parallel design

Participants

Total number of randomized participants: 90

Inclusion criteria: ASA | to II; scheduled for gynaecological procedures in the supine position

Exclusion criteria: symptomatic ischaemic heart disease, hepatic or renal disease; coagulopathy; ad-
ministered vasodilator medications; unable to measure tympanic temperature; contraindications to

beta-blockers

Type of surgery: elective gynaecological procedures

Baseline characteristics

Intervention group (landiolol)

« Age, mean (SD): 62 (+ 14) years

Intervention group (esmolol)

« Age, mean (SD): 56 (+ 13) years

Control group (placebo)

« Age, mean (SD): 57 (+ 14) years
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Inoue 2010 (Continued)

Country: Japan

Setting: single centre; hospital

Interventions Intervention group (landiolol)

« Randomized, n =30; losses = 4 (due to problems with blood sample collection); analysed, n =26

« Details: 0.2 mg/kg, adjusted to 0.1 mL/kg of solution, given as a single bolus immediately prior to
induction of GA

Intervention group (esmolol)

« Randomized, n =30; losses = 2 (due to problems with blood sample collection); analysed, n =28
 Details: 1 mg/kg, adusted to 0.1 mL/kg of solution, given same as landiolol group

Control group (placebo)

+ Randomized, n =30; losses = 1 (due to problems with blood sample collection); analysed, n =29
« Details: normal saline 0.1 mL/kg, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: temperature changes; haemodynamic variables;
bradycardia (not defined); hypotension (not defined); bronchospasm

Outcomes relevant to the review: bradycardia; hypotension

Notes Funding/declarations of interest: funding sources not reported. Study authors declare no conflicts
Study dates: not reported
Notes:

« we combined data for both beta-blocker groups in analysis

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Quote: "Randomly assigned (closed envelope technique)"

tion (selection bias)
Comment: insufficient information

Allocation concealment Unclear risk Use of "closed" envelopes; however, no additional information is specified
(selection bias)

Blinding of participants Low risk Quote: "Attending anesthesiologists were blinded to the test drugs"
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk Small number of losses with reasons reported

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
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Other bias Low risk Not detected
Jakobsen 1986
Methods RCT, parallel design

Participants

Total number of randomized participants: 20

Inclusion criteria: scheduled for middle ear or nasal septum surgery, without evidence of cardiopul-
monary disease

Exclusion criteria: not reported

Type of surgery: middle ear or nasal septum surgery
Baseline characteristics

Intervention group (metoprolol)

« Age, mean (SD): 29.4 (+ 3.8) years

Control group (placebo)

« Age, mean (SD): 36.4 (+ 3.4) years

Country: Denmark

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n = 10; losses = 1 (due to protocol violation with premedication); analysed, n =9 (ITT
analysis was not used)

« Details: metoprolol 50 mg given orally the day before surgery, then 100 mg given with premedication
before anaesthesia

Control group (placebo)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: placebo given same as the intervention

Outcomes Outcomes measured/reported by study authors: doses and concentration of anaesthetic agents;
haemodynamic variables; blood loss; recovery times; PONV, and other side effects in the PACU

Outcomes relevant to the review: bradycardia (see notes)

Notes Funding/declarations of interest: study drugs provided by Hassle, Denmark

Study dates: not reported

Note:

« study authors reported that "some patients receiving metoprolol developed a relative bradycardia
before the induction of anaesthesia". Because number of events were not reported, we could not use
these data in analysis

Risk of bias
Bias Authors' judgement Support for judgement
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Jakobsen 1986 (Continued)

Random sequence genera-  Unclear risk Use of an envelope system to randomize participants. Insufficient information

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Anaesthetists and surgeons were unaware of group allocation

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Group allocation was concealed until after study results were available, and

sessors (detection bias)
All outcomes

therefore we assumed that outcome assessors were blinded

Incomplete outcome data  Low risk Loss of 1 participant because of protocol violation (with premedication)
(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

Low risk Not detected

Jakobsen 1992

Methods

RCT, parallel design

Participants

Total number of randomized participants: 40

Inclusion criteria: healthy women undergoing elective hysterectomy under GA
Exclusion criteria: not reported

Type of surgery: hysterectomy

Baseline characteristics

Intervention group (metoprolol)

« Age, mean (SD): 43 (+ 15) years

Control group (placebo)

« Age, mean (SD): 39 (+ 2.2) years

Country: Denmark

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n =20; losses = 0; analysed, n =20 (use of ITT analysis not reported)
« Details: 100 mg metoprolol orally with diazepam 15 mg, 1-2.5 h before surgery

Control group (placebo)

« Randomized, n =20; losses = 0; analysed, n =20
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Jakobsen 1992 (continued)

« Details: placebo with diazepam 15 mg, 1-2.5 h before surgery

Outcomes Outcomes measured/reported by study authors: changes in catecholamine levels, haemodynamic
variables, arrhythmias (type not specified), and perioperative blood loss, bradycardia (HR < 50 bpm),
hypotension (MAP <60 mmHg)

Outcomes relevant to the review: hypotension, bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, double-blind, placebo-controlled trial; we therefore assumed

and personnel (perfor- that personnel were blinded

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Jakobsen 1997

Methods

RCT, parallel design

Participants

Total number of randomized participants: 36

Inclusion criteria: people without previous or present cardiovascular history undergoing elective tho-
racotomy for lung cancer

Exclusion criteria: not reported

Type of surgery: elective thoracotomy for lung resection (GA with thoracic epidural blockade)
Baseline characteristics

Intervention group (metoprolol)

« Age, mean (SD): 60.3 (+ 8.6) years
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Jakobsen 1997 (Continued)

« Gender, M/F: 13/5
Control group (placebo)

« Age, mean (SD): 60.6 (+ 8.4) years
« Gender, M/F:10/7

Country: Denmark

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n=unclear; losses = (loss of 1 participant but study authors do not report to which group
this participant belonged); analysed, n = 18 (ITT analysis not used)

« Details: 100 mg metoprolol, orally, 1.5 h before surgery
Control group (placebo)

« Randomized, n=unclear; losses = (loss of 1 participant but study authors do not report to which group
this participant belonged); analysed, n =17

« Details: identical placebo, given same as intervention group

Outcomes Outcomes measured/reported by study authors: perioperative haemodynamic effects, surgical
stress response, ventricular and supraventricular arrhythmias, MI, bradycardia (HR < 50 bpm), hypoten-
sion (MAP <60 mmHg)

Outcomes relevant to the review: ventricular arrhythmias, Ml, bradycardia, hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk One participant was withdrawn from the placebo group because an epidural

(attrition bias) catheter could not be accomplished; it is unclear to which group this partici-

All outcomes pant belonged. No other apparent losses

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
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Jangra 2016

Methods

RCT, parallel design

Participants

Total number of randomized participants: 20
Inclusion criteria: ASA | or II; scheduled for endoscopic sinus surgery

Exclusion criteria: people on beta-blockers and cardiovascular active drugs; major hepatic, renal or
cardiac disease; haematological disorders; allergic to magnesium sulfate; history of neromuscular dis-
order; diabetic neuropathy; pregnancy; prior treatment with opioids or anticoagulants

Type of surgery: elective endoscopic sinus surgery
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 26.7 (+ 8.3) years
« Gender, M/F:3/7
« ASAstatus|/1l: 10/0

Control group (placebo)

« Age, mean (SD): 31.9 (£ 9.0) years
« Gender, M/F:6/4
o ASAstatus I/11:9/1

Country: India

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 10; losses = 0; analysed, n = 10 (use of ITT analysis was not reported)

+ Details: esmolol 500 pg/kg/min as an IV bolus over 10 min, after induction of anaesthesia, then infu-
sion at the rate of 100-300 ug/kg/min. We assumed discontinuation was at the end of anaesthesia

Control group (placebo)

+ Randomized, n = 10; losses = 0; analysed, n = 10 (use of ITT analysis was not reported)
« Details: normal saline given in same volumes as intervention group

Outcomes

Outcomes measured/reported by study authors: hypotension (MAP <50 mmHg); hypertension; need
for additional hypotensive agents or vasopressors; reflex tachycardia and arrhythmias; bradycardia
(not defined, and data not reported); bronchospasm (data not reported); arrhythmias; recovery times;
blood loss; assessment of surgical field for bleeding

Outcomes relevant to the review: hypotension (see notes below)

Notes

Funding/declarations of interest: no sources of support, and study authors declare no conflicts
Study dates: July 2007-October 2008
Notes:

« study included an additional group (magnesium sulphate), which we did not include in this review

« we did not include data for hypotension in analysis because it was not clear whether study authors
measured this outcome in the control group; study authors reported that no participants in the es-
molol group had excessive hypotension
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Jangra 2016 (Continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Use of computerized programme for randomization

tion (selection bias)

Allocation concealment Low risk See above
(selection bias)

Blinding of participants Low risk Participants and surgeons were blinded to group allocation. However, study
and personnel (perfor- authors do not report whether anaesthetists were blinded to group allocation
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk Study authors noted that the duration of surgery and anaesthesia were less in

the esmolol group. It is unclear whether this may influence results

Kao 2017

Methods RCT, parallel design

Participants Total number of randomized participants: 20

Inclusion criteria: ASA status | female participants; 20-50 years of age; undergoing minor breast
surgery. Participants were free of known systemic diseases, not receiving medication, had no improper
drug or alcohol misuse, and BMI between 18.5 and 24.9 kg/m?

Exclusion criteria: not reported

Type of surgery: minor breast surgery
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 39.9 (+ 9.4) years
Control group (saline)

« Age, mean (SD): 40.4 (+ 8.1) years
Country: Taiwan

Setting: single centre; hospital

Interventions Intervention group (esmolol)
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Kao 2017 (Continued)

» Randomized, n = 10; losses = 2 (due to unsatifactory placement of LMA); analysed, n = 8 (ITT analysis
was not used)

« Details: during anaesthesia, esmolol 0.5 mg/kg IV bolus
Control group

« Randomized, n=10;losses=2 (due to unsatifactory placement of LMA, and unsatisfactory ECG record-
ing); analysed, n = 8 (ITT analysis was not used)

« Details: normal saline 0.05 mL/kg, not described as a placebo

Outcomes Outcomes measured/reported by study authors: hypotension (drop from 30% or baseline SBP);
bradycardia (HR <50 bpm); HR variability
Outcomes relevant to the review: hypotension; bradycardia
Notes Funding/declarations of interest: grants from Chang Gung Memorial Hospital, Taiwan, and the Min-
istry of Science and Technology, Taiwan. Study authors declare no conflicts
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Use of a sealed envelope technique. Insufficient information
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Unclear risk Itis not clear whether the control group was a placebo agent, and whether the
and personnel (perfor- anaesthetists were aware of group allocation
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  High risk Small sample size with 2 participant losses in each group (20% loss)
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Kawaguchi 2010

Methods

RCT, parallel design

Participants

Total number of randomized participants: 56

Inclusion criteria: subarachnoid haemorrhage due to a ruptured aneurysm; 20-70 years of age; oper-
ation started within 48 h of onset of subarachnoid haemorrhage; HR = 90 bpm at preoperative assess-
ment
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Kawaguchi 2010 (continued)

Exclusion criteria: people with cardiac failure with hypotension <90 mmHg SAP for > 30 min; asth-
ma; diabetes ketosis or metabolic acidosis; 2nd- or 3rd-degree atrioventricular block or sick sinus syn-
drome; pregnant; coma on arrival at hospital; renal failure or were receiving haemodialysis therapy, or
both; severe liver disease; taking immunosuprressive agents; infectious disease of hepatitis B or C or
HIV; dexmedetomidine was administered before surgery

Type of surgery: neurosurgery
Baseline characteristics
Intervention group (landiolol)

« Age,mean (SD): 57.1 (+ 10.3) years

« Gender,M/F:11/17

« History of coronary heart disease, %: 3.6
« History of hypertension, %: 39.3

Control group (standard care)

« Age,mean (SD): 57.3 (+ 11.8) years

« Gender,M/F:7/21

« History of coronary heart disease, %: 3.6
« History of hypertension, %: 50

Country: Japan

Setting: hospital; multi-centre (10 centres)

Interventions

Intervention group (landiolol)

« Randomized, n =28; losses = 0; analysed, n =28

« Details: 50 mg/kg landiolol, IV bolus given before or after induction of anaesthesia, then infusion 20

mg/kg/min - titrated to maintain HR between 60 and 80 bpm. Discontinued at end of anaesthesia
Control group (standard care)

« Randomized, n =28; losses = 0; analysed, n =28
« Details: standard care. If required participants were given diltiazem

Outcomes

Outcomes measured/reported by study authors: haemodynamic parameters, tissue injury markers,
mortality (measured during hospital stay and as part of GOS at 3 months), bradycardia (< 60 bpm), hy-
potension (SBP <80 mmHg), bronchospasm, myocardial ischaemia, pneumonia, hyponatremia, heap-
tic and renal disorders

Outcomes relevant to the review: early mortality, late mortality, bradycardia, hypotension

Notes

Funding/declarations of interest: departmental sources at Nara Medical University, Yamaguchi Un-
versity Graduate School of Medicine, Hachioji Medical Center, Tokyo Medical University

Study dates: June 2005-May 2008
Note:

« study also known as ILAST

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization list
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Kawaguchi 2010 (continued)

Allocation concealment Unclear risk Envelope method, but no additional details
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trial registration (UMINO00000945). Not feasible to as-
porting bias) sess risk of reporting bias from these documents
Other bias Low risk Not detected

Kindler 1996

Methods RCT, parallel design

Participants Total number of randomized participants: 45

Inclusion criteria: normotensive; ASA status | or Il; scheduled for elective gynaecological procedures
under GA

Exclusion criteria: not reported

Type of surgery: elective gynaecological procedures
Baseline characteristics

Intervention group (esmolol 1 mg/kg)

o Age, mean (SEM): 37 (x 3) years

Intervention group (esmolol 2 mg/kg)

« Age, mean (SEM): 43 (+ 3) years

Control group (placebo)

« Age, mean (SEM): 41 (+ 3) years

Country: Switzerland

Setting: hospital; single centre

Interventions Intervention group (esmolol 1 mg/kg)

» Randomized, n = 15; losses = 0; analysed, n = 15
+ Details: esmolol 1 mg/kg given as IV bolus 90 seconds before laryngoscopy; equal volume 0.9% saline
given 3 min before laryngoscopy

Intervention group (esmolol 2 mg/kg)
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Kindler 1996 (continued)

« Randomized, n = 15; losses = 0; analysed, n =15
« Details: esmolol 2 mg/kg given as IV bolus 90 seconds before laryngoscopy; equal volume 0.9% saline
given 3 min before laryngoscopy

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: 0.9% saline injection at 3 min and 90 seconds before laryngoscopy

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; arrhythmias (not de-
fined); bradycardia (HR < 50 bpm); hypotension; bronchospasm
Outcomes relevant to the review: bradycardia; hypotension
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« wedid notinclude data for bradycardia and hypotension in analysis, because we could not be certain
whether these outcomes were measured in all groups
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated randomization
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk To ensure double-blinding, a nurse-anaesthetist who was not involved in the
and personnel (perfor- study prepared the study drugs
mance bias)
All outcomes
Blinding of outcome as- Low risk Independent observers recorded outcome data
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Lai 2006
Methods RCT, parallel design

Participants

Total number of randomized participants: 60
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Lai 2006 (Continued)

Inclusion criteria: oesophageal cancer, > 65 years of age, scheduled for oesophagectomy under GA; HR
> 55 bpm; 2nd- or 3rd-degree atrioventricular block

Exclusion criteria: 2nd- or 3rd-degree atrioventricular block; congestive heart failure; bronchial asth-
ma; ischaemic heart disease; hepatic and renal dysfunction; diabetes; hyptertension; preoperative be-
ta-blocker use

Type of surgery: oesophagectomy
Baseline characteristics
Intervention group (metoprolol)

» Age, median: 66 years
« Gender, M/F: 24/6
« History of hypertension, n: 7

Control group (standard care)

+ Age, median: 67 years
« Gender, M/F: 25/5
« History of hypertension, n: 5

Country: China

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n = unclear; losses = unclear (see notes); analysed, n =30 (ITT analysis not used)
« Details: started at the induction of anaesthesia and was continued until 72 h postoperatively

Control group (standard care)

« Randomized, n = unclear; losses = unclear (see notes); analysed, n =30
« Details: no details

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, serum levels of tro-
ponin T, MI, AF, mortality, myocardial ischaemia
Outcomes relevant to the review: MI, AF, mortality
Notes Funding/declarations of interest: not reported
Study dates: January 2004-August 2004
Note:
« study report in Chinese; translated with the help of Dr Y Wang (Acknowledgements)
« we attempted contact with the study authors by email to ask for additional information regarding the
trial design; this was unsuccessful
« 2 participants were withdrawn from the study after randomization. Study authors do not report to
which group these participants belong, although data appear to be reported for 30 participants in
each group.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
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Lai 2006 (Continued)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk 2 participants were withdrawn from the study after randomization. Exact point
(attrition bias) of time and study group allocation were unclear, however loss was < 10%
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Lee 1994
Methods RCT, parallel design
Participants Total number of randomized participants: 60

Inclusion criteria: adults; ASA status | or Il

Exclusion criteria: not reported in English abstract

Type of surgery: type of surgery not specified - we assumed non-cardiac
Baseline characteristics

Intervention group (labetalol 0.3 mg/kg)

« Age, mean (SD): 32 (+ 9) years
« Gender, M/F:11/9

Intervention group (labetalol 0.6 mg/kg)

« Age, mean (SD): 29 (+ 10) years
« Gender, M/F:10/10

Control group (placebo)

« Age, mean (SD): 34 (£ 9) years
« Gender, M/F: 8/12

Country: South Korea

Setting: hospital; single centre

Interventions Intervention group (labetalol 0.3 mg/kg)

« Randomized, n = 20; losses = 0; analysed, n =20
« Details: 0.3 mg/kg labetalol given 3 min before induction of GA
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Lee 1994 (Continued)

Intervention group (labetalol 0.6 mg/kg)

« Randomized, n = 20; losses = 0; analysed, n =20
« Details: 0.6 mg/kg labetalol given 3 min before induction of GA

Control group (placebo)

« Randomized, n = 20; losses = 0; analysed, n =20
+ Details: normal saline, given same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; hypotension (not de-
fined); significant bradycardia (not defined); bronchospasm; ECG changes
Outcomes relevant to the review: hypotension; bradycardia
Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:
« study report in Korean. We did not seek translation but used available information in the English ab-
stract and in tables
« we combined data in analysis for the two labetalol groups
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified in English abstract
tion (selection bias)
Allocation concealment Unclear risk Not specified in English abstract
(selection bias)
Blinding of participants Unclear risk Not specified in English abstract
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified in English abstract
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk Itis not feasible to assess risk of other biases because most information was
collected only from the English abstract
Lee 2010
Methods RCT, parallel design
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Lee 2010 (Continued)

Participants

Total number of randomized participants: 60
Inclusion criteria: undergoing laparoscopic appendectomy; ASA status | or Il; 18-45 years of age

Exclusion criteria: side effects or hypersensitivity to esmolol; cardiovascular diseases; metabolic dis-
aese; renal diseases; liver diseases; neurological disorders or pregnancy; breastfeeding women; had
taken anti-emetics within 48 h of start of study

Type of surgery: laparoscopic appendectomy
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 36.3 (+ 7.7) years
« Gender,M/F:12/18

Control group (placebo)

« Age, mean (SD): 34.5 (+ 6.1) years
« Gender,M/F: 14/16

Country: Korea

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)

 Details: 1 mg/kgesmolol, IV, given before intubation, then continuous infusion of 10 ug/kg/min during
maintenance of GA, a dose of 1 mg/kg was given before extubation

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)
« Details: normal saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: pain, PONV, haemodynamic variables; length of
hospital stay
Outcomes relevant to the review: length of hospital stay

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Participants "were randomly placed into 2 groups"

tion (selection bias)

Allocation concealment Unclear risk See above

(selection bias)

Blinding of participants Unclear risk Not specified

and personnel (perfor-

mance bias)

All outcomes
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Lee 2010 (Continued)

Blinding of outcome as-
sessors (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Lee 2015
Methods RCT, parallel design

Participants

Total number of randomized participants: 56
Inclusion criteria: 20-65 years of age; ASA status | or II; scheduled to undergo elective general surgery

Exclusion criteria: conditions that pose a risk to tracheal intubation, including BMI > 30 kg/m? or <
16.5 kg/m?; chronic preoperative beta-blocker treatment; history of hypertension, neuromuscular dis-
ease, or renal disease

Type of surgery: elective general surgery (such as open thyroid surgery, endoscopic thyroidectomy, or
orthopaedic surgery)

Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 41 (+ 10) years
« Gender, M/F:4/23
« ASAI/lI:1/26

Control group (placebo)

« Age, mean (SD): 48 (+ 10) years
« Gender, M/F: 4/24
« ASAI/II: 0/28

Country: South Korea

Setting: hospital; single centre

Interventions

Intervention group (esmolol)

« Randomized, n =28; losses = 1 (intubation time > 60 seconds); analysed, n =27
« Details: 0.5 mg/kg esmolol given 60 seconds before induction of anaesthesia

Control group (placebo)

« Randomized, n =28; losses = 0; analysed, n =28
« Details: 5 mL 0.9% saline given same as the intervention group

Outcomes

Outcomes measured/reported by study authors: intubation scores; haemodynamic variables; hy-
potension (not defined); bradycardia (not defined); rescue treatments; recall
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Lee 2015 (Continued)

Outcomes relevant to the review: hypotension; bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« studyincluded an additional intervention group (nicardipine), which we did notinclude in the review.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Random allocation using a "sealed envelope technique"; insufficient informa-
tion (selection bias) tion
Allocation concealment Unclear risk Insufficient information
(selection bias)
Blinding of participants Low risk To ensure blinding, a nurse who did not participate in the study prepared the

and personnel (perfor-
mance bias)

study drugs and diluted esmolol in saline to equivalent volume as the placebo
group drug. An anaesthetist who initiated treatment was blinded to group al-

All outcomes location.

Blinding of outcome as- Low risk An anaesthetist blinded to group allocation collected outcome data.

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk Loss of one participant in the esmolol group; unlikely to influence results
(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Clinical trial registration (KCT0001177). However, study was registered retro-

porting bias)

spectively and it is not feasible to use these documents to effectively assess
risk of reporting bias

Other bias Low risk Not detected
Lee 2017
Methods RCT. Parallel design

Participants

Total number of randomized participants: 90
Inclusion criteria: 18-70 years of age; ASA status | or II; scheduled for elective dental surgery under GA

Exclusion criteria: cardiac, neurologic, or psychiatric problems; people who had analgesic or sedative
agents within 24 h before surgery; or requiring a rapid sequence induction

Type of surgery: elective dental surgery
Baseline characteristics
Intervention group (esmolol 0.5 mg/kg)

« Age, mean (SD): 42.8 (+ 17.5) years
« Gender, M/F: 13/17
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Lee 2017 (Continued)

Intervention group (esmolol 1 mg.kg)

« Age, mean (SD): 43.1 (+ 16.5) years
« Gender,M/F:12/18

Control group (placebo)

« Age,mean (SD): 43.5 (+ 15.2) years
« Gender, M/F: 13/17

Country: Korea

Setting: single centre; hospital

Interventions

Intervention group (esmolol 0.5 mg/kg)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: esmolol 0.5 mg/kg, IV, given before anaesthesia

Intervention group (esmolol 1 mg/kg)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: esmolol 1 mg/kg, IV, given before anaesthesia

Control group (placebo)

« Randomized, n = 30; losses = 0; analysed, n =30
+ Details:normal saline, given same as the intervention groups

Outcomes Outcomes measured/reported by study authors: pain, reactions to emergence from anaesthesia to
include bradycardia (not defined) and hypotension (not defined)
Outcomes relevant to the review: bradycardia and hypotension
Notes Funding/declarations of interest: supported by a grant from Glaxo, Inc. Study authors declare no con-
flicts
Study dates: not reported
Notes:
« study included an additional arm (remifentanil), which we did not include in the review
« we combined both esmolol groups in analysis
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Use of computer-generated randomization
tion (selection bias)
Allocation concealment Low risk See above
(selection bias)
Blinding of participants Low risk Study nurses who were not involved in care of participants prepared coded sy-
and personnel (perfor- ringes
mance bias)
All outcomes
Blinding of outcome as- Low risk Blinded anaesthesiologists measured outcome data
sessors (detection bias)
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Lee 2017 (Continued)
All outcomes

Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Prospective clinical trial registration (NCT01885364). Main outcome (pain)
porting bias) reported as specified in clinical trial register documents. Reactions to emer-
gence from anaesthesia were not included in these documents

Other bias Low risk Not detected
Lim 2000
Methods RCT, parallel design
Participants Total number of randomized participants: 36

Inclusion criteria: ASA status | or Il; scheduled for elective craniotomy under GA

Exclusion criteria: history of congestive cardiac failure; heart block; bronchial asthma; already taking
beta-blockers

Type of surgery: intracranial surgery
Baseline characteristics
Intervention group (esmolol 100 pg/kg)

« Age, median (range): 35 (27-67) years
« Gender, M/F:8/4
« History of hypertension, n: 2

Intervention group (esmolol 200 pg/kg)

« Age, median (range): 28 (21-67) years
« Gender, M/F:5/7
« History of hypertension, n: 2

Control group (placebo)

« Age, median (range): 57 (25-74) years
« Gender, M/F:4/8
« History of hypertension, n: 3

Country: Singapore

Setting: single centre; hospital

Interventions Intervention group (esmolol 100 pg/kg)

« Randomized, n = 12; losses = 0; analysed, n = 12 (use of ITT analysis not reported)

« Details: IV bolus dose given at start of emergence from anaesthesia 500 ug/kg esmolol, followed by
esmolol infusion at 100 pg/kg/min. Discontinued 5 min after extubation

Intervention group (esmolol 200 pg/kg)

« Randomized, n =12; losses = 0; analysed, n = 12
« Details: same as other intervention group, but esmolol infusion at 200 pg/kg/min
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Lim 2000 (Continued)

Control group (placebo)

+ Randomized, n =12; losses = 0; analysed, n =12
+ Details: saline given same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bronchospasm; brady-
cardia (requiring discontinution of drug and treatment with atropine); severe tachycardia (not defined
by type of tachycardia); hypertension
Outcomes relevant to the review: bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« we combined data from both esmolol groups in analysis

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Unclear risk Placebo-controlled trial, but study authors did not report whether anaes-

and personnel (perfor- thetists were blinded

mance bias)

All outcomes

Blinding of outcome as- Low risk Observations made by a nurse not involved in drug administration

sessors (detection bias)

All outcomes

Incomplete outcome data ~ Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Liu 1986
Methods RCT, parallel design

Participants

Total number of randomized participants: 30

Inclusion criteria: ASA status |; no history of asthma, palpitations, hypertension, cardiac conduction
defects, congestive heart failure or preoperative use of beta-blockers

Exclusion criteria: not reported
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Liu 1986 (continued)

Type of surgery: mainly hysterectomy and gynaecological procedures
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 45.6 (+ 2.8) years
« Gender, M/F:2/14

Control group (placebo)

« Age, mean (SD): 44.9 (+ 3.3) years
« Gender, M/F:1/13

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 16; losses = 0; analysed, n = 16 (use of ITT analysis not reported)

« Details: esmolol 500 pg/k/min for 4 min; IV, during anaesthesia. Then 300 pg/k/min during induction
of anaeshesia, and for a further 3 min

Control group (placebo)

» Randomized, n = 14; losses = 0; analysed, n = 14
« Details: normal saline, given same as intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; dysrhythmias (brady-
cardia, ventricular ectopic beats) during surgery; myocardial ischaemia (reported as ST depression);
supraventricular arrhythmias
Outcomes relevant to the review: bradycardia

Notes Funding/declarations of interest: supported by a grant from American Critical Care
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes
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Liu 1986 (continued)

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Liu 2006
Methods RCT, parallel design
Participants Total number of randomized participants: 30

Inclusion criteria: elderly participants, 60-75 years of age, undergoing elective non-cardiac surgery

Exclusion criteria: pre-operative HR < 55 bpm; 2nd- or 3rd-degree atrioventricular block; congestive
heart failure; bronchospasm and people taking beta-blockers

Type of surgery: non-cardiac surgery (lung resection, oesophagectomy, gastrectomy)
Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 70 (% 5) years
« Gender, M/F:9/6
« ASAstatus lI/111/1V: 2/8/5

Control group (standard care)

« Age, mean (SD): 69 (+ 8) years
« Gender,M/F:7/8
« ASA status II/11l/IV: 3/7/5

Country: China

Setting: single centre; university hospital

Interventions Intervention group (metoprolol)

« Randomized, n = 15; losses = 0; analysed, n = 15 (use of ITT analysis was not reported)
« Details: 0.5 mg before induction and 1.5 mg metoprolol after tracheal intubation, IV

Control group (standard care)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: standard care

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, myocardial ischaemia,
troponin levels, hypotension (not defined), bradycardia (not defined)

Outcomes relevant to the Review: hypotension, bradycardia

Notes Funding/declarations of interest: not reported in abstract
Study dates: not reported in abstract

« we attempted contact with the study authors by email to ask for additional information regarding the
trial design; this was unsuccessful

« translated with the help of Dr Y Wang (Acknowledgements)
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Liu 2006 (continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trials registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Louizos 2007

Methods RCT, parallel design

Participants Total number of randomized participants: 162

Inclusion criteria: cigarette smokers; ASA I-1ll; undergoing elective microlaryngeal surgery under GA;
having smoked an average of 20-30 cigarettes daily for > 10 years

Exclusion criteria: average in-hospital HR <55 bpm or SBP < 100 mmHg; COPD; sick sinus syndrome,
conduction abnormalities on the ECG; cardiac failure; receive monoamine oxidase inhibitors or reser-
pine

Type of surgery: elective microlaryngeal surgery
Baseline characteristics
Intervention group (esmolol 1 mg/kg)

« Age, mean (SD): 44 (£ 8) years
« Gender, M/F: 28/26

Intervention group (esmolol 2 mg/kg)

« Age, mean (SD): 43 (+ 11) years
« Gender, M/F:26/29

Control group (placebo)

« Age, mean (SD): 41 (+ 8) years
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Louizos 2007 (Continued)

« Gender, M/F: 26/27
Country: Greece

Setting: single centre; hospital

Interventions

Intervention group (esmolol 1 mg/kg)

« Randomized, n = 54; losses = 0; analysed, n = 54 (use of ITT analysis not reported)
 Details: 1 mg/kg esmololin 30 mL normal saline given during induction of anaesthesia

Intervention group (esmolol 2 mg/kg)

« Randomized, n =55; losses = 0; analysed, n = 55
+ Details: 2 mg/kg esmolol in 30 mL normal saline given during induction of anaesthesia

Control group (placebo)

« Randomized, n =53; losses = 0; analysed, n =53
« Details: 30 mL normal saline given during inductin of anaesthesia

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; tachycardia (type of
tachycardia not defined); bronchospasm, bradycardia, hypotension, hypertension, volume of rescue
esmolol
Outcomes relevant to the review: hypotension, bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:

« 3 participants were withdrawn from the study before initiation of treatment. Study authors did not
report to which group these participants were allocated. We did not include these participants in the
number randomized

« we combined data for both esmolol groups in analysis

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specfied

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Anaesthetists were blinded to the type of drug

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk 3 participants were withdrawn before initiation of study intervention. No other

(attrition bias)
All outcomes

apparent losses
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Louizos 2007 (Continued)

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

High risk Participants in either group were treated with esmolol in the event of hyper-
tension, arterial blood pressure and tachycardia. This may influence outcome
data for some control group participants

Magnusson 1986

Methods

RCT, parallel design

Participants

Total number of randomized participants: 30
Inclusion criteria: scheduled for cholecystectomy, herniorrhaphy, with hypertension

Exclusion criteria: obstructive lung disease, previous MI, congestive heart failure, 2nd- or 3rd-degree
atrioventricular block

Type of surgery: cholecystectomy, herniorrhaphy
Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 56 (+9) years
« Gender, M/F:3/10
« Preoperative use of beta-blockers, n: 11

Control group (placebo)

« Age, mean (SD): 59 (£ 7) years
« Gender,M/F:7/7
» Preoperative use of beta-blockers, n: 3

Country: Sweden

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n = 15; losses = 2 (due to cancellation of surgery because of: chest pain in 1 participant,
and appearance of new T wave on ECG in another); analysed, n = 13 (use of ITT analysis not used)

« Details: 200 mg metoprolol (in slow-release form) once daily for at least 2 weeks up to and including
the morning of surgery; IV infusion of metoprolol 15 mg before induction of GA

Control group (placebo)

« Randomized, n = 15; losses = 1 (due to dizziness leading to discontinuation of medication); analysed,
n=14
+ Details: placebo, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: multiple haemodynamic parameters, heart failure,
ventricular extrasystoles, bradycardia (HR <40 bpm), hypotension (SAP <70 mmHg)
Outcomes relevant to the review: bradycardia, hypotension
Notes Funding/declarations of interest: supported by university funding
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Magnusson 1986 (Continued)

Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomization was not specified. We noted a difference between

tion (selection bias) groups in the number of participants who were previously taking anti-hyper-
tensive treatment (which included beta-blockers); we could not be certain
whether this difference was caused by insufficient randomization

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, double-blind, placebo-controlled trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk Quote: "Two patients in the treatment group and one patient in the placebo

(attrition bias) group were subsequently excluded because of complications during treat-

All outcomes ment".
Comment: loss of < 10%

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Mallon 1990
Methods RCT, parallel design

Participants

Total number of randomized participants: 45

Inclusion criteria: ASA I-11l; scheduled for non-cardiac surgery under GA; men or postmenopausal
women or non-pregnant women; 18-65 years of age

Exclusion criteria: concurrent use of beta-blockers or calcium channel blockers; cardiac conduction
abnormality; congestive heart failure; unstable angina; asthma; cor pulmonale

Type of surgery: elective non-cardiac surgery

Baseline characteristics not reported by group. Study authors report that "demographic variables
were comparable among groups"

Overall:

« age, mean (SD): 44.7 (+ 13) years
« gender, M/F: 14/31

Country: Canada

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review)
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Mallon 1990 (continued)

Setting: single centre; hospital

Interventions

Intervention group (esmolol 100 mg)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: esmolol 100 mg, IV, 90 seconds before intubation

Intervention group (esmolol 200 mg)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: esmolol 200 mg same as other intervention group

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; use of vasopressors;
adverse events to include: bradycardia (HR <50 bpm); hypertension; hypotension (MAP < 20% base-
line); tachycardia (type of tachycardia not defined); ventricular dysrhythmia; ischaemia (ST depres-
sion); wheezing
Outcomes relevant to the review: bradycardia; hypotension; ventricular dysrrhythmia

Notes Funding/declarations of interest: supported by a grant from Dupont Pharmaceuticals
Study dates: not reported
Note:

« we combined both esmolol groups in analysis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated randomization

tion (selection bias)

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Double-blind placebo-controlled trial. We assumed that anaesthetists were

and personnel (perfor- blinded to study drugs

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
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Meftahuzzaman 2014

Methods

RCT, parallel group

Participants

Total number of randomized participants: 60

Inclusion criteria: male or female; weighing 35-60 kg; 15-55 years of age; ASA | or Il; scheduled for elec-
tive surgical procedures

Exclusion criteria: predicted difficult intubation; hypertension; ischaemic heart disease; compensato-
ry tachycardia; baseline HR < 60 bpm or SBP < 100 mmHg; chronic obstructive airway disease; taking
medication with cardiovascular effects

Type of surgery: elective surgery (type not specified; we assumed non-cardiac)
Baseline characteristics
Intervention group (labetalol)

« Age, mean (SD): 38.5 (+ 11.23) years
« Gender,M/F:15/15

Control group (placebo)

« Age, mean (SD): 35.33 (+ 10.41) years
« Gender,M/F:15/15

Country: Bangladesh

Setting: single centre; hospital

Interventions

Intervention group (labetalol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)

« Details: 0.25 mg/kg labetalol diluted with 10 mL normal saline, IV; 3 min prior to intubation over a
period of 30 seconds

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: 10 mL normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (HR < 50
bpm)
Outcomes relevant to the review: bradycardia

Notes Funding/declarations of interest: not reported
Study dates: January 2012-June 2013
Note:
«+ study included an additional arm (fentanyl), which we did not include in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)
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Meftahuzzaman 2014 (continued)

Allocation concealment Low risk Use of sequentially, numbered, sealed envelopes
(selection bias)

Blinding of participants Low risk Described as placebo-controlled double-blinded study, and therefore we as-
and personnel (perfor- sumed that personnel were blinded
mance bias)

All outcomes

Blinding of outcome as- Unclear risk No specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Menigaux 2002

Methods RCT, parallel design

Participants Total number of randomized participants: 50
Inclusion criteria: 18-70 years of age; ASA status | or Il; scheduled for elective non-cranial surgery

Exclusion criteria: neurological, cardiac, or metabolic disease; chronic hypertension; asthma or reac-
tive airway disease; cardiovascular or beta-blocker medication; routine use of analgesics or hypnotic
medication; drug or alcohol abuse; obesity

Type of surgery: elective non-cranial surgery
Baseline characteristics
Intervention group (esmolol)

« Age, mean (range): 37 (19-53) years
« Gender, M/F:15/10

Control group (placebo)

« Age, mean (range): 36 (18-54) years
« Gender, M/F: 18/7

Country: France

Setting: hospital; single centre

Interventions Intervention group (esmolol)

« Randomized, n =25; losses = 0; analysed, n =25
« Details: during anaesthesia, bolus of esmolol 1 mg/kg followed by an infusion of 250 pg/kg/min

Control group (placebo)

» Randomized, n = 25; losses = 0; analysed, n =25
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Menigaux 2002 (Continued)

« Details: comparable volume of saline given

Outcomes Outcomes measured/reported by study authors: BIS values; haemodynamic variables; response to
laryngoscopy and intubation; hypotension (MAP < 60 mmHg); bradycardia (HR <50 bpm)
Outcomes relevant to the review: bradycardia; hypotension

Notes Funding/declarations of interest: supported by NIH grant, the Joseph Down Foundation, and the
Commonwealth of Kentucky Research Challenge Trust Fund. Authors declare no financial interests in
the research
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomization
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Quote: "Patients and personnel involved in patient management and data col-
and personnel (perfor- lection were unaware of the group allocation"
mance bias)
All outcomes Comment: to ensure blinding, hospital pharmacists prepared syringes
Blinding of outcome as- Low risk Quote: "Patients and personnel involved in patient management and data col-
sessors (detection bias) lection were unaware of the group allocation"
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Mikawa 1991
Methods RCT, parallel design

Participants

Total number of randomized participants: 30

Inclusion criteria: normotensive; ASA status I; undergoing elective surgery
Exclusion criteria: not reported

Type of surgery: type of surgery not specified (we assumed it was non-cardiac)
Baseline characteristics

Intervention group (pindolol 2 pg/kg)

« Age, mean (range): 44.7 (26-58) years
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« Gender, M/F:3/7
Intervention group (pindolol 4 ug/kg)

« Age, mean (range): 45.1 (24-57) years
« Gender, M/F:4/6

Control group (placebo)

« Age, mean (range): 43.4 (25-57) years
« Gender, M/F:3/7

Country: Japan

Setting: single centre; hospital

Interventions Intervention group (pindolol 2 pg/kg)

« Randomized, n = 10; losses = 0; analysed, n = 10 (use of ITT analysis not reported)
« Details: pindolol 2 pg/kg, IV, 5 min before intubation

Intervention group (pindolol 4 ug/kg)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: pindolol 4 pg/kg, IV, 5 min before intubation

Control group (placebo)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: saline given same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; changes to ECG; ventric-
ular extrasystoles; bradycardia (< 50 bpm and requiring treatment); hypotension; adverse respiratory
events

Outcomes relevant to the review: bradycardia and hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« we combined both pindolol groups in analysis

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Quote: "The investigator and the patients were blinded to the identity of the
and personnel (perfor- experimental treatment"
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
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Mikawa 1991 (continued)
All outcomes

Incomplete outcome data  Low risk
(attrition bias)
All outcomes

No apparent losses

Selective reporting (re- Unclear risk
porting bias)

Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Miller 1990
Methods RCT, parallel
Participants Total number of randomized participants: 45

Inclusion criteria: scheduled for peripheral vascular surgery, < 75 years of age, with coronary artery
disease (based on a history of angina or M), or with at least 2 risk factors for coronary artery disease

Exclusion criteria: average ward HR < 60 bpm, average SBP < 110 mmHg, disturbance on preoperative
ECG, history of bronchospasm, heart failure, Ml within 6 months, on chronic beta-blocker therapy

Type of surgery: elective peripheral vascular surgery

Baseline characteristics

Intervention group (esmolol 1.5 mg/kg)

« Age, mean (SD): 59 ( 9) years

« Gender,M/F:12/3
« History of MI,n: 0

Intervention group (esmolol 3.0 mg/kg)

« Age, mean (SD): 60 (£ 9) years

« Gender, M/F:13/2
« Historyof Ml n: 1

Control group (placebo)

« Age, mean (SD): 58 (+ 8) years

« Gender, M/F: 13/2
« History of M, n: 3

Country: Canada

Setting: single centre; hospital

Interventions Intervention group (esmolol 1.5 mg/kg)

« Randomized, n = 15; losses = 0; analysed, n = 15 (use of ITT analysis not reported)
« Details: concentration of 5 mg/mL in coded 30 mL vial, given before induction of GA

Intervention group (esmolol 3.0 mg/kg)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: concentration of 10 mg/mL, in coded 30 mL vial, given before induction of GA

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review)
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Miller 1990 (continued)

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n = 15
+ Details: given same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, death, MI, myocardial is-
chaemia, hypotension, bronchospasm, ventricular premature beats
Outcomes relevant to the review: death, MI, hypotension
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
» we combined both doses of esmolol in analysis
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomization schedule
tion (selection bias)
Allocation concealment Low risk See above
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data ~ Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Miller 1991
Methods RCT, parallel design

Participants

Total number of randomized participants: 548

Inclusion criteria: = 18 years of age, scheduled for non-cardiac surgery under GA. Study authors re-
ported that in at least 6 of the 12 centres, participants had a history of coronary artery disease, or at
least 2 risk factors

Exclusion criteria: HR <60 bpm, SBP <110 mmHg, diagnosis of sick sinus syndrome or conduction
abnormality on preoperative ECG, congestive heart failure or Ml within 3-6 months, or history of bron-
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Miller 1991 (continued)

chospasm, receiving adrenergic-augmenting and depleting drugs. Study authors report that in 3 of the
12 centres, participants were allowed to continue taking beta-adrenergic blocking agents; in remaining
9 centres, participants were not included if they had taken these agents within 24 h (or for nadolol, in
previous 4 days)

Type of surgery: elective non-cardiac surgery
Baseline characteristics
Intervention group (esmolol 100 mg)

« Age, mean (SD): 56 (+ 16) years

« Gender, M/F:90/97

« ASA status I/lI/IIl/IV: 34/96/56/1

« History of coronary heart disease, %: 12.8
« History of hypertension, %: 28.3

Intervention group (esmolol 200 mg)

« Age, mean (SD): 55 (+ 16) years

« Gender, M/F: 88/93

o ASAstatus I/11/111/IV: 39/95/44/3

« History of coronary heart disease, %: 11.1
« History of hypertension, %: 23.2

Control group (placebo)

« Age, mean (SD): 56 (+ 16) years

« Gender, M/F: 85/95

« ASAstatus I/II/1I/IV: 40/97/42/1

« History of coronary heart disease, %: 8.9
« History of hypertension, %: 33.9

Country: Canada

Setting: multi-centre; 12 university-affiliated hospitals

Interventions

Intervention group (esmolol 100 mg)

« Randomized, n =187, losses = 0; analysed, n = 187 (use of ITT analysis not reported)

« Details: bolus dose 100 mg esmolol at start of induction of GA, 10 mg/mL esmolol supplied in 10 mL
vials

Intervention group (esmolol 200 mg)

« Randomized, n = 181; losses = 0; analysed, n = 181

« Details: bolus dose 200 mg esmolol at start of induction of GA, 10 mg/mL esmolol supplied in 10 mL
vials

Control group (placebo)

« Randomized, n = 180; losses = 0; analysed, n = 180
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, use of analgesics, brady-
cardia, hypotension, bronchospasm, mortality
Outcomes relevant to the review: bradycardia, hypotension, mortality
Notes Funding/declarations of interest: supported by a grant from DuPont Pharmaceuticals
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Study dates: start date October 1987
Notes:

« study authors report some differences between centres in timing of administration of intervention
drug, and in anaesthetic management, and in participant inclusion criteria

« we combined both doses of esmolol in analysis

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization in blocks of 45 for each centre."

tion (selection bias)
Comment: we assumed that computer-generated randomization was used, as
was the case by the same study authors in Miller 1990

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Miyazaki 2009

Methods

RCT, parallel group

Participants

Total number of randomized participants: 63

Inclusion criteria: elderly (> 70 years of age); with or without hypertension; scheduled for surgery un-
der GA

Exclusion criteria: ASA status IlI, IV or V; atrioventricular block > 1st degree; history of drug allergy;
asthma; bronchospasm; COPD; coronary artery disease; HR <50 bpm; SBP <80 mmHg 1 min before ad-
ministration of landiolol

Type of surgery: orthopaedic or gynaecological surgery
Baseline characteristics
Intervention group (landiolol - hypertensive participants)

« Age, mean (SD): 74 (+ 4) years
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Miyazaki 2009 (continued)

Intervention group (landiolol - normotensive participants)
« Age, mean (SD): 73 (+ 3) years

Control group (placebo - hypertensive participants)

« Age, mean (SD): 75 (+ 4) years

Control group (placebo - normotensive participants)

« Age, mean (SD): 76 (x 5) years

Country: Japan

Setting: single centre; hospital

Interventions

Intervention group (landiolol - hypertensive and normotensive participants)

« Randomized, n =32; losses = 0; analysed, n =32 (use of ITT analysis not reported)

+ Details: landiolol infusion 0.125 mg/kg/min for 1 min started during emergence from anaesthesia,
then decreased to 0.04 mg/kg/min until extubation

Control group (placebo - hypertensive and normotensive participants)

« Randomized, n =31; losses = 0; analysed, n =31
« Details: normal saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; bradycardia (HR <50
bpm)

Outcomes relevant to the review: bradycardia

Notes Funding/declarations of interest: not reported

Study dates: not reported

Notes:

« study investigators stratified randomized participants who had hypertension or who were normoten-
sive into landiolol or control group, thus reporting four groups. We combined data in analysis for hy-
pensive and normotensive participants

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Use of a random-number table
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Quote: "All persons present during the study were blinded to the identity of the
and personnel (perfor- infusion being administered"
mance bias)
All outcomes
Blinding of outcome as- Low risk See above
sessors (detection bias)
All outcomes
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Miyazaki 2009 (continued)

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Moon 2011
Methods RCT, parallel design

Participants

Total number of randomized participants: 54

Inclusion criteria: women, 20-60 years of age; ASA status | or Il; scheduled for elective laparoscopic gy-
naecological surgery of <2 h duration

Exclusion criteria: cardiovascular disease (hypertension, arrhythmia or myocardial ischaemia);
haemodynamic instability; asthma or COPD; allergy to study drug; BMI < 16 kg/m? or > 30 kg/m?

Type of surgery: laparoscopic gynaecological surgery
Baseline characteristics
Intervention group (esmolol)

« Age,mean (SD):37.9 (+ 11.7) years
. ASAstatus I/Il: 26/1

Control group (placebo)

« Age, mean (SD): 40.9 (+ 11.0) years
« ASAstatus I/Il: 27/0

Country: Korea

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n =27; losses = 0; analysed, n =27 (ITT analysis not used)

« Details: 0.5 mg/kg esmolol loading dose after induction of GA, following by infusion of 30 pg/kg/min.
We assumed that esmolol was given only for the duration of anaesthesia

Control group (placebo)

« Randomized, n =27; losses = 0; analysed, n = 27 (ITT analysis not used)
« Details: saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: consumption of sevoflurane and fentanyl; duration
of stay in the PACU; pain; haemodynamic parameters (to include bradycardia, hypotension)
Outcomes relevant to the review: bradycardia (HR <50 bpm), hypotension (SBP <80 mmHg)
Notes Funding/declarations of interest: funding sources not reported. Study authors declare no conflicts
Study dates: December 2009-May 2010
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Moon 2011 (Continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Low risk Quote: "Anaesthesiologists not involved in the patients' anaesthetic manage-
(selection bias) ment prepared the covered syringe pump for esmolol or placebo solutions and
held the randomization codes until the end of the study"
Blinding of participants Low risk Study drugs were masked to attending anaesthetists
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Intraoperative haemodynamic variables were assessed by an anaesthesiolo-
sessors (detection bias) gist blinded to study allocation
All outcomes
Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Neary 2006
Methods RCT, parallel design

Participants

Total number of randomized participants: 38

Inclusion criteria: non-elective, non-cardiac emergency surgery, high risk of cardiac complications
(previous Ml or ischaemia, typical or atypical angina, stroke or transcient cerebral ischaemia) or minor
risk (= 65 years of age, hypertension, current smoker, serum cholesterol concentration > 6.2 mmol/L, di-
abetes mellitus)

Exclusion criteria: already on beta-blockers, bradycardia, chronic obstructive airways disease or asth-
ma, history of beta-blocker intolerance, 2nd- or 3rd-degree heart block, cardiovascular collapse or un-
corrected hypovolaemia, anaesthetist does not think that participant should be given beta-blocker

Type of surgery: non-elective, non-cardiac emergency surgery (gastrointestinal resection surgery, ma-
jor limb amputation, arterial reconstruction, orthopaedic procedures)

Baseline characteristics not reported
Country: UK

Setting: single centre, hospital

Interventions

Intervention group (atenolol)

« Randomized, n = 18; losses = 0; analysed, n = 18 (use of ITT analysis)
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Neary 2006 (Continued)

« Details: 1.25 mg atenolol before start of GA, further doses given every 30 min during surgery up to a
maximum of 4 doses. Postoperatively, participants were given IV atenolol 5 mg or oral medication (50
mg atenolol) once daily, when oral medication could be tolerated

Control group (placebo)

« Randomized, n =20; losses = 0; analysed, n =20
« Details: saline placebo, and then placebo oral medication, same as the intervention group

Outcomes Outcomes measured/reported by study authors: mortality and non-fatal cardiac events until 30 days
after surgery, bradycardia (not defined), hypotension (not defined), MI. Long-term follow-up was also
performed (2 years)

Outcomes relevant to the review: mortality (30 days and at 2 years), bradycardia, hypotension

Notes Funding/declarations of interest: grant from Gloucester Vascular Research Team
Study dates: not reported
Notes:

« early stopping: investigators planned to include 400 participants, but only enrolled 38 participants
because of recruiting problems

« we did not include outcome data for bradycardia and hypotension in analysis because we were un-
certain whether these outcomes were measured in both groups; study authors reported that 1 partic-
ipant in the placebo group had bradycardia and 1 participant in the atenolol group had hypotension

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk The study medication was provided in 1 box per participant containing place-

tion (selection bias) bo, as well as the active drug, in similar looking batches. The anaesthesiolo-

gist randomly chose 1 pack at the induction of anaesthesia. We classed this as
arandom method

Allocation concealment Low risk Quote: "The box also contained a sealed envelope with details of which packs

(selection bias) contained the active drug in case of an emergency."

Comment: because the sealed envelope was inside the box, we assumed that
allocation was adequately concealed

Blinding of participants High risk Anaesthetist had access to treatment allocation and was able to decide not to

and personnel (perfor- give beta-blocking agents to a randomized participant

mance bias)

All outcomes

Blinding of outcome as- Low risk ECGs and lab reports were evaluated by "blinded cardiology staff"

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses after randomization

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
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Ohri 1999

Methods

RCT, parallel design

Participants

Total number of randomized participants: 50

Inclusion criteria: ASA status | or II; either gender; undergoing various types of elective surgery

Exclusion criteria: pregnancy; 2nd- or 3rd- degree atrioventricular block; sick sinus syndrome without
pacemaker; hypotension; NYHA class Il and IV; congestive heart failure; COPD; use of beta-blockers;
bronchial asthma or bronchospasm; intolerance to beta-blockers; concurrent alcohol or drug abuse;

severe renal or hepatic dysfunction

Type of surgery: elective surgery (types not specified - we assumed non-cardiac)

Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 42.32 (+ 8.58) years
« Gender, M/F:6/19

Control group (standard care)

« Age, mean (SD): 42.8 (+ 12.39) years
« Gender, M/F:2/23

Country: India

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 25; losses = 0; analysed, n = 25 (use of ITT analysis was not reported)
« Details: esmolol 150 pg/kg as a bolus 4 min before induction of anaesthesia, followed by an infusion

of 150 pg/kg/min. Discontinued after extubation
Control group (standard care)

« Randomized, n = 25; losses = 0; analysed, n =25

« Details: we assumed that the control group received standard care rather than placebo, although this

was not specified

Outcomes Outcomes measured/reported by study authors: dose and duration of pancuronium; hypotension
(not defined)
Outcomes relevant to the review: hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)
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Ohri 1999 (continued)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Ojima 2017
Methods RCT, parallel design
Participants Total number of randomized participants: 100

Inclusion criteria: pathologically confirmed thoracic oesophageal carcinoma; planned right transtho-
racic oesophagectomy with 2- or 3-field lymph node dissection; clinical stage I, Il, Il or IV according to

the UICC TNM classification; Eastern Cooperative Oncology Group performance status 0-1; 20-85 years
of age; normal major organ function

Exclusion criteria: resting HR <50 bpm, 2nd- or 3rd-degree atrioventricular block; history of AF. In ad-
dition, at randomization, participants were excluded if they were receiving dopamine, SBP <80 mmHg
or>160 mmHg, HR <50 bpm, or with arrhythmias or requiring ventilator assistance

Type of surgery: oesophagectomy
Baseline characteristics
Intervention group (landiolol)

« Age, median (range): 68 (31-85) years

« Gender,M/F:36/14

« History of MI, %: 4

« Ejection fraction, median (range), %: 60.7 (57.5-70.2)
« History of hypertension, %: 44

« History of COPD, %: 20

Control group (placebo)

« Age, median (range): 69 (45-83) years

« Gender,M/F:41/9

« History of MI, %: 2

« Ejection fraction, median (range), %: 60.6 (44.8-83.0)
« History of hypertension, %: 48

« History of COPD, %: 14

Country: Japan
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0Ojima 2017 (Continued)

Setting: hospital; single centre

Interventions

Intervention group (landiolol)

« Randomized, n =50; losses = 0; analysed, n = 50 (use of ITT analysis not reported)

« Details: started on first postoperative day, landiolol hydrochloride as an infusion starting at 3 pg/kg/
min, and discontinuing after 72 h

Control group (placebo)

« Randomized, n =50; losses = 0; analysed, n = 50
« Details: 5% glucose solution at 3 mL/h over the same period as the intervention

Outcomes Outcomes measured/reported by study authors: AF (between days 1-7); rate of occurrence of AF in
hospital; postoperative complications; haemodynamic parameters; change in inflammatory markers;
mobility scores; side effects (to include hypotension and bradycardia); mortality
Outcomes relevant to the review: AF, hypotension, bradycardia; mortality

Notes Funding/declarations of interest: funding not reported. Study authors declare no conflicts of interest
Study dates: March 2013-January 2016
Notes:

« if AF occurred during the study period, then treatment was unblinded, and were treated with landiolol
hydrochloride at 3-5 pg/kg/min

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomization at a central registry

tion (selection bias)

Allocation concealment Low risk Organized at a central registry

(selection bias)

Blinding of participants Low risk Quote: "Patients, care providers and investigators were blinded to the treat-

and personnel (perfor- ments."

mance bias)

All outcomes Quote: "The appearance and labelling of the dosage were indistinguishable

between landiolol and placebo"

Blinding of outcome as- Low risk As above

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No losses

(attrition bias)

All outcomes

Selective reporting (re- Low risk Prospective clinical trial registration (UMIN000010648). Outcomes are report-

porting bias) ed according to clinical trial documents

Other bias High risk Participants in either group who had AF were treated with landiolol
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Oxorn 1990

Methods

RCT, parallel design

Participants

Total number of randomized participants: 48
Inclusion criteria: ASA | and Il, scheduled for hysterectomy, = 18 years of age

Exclusion criteria: treatment with beta-blockers or calcium channel blockers within previous 24 h,
ward or baseline HR <70 bpm and SBP < 100 mmHg, P-R interval > 0.24 seconds, 2nd- or 3rd-degree
heart block, sick sinus syndrome, right or left ventricular failure, treatment with adrenergic augmenting
or depleting drugs, Ml within previous 3 months, reactive airways disease, treatment with other experi-
mental drugs within 14 days

Type of surgery: hysterectomy
Baseline characteristics
Intervention group (esmolol 100 mg)
« Age, mean (SD): 43.9 (+ 13.8) years
Intervention group (esmolol 200 mg)
« Age, mean (SD): 42.1 (+ 10.0) years
Control group (placebo)

« Age, mean (SD): 41.9 (+ 11) years
Country: Canada

Setting: single centre; hospital

Interventions

Intervention group (esmolol 100 mg)

« Randomized, n = 16; losses = 0; analysed, n = 16 (use of ITT analysis not reported)

« Details: before induction of GA, infusion over 15 seconds with 20 mL of solution containing 100 mg
esmolol

Intervention group (esmolol 200 mg)

« Randomized, n = 16; losses = 0; analysed, n = 16
« Details: before induction of GA, infusion over 15 seconds with 20 mL of solution containing 200 mg
esmolol

Control group (placebo)

« Randomized, n = 16; losses = 0; analysed, n = 16
« Details: using saline placebo, same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, perioperative hypoten-
sion (not defined), bradycardia (not defined), pain on injection, tachycardia, ventricular extrasystoles,
myocardial ischaemia
Outcomes relevant to the review: hypotension and bradycardia (see notes below)

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« we combined data for both doses of esmolol in analysis
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Oxorn 1990 (Continued)

« datawere not clearly reported, and we could not include these data in analysis. Study authors report-
ed that "The incidence of ...hypotension, and bradycardia, was not significantly different among the
three groups"

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, triple-blind, placebo-controlled trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Cardiologist assessing the ECG was blinded to study group allocation
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Park 2009
Methods RCT, parallel design

Participants

Total number of randomized participants: 88

Inclusion criteria: 18-70 years of age; ASA status | or II; scheduled for total thyroidectomy under GA
Exclusion criteria: cardiovascular disorders; pulmonary disorder; diabetes

Type of surgery: elective total thyroidectomy

Baseline characteristics

Intervention group (esmolol)

« Age, mean (SD): 48 (+ 11) years
» Gender,M/F: 8/34

Control group (placebo)

« Age, mean (SD): 45 (+ 11) years
« Gender, M/F: 11/32 (we noted that this figure does not account for all randomized participants; this
is a possible typo in the study report)

Country: Korea
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Park 2009 (continued)

Setting: single centre; hospital

Interventions Intervention group (esmolol)

» Randomized, n = 44; losses = 2 (1 due to hypotension; 1 due to bradycardia) ; analysed, n =44 (we re-
included losses in analysis)

« Details: esmolol 250 pg/kg/min, infused at end of anaesthesia until 15 min after transfer to the PACU
Control group (placebo)

« Randomized, n = 44; losses = 0; analysed, n = 44
o Details: 10-14 mL/h normal saline

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (HR <45
bpm); hypotension (SBP <85 mmHg or mean BP <60 mmHg)

Outcomes relevant to the review: bradycardia; hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study included an additional group (nicardipine), which we did not include in the review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization was performed using computer-generated codes that
tion (selection bias) were kept in sealed opaque envelopes"

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Quote: "An anesthetic nurse unaware of treatment assignments prepared
and personnel (perfor- study drugs as 20 ml solutions in identical black syringes"
mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "Anesthesiologists and investigators who collected postoperative data
sessors (detection bias) at postanesthesia care unit (PACU) and wards were also unaware of random-
All outcomes ization details and study drugs allocations"
Incomplete outcome data  Low risk Small number of losses with reasons explained
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

POBBLE 2005
Methods RCT, parallel design
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POBBLE 2005 (Continued)

Participants Total number of randomized participants: 103
Inclusion criteria: scheduled for infrarenal vascular surgery under GA

Exclusion criteria: already taking beta-blockers, if giving beta-blockers would be dangerous (e.g. be-
cause of intolerance), receiving treatment for asthma, aortic stenosis, bradycardia, hypotension, pe-
rioperative beta-blockade had already been shown to be beneficial, unstable angina or angina with a
positive dobutamine stress test

Type of surgery: elective infrarenal vascular surgery
Baseline characteristics
Intervention group (metoprolol)

« Age, median (IQR): 73 (61-79) years
« Gender, M/F:40/13

Control group (placebo)

« Age, median (IQR): 74 (66-76) years
« Gender, M/F:35/9

Country: UK

Setting: multi-centre; 4 hospitals

Interventions Intervention group (metoprolol)

« Randomized, n = 55; losses = 5 (2 surgery cancelled; 3 death); analysed, n = 53 (for mortality), 50 (for
other outcomes) (use of ITT analysis)

« Details: test dose given (25 mg or 50 mg metoprolol depending on weight) on day before surgery. If
tolerated, then participants given a minimum of 2 additional oral doses of trial drug each morning and
evening up to start of surgery. Then, 2 mg-4 mg metoprolol in slow IV injection over 5-10 min before
induction of GA. Followed by oral treatment twice a day for 7 days. Extended for another 7 days if
additional surgery was required within a week

Control group (placebo)

« Randomized, n = 48; losses = 5 (4 surgery cancelled; 1 death); analysed, n = 44 (for mortality), 43 (for
other outcomes)

« Details: placebo agent, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: fatal and non-fatal cardiovascular events (Ml, un-
stable angina, ventricular tachycardia, or stroke) within 30 days of operation, length of hospital stay,
hypotension, bradycardia

Outcomes relevant to the review: fatal and non-fatal cardiovascular events (MI, ventricular tachycar-
dia, or stroke), length of hospital stay (see notes below, mortality (at 30 days), hypotension (decrease in
SBP > 25%), bradycardia (HR <50 bpm)

Notes Funding/declarations of interest: supported by The British Heart Foundation
Study dates: July 2001-March 2004
Note:

« wedid not combine datain analysis for length of hospital stay, because data were reported as median
values. Accounting for death, study authors reported a median stay (95% Cl) of 9 ( 8-12) days in the
intervention group, and 12 (9-19) days in the placebo group

« data for mortality at 2 years were not reported
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POBBLE 2005 (Continued)

« we contacted Prof Dr G Hamilton (University College London Medical School) by e-mail, who kind-
ly provided information about a trial listed on www.controlled-trials.com/mrct (ISRCTN13072628),
which is the POBBLE trial.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Central randomization via Web page
tion (selection bias)
Allocation concealment Low risk See above
(selection bias)
Blinding of participants High risk Quote: "Anesthesiologists were unblinded to the drug allocation because
and personnel (perfor- those involved in the trial at participating centers would have immediately
mance bias) identified the active treatment and, for safety reasons, refused to collaborate
All outcomes in a blinded fashion"
Blinding of outcome as- Low risk Holter-ECG results were coded centrally
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk Small loss of participants (< 10%) because of cancellation of surgery, and
(attrition bias) death
All outcomes
Selective reporting (re- Unclear risk Study was retrospectively registered with a clinical trial register
porting bias) (ISRCTN13072628). It was not feasible to effectively assess risk of reporting
bias from this report
Other bias Low risk Not detected
POISE 2008
Methods RCT, parallel design

Participants

Total number of randomized participants: 8351

Inclusion criteria: undergoing non-cardiac surgery with, or at risk of atherosclerotic disease; = 45 years
of age; expected length of hospital stay of = 24 h; fulfilled any of the following: history coronary artery
disease, peripheral vascular disease, stroke, hospitalization for congestive heart failure within previous
3 years, undergoing major vascular surgery, or any 3 of 7 risk criteria (undergoing intrathoracic or in-
traperitoneal surgery, history of congestive heart failure, TIA, diabetes, serum creatinine > 175 umol/L,
> 70 years of age, undergoing emergent or urgent surgery)

Exclusion criteria: HR < 50 bpm; 2nd- or 3rd-degree heart block; asthma; receiving beta-blocker or
physician had planned start of beta-blocker treatment perioperatively; prior adverse reaction to be-
ta-blockers; CABG surgery in preceding 5 years and no cardiac ischaemia since; low-risk surgical pro-
ceures; on verapamil; previous enrolment in POISE study

Type of surgery: non-cardiac surgery (vascular, intraperitoneal, orthopaedic and other)
Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 68.9 (+ 10.5) years
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POISE 2008 (Continued)

« Gender, M/F: 2625/1549
« History of coronary heart disease, n: 1805
« History of hypertension, n: 2635

Control group (placebo)

« Age,mean (SD): 69.1 (+ 10.4) years

« Gender, M/F: 2668/1509

« History of coronary heart disease, n: 1784
« History of hypertension, n: 2627

Country: Argentina, Australia, Brazil, Canada, China, Columbia, Cuba, Equador, El Salvador, Finland,
Hong Kong, Hungary, India, Malaysia, Mexico, New Zealand, Norway, Peru, Singapore, Spain, Sweden,
Thailand, UK

Setting: multi-centre; 190 hospitals in 23 countries

Interventions

Intervention group (metoprolol)

« Randomized, n =4174; losses = 8; analysed, n =4174 (ITT analysis)

« Details: 1st dose given 2-4 h before surgery, oral extended-release metoprolol 100 mg. If HR = 80 bpm,
and SBP 100 mmHg, within first 6 h of surgery, then 1st postoperative dose (extended-release meto-
prolol 100 mg) was given, or this dose was given 6 h postoperatively, then oral extended-release meto-
prolol 200 mg every day for 30 days. If oral medication could not be taken, then metoprolol was given
as IV infusion

Control group (placebo)

« Randomized, n =4177; losses = 12; analysed, n =4177 (ITT analysis)
« Details: placebo, given same as the intervention group

Outcomes

Outcomes measured/reported by study authors: cardiovascular death, non-fatal MI, non-fatal car-
diac arrest, all-cause mortality, hypotension (not defined), bradycardia (not defined), stroke, conges-
tive heart failure, new-onset AF, length of hospital stay

Outcomes relevant to the review: death due to cardiac causes, non-fatal Ml, all-cause mortality, hy-
potension, bradycardia, stroke, congestive heart failure, new-onset AF, length of hospital stay (see
notes below)

Notes

Funding/declarations of interest: Canadian Institutes of Health Research; Commonwealth Govern-
ment of Australia's National Health and Medical Research Council; Instituto de Salud Carlos IlI, Spain;
British Heart Foundation; AstraZeneca. No funders had any role in trial design, conduct, data collec-
tion, analyses, or data interpretation. Two authors declared receipt of research funds or fees or hono-
raria from AstraZeneca

Study dates: October 2002-July 2007
Note:

« some participants had surgery under anaesthesia other than GA. This was balanced between groups;
2482 participants (59.5%) in the metoprolol group and 2491 participants (59.6%) in the placebo group
had GA

« we did not include outcome data in analysis for hospital length of stay, because data were reported
in median (IQR) values. In the intervention group, median (IQR) length of stay was 8 (4-14) days, and
in the placebo group was 8 (4-15) days

« we attempted contact with the primary study author to request data on measures of spread for the
parameter length of stay and for the subset of participants receiving general anaesthesia; this was
unsuccessful

Risk of bias
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POISE 2008 (Continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computerized randomization phone service
tion (selection bias)

Allocation concealment Low risk See above
(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, triple-blind multi-centre trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome adjudicators were masked to treatment allocation
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk Few losses and use of ITT analysis
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Retrospective clinical trial registration (NCT00182039). Not feasible to use
porting bias) these registration documents to assess risk of reporting bias
Other bias Low risk Not detected
PRESAGE 2016
Methods RCT, parallel design
Participants Total number of randomized participants: 218

Inclusion criteria: scheduled for lung cancer surgery; = 18 years of age; evidence of elevated NT-proB-
NP value

Exclusion criteria: hypersensitivity or intolerance to metoprolol or losartan; history of heart fail-

ure; left ventricular ejection fraction < 50%; permanent AF; current therapy with antiarrhythmics, be-
ta-blockers, ARBs and ACE inhibitors; SBP <95 mmHg in first 12 h after surgery; history of sick sinus
syndrome; atrioventricular block = grade Il; HR < 65 bpm in first 12 h after surgery; history of bronchial
asthma; severe bronchopneumopathy; evidence of bronchospasm; prolonged mechanical ventilation
(>12h)

Type of surgery: elective lung cancer surgery
Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 62 (+ 11) years

« Gender, M/F:55/49

« History of coronary heart disease, n: 6
« History of hypertension, n: 16

« Ejection fraction, mean (SD), %: 61 (+ 6)

Control group (standard care)

« Age, mean (SD): 62 (+ 10) years
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PRESAGE 2016 (Continued)

« Gender,M/F:59/51

« History of coronary heart disease, n: 4

« History of hypertension, n: 13

« Ejection fraction, mean (SD), %: 62 (+ 4)

Country: Italy

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n=108; losses =4 (3 due to bronchospasm; 1 due to hypotension); analysed, n =108 and
104 (depending on outcome - see notes - ITT analysis used only for AF)

« Details: started within 12 h of surgery; starting dose of 25 mg metoprolol twice a day, increasing to a
target dose of 100 mg twice a day, continued for duration of hospital stay

Control group (standard care)

« Randomized, n =110; losses = 0; analysed, n =110
« Details: no therapy was given

Outcomes Outcomes measured/reported by study authors: postoperative AF; bronchospasm and hypotension
(participants excluded for these events); acute pulmonary oedema; anaemia; in-hospital mortality; TIA
or stroke; acute coronary syndrome; cardiac arrest; reintervention; sepsis; need for CPAP; acute kidney
injury; length of hospital stay
Outcomes relevant to the review: postoperative AF; hypotension (not defined); in-hospital mortality;
cerebrovascular events (TIA or stroke); length of hospital stay

Notes Funding/declarations of interest: study authors report no external funding, and no conflicts
Study dates: January 2009-June 2013
Note:

« study included an additional arm (losartan), which we did not include in this review
« we re-included losses in metoprolol group; for AF, we used data that were reported as ITT analysis.
For other outcomes we used number analysed as 104 participants

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random numbers

tion (selection bias)

Allocation concealment Low risk See above

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk Loss of 4 participants in the intervention group, which we were able to re-in-

(attrition bias) clude for some outcome data
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PRESAGE 2016 (Continued)
All outcomes
Selective reporting (re- Unclear risk Retrospectively registered with clinical trial register (NCT01281787). Not feasi-

porting bias)

ble to assess risk of reporting bias from these documents

Other bias Low risk Not detected
Raby 1999
Methods RCT, parallel design

Participants

Total number of randomized participants: 26

Inclusion criteria: undergoing aortic aneurysm repair, infrainguinal arterial bypass, carotid en-
darterectomy, having myocardial ischaemia 1-12 days before surgery

Exclusion criteria: receiving digitalis therapy, baseline left bundle branch block or left ventricular hy-
pertrophy, baseline ST-T changes that would preclude accurate interpretation of Holter monitor for is-
chaemia

Type of surgery: aortic aneurysm repair, infrainguinal arterial bypass, carotid endarterectomy
Baseline characteristics
Intervention group (esmolol)

« Age, mean: 69 years

« Gender, M/F: 8/7

+ History of MI, n: 6

« Preoperative use of beta-blockers, n: 5

Control group (placebo)

« Age, mean: 67 years

« Gender, M/F: 4/7

+ History of MI, n: 4

« Preoperative use of beta-blockers, n: 4

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 15; losses = 0; analysed, n = 15 (use of ITT analysis not reported)

« Details: esmolol 100 pg/kg/min via continuous infusion, beginning immediately after surgery and be-
fore arrival in the PACU. Infusion was adjusted every h for 48 h to a maximum dose of 300 pg/kg/min
depending on HR

Control group (placebo)

« Randomized, n =11; losses = 0; analysed, n =11
« Details: isotonic saline solution, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: perioperative myocardial ischaemia, Ml, unstable
angina
Outcomes relevant to the review: M|
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Raby 1999 (continued)

Notes Funding/declarations of interest: supported in part by a grant from Ohmeda Inc.
Study dates: not reported (study duration 2 years)
Note:
« some participants did not have GA - 4 in the esmolol group (26.7%), and 1 in the placebo group (9.1%)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Coin flipping
tion (selection bias)
Allocation concealment Low risk See above
(selection bias)
Blinding of participants High risk Despite the double-blind study design, a "significantly higher use of alterna-
and personnel (perfor- tive beta-blockers in the placebo group compared with the esmolol group”
mance bias) was noted. The study authors suggested that "managing clinicians recognized
All outcomes patients receiving the active drug or placebo despite blinding"
Blinding of outcome as- Low risk Holter monitoring was interpreted "by a technician blinded to patient charac-
sessors (detection bias) teristics and randomization"
All outcomes
Incomplete outcome data  Low risk Quote: "No patient in our study had beta-blocker therapy suspended because
(attrition bias) of unacceptable side effects"
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias High risk Quote: "The use of alternative beta-blocker therapy, calcium channel block-
er therapy, nitrates, and various formas of analgesia were permitted per the
judgment of the independent managing physicians in both groups, without a
specific protocol".
Comment: we noted that more participants in the placebo group had alterna-
tive postoperative beta-blockers.
Safwat 1984
Methods RCT, parallel design

Participants

Total number of randomized participants: 40
Inclusion criteria: ASA status I-11; 21-60 years of age; scheduled for elective surgery

Exclusion criteria: pregnancy; history of asthma and hay fever; history of drug abuse; treatment with
tricyclic antidepressants or reserpine; atrioventricular conduction abnormalities and bradycardia;
coronary artery disease

Type of surgery: elective surgery (type not specified - we assumed non-cardiac)

Baseline characteristics
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Safwat 1984 (continued)

Intervention group (propranolol: 2 min)

« Age, mean (SD): 33 (+ 2.3) years
« Gender, M/F:5/5

« History of hypertension, n: 0

« Preoperative beta-blockers, n: 0

Intervention group (propranolol: 5 min)

« Age, mean (SD): 37 (+ 5.0) years
« Gender, M/F:5/5

« History of hypertension, n: 1

« Preoperative beta-blockers, n: 0

Intervention group (propranolol: 8 min)

« Age, mean (SD): 36 (+ 3.3) years
« Gender, M/F:6/4

« History of hypertension, n: 0

« Preoperative beta-blockers, n: 0

Control group (placebo)

« Age, mean (SD): 33 (+ 3.6) years
« Gender, M/F:3/7

« History of hypertension, n: 1

« Preoperative beta-blockers, n: 0

Country: USA

Setting: hospital; single centre

Interventions Intervention group (propranolol: 2 min)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: 0.01 mg/kg propranolol given IV 2 min before tracheal intubation

Intervention group (propranolol: 5 min)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: 0.01 mg/kg propranolol given IV 5 min before tracheal intubation

Intervention group (propranolol: 8 min)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: 0.01 mg/kg propranolol given IV 8 min before tracheal intubation

Control group (placebo)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: saline given 5 min before tracheal intubation

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (not de-
fined); hypotension (not defined); extrasystoles; serum propranolol levels

Outcomes relevant to the review: bradycardia; hypotension

Notes Funding/declarations of interest: not reported

Study dates: not reported
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Safwat 1984 (continued)

Note:

« inanalysis, we combined data from the 3 intervention groups

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Unclear risk Not specified
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome assessors were blinded to group allocation
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Shailaja 2013

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Inclusion criteria: people with hypertension; ASA status II; either gender; 35-70 years of age; weighing
<70 kg; SBP = 140 mmHg; DBP = 90 mmHg; scheduled for surgery under GA

Exclusion criteria: ASA status = Ill; anticipated difficult airway; pregnancy; cardiac and neurosurgical
procedures; intubation requiring 2nd attempt and intubation prolonged for = 25 seconds

Type of surgery: elective surgery (type not specified - we assumed non-cardiac)
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 61.6 (+ 9.09) years
« Gender, M/F:20/10
« Preoperative beta-blocker use, n: 3

Control group (placebo)

« Age,mean (SD): 57.9 (+ 11.2) years
« Gender,M/F:19/11
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Shailaja 2013 (continued)

« Preoperative beta-blocker use, n: 1
Country: India

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

» Randomized, n =30; losses = 0; analysed, n =30
+ Details: 1.5 mg/kg esmolol given immediately prior to induction of anaesthesia

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (HR < 60
bpm); hypotension (< 20% baseline); hypertension; tachycardia (not defined); pain on injection; ar-
rhythmia (not defined)

Outcomes relevant to the review: bradycardia; hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study included an additional group (esmolol + fentanyl), which we did not include in the review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random-number table

tion (selection bias)

Allocation concealment Low risk Sealed envelopes, which were opened by anaesthetists who were not involved

(selection bias) in study procedures

Blinding of participants Low risk Anaesthestists were blinded to group allocation; drug preparations were made

and personnel (perfor- by an anaesthetist who was not involved in the care of participants

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome assessors were blinded

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
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Sharma 1996

Methods

RCT, parallel design

Participants

Total number of randomized participants: 45

Inclusion criteria: adults with mild to moderate essential hypertension; receiving antihypertensive
treatment with non-beta-blocking agents or diuretics; ASA status II; scheduled for elective abdominal
surgery

Exclusion criteria: HR < 70 BPM, SBP <120 mmHg, chronic obstructive lung disease (especially
bronchial asthma), past history of angina or Ml in the last 3 months, heart blocks and congestive car-
diac failure

Type of surgery: elective abdominal surgery
Baseline characteristics
Intervention group (esmolol 100 mg)

« Age, mean (SD): 54.9 (+ 1.6) years
« Gender, M/F: 4/11

Intervention group (esmolol 200 mg)

« Age, mean (SD): 56.6 (+ 2.0) years
« Gender, M/F:5/10

Control group (placebo)

« Age, mean (SD): 50.8 (+ 1.2) years
« Gender, M/F:5/10

Country: India

Setting: hospital; single centre

Interventions

Intervention group (esmolol 100 mg)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: 100 mg esmolol in 20 mL saline given as a bolus over 5 seconds, 1 min before induction of
anaesthesia

Intervention group (esmolol 200 mg)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: 200 mg esmolol in 20 mL saline given as a bolus over 5 seconds, 1 min before induction of
anaesthesia

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n =15
 Details: 20 mL normal saline, given the same as the intervention groups

Outcomes

Outcomes measured/reported by study authors: haemodynamic variables; side effects attributable
to esmolol (ECG changes, bronchospasm, hypotension)

Outcomes relevant to the review: hypotension (see notes, below)

Notes

Funding/declarations of interest: not reported
Study dates: not reported

Note:

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 122
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Sharma 1996 (Continued)

« we did not include data in analysis for hypotension because we could not be certain whether data
were measured in both groups; study authors reported that "no side effects attributable to esmolol
(ECG changes, bronchospasm, hypotension) were observed during the study"

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Quote: "All patients received 20 ml solution ivin a double blind manner"
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Sharma 2018
Methods RCT, parallel design

Participants

Total number of randomized participants: 60

Inclusion criteria: either gender; 20-50 years of age; ASA status | or II; scheduled for elective surgery
under GA

Exclusion criteria: anticipated difficult airway; laryngoscopy time > 20 seconds; history of hyperten-
sion, diabetes, hepatic disease or renal disease; on preoperative beta-blockers; pregnant or lactating
women

Type of surgery: elective general surgery (types not specified - we assumed non-cardiac)
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 30.86 (+ 8.65) years
» Gender,M/F: 18/12
« ASAstatus|/Il: 11/19

Control group (placebo)

« Age, mean (SD): 31.46 (+ 9.0) years

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 123
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Sharma 2018 (Continued)

« Gender, M/F:21/9
« ASAstatus: 10/20

Country: India

Setting: single centre; hospital

Interventions Intervention group (esmolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)
« Details: infusion of esmolol 1.5 mg/kg diluted in 20 mL normal saline before induction of anaesthesia

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n = 30
 Details: 20 mL normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; myocardial insult (not
defined); hypotension (not defined); bradycardia (not defined)

Outcomes relevant to the review: hypotension; bradycardia

Notes Funding/declarations of interest: no funding sources and study authors report no conflicts
Study dates: not reported
Note:

« study includes an additional group (dexmedetomidine), which we did not include in the review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomization, completed by anaesthetist who was not
tion (selection bias) involved in drug administration or outcome assessment

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Placebo-controlled trial, anaesthetists not aware of group allocation
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Recordings made by a separate anaesthetist blinded to group allocation
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Shrestha 2011

Methods

RCT, parallel design

Participants

Total number of randomized participants: 36

Inclusion criteria: ASA status | or II; weighing 40-70 kg; 18-65 years of age; scheduled for elective
surgery

Exclusion criteria: pre-existing cardiopulmonary disease; contraindications or known hypersensitivity
to study drug; on antihypertensive medication or drugs with effect on central nervous system

Type of surgery: elective surgery (type not specified - we assumed non-cardiac)
Baseline characteristics

Intervention group (esmolol)

« Age,mean (SD): 31.11 (+ 12.26) years

Control group (placebo)

o Age, mean (SD): 32.11 (+ 9.74) years

Country: Nepal

Setting: single centre; university teaching hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 18; losses = 0; analysed, n = 18 (use of ITT analysis not reported)

« Details: placebo given orally 2 h before induction, then esmolol 1.5 mgin 10 mL normal saline, given
IV 2 min before induction of anaesthesia

Control group (placebo)

« Randomized, n = 18; losses = 0; analysed, n = 18
« Details: placebo given orally 2 h before induction, then 10 mL normal saline given same as the inter-
vention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; adverse effects - nau-
sea and vomiting, respiratory depression, dizziness, somnolence, ataxia, headache, bradycardia (HR 40
bpm); hypotension (requiring treatment with mephentermine)
Outcomes relevant to the review: bradycardia; hypotension
Notes Funding/declarations of interest: not reported
Study dates: January-March 2011
Note:
« study includes two additional groups (both with gabapentin), which we did not include in the review
« wedid notinclude data for bradycardia in analysis because we could not be certain whether this out-
come was measured in both groups; study authors reported that one participant had bradycardia
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Use of sealed envelope method. Insufficient detail
tion (selection bias)
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Shrestha 2011 (continued)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Unclear risk Although study is placebo-controlled, it is unclear whether anaesthetists were
and personnel (perfor- blinded to type of drug
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Shukla 2010
Methods RCT, parallel design
Participants Total number of randomized participants: 60

Inclusion criteria: adults of either gender, ASA status | or Il, undergoing major lower abdominal surg-
eries under GA

Exclusion criteria: ischaemic heart disease; heart block; pulmonary diseases; hepatic disease; known
allergy to opioids; regular analgesic use for 3 days prior to surgery

Type of surgery: major lower abdominal surgery
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 44.1 (+ 11.8) years
« Gender, M/F: 14/16
o ASAstatus I/11: 23/7

Control group (placebo)

« Age,mean (SD): 43.1 (+ 10.4) years
« Gender,M/F:16/14
« ASAstatus I/l: 24/6

Country: India

Setting: single centre; hospital

Interventions Intervention group (esmolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis was not reported)

« Details: 15 min before the induction of anaesthesia, loading dose of esmolol 0.5 mg/kgin 30 mL normal
saline over a period of 5 min followed by IV infusion of esmolol 0.05 mg/kg/min until the end of surgery
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Shukla 2010 (continued)

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis was not reported)
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, intraoperative morphine
consumption, sedation level, nausea, emesis, pruritus, respiratory depression, postoperative pain and
morphine consumption, hypotension (MAP <50 mmHg; treated with ephedrine); bradycardia (< 40
bpm; treated with atropine)
Outcomes relevant to the review: hypotension; bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Participants were randomly divided; no additional details

tion (selection bias)

Allocation concealment Unclear risk See above

(selection bias)

Blinding of participants Low risk Study described as double-blinded; we therefore assumed that personnel

and personnel (perfor- were blinded

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Singh 1995
Methods RCT, parallel design

Participants

Total number of randomized participants: 20

Inclusion criteria: normotensive; ASA | or II; adult males; undergoing elective surgery under GA
Exclusion criteria: not reported

Type of surgery: elective surgery (type not specified, we have assumed non-cardiac)

Baseline characteristics
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Singh 1995 (Continued)

Intervention group (esmolol)

« Age, mean (SD): 53 (+ 15) years
o ASAstatus|/Il: 6/4

Control group (placebo)

« Age, mean (SD): 53 ( 11) years
o ASAstatus|/Il:5/5

Country: USA

Setting: single centre; university medical centre

Interventions

Intervention group (esmolol)

« Randomized, n = 10; losses = 0; analysed, n = 10 (use of ITT analysis not reported)
 Details: esmolol 1.4 mg/kg, IV before intubation

Control group (placebo)

« Randomized, n = 10; losses = 0; analysed, n = 10
« Details: saline 5 mL, IV, before intubation

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; cardiac arrythmias (not
defined further); myocardial ischaemia (ischaemic changes on ECG); hypotension (MAP <70 mmHg)
Outcomes relevant to the review: hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« study included 2 additional groups (lidocaine, and nitroglycerin), which we did not include in the re-

view

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated randomization

tion (selection bias)

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Described as double-blind, placebo-controlled trial. We assumed that anaes-

and personnel (perfor- thetists were blinded to study groups

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes
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Singh 1995 (Continued)

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Singh 2010
Methods RCT, parallel design

Participants

Total number of randomized participants: 75

Inclusion criteria: ASA status | and Il; 18-45 years of age; undergoing elective surgery under GA requir-
ing intubation

Exclusion criteria: cardiovascular, plumonary, hepatic, and renal disease; people on beta-blockers;
difficult airways; laryngoscopy and intubation time > 30 seconds, or requiring > 2 attempts

Type of surgery: elective surgery (type not specified, we assumed non-cardiac)
Baseline characteristics
Intervention group (esmolol)

« Age, mean: 31.08 years
« Gender, M/F:15/10

Intervention group (labetalol)

« Age, mean: 30.56 years
« Gender, M/F:15/10

Control group (placebo)

« Age, mean: 30.28 years
« Gender,M/F:17/8

Country: India

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 25; losses = 0; analysed, n = 25 (use of ITT analysis not reported)

« Details: 0.5 mg/kg esmolol diluted to 10 mL with normal saline, given 2 min prior to intubation, and
normal saline given 5 min prior to intubation. Study period was 10 min

Intervention group (labetalol)

« Randomized, n =25; losses = 0; analysed, n = 25 (use of ITT analysis not reported)

« Details: 10 mL normal saline administered 2 min prior to intubation and 0.25 mg/kg labetalol diluted
to 10 mL with normal saline given 5 min prior to intubation

Control group (placebo)

« Randomized, n = 25; losses = 0; analysed, n =25
« Details: 10 mL normal saline IV, given 2 min and 5 min prior to intubation

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; atrial ectopics; bradycar-
dia (HR <50 bpm)
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Singh 2010 (Continued)

Outcomes relevant to the review: bradycardia (see notes below)

Notes Funding/declarations of interest: no sources of funding. Study authors report no conflicts
Study dates: March 2006-August 2007
Note:
« we combined both beta-blocker groups in analysis
« wedid notinclude data for bradycardia in analysis because we could not be certain whether data were
measured in all groups; study authors reported that 7 participants in the labetolol group experienced
bradycardia
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomization
tion (selection bias)
Allocation concealment Low risk Use of sequentially numbered, opaque, sealed envelopes
(selection bias)
Blinding of participants Low risk Double-blind placebo-controlled trial. We assumed that anaesthetists were
and personnel (perfor- blinded to group allocation
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk Timings of administration of esmolol and labetolol differed between groups.
We did not know whether this may influence results
Singh 2012
Methods RCT, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: ASA | or Il undergoing various elective surgeries; 18-65 years of age

Exclusion criteria: history of hypertension; diabetes; cardiac diseases; bronchial asthma and those on

beta-blockers

Type of surgery: elective surgery (type not specified - we assumed non-cardiac)

Baseline characteristics

Intervention group (esmolol)
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Singh 2012 (continued)

« Age, mean (SD): 40.8 (+ 13.7) years
« Gender, M/F: 16/24

Control group (placebo)

« Age, mean (SD): 41.8 (+ 12.7) years
« Gender,M/F:11/29

Country: Ghana

Setting: single centre; teaching hospital

Interventions Intervention group (esmolol)

« Randomized, n = 40; losses = 0; analysed, n = 40
« Details: 2 mg/kg esmolol given after induction of GA, before intubation

Control group (control)

« Randomized, n = 40; losses = 0; analysed, n =40
« Details: normal saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; arrhythmias (type not
defined; ventricular ectopics; dropped beats; hypotension (not defined)

Outcomes relevant to the review: hypotension

Notes Funding/declarations of interest: not reported

Study dates: November 2011-May 2012

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Described as double-blinded; we therefore assumed that the anaesthetists
and personnel (perfor- were blinded

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Srivastava 2015

Methods RCT, parallel design

Participants Total number of randomized participants: 60

Inclusion criteria: 20-60 years of age; ASA status | or II; either gender; scheduled for elective neurosur-
gical procedures

Exclusion criteria: people with predicted difficult intubation; laryngoscopy and intubation time > 20
seconds; > 1 attempt at intubation; taking beta-blocker therapy preoperatively; systemic illness such as
hypertension, diabetes, hepatic failure, and renal failure

Type of surgery: elective neurosurgical procedures
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 50.8 (+9.2) years
« Gender, M/F:20/10

Control group (placebo)

« Age, mean (SD): 53.4 (£ 9.7) years
« Gender, M/F:23/7

Country: India

Setting: hospital; single centre

Interventions Intervention group (esmolol)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: 1.5 pg/kg diluted to a total volume of 20 mL with 0.9% saline over 10 min; given 12 min before
induction of anaesthesia

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: 20 mL 0.9% saline given the same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (HR < 50
bpm)

Outcomes relevant to the review: bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

«+ study included an additional intervention (dexmedetomidine), which we did not included in the re-

view
Risk of bias
Bias Authors' judgement  Support for judgement
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Srivastava 2015 (Continued)

Random sequence genera-  Low risk Computer-generated random-number tables
tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Study drugs were prepared in identical syringes by an independent anaes-
and personnel (perfor- thetist who was not involved in the study
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Stone 1988
Methods RCT, parallel design
Participants Total number of randomized participants: 128

Inclusion criteria: scheduled for major surgery necessitating GA; untreated hypertension (BP measure-
ment between 160/90 mmHg and 200/100 mmHg at 1 h before surgery; not having received antihyper-
tensive medication for at least a year)

Exclusion criteria: people with angina pectoris, ECG changes indicative of active coronary artery dis-
ease, left bundle branch block, or left ventricular hypertrophy and strain

Type of surgery: abdominal, peripheral, and vascular surgery (no further specification)
Baseline characteristics
Intervention group (labetalol)

« Age, mean (SD): 63 (+ 3) years

« Gender,M/F:21/8

« History of MI, n: 3

« History of hypertension, %: 100

Intervention group (atenolol)

« Age, mean (SD): 65 (+ 2) years

« Gender,M/F:19/11

 History of MI, n: 3

« History of hypertension, %: 100

Intervention group (oxprenolol)

« Age, mean (SD): 65 (+ 3) years
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Stone 1988 (Continued)

« Gender,M/F:22/8
« History of Ml n: 1
« History of hypertension, %: 100

Control group (standard care)

« Age, mean (SD): 68 (+ 2) years

« Gender,M/F:28/11

« History of MI, n: 5

« History of hypertension, %: 100

Country: UK

Setting: single centre; hospital

Interventions

Intervention group (labetalol)

« Randomized, n =29; losses = 0; analysed, n = 20 (use of ITT analysis was not reported)
« Details: 100 mg labetalol given orally as a single dose before induction of anaesthesia

Intervention group (atenolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis was not reported)
« Details: 50 mg atenolol given orally as a single dose before induction of anaesthesia

Intervention group (oxprenolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis was not reported)
« Details: 20 mg oxprenolol given orally as a single dose before induction of anaesthesia

Control group (standard care)

« Randomized, n =39; losses = 0; analysed, n = 30 (use of ITT analysis was not reported)
« Details: no beta-blocker pretreatment

Outcomes Outcomes measured/reported by study authors: myocardial ischaemia (from interpretation of ECG
recordings, based on ST-segment depression values); Ml; bradycardia (< 45 bpm), hypotension (SBP <
70 mmHg), ventricular extrasystoles
Outcomes relevant to the review: MI; bradycardia (< 45 bpm), hypotension (SBP <70 mmHg)

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-
mance bias)
All outcomes
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Stone 1988 (Continued)

Blinding of outcome as- High risk Assessment of ECG recordings by a cardiologist who was unaware of group as-
sessors (detection bias) signment. Study authors did not report whether assessors of other outcomes
All outcomes were blinded and we assumed not because of the open-label study design
Incomplete outcome data  Low risk No apparent losses

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Sugiura 2007

Methods RCT, parallel design

Participants Total number of randomized participants: 34

Inclusion criteria: people with mild to moderate hypertension scheduled to undergo minor surgery
under GA; 20-69 years of age

Exclusion criteria: taking beta-blockers before surgery; beta-blockers, propofol, vecuronium, and fen-
tanyl were contraindicated; heart rhythm other than sinus rhythm; uncontrolled diabetes mellitus;
valvular disease

Type of surgery: minor surgery
Baseline characteristics
Intervention group (landiolol: low dose)

« Age, mean (SD): 60 (+ 3) years
« Gender, M/F:6/4

Intervention group (landiolol: high dose)

« Age, mean (SD): 55 (+ 7) years
« Gender, M/F:6/4

Control group (standard care)

« Age, mean (SD): 57 (+ 4) years
« Gender, M/F:7/3

Country: Japan

Setting: hospital; single centre

Interventions Intervention group (landiolol: low dose)

« Randomized, n = 12; losses = 2 (laryngoscopy time > 30 seconds); analysed, n =10

« Details: 0.1 mg/kg landiolol before induction of anaesthesia. Before administration of vecuronium, an
additional dose of 0.1 mg landiolol diluted in normal saline at an equivalent volume in each group

Intervention group (landiolol: high dose)

« Randomized, n=11; losses = 1 (laryngoscopy time > 30 seconds); analysed, n =10
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Sugiura 2007 (Continued)

« Details: 0.2 mg/kg landiolol before induction of anaesthesia. Before administration of vecuronium, an
additional dose of 0.2 mg landiolol diluted in normal saline at an equivalent volume in each group

Control group (placebo)

« Randomized, n=11; losses = 1 (laryngoscopy time > 30 seconds); analysed, n =10

« Details: participants received no landiolol before induction of anaesthesia. Before administration of
vecuronium, an equivalent volume of normal saline was given the same as the intervention groups

Outcomes

Outcomes measured/reported by study authors: haemodynamic variables; hypotension (> 30% de-
crease from baseline; reported at 2 time points, which were: before intubation, and 5 min after intuba-
tion)

Outcomes relevant to the review: hypotension (before intubation)

Notes

Funding/declarations of interest: not reported
Study dates: not reported
Notes:

« studyincluded 2 phases. We did notinclude the 1st phase in the review, which investigated an optimal
time to give landiolol and did not report outcomes relevant to the review

« inthe 2nd included phase, study included an additional group (fentanyl), which we did not include
in the review

« study reported 2 time points for hypotension; we selected the time point that was before intubation
as this presented the more conservative estimate in analysis

« we combined data from both esmolol groups in analysis

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Quote: "This study was performed in a randomised, double-blind fashion...us-
tion (selection bias) ing the envelope method"
Comment: no additional details
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Anaesthetists were blinded to group allocation
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Independent observers were blinded to group allocation
sessors (detection bias)
All outcomes
Incomplete outcome data Low risk Few losses (< 10%)
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Tendulkar 2017

Methods

RCT, parallel design

Participants

Total number of randomized participants: 60

Inclusion criteria: scheduled for surgery under GA; normotensive; ASA status | or II; 20-70 years of age;
either sex

Exclusion criteria: = ASA status IIl; pregnant; severe left ventricular dysfunction; bronchial asthma or
COPD; high risk for stroke; pre-exisiting AF or high-degree atroventricular block; pacemaker dependen-
cy

Type of surgery: type of surgery not specified (we assumed non-cardiac)
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 43.76 (+ 13.33) years
« Gender,M/F:19/11

Control group (standard care)

« Age, mean (SD): 39.86 (+ 12.59) years
« Gender,M/F: 13/17

Country: India

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)
« Details: injection of esmolol 1.5 mg/kg, slow IV bolus, given 2 min before extubation

Control group (standard care)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: no study drugs were given

Outcomes

Outcomes measured/reported by study authors: haemodynamic parameters; bradycardia (HR < 60
bpm; treated with atropine); hypotension (SBP <80 mmHg; treated with mephentermine); coughing re-
sponse to extubation; sedation scores

Outcomes relevant to the review: bradycardia (see notes below); hypotension

Notes

Funding/declarations of interest: not reported
Study dates: July 2014-August 2016
Notes:

« study included an additional group (dexmedetomidine), which we did not include in the review

« we could not be certain whether incidences of bradycardia were fully reported for the esmolol and
standard care groups (data were available only for the dexmedetomidine group)

Risk of bias

Bias

Authors' judgement  Support for judgement
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Tendulkar 2017 (continued)

Random sequence genera-  Low risk Computer-generated randomization
tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Ugur 2007
Methods RCT, parallel design
Participants Total number of randomized participants: 60

Inclusion criteria: 20-50 years of age; ASA status | or II; undergoing elective surgery under GA

Exclusion criteria: history of cardiovascular disease, diabetes mellitus, COPD, renal or hepatic failure;
taking drugs that affect the cardiovascular system; SBP <100 mmHg or > 160 mmHg; DBP <50 mmHg
or>110 mmHg; HR <50 bpm or>120 bpm

Type of surgery: elective surgery (type of surgery not specified - we assumed non-cardiac)
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 41.76 (+ 12.6) years
« Gender, M/F:10/20

Control group (placebo)

« Age, mean (SD): 36.96 (+ 13.3) years
« Gender, M/F:9/21

Country: Turkey

Setting: hospital; single centre

Interventions Intervention group (esmolol)

« Randomized, n = 30; losses = 0; analysed, n =30
« Details: 1.5 mg/kg esmolol given after induction of anaesthesia and before tracheal intubation
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Ugur 2007 (Continued)

Control group (placebo)

« Randomized, n = 30; losses = 0; analysed, n =30
+ Details: 5 mL 5% dextrose, given the same as the intervention group

Outcomes

Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (HR < 50
bpm); bronchospasm; arrhythmia (not defined); abnormal ST segments on ECG

Outcomes relevant to the review: bradycardia

Notes

Funding/declarations of interest: no funding; study authors declare no conflicts of interest
Study dates: not reported
Note:

« study included 2 additional study groups (fentanyl; and lidocaine), which we did not include in the
review

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomization chart
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Double-blinded randomized trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Participants, and anaesthetists who recorded outcome data, were blinded to
sessors (detection bias) group allocation
All outcomes
Incomplete outcome data ~ Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Unal 2008
Methods RCT, parallel design

Participants

Total number of randomized participants: 45
Inclusion criteria: ASA status | or Il; scheduled for lumbar disc surgery

Exclusion criteria: pregnant women; HR < 60 bpm; SBP < 100 mmHg; serious hepatic, renal and car-
diovascular diseases; congestive heart failure; atrioventricular block; sick sinus syndrome; drug allergy
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Unal 2008 (continued)

and past history of beta-blocker intolerance; bronchospasm; asthma; COPD; haemotological disorders;
receiving beta-blockers and calcium channel blockers

Type of surgery: lumbar disc surgery
Baseline characteristics
Intervention group (esmolol 0.1 mg/kg/min)

« Age,mean (SD): 50.3 (+ 17.1) years
« Gender,M/F:7/8
« ASAstatus|/Il: 8/7

Intervention group (esmolol 0.2 mg/kg/min)

« Age, mean (SD): 48.1 (+ 16.2) years
« Gender,M/F:7/8
o ASAstatus|/Il: 6/9

Control group (placebo)

« Age, mean (SD): 50.3 (+ 12.2) years
« Gender, M/F: 8/7
« ASAstatus: 9/6

Country: Turkey

Setting: single centre; hospital

Interventions

Intervention group (esmolol 0.1 mg/kg/min)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: bolus dose 0.5 mg/kg over 4 min, at the end of surgery, before extubation. Then infusion of
esmolol 0.1 mg/kg/min continued until 10 min after extubation

Intervention group (esmolol 0.2 mg/kg/min)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: bolus dose 0.5 mg/kg over 4 min, at the end of surgery, before extubation. Then infusion of
esmolol 0.2 mg/kg/min continued until 10 min after extubation

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n =15
+ Details: 0.9% saline, given same as the intervention groups

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, hypotension, hyperten-
sion
Outcomes relevant to the review: hypotension

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« we combined both esmolol groups in analysis

Risk of bias

Bias Authors' judgement  Support for judgement
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Unal 2008 (continued)

Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Unclear risk Quote: "Esmolol and SP (serum physiological) solutions were prepared with-
and personnel (perfor- out the knowledge of the person who would keep the records"
mance bias)
All outcomes Comment: it was unclear whether anaesthetists were blinded to the type of
drug
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Urias 2016
Methods RCT, parallel design

Participants

Total number of randomized participants: 84

Inclusion criteria: scheduled for laparoscopic cholecystectomy; without contraindications to the use
of metoprolol

Exclusion criteria: not reported
Type of surgery: laparoscopic cholecystectomy

Baseline characteristics not reported. Study authors reported that, "In demographic variables such
as sex, age, there were no differences in the study"

Country: Mexico

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n =42; losses = 0; analysed, n =42

« Details: 100 mg metoprolol daily, given orally. Time point and duration were not reported in the ab-
stract

Control group (placebo)

« Randomized, n =42; losses = 0; analysed, n =42
« Details: placebo

Outcomes Outcomes measured/reported by study authors: HR, ischaemic heart disease; AF; isolated ventricu-
lar premature complexes
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Urias 2016 (Continued)

Outcomes relevant to the review: AF

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« study reported as an abstract only
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specifed
tion (selection bias)
Allocation concealment Unclear risk Not specifed
(selection bias)
Blinding of participants Low risk Described as double-blinded placebo-controlled trial, and we assumed that
and personnel (perfor- the anaesthetists were blinded to study groups
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specifed
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk Not feasible to assess other risks of bias from the short abstract report

Van den Berg 1998

Methods

RCT, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: ASA I-11l; middle-aged to elderly healthy people; receiving treatment for diabetes,
hypertension, ischaemic heart disease, or a combination of these diseases; scheduled for cataract ex-
traction under GA because they were considered unsuitable for peribulbar analgesia due to senili-

ty, language barrier, chronic cough, renal failure, or an estimated inability to remain immobile in the
supine position during surgery

Exclusion criteria: asthma

Type of surgery: cataract extraction under GA
Baseline characteristics

Intervention group (esmolol)

« Age, mean (SD): 67 (+ 11) years
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Van den Berg 1998 (Continued)

« Gender,M/F:27/13
« History of hypertension, n: 9
« Preoperative use of beta-blockers, n: 4

Control group (placebo)

« Age, mean (SD): 65 (+ 11) years

« Gender,M/F:21/19

« History of hypertension, n: 4

« Preoperative use of beta-blockers, n: 2

Country: Saudi Arabia

Setting: single centre; hospital

Interventions Intervention group (esmolol)

« Randomized, n = 40; losses = 0; analysed, n = 40 (use of ITT analysis not reported)

« Details: 250 mg/mL esmolol IV given immediately after induction at rate of 4 mg/kg. Then 60 seconds
before eye bandaging at rate of 2 mg/kg, then 60 seconds prior to extubation at rate of 2 mg/kg

Control group (placebo)

« Randomized, n = 40; losses = 0; analysed, n = 40
« Details: normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; bradycardia (HR <50
bpm and treated with atropine)

Outcomes relevant to the review: bradycardia (see notes below)

Notes Funding/declarations of interest: not reported
Study dates: January 1995-April 1996
Note:

« we did not include data for bradycardia in analysis because data were unclearly reported in study
tables and text

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Use of block randomization

tion (selection bias)

Allocation concealment Low risk Use of sealed envelopes, and preparation of syringes by anaesthetists were
(selection bias) blinded to treatment groups

Blinding of participants Low risk Anaesthetists were blinded, use of coded syringes

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
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Van den Berg 1998 (Continued)

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Verma 2018
Methods RCT, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: adult, ASA status | and non-hypertensive ASA status Il; 20-60 years of age; undergo-
ing laparoscopic transperitoneal nephrectomy for poorly functional kidneys

Exclusion criteria: hypertension, obesity; cardiovascular and pulmonary disease; renal insufficiency;
known allergy to study drugs or taking any beta-blocker or calcium channel blocker

Type of surgery: laparoscopic nephrectomy
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 48.9 (+ 13.4) years
« Gender,M/F:26/14
« ASAstatus I/Il/: 25/15

Control group (placebo)

« Age, mean (SD): 42.7 (+ 17.1) years
« Gender, M/F: 23/17
« ASAstatus|/Il/:28/12

Country: India

Setting: hospital; single centre

Interventions

Intervention group (esmolol)

« Randomized, n = 40; losses = 0; analysed, n = 40 (use of ITT analysis not reported)

« Details: 1 mg/kgesmolol, IV, diluted in 10 mL, before induction of anaesthesia, followed by continuous
infusion of 10-20 mL/h (5-10 ug/kg/min)

Control group (placebo)

« Randomized, n = 40; losses = 0; analysed, n = 40
« Details: normal saline (10 mL), IV, before induction of anaesthesia, followed by continuous infustion
10to 20 mL/h

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia (HR < 50
bpm; treated with atropine); hypotension (MAP < 20% baseline; treated with mephentermine); hyper-
tension
Outcomes relevant to the review: bradycardia and hypotension (see notes below)
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Verma 2018 (Continued)

Notes Funding/declarations of interest: no funding, and study authors reported no conflicts of interest
Study dates: not reported
Note:
« study included an additional group (ditiazem), which we did not include in the review
« wedid notinclude data for hypotension and bradycardia in analysis, because it was not clear if these
outcomes were measured in both groups. Study authors reported, "Bradycardia with hypotension
requiring atropine bolus was seen in one case in esmolol group"
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomization
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Anaesthetists were blinded to study medication
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Wajima 2011
Methods RCT, parallel design

Participants

Total number of randomized participants: 42

Inclusion criteria: ASA status | and Il, female adults; scheduled to undergo elective abdominal proce-

dures

Exclusion criteria: history of cardiac, pulmonary, or renal disease; oesophageal reflux or hiatal hernia;
taking medications known to influence anaesthetic or analgesic requirements; taking antidepressants;
drug or alcohol abuse; significant obesity; contraindication to facemask induction of anaesthesia

Type of surgery: lower and upper abdominal surgery

Baseline characteristics

Intervention group (landiolol)
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Wajima 2011 (Continued)

« Age, mean (SD): 42.6 (+ 8.6) years
Control group (placebo)

« Age, mean (SD): 41.5 (£ 7.9) years
Country: Japan

Setting: university hospital; single centre

Interventions

Intervention group (landiolol)

« Randomized, n =21; losses = 0; analysed, n =21 (use of ITT analysis not reported)
« Details: during induction of anaesthesia; 0.125 mg/kg/min for 1 min, and then 0.04 mg/kg/min

Control group (placebo)

» Randomized, n =21; losses = 0; analysed, n =21
« Details: normal saline

Outcomes Outcomes measured/reported by study authors: concentration of anaesthetic agent; adverse efects

(severe bradycardia or hypotension; not defined)

Outcomes relevant to the review: bradycardia and hypotension (see notes below)

Notes Funding/declarations of interest: department funding only

Study dates: not reported

Notes:

« wedid notinclude data for bradycardia and hypotension in analysis because it was not clear whether
study authors had collected these data in both groups. Study authors reported "No landiolol-related
adverse effects such as severe bradycardia or hypotension were noted throughout the study"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated randomization

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Anaesthetists were blinded to study group assignments
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome assessor was blinded to group assignment
sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias
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Other bias Low risk Not detected
Wallace 1998
Methods RCT, parallel design

Participants

Total number of randomized participants: 200

Inclusion criteria: scheduled for non-cardiac surgery; definite coronary artery disease, or presence
of risk factor of previous or current vascular surgery, or presence of at least 2 risk factors (= 65 years of
age, hypertension, current smoking, serum cholesterol level = 240 mg/dL, or diabetes mellitus)

Exclusion criteria: left bundle branch block; cardiac pacemaker dependency; marked resting ST-T
wave abnormalities that preclude ECG interpretation

Type of surgery: non-cardiac surgery (major vascular, intra-abdominal, orthopaedic, neurosurgical,
other)

Baseline characteristics
Intervention group (atenolol)

« Age, mean (SD): 68 (+ 8.6) years

« History of coronary heart disease, n: 36
+ History of MI, n: 18

« History of hypertension, n: 71

« Preoperative use of beta-blockers, n: 18

Control group (placebo)

« Age, mean (SD): 67 (+ 10.2) years

« History of coronary heart disease, n: 42
« History of MI, n: 26

« History of hypertension, n: 60

« Preoperative use of beta-blockers, n: 8

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (atenolol)

+ Randomized, n =99; losses = 0; analysed, n =99 (ITT analysis not used)

« Details: starting on morning of 1st postoperative day, atenolol given every 12 h, IV (10 mL syringe with
5 mg atenolol), or once daily orally (50 mg or 100 mg depending on HR). Continued until hospital dis-
charge

Control group (placebo)

» Randomized, n=101; losses = 0; analysed, n =101
+ Details: same as intervention group, using saline or matching tablets

Outcomes Outcomes measured/reported by study authors: dysrhythmias, haemodynamic parameters, creati-
nine phosphokinase, death from cardiac causes, unstable angina, congestive heart failure, ventricular
tachycardia, myocardial ischaemia, hypotension (SBP <90 mmHg), bradycardia (HR < 50 bpm), mortal-
ity from all causes during the 2 years after discharge
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Wallace 1998 (continued)

Outcomes relevant to the review: all-cause mortality (30 days, and 2 years), death from cardiac caus-
es, MI, ventricular tachycardia, stroke, bradycardia, hypotension, congestive heart failure

Notes Funding/declarations of interest: supported by Ischemia Research and Education Foundation
Study dates: not reported

« this study has 2 publications. The associated publication (Mangano 1996, now a secondary reference
under Wallace 1998) includes long-term data. However, we noted some discrepancies between both
study reports for outcome data. For long-term mortality, we used the datain Wallace 1998, rather than
Mangano 1996, as more deaths were reported in this later publication. For bradycardia, we used data
from Wallace 1998 rather than data from Mangano 1996 - this decision differed from the previous ver-
sion of the review; we selected data from Wallace 1998 because this used a definiation of bradycardia
(HR <50 bpm) that was more comparable to other included studies. For hypotension, we used data
from Mangano 1996, which defined hypotension as SBP < 90 mmHg (data reported in Wallace 1998
differslightly, and use a definition of hypotension as SBP <80 mmHg). For all other outcomes, we used
the primary publication (Wallace 1998)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "Computer generated, randomized list"

tion (selection bias)

Allocation concealment Low risk See above
(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, triple-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Cause of death data analysed by blinded pathologist. It is not clearly reported
sessors (detection bias) whether other outcome assessors were blinded

All outcomes

Incomplete outcome data  Low risk Small number of participants were not followed up
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Ward-Booth 1983

Methods RCT, parallel design

Participants Total number of randomized participants: 64
Inclusion criteria: healthy people undergoing simple oral procedures under GA; 16-65 years of age
Exclusion criteria: not reported

Type of surgery: oral surgery
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Ward-Booth 1983 (continued)

Baseline characteristics not reported by group
Overall age, mean (range): 26.5 (16-65) years
Country: UK

Setting: hospital; single centre

Interventions

Intervention group (metoprolol)

« Randomized, n =30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)
« Details: 100 mg metoprolol, given orally 2 h before surgery

Control group (placebo)

« Randomized, n = 34; losses = 0; analysed, n =34
« Details: placebo, given same as the intervention

Outcomes Outcomes measured/reported by study authors: ventricular arrhythmia; bradycardia (< 60 bpm)
Outcomes relevant to the review: bradycardia
Notes Funding/declarations of interest: not reported
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Double-blinded, placebo-controlled trial. We assumed that the anaesthetists
and personnel (perfor- were blinded
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcome assessors were blinded
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk Short report. It was not feasible to assess other risks of bias from this publica-
tion
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White 2003

Methods

RCT, parallel design

Participants

Total number of randomized participants: 30
Inclusion criteria: ASA status | or Il; scheduled to undergo gynaecological procedures under GA

Exclusion criteria: women with clinically significant cardiovascular, pulmonary, renal, hepatic, and
neurologic diseases; body weight > 100% above the ideal; history of alcohol or drug abuse

Type of surgery: gynaecological procedures
Baseline characteristics

Intervention group (esmolol)

« Age,mean (SD): 41 ( 11) years

Control group (placebo)

« Age, mean (SD): 37 (+ 6) years

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: after induction of anaesthesia, 50 mg esmolol and 1 mL normal saline, IV

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n = 15
+ Details: 5 mL normal saline, then 1 mL normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; premature ventricular
contractions (short run); transient nodal rhythm; adverse cardiovascular events (not defined); BIS; re-
covery times; length of hospital stay (min); postoperative analgesics and antiemetic medication; intra-
operative recall
Outcomes relevant to the review: length of hospital stay (see notes below)

Notes Funding/declarations of interest: supported by department funding and endowment funds (Margaret
Milam McDermott Distinguished Chair in Anesthesiology)

Study dates: not reported

Note:

« study includes an additional group (esmolol + nicardipine), which we did not include in the review

« wedid not combine in analysis data for length of hospital stay, which were reported in minutes, rather
than days - esmolol group, mean (SD): 218 (+ 88) min; control group, mean (SD): 269 (+ 100) min

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)
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White 2003 (continued)

Blinding of participants Low risk Described as placebo-controlled, double-blinded study; we therefore assumed
and personnel (perfor- that anaesthetists were blinded to study drugs

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Whitehead 1980

Methods

RCT, parallel design

Participants

Total number of randomized participants: 60
Inclusion criteria: scheduled for removal of wisdom teeth under GA

Exclusion criteria: cardiac insufficiency, chronic obstructive airway disease, receiving routine medica-
tion, diabetes, severe hepatic, renal, or haematological disease

Type of surgery: removal of wisdom teeth
Baseline characteristics

Intervention group (metoprolol)

« Age, mean: 27 years

Control group (placebo)

« Age, mean: 22 years

Country: UK

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n =30; losses = 0; analysed, n =30 (use of ITT analysis not reported)
« Details: 2 mg metoprolol, IV, as a single dose before induction of GA

Control group (placebo)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: cardiac arrhythmias (nodal rhythm and ventricular
extrasystoles), bradycardia (HR < 50 bpm); hypotension (SBP <100 mmHg)
Outcomes relevant to the review: bradycardia (HR <50 bpm); hypotension (SBP <100 mmHg)
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Whitehead 1980 (continued)

Notes Funding/declarations of interest: study drugs provided by Messrs Ciba-Geigy Pharmaceuticals
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial. Ampoules of study drugs

and personnel (perfor- were visually similar

mance bias)

All outcomes

Blinding of outcome as- Low risk Anaesthesiologist evaluating ECG and haemodynamic parameters was blinded

sessors (detection bias) to study group allocation

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk Short report with baseline characteristics reported with limited detail. Not fea-

sible to assess other risks of bias from this report. In addition, we noted that
participants in either group were given metoprolol to manage ventricular dysr-
rhythmia. This may influence outcome data in the control group

Yamazaki 2005

Methods

RCT, parallel design

Participants

Total number of randomized participants: 64

Inclusion criteria: undergoing elective non-cardiac surgery under GA

Exclusion criteria: history of cardiovascular disease; diabetes mellitis; disorders known to affect auto-
nomic function; people taking medications known to affect cardiovascular function

Type of surgery: type not specified

Baseline characteristics

Intervention group (landiolol 0.1 mg/kg)

« Age, mean (SD): 49.0 (+ 16.4) years

Intervention group (landiolol 0.3 mg/kg)

« Age,mean (SD): 47.4 (+ 14.5) years

Control group (placebo)
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Yamazaki 2005 (continued)

« Age, mean (SD): 50.5 (+ 16.4) years
Country: Japan

Setting: hospital; single centre

Interventions

Intervention group (landiolol 0.1 mg/kg)

« Randomized, n =22; losses = 0; analysed, n =22 (use of ITT analysis not reported)
« Details: landiolol 0.1 mg/kg, IV, over 10 seconds, during anaesthesia

Intervention group (landiolol 0.3 mg/kg)

« Randomized, n =20; losses = 0; analysed, n = 20 (use of ITT analysis not reported)
« Details: landiolol 0.3 mg/kg, IV, over 10 seconds, during anaesthesia

Control group (placebo)

« Randomized, n =22; losses = 0; analysed, n =22
« Details: saline given, same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; bradycardia and hy-
potension (not defined)
Outcomes relevant to the review: bradycardia, hypotension
Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:
« we combined both landiolol groups in analysis
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Unclear risk Saline is given in the control group. However, study authors did not report
and personnel (perfor- whether anaesthetists were blinded to the agent
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data ~ Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
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Yamazaki 2005 (continued)

Other bias Low risk Not detected
Yang 2006
Methods RCT, parallel design
Participants Total number of randomized participants: 496

Inclusion criteria: scheduled for abdominal aortic surgery, infra-inguinal or extra-anatomical revascu-
larization, ASA status < Il

Exclusion criteria: current or recent beta-blocker use, current amiodarone use, airflow obstruction
requiring treatment, history of congestive heart failure, history of atrioventricular block, previous ad-
verse drug reactions to beta-blockers, previous participation in the MaVs study

Type of surgery: abdominal aortic surgery, infrainguinal or extra-anatomical revascularization
Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 66.4 (+ 10) years

« Gender, M/F: 193/53

« ASAstatus I/1l/1ll/unknown: 1/92/152/1
« History of MI, n: 37

Control group (placebo)

« Age, mean (SD): 65.9 (+ 10) years
« Gender, M/F: 184/66

« ASA status I/11/lll: 0/91/159

« History of MI, n: 30

Country: Canada

Setting: multi-centre; hospital

Interventions Intervention group (metoprolol)

« Randomized, n =246; losses = unclear (see notes below); analysed, n = 246 (use of ITT analysis)

« Details: metoprolol (dose between 25 mg and 100 mg according to body weight) started 2 h pre-op-
eratively and continued IV (1 mg/mL) every 6 h or orally twice daily until hospital discharge or a max-
imum of 5 days postoperatively

Control group (placebo)

« Randomized, n =250; losses = unclear (see notes below); analysed, n = 250 (use of ITT analysis)
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: M| (non-fatal), unstable angina, new congestive
heart failure, dysrhythmias, all-cause mortality (30 days and 6 months), death due to cardiac causes,
hypotension (SBP <90 mmHg), bradycardia (HR <50 bpm), cerebrovascular event, bronchospasm

Outcomes relevant to the review: M| (non-fatal), new congestive heart failure, all-cause mortality (30
days), death due to cardiac causes, hypotension, bradycardia, cerebrovascular event

Notes Funding/declarations of interest: funded by the Heart and Stroke Foundation of Canada

Study dates: 1999-2002
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Yang 2006 (Continued)

Notes:

« some participants did not undergo GA, but had regional or combined regional with GA. This was bal-
anced between groups; 12.7% of participants in the metoprolol group and 14.8% of those in the place-
bo group received regional anaesthesia only

« wedid not report mortality data at 6 months because data were reported unclearly
« study also known as the MaVs study

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization was constructed in blocks of four by the study statisti-
tion (selection bias) cian and study medication preparations by the pharmacists"

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  High risk We could not be certain of loss of participants (study authors reported discon-
(attrition bias) tinuation of treatment in 12% placebo group participants, and 13% metopro-
All outcomes lol group participants). Study authors reported use of ITT

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias High risk Although use of beta-blockers was discouraged, study authors reported that

24 participants in the control group and 14 participants in the intervention
group were given additional beta-blockers. This may influence outcome data
for this review

Yang 2008
Methods RCT, parallel design
Participants Total number of randomized participants: 102
Inclusion criteria: non-cardiac surgery (major abdominal) with risk or at high risk of coronary artery
disease
Exclusion criteria: chronic metoprolol use
Type of surgery: non-cardiac surgery (major abdominal)
Baseline characteristics
Intervention group (metoprolol)
« Age, mean (SD): 71 (+ 8) years
« Gender,M/F:21/30
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Yang 2008 (Continued)

Control group (standard care)

« Age, mean (SD): 71 (+ 9) years
« Gender, M/F:21/30

Country: China

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n =51; losses = 0; analysed, n = 51 (not reported whether ITT analysis was used)

« Details: metoprolol given orally or intravenously, and titrated to BP and HR; treatment was started 2
h before surgery and was continued until 30 days after surgery

Control group (standard care)

« Randomized, n =51; losses = 0; analysed, n = 51 (not reported whether ITT analysis was used)
« Details: standard care

Outcomes Outcomes measured/reported by study authors: changes in HR, levels of creatine kinase (CK-MB),
mortality, acute MI, stroke
Outcomes relevant to the review: mortality, acute MI, stroke
Notes Funding/declarations of interest: not reported
Study dates: January 2006-October 2007
« Chinese study reported translated with the help of Dr Y Wang (Acknowledgements)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Yoshida 2017

Methods

RCT, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: = 20 years of age; pathologically confirmed oesophageal cancer not previously
treated by surgery

Exclusion criteria: cardiac shock; metabolic acidosis; diabetic mellitus-related ketoacidosis; 2nd-de-
gree atrioventricular block; pulmonary hypertension-related right heart failure; congestive heart fail-
ure; untreated phaeochromocytoma; hypersensitivity to components of landiolol hydrochloride

Type of surgery: transthoracic oesophagectomy
Baseline characteristics
Intervention group (landiolol)

« Age, median (range): 64 (48-79) years

« Gender,M/F:35/4

« History of hypertension, %: 30.8

« History of ischaemic heart disease, %: 2.6

Control group (placebo)

« Age, median (range): 62 (45-82) years

« Gender, M/F:32/8

« History of hypertension, %: 27.5

« History of ischaemic heart disease, %: 2.5

Country: Japan

Setting: single centre; hospital

Interventions

Intervention group (landiolol)

« Randomized, n = 40; losses = 1 (due to preoperative AF); analysed, n = 39 (use of ITT analysis not re-
ported)
« Details: landiolol hydrochloride 5 ug/kg/min, IVinfusion, started during surgery and continued for24 h

Control group (placebo)

« Randomized, n = 40; losses = 0; analysed, n = 40
 Details: normal saline, same as the intervention group

Outcomes Outcomes measured/reported by study authors: AF, tachycardia (not defined as ventricular or
supraventricular); postoperative complications; adverse events - hypotension (SBP <80 mmHg) or
bradycardia (<50 bpm)

Outcomes relevant to the review: AF; bradycardia and hypotension (see notes below)

Notes Funding/declarations of interest: not reported
Study dates: July 2009-March 2014
Notes:

+ epidural anaesthesia combined with GA was given in 36 participants in the control group, and 33 par-
ticipants in the intervention group
« we did not include data for hypotension and bradycardia in analysis because study authors only re-
ported these data for the intervention group - "No adverse events, such as hypotension (<systolic
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Yoshida 2017 (continued)

blood pressure 80 mmHg) or bradycardia (< 50 bpm), requiring interruption of intravenous landiolol
infusion were identified in this study"

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Unclear risk Placebo-controlled trial. However, it is not clear whether anaesthetists were
and personnel (perfor- blinded to treatment
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk Loss of 1 participant in the intervention group
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Zaugg 1999
Methods RCT, parallel design

Participants

Total number of randomized participants: 63
Inclusion criteria: = 65 years of age, scheduled for elective major noncardiac surgery under GA

Exclusion criteria: preoperative treatment with beta-adrenergic agonists, beta-adrenergic antago-
nists, or glucocorticoids; 2nd- or 3rd-degree heart block; nonsinus rhythm seen on an ECG; clinically
significant congestive heart failure or bronchospasm; systemic infection; surgery within the previous
month; neurologic disorders and current use of anticonvulsant or other psychoactive medication

Type of surgery: non-cardiac surgery (major abdominal surgery, hip replacement, intrathoracic
surgery)

Baseline characteristics
Intervention group (atenolol: pre- and postoperative administration)

« Age, mean (SD): 76 (+ 7) years
+ Gender, M/F:9/11

« ASAstatus lI/Ill/IV: 6/13/1

« History of MI, n: 9

« History of hypertension, n: 14

Intervention group (atenolol: intra-operative administration)
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Zaugg 1999 (Continued)

« Age, mean (SD): 75 (+ 7) years
« Gender, M/F:15/5

o ASAstatus II/IlI/IV: 8/7/5

+ History of MI, n: 5

« History of hypertension, n: 17

Control group (standard care)

« Age, mean (SD): 73 (% 6) years
« Gender,M/F:13/6

« ASAstatus II/11I/IV: 8/9/2

« History of MI, n: 6

« History of hypertension, n: 13

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (atenolol: pre- and postoperative administration)

« Randomized, n = 23; losses = 3 (1 surgical complication; 1 protocol violation; 1 fixed pacemaker
rhythm); analysed, n =20 (ITT analysis was not used)

« Details: 5 mg atenolol, IV, given approximately 30 min before surgery if HR = 55 bpm and SBP = 100
mmHg, then a further 5 mg dose 5 min later, then doses repeated after arrival in PACU, then given
every 12 h from first postoperative day for 72 h

Intervention group (atenolol: intraoperative administration)

« Randomized, n =20; losses = 0; analysed, n =20
« Details: given during anaesthesia 5 mg increments IV every 5 min to maintain HR < 80 bpm and MAP
within 20% of preoperative MAP

Control group (standard care)

« Randomized, n = 20; losses = 1 (postoperative treatment with beta-blockers and glucocorticoids);
analysed,n=19
« Details: no beta-blockers or beta-antagonists given during study period

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, stress hormone levels,
MI, myocardial ischaemia (from evaluation of ECGs)
Outcomes relevant to the review: MI

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« we combined data for both intervention groups in analysis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)
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Zaugg 1999 (Continued)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial

sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk Study authors report loss of 4 participants with reasons provided. Loss of <
(attrition bias) 10%

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

Low risk Not detected

ACE inhibitor: angiotensin-converting-enzyme inhibitor; AF: atrial fibrillation; AMI: acute myocardial infarction; ARB: angiotensin Il
receptor blockers; ASA: American Society of Anesthesiologists; BIS: bispectral index; BMI: body mass index; bpm: beats per minute; BP:
blood pressure; CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; CPAP: continuous positive airway
pressure; DBP: diastolic blood pressure; ECG: electrocardiogram; GA: general anaesthesia; GOS: Glasgow Outcome Scale; HIV: human
immunodeficiency virus; HR: heart rate; ITT: intention-to-treat; IQR: interquartile range; IV: intravenous(ly); LMA: laryngeal mask airway;
MAP: mean arterial pressure; M/F: male/female; MI: myocardial infarction; NIH: National Institutes of Health; NT-proBNP: N-terminal
pro-brain natriuretic peptide; NYHA: New York Heart Association; PACU: post anaesthesia care unit; PONV: postoperative nausea and
vomiting;P-R interval: a period between waves on an electrocardiogram; QT: interval measurement on an electrocardiogram; RCT:
randomized controlled trial; SAP: systolic arterial pressure; SBP: systolic blood pressure; SD: standard deviation; ST segment and ST-T: a
period between waves on an electrocardiogram; SVT: supraventricular tachycardia; TBSA: total burn surface area; TIA: transient ischaemic

attack

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Chae 1990

RCT, participants with hypertension undergoing surgery. We excluded this study because partici-
pants in the intervention group (propranolol) were all given verapamil as an additional agent

Coleman 1980

RCT, participants undergoing elective general surgery. Multi-arm study: 2 mg metoprololvs 4 mg
metoprolol vs placebo. This study was included in previous versions of the review. We re-evaluated
this study following a change to the number of review outcomes; we excluded this study because
study authors did not measure or report the review outcomes.

Marwick 2009

RCT, bisoprolol vs stratified beta-blocker therapy. The control group underwent dobutamine
echocardiography to guide whether beta-blockers were used and we excluded this study because
the control group was not equivalent to 'standard care' practices in other studies. This study was
included in previous versions of the review, and we re-assessed its eligibility during the current up-
date.

Ryder 1973

RCT, practolol vs atropine vs placebo, given preoperatively before dental surgery under GA. We ex-
cluded this study because it included children from 10 years of age, and data were not reported
separately for adult participants

Sandler 1990

RCT, esmolol vs control. This study was included in previous versions of the review. We re-evalu-
ated eligibility of this study during the update and excluded it because the procedure (rigid bron-
choscopy) did not involve surgery
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Study Reason for exclusion

Sezai 2015 RCT, landiolol vs control. We excluded this study because we noted that participants in both groups
were given an oral beta-blocker as soon as oral treatment was tolerated which continued during
period of outcome assessment, and therefore standard treatment included beta-blocker treatment

Taenaka 2013 RCT, participants undergoing highly invasive surgery who developed tachycardia within 7 days
postoperatively. Multi-arm study - landiolol (low- to medium-dose or medium- to high-dose) vs
placebo. We excluded this study because beta-blocker treatment started up to 7 days after surgery

Tan 2002 RCT, participants undergoing non-cardiac surgery. We excluded this study because participantsin
the intervention group (esmolol) were all given nicardipine as an additional agent

Vucevic 1992 RCT, participants undergoing elective abdominal surgery. We excluded this study because the re-
port included no information on the sample size (randomized or analysed); the report is old, with
insufficient author contact details.

Zmora 2016 RCT, participants undergoing cancer surgery. We excluded this study because participants in the in-
tervention group (propranolol) were all given a COX-2 inhibitor as an additional agent.

RCT: randomized controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

ACTRN12605000639628
Methods RCT, parallel design
Participants Estimated number of randomized participants: 200
Inclusion criteria: undergoing major surgery under GA with at least 2 risk factors for coronary
artery disease: diabetes; hypertension; current smoker; cholesterol > 6.2 mmol/L
Exclusion criteria: known coronary artery disease; long term beta-blocker use; poorly compensat-
ed CCF, 3rd-degree heart block; unstable asthma
Country: Australia
Setting: hospital; single centre
Interventions Atenolol: given preoperatively and for 7 days postoperatively
Placebo: given the same as the intervention group
Outcomes Intended outcome measures: mortality; cardiovascular morbidity
Notes Study is completed. Awaiting publication of study results in order to assess eligibility for the review
ACTRN12615000889
Methods RCT, parallel design
Participants Estimated number of randomized participants: 64
Inclusion criteria: written, informed consent; female participants with histologically-confirmed
breast cancer, who will undergo surgical excision at least 7 days after enrolment; 18-80 years of
age; WHO ECOG performance status 0 or 1
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ACTRN12615000889 (Continued)

Cochrane Database of Systematic Reviews

Exclusion criteria: pregnant or breast feeding; absolute or relative contraindications to propra-
nolol: sick sinus syndrome; sinus bradycardia; 1st-, 2nd- or 3rd degree atrioventricular block; rest-
ing BP <100/60 mmHg; untreated phaeochromocytoma; untreated thyroid disorder; receiving
calcium channel blocking agents; severe peripheral vascular disease; receiving anti-arrhythmic
agents; renal impairment; liver impairment; receiving clonidine, digoxin, rizatriptan, cimetidine,
hydralazine, guanethidine or ergotamine; episodes of major depression; breast resection within 6
months of study entry; received neoadjuvant chemotherapy prior to the planned breast cancer re-
section; histologically demonstrated ductal carcinoma in situ; non-English speaking women; us-
ing regular (daily) pre-operative anti-inflammatory agents; using regular anxiolytics, alpha-recep-
tor adrenergic agonists; use of selective or non-selective beta-adrenergic inhibitors in the last three
months; history of stroke; moderate or severe asthma; other medical conditions considered pro-
hibitive by the treating physician (including frailty)

Country: Australia

Setting: hospital; single centre

Interventions

Propranolol: 40 mg propranolol, given orally, for 7 days preoperatively including day of surgery,
then titrated down to discontinuation in 2 days postoperatively

Placebo: given same as the intervention group

Outcomes

Intended outcome measures: primary tumour gene expression; tumour markers of inflammation;
leukocyte gene expression; inflammation-relevant cytokines; Beck Anxiety Inventory; hypotension;
BP; bronchial hyper-reactivity; bradycardia

Notes

Study is completed. Awaiting publication of study results in order to assess eligibility for the review

Birbicer 2007

Methods

RCT, parallel design

Participants

Total number of randomized participants: 60

Inclusion criteria: undergoing GA

Interventions

Esmolol vs placebo

Outcomes Outcomes reported in the abstract: haemodynamic variables; ECG measurements; possibly AF
Notes We were unable to access the full-text of this article from British library sources; this full-text may
be available in future updates of the review
Boussofara 2001
Methods RCT, parallel design

Participants

Total number of randomized participants:29

Inclusion criteria: ASA status Il or lll; undergoing GA

Interventions

Esmolol vs placebo

Outcomes

Outcomes reported in the abstract: haemodynamic variables
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Boussofara 2001 (Continued)
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Notes We were unable to access the full-text of this article from British library sources; this full-text may
be available in future updates of the review
Boussofara 2004
Methods RCT, parallel design

Participants

Total number of randomized participants: 32

Inclusion criteria: undergoing micro ENT surgery

Interventions

Esmolol vs placebo. Study included 2 additional groups (nicardipine; and lidocaine), which we will
not include in the review

Outcomes Outcomes reported in the abstract: haemodynamic variables
Notes We were unable to access the full-text of this article from British library sources; this full-text may
be available in future updates of the review
Gong 1999
Methods RCT, parallel design

Participants

Total number of randomized participants: 35 (number includes an additional group that is not el-
igible for the review

Interventions

Esmolol vs standard care. Study includes an additional group (alfentanil) which we will not include
in the review

Outcomes Outcomes reported in the abstract: haemodynamic variables; catecholamine responses
Notes We were unable to access the full-text of this article from British library sources; this full-text may
be available in future updates of the review
Hornamand 2017
Methods RCT, parallel design

Participants

Total number of randomized participants: 105 (nhumber includes participants in an additional
group thatis not eligible for the review

Inclusion criteria: scheduled for surgery with laryngoscopy

Interventions

Labetolol vs normal saline. Study included an additional group (remifentanil), which we will not in-
clude in the review

Outcomes

Outcomes reported in the abstract: bradycardia; tachycardia; hypotension; hypertension

Notes

Awaiting translation from Persian to assess full eligibility; number of participants in each group is
not reported. We identified another publication by the same author team (Hornamand 2016) and it
is possible that these are associated publications of the same study.
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Inada 2002

Methods

RCT, parallel design

Participants

Inclusion criteria: people undergoing GA

Interventions

Esmolol vs placebo

Outcomes Outcomes reported in the abstract: haemodynamic variables; side effects (to include hypoten-
sion)
Notes We were unable to access the full-text of this article from British library sources; this full-text may
be available in future updates of the review
Itani 2013
Methods RCT, parallel design

Participants

Total number of randomized participants: 17

Inclusion criteria: people undergoing hepatectomy

Interventions

Landiolol vs saline

Outcomes Outcomes reported in the abstract: haemodynamic variables; concentrations of epinephrine and
norepinephrine; possible measurement of tachycardia
Notes Study currently only published as an abstract; we need to assess the full-text for eligibility
Joo 2010
Methods RCT, parallel design

Participants

Inclusion criteria: people undergoing ambulatory surgery

Interventions

Esmolol (0.25 mg/kg; 0.50 mg/kg; or 1 mg/kg) vs control (not defined), given during anaesthesia

Outcomes

Outcomes reported in the abstract: haemodynamic variables

Notes

Awaiting translation from Korean in order to fully assess eligibility. Unable to ascertain from the
English abstract whether any outcomes relevant to the review are measured or reported

Kajiura 2013

Methods

RCT, parallel design

Participants

Inclusion criteria: people undergoing lobectomy

Interventions

Landiolol infusion for 24 h from the start of surgery vs control (type of control not specified)
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Outcomes Outcomes reported in the abstract: hypotension, bradycardia, AF
Notes Study dates: June 2010-April 2013
Study published only as an abstract. Appears to be eligible but insufficient information available to
extract outcome data. We await publication of the full report in order to include this study in the re-
view
Kawano 2005
Methods RCT, parallel design

Participants

Total number of randomized participants: 40

Inclusion criteria: ASA status |

Interventions

Landiolol vs placebo

Outcomes Outcomes reported in the abstract: haemodynamic variables; BIS during tracheal intubation
Notes Awaiting translation from Korean in order to fully assess eligibility. Unable to ascertain from the
English abstract whether any outcomes relevant to the review are measured or reported
NCT02466542
Methods RCT, parallel design

Participants

Estimated number of randomized participants: 60
Inclusion criteria: women; 18-75 years of age; scheduled for elective mastectomy; ASA | or II

Exclusion criteria: unstable angina; poorly controlled asthma; substance abuse; sinus brady-
cardia; heart failure > 1st degree atrioventricular block; pregnant; allergy to dipyrone, morphine;
chronic pain; severe hepatic disease; severe kidney disease; neurological disease; in other clinical
studies; refusal to participate in the study; any other condition that, in the opinion of the investiga-
tor, may pose a risk to the participants or interfere with the study objectives

Interventions

Esmolol vs placebo

Outcomes Intended outcome measures: pain scores; analgesic requirement; adverse events (incidence of
tachycardia, hypertension, hypotension; bradycardia, use of vasopressors, recovery times, PONV,
pruritis, urinary retention, drowsiness)

Notes Study is completed. Awaiting publication of study results in order to assess eligibility for the review

Tangoku 2016
Methods RCT, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: scheduled for oesophagectomy
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Interventions

Landiolol 5 g/kg/min after induction of anaesthesia and continued for 24 h vs control group (not
defined in the abstract)

Outcomes Outcomes reported in the abstract: tachycardia; AF; adverse event leading to discontinuation of
treatment
Notes Study dates: July 2009-March 2014

Study published only as an abstract. Appears to be eligible but insufficient information available to
extract outcome data. We await publication of the full report in order to include this study in the re-
view

UMIN000024040

Methods

RCT, parallel design

Participants

Estimated number of randomized participants: 188

Inclusion criteria: men or women; histologically or cytologically confirmed oesophageal cancer;
20-80 years of age; scheduled for arthroscopic oesophagus resection

Exclusion criteria: history of arrhythmias; preoperative bradycardia; thyroid dysfunction; preoper-
ative beta-blocker use; history of asthma; hospitalization for heart failure, left ventricular ejection
fraction < 30%; untreated pheochromocytoma

Country: Japan

Setting: single centre; hospital

Interventions

Landiolol vs placebo

Outcomes Intended outcome measures: AF
Notes Study status described as 'no longer recruiting'. Awaiting publication of study results in order to as-
sess eligibility for the review
Wang 1994
Methods RCT, parallel design

Participants

Total number of randomized participants: 200

Inclusion criteria: undergoing elective non-cardiac surgery

Interventions

Esmolol (20 mg; 40 mg; and 60 mg) vs placebo

Outcomes

Outcomes reported in the abstract: haemodynamic variables; tachycardia; hypertension

Notes

We were unable to access the full-text of this article from British library sources; this full-text may
be available in future updates of the review
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Wang 1999

Methods

RCT, parallel design

Participants

Total number of randomized participants: 1830

Interventions

Esmolol (1 mg/kg; and 2 mg/kg) vs placebo

Outcomes Outcomes reported in the abstract: haemodynamic variables; tachycardia; hypotension; brady-
cardia
Notes Awaiting translation from Chinese in order to assess eligibility
Yuan 1994
Methods RCT, parallel design

Participants

Total number of randomized participants: 45

Inclusion criteria: undergoing elective non-cardiac surgery

Interventions

Esmolol (100 mg; and 200 mg) vs placebo

Outcomes Outcomes reported in the abstract: haemodynamic variables; tachycardia; hypotension; brady-
cardia
Notes We were unable to access the full-text of this article from British library sources; this full-text may

be available in future updates of the review

AF: atrial fibrillation;ASA: American Society of Anesthesiologists;BP: blood pressure;BIS: bispectral index; CCF: congestive cardiac failure;
ECG: electrocardiography; ENT: ear, nose, and throat; GA: general anaesthesia; IV: intravenous(ly); PONV: postoperative nausea and
vomiting; RCT: randomized controlled trial: WHO ECOG: World Health Organization Eastern Cooperative Oncology Group

Characteristics of ongoing studies [ordered by study ID]

EUCTR2010-021844-17

Trial name or title

Perioperative esmolol infusion for haemodynamic stability during major vascular surgery

Methods

RCT, parallel design

Participants

Estimated number of recruited participants: 260

Inclusion criteria: scheduled for arterial vascular surgery, including AAA repair, abdominal aortic
stenosis surgery, lower limb arterial reconstruction or carotid artery stenosis repair

Exclusion criteria: active bleeding; untreated left main disease; active cardiac condition; preop-
erative positive troponin T; contraindication to esmolol use; previous allergy or intolerance to es-
molol; cancer with life expectancy < 6 months; excessive alcohol use; pregnancy or planning to be-
come pregnant; failure to provide informed consent; failure to monitor HR with continuous 12-lead
ECG because of surgery or baseline ECG abnormalities

Country: Netherlands

Setting: hospital; single centre

Interventions

Esmolol hydrochloride IV
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EUCTR2010-021844-17 (Continued)

Placebo

Outcomes

Outcomes measured/reported by study authors: haemodynamic stability; myocardial is-
chaemia; TIA or stroke; bradycardia

Outcomes relevant to the review: TIA or stroke; bradycardia

Starting date

Unknown, registered in July 2010

Contact information

Erasmus Medical Centre

Notes

NCT01555554

Trial name or title

Perioperative propranolol in patients with post traumatic stress disorder (PTSD)

Methods

RCT, parallel design

Participants

Estimated number of recruited participants: 110

Inclusion criteria: veterans with PTSD; scheduled for any surgical procedure under GA or com-
bined general-regional anaesthesia, with the exception of open-heart or intracranial surgery; antic-
ipated postoperative hospital admission (defined as at least 1 overnight hospital stay)

Exclusion criteria: on beta-blocker therapy at the time of the preoperative baseline assessment;

sensitivity or allergies to propranolol, or a history of PTSD exacerbation with prior propranolol ther-
apy; veterans who fulfil the AHA/ACC level | recommendation criteria for perioperative beta-block-
er therapy (e.g. metoprolol, atenolol) and should not be randomized to placebo group; medical
exclusions criteria: high-grade heart block without pacemaker (2nd- and 3rd degree heart block),
marked resting bradycardia (heart rate < 55 bpm), BP <100 mmHg, uncompensated congested
heart failure, severe hyperactive airway disease, and Raynaud's disease; pregnancy; current use of
medication that may involve potentially dangerous interaction with propranolol; circumstances
that, in the opinion of the principal investigator, would preclude participation in a study of this
type (e.g. medical concerns or difficulty in long-term follow-up); open-heart surgery and intracra-
nial surgery

Country: USA

Setting: hospital; single centre

Interventions

Propranol orally, started on day of surgery, continued for 14 days

Placebo, taken same as the propranolol group

Outcomes

Outcomes measured/reported by study authors: ICU length of stay; hospital length of stay; post-
operative delirium; postoperative renal dysfunction; perioperative complications; pain intensity;
pain unpleasantness; analgesics use; length of intubation and mechanical ventilation; PTSD symp-
tomatology; quality of life; functional status; sleep quality; depression symptoms; postoperative
neurocognitive dysfunction score; 30-day, 3-months, and 1-year mortality; postoperative complica-
tions

Outcomes relevant to the review: early and late mortality; length of hospital stay

Starting date

May 2012

Contact information

Principal Investigator: Marek Brzezinski, MD, PhD, University of California, San Francisco
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NCT01555554 (Continued)

Notes
NCT03138603

Trial name or title Metoprolol to reduce perioperative myocardial injury

Methods RCT, parallel design

Participants Estimated number of recruited participants: 600
Inclusion criteria: = 50 years of age; beta-blocker naive (30 days prior to surgery); previously di-
agnosed coronary artery disease; history of peripheral vascular disease or chronic kidney disease;
positive stress test; at risk for coronary artery disease; scheduled for major non-cardiac, elective
surgery under general anaesthesia
Exclusion criteria: history of stroke, or TIA; previously diagnosed carotid disease; HR < 55 bpm;
congestive heart failure; severe valvular regurgitation; 2nd- or 3rd-degree atrioventricular block
without pacemaker; active asthma or COPD; anaemia; allergy to beta-blockade drugs; unwilling or
unable to give consent for participation; undergoing any carotid endarterectomy, endovascular,
endoscopic, superficial, or ambulatory procedures; pregnancy or lactating women; prisoners
Country: USA
Setting: hospital; single centre

Interventions Metoprolol: up to 3 IV doses of IV metoprolol tartrate 5 mg prior to extubation, and subsequently
an oral dose 25 mg metoprolol tartrate in the PACU, and then oral dosing at approximately every 8
h thereafter up to postoperative day 3
Placebo: given same as the intervention group

Outcomes Outcomes measured/reported by study authors: myocardial injury; MACE; myocardial ischaemia
(ST-depression/elevation duration); stroke; cumulative vasopressor requirements in PACU; inci-
dence rate bradycardia duration (HR < 50/min); cumulative rate bradycardia duration (HR <50/
min); unplanned ICU admission; length of hospital stay; length of ICU stay
Outcomes relevant to the review: stroke; length of hospital stay

Starting date December 2016

Contact information Principal Investigator: Peter Nagele, MD, Washington University School of Medicine

Notes

AAA: abdominal aortic aneurysm; AHA/ACC: American Heart Association/American College of Cardiology; BP: blood pressure; bpm: beats
per minute; COPD: chronic obstructive pulmonary disorder; ECG: electrocardiography; GA: general anaesthesia; HR: heart rate; ICU:
intensive care unit; IV: intravenous(ly); MACE: major adverse cardiovascular event; PTSD: post-traumatic stress disorder; PACU: post-
anaesthesia care unit; RCT: randomized controlled trial; TIA: transient ischaemic attack

DATA AND ANALYSES

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 169
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Comparison 1. Beta-blockers vs control

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Early all-cause mortality 16 11446 Risk Ratio (M-H, Random, 95% Cl) 1.17[0.89, 1.54]
2 Long-term mortality 4 1215 Risk Ratio (M-H, Random, 95% Cl) 0.82[0.58,1.17]
3 Death due to cardiac caus- 3 9047 Risk Ratio (M-H, Random, 95% Cl) 1.25[0.90, 1.75]
es

4 Acute myocardial infarction 12 10520 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.60, 0.87]
5 Cerebrovascular events 6 9460 Risk Ratio (M-H, Random, 95% Cl) 1.65[0.97,2.81]
6 Ventricular arrhythmias 5 476 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.35, 1.47]
7 Atrial fibrillation and flutter 9 9080 Risk Ratio (M-H, Random, 95% Cl) 0.41[0.21,0.79]
8 Bradycardia 49 12239 Risk Ratio (M-H, Random, 95% Cl) 2.49 [1.74, 3.56]
9 Hypotension 49 12304 Risk Ratio (M-H, Random, 95% Cl) 1.40[1.29,1.51]
10 Congestive heart failure 6 9212 Risk Ratio (M-H, Random, 95% Cl) 1.18[0.94, 1.48]
11 Length of stay (in days) 4 404 Mean Difference (IV, Random, 95%  -1.21[-2.75, 0.33]

cl)

Analysis 1.1. Comparison 1 Beta-blockers vs control, Outcome 1 Early all-cause mortality.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ali 2015 6/35 10/34 —_— 8.65% 0.58[0.24,1.43]
Aoyama 2016 0/25 0/25 Not estimable
Bayliff 1999 2/49 1/50 > 1.3% 2.04{0.19,21.79]
DIPOM 2006 20/462 15/459 . a— 15.32% 1.32[0.69,2.55]
Kawaguchi 2010 1/28 3/28 4 1.5% 0.33[0.04,3.01]
Lai 2006 0/30 0/30 Not estimable
Miller 1990 0/30 0/15 Not estimable
Miller 1991 0/368 0/180 Not estimable
Neary 2006 3/18 5/20 . e — 4.35% 0.67[0.19,2.4]
Ojima 2017 0/50 0/50 Not estimable
POBBLE 2005 3/53 1/44 } 1.47% 2.49[0.27,23.11]
POISE 2008 129/4174 97/4177 -.' 63.24% 1.33[1.03,1.73]
PRESAGE 2016 0/104 0/110 Not estimable
Wallace 1998 4/99 2/101 2.58% 2.04[0.38,10.89]
Yang 2006 0/246 4/250 4 - 0.86% 0.11[0.01,2.09]
Yang 2008 0/51 151 4 * 0.73% 0.33[0.01,8]
Total (95% Cl) 5822 5624 - 2 100% 1.17[0.89,1.54]
Total events: 168 (Beta-blocker), 139 (Control)
Heterogeneity: Tau?=0.01; Chi*=9.43, df=9(P=0.4); 1>=4.59%
Favours beta-blocker 0.1 02 05 1 10 Favours control
Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 170

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Study or subgroup

Trusted evidence.

Informed decisions.

Better health.

Beta-blocker
n/N

Control
n/N

Risk Ratio
M-H, Random, 95% CI
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Weight

Risk Ratio
M-H, Random, 95% CI

Test for overall effect: Z=1.14(P=0.26)

Favours beta-blocker

0.1 0.2 0.5 1 2

10

Favours control

Analysis 1.2. Comparison 1 Beta-blockers vs control, Outcome 2 Long-term mortality.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
DIPOM 2006 74/462 72/459 - 60.18% 1.02[0.76,1.38]
Kawaguchi 2010 1/28 3/28 . S — 2.48% 0.33[0.04,3.01]
Neary 2006 5/18 8/20 —T 12.82% 0.69[0.28,1.74]
Wallace 1998 13/99 23/101 —— 24.52% 0.58[0.31,1.07]
Total (95% CI) 607 608 <& 100% 0.82[0.58,1.17]
Total events: 93 (Beta-blocker), 106 (Control)
Heterogeneity: Tau?=0.03; Chi?=3.74, df=3(P=0.29); 1>=19.78%
Test for overall effect: Z=1.1(P=0.27)

Favours beta-blocker ~ 0-01 0.1 1 10 100

Favours control

Analysis 1.3. Comparison 1 Beta-blockers vs control, Outcome 3 Death due to cardiac causes.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
POISE 2008 75/4174 58/4177 . 96.93% 1.29[0.92,1.82]
Wallace 1998 1/99 2/101 —_ 1.97% 0.51[0.05,5.54]
Yang 2006 0/246 1/250 1.1% 0.34[0.01,8.27]
Total (95% CI) 4519 4528 < 100% 1.25[0.9,1.75]
Total events: 76 (Beta-blocker), 61 (Control)
Heterogeneity: Tau?=0; Chi*=1.22, df=2(P=0.54); 1>=0%
Test for overall effect: Z=1.32(P=0.19)

Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.4. Comparison 1 Beta-blockers vs control, Outcome 4 Acute myocardial infarction.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

DIPOM 2006 3/462 2/459 } 1.1% 1.49[0.25,8.88]
Jakobsen 1997 1/18 0/17 4 # 0.36% 2.84[0.12,65.34]
Lai 2006 0/30 0/30 Not estimable
Miller 1990 0/30 0/15 Not estimable
POBBLE 2005 3/53 5/44 4 + 1.86% 0.5[0.13,1.97]
POISE 2008 152/4174 215/4177 -.— 84.92% 0.71[0.58,0.87]
Raby 1999 0/15 1/11 4= # 0.36% 0.25[0.01,5.62]
Stone 1988 0/89 0/39 Not estimable

Favours beta-blocker

I I
0507 1 15 2

Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Wallace 1998 1/99 2101 4 * ) 0.62% 0.51[0.05,5.54]
Yang 2006 19/246 21/250 . E— 9.9% 0.92[0.51,1.67]
Yang 2008 1/51 151 4 1 2 0.47% 1[0.06,15.56]
Zaugg 1999 0/40 319 4 0.41% 0.07[0,1.29]
Total (95% CI) 5307 5213 4 100% 0.72[0.6,0.87]
Total events: 180 (Beta-blocker), 250 (Control)
Heterogeneity: Tau?=0; Chi*=5.38, df=8(P=0.72); 1>=0%
Test for overall effect: Z=3.42(P=0) L

L
Favours beta-blocker 0507 1 15 2 Favours control

Analysis 1.5. Comparison 1 Beta-blockers vs control, Outcome 5 Cerebrovascular events.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
POBBLE 2005 1/53 0/44 + 2.81% 2.5[0.1,59.88]
POISE 2008 27/4174 14/4177 —.— 68.29% 1.93[1.01,3.68]
PRESAGE 2016 0/104 2/110 + 3.1% 0.21[0.01,4.35]
Wallace 1998 4/99 1/101 R e 6% 4.08[0.46,35.87]
Yang 2006 5/246 4/250 e 16.69% 1.27[0.35,4.67]
Yang 2008 0/51 2/51 < 3.12% 0.2[0.01,4.07]
Total (95% CI) 4727 4733 @ 100% 1.65[0.97,2.81]
Total events: 37 (Beta-blocker), 23 (Control)
Heterogeneity: Tau?=0; Chi*=4.8, df=5(P=0.44); 1>=0%
Test for overall effect: Z=1.84(P=0.07)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.6. Comparison 1 Beta-blockers vs control, Outcome 6 Ventricular arrhythmias.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Bayliff 1999 0/49 2/50 + 5.16% 0.2[0.01,4.14]
Jakobsen 1997 5/18 4/17 — 23.9% 1.18[0.38,3.67]
Mallon 1990 4/30 7/15 — 25.89% 0.29[0.1,0.83]
POBBLE 2005 11/53 7/44 —— 32.18% 1.3[0.55,3.08]
Wallace 1998 2/99 3/101 _ 12.87% 0.68[0.12,3.98]
Total (95% CI) 249 227 o 100% 0.72[0.35,1.47]
Total events: 22 (Beta-blocker), 23 (Control)
Heterogeneity: Tau?=0.22; Chi*=6.12, df=4(P=0.19); 1>=34.59%
Test for overall effect: Z=0.91(P=0.36)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control
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Analysis 1.7. Comparison 1 Beta-blockers vs control, Outcome 7 Atrial fibrillation and flutter.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Aoyama 2016 5/25 4/25 —_—— 13.52% 1.25[0.38,4.12]
Bayliff 1999 3/49 5/50 —T 11.75% 0.61[0.15,2.42]
Horikoshi 2017 1/19 9/20 —_— 7.59% 0.12[0.02,0.84]
Lai 2006 0/30 4/30 4 + 4.24% 0.11[0.01,1.98]
Ojima 2017 5/50 15/50 — 16.4% 0.33[0.13,0.85]
POISE 2008 91/4174 120/4177 - 23.72% 0.76[0.58,0.99]
PRESAGE 2016 8/108 44/110 — 19.17% 0.19[0.09,0.37]
Urias 2016 0/42 0/42 Not estimable
Yoshida 2017 0/39 1/40 t 3.61% 0.34[0.01,8.14]
Total (95% CI) 4536 4544 - 100% 0.41[0.21,0.79]
Total events: 113 (Beta-blocker), 202 (Control)
Heterogeneity: Tau?=0.45; Chi*=20.97, df=7(P=0); 1>=66.62%
Test for overall effect: Z=2.68(P=0.01) ‘ ‘ ‘ ‘
Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control
Analysis 1.8. Comparison 1 Beta-blockers vs control, Outcome 8 Bradycardia.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2015 6/35 3/34 —_—— 4.23% 1.94[0.53,7.15]
Apipan 2010 2/30 0/30 B — 1.25% 5[0.25,99.95]
Bayliff 1999 12/49 2/50 —_— 3.76% 6.12[1.44,25.95]
Bhattacharjee 2016 3/20 0/20 R 1.32% 7[0.38,127.32]
Burns 1988 28/39 36/47 + 9.17% 0.94[0.73,1.21]
Ceker 2015 0/30 0/30 Not estimable
Cucchiara 1986 0/32 1/30 e 1.13% 0.31[0.01,7.4]
El-Shmaa 2016 0/30 0/30 Not estimable
Goyagi 2005 0/11 1/11 e e E— 1.17% 0.33[0.02,7.39]
Gupta 2011 2/22 0/22 —_— Tt 1.26% 5[0.25,98.52]
Harasawa 2006 0/24 0/8 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Inada 1989 0/20 0/10 Not estimable
Inoue 2010 0/54 0/29 Not estimable
Jakobsen 1992 8/20 2/20 | e — 3.83% 4[0.97,16.55]
Jakobsen 1997 0/18 0/17 Not estimable
Kao 2017 0/8 0/8 Not estimable
Kawaguchi 2010 16/28 5/28 — 6.21% 3.2[1.36,7.54]
Lee 1994 0/40 0/20 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Lim 2000 2/24 0/12 e L — 1.27% 2.6[0.13,50.25]
Liu 1986 0/16 1/14 e 1.16% 0.29[0.01,6.69]
Liu 2006 3/15 2/15 e 3.19% 1.5[0.29,7.73]
Louizos 2007 0/109 0/53 Not estimable
Magnusson 1986 4/13 0/14 O — 1.38% 9.64[0.57,163.32]
Mallon 1990 1/30 0/15 L — 1.15% 1.55[0.07,35.89]
Meftahuzzaman 2014 5/30 0/30 o e — 1.36% 11[0.64,190.53]
Favours beta-blocker ~ 0.002 0.1 1 10 500 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Menigaux 2002 0/25 0/25 Not estimable
Mikawa 1991 0/20 0/10 Not estimable
Miller 1991 7/368 5/180 —t 4.9% 0.68[0.22,2.13]
Miyazaki 2009 3/32 0/31 R e — 1.3% 6.79[0.36,126.24]
Moon 2011 0/27 0/27 Not estimable
Ojima 2017 0/50 0/50 Not estimable
Park 2009 1/44 0/44 e e — 1.13% 3[0.13,71.7]
POBBLE 2005 30/53 6/44 — 6.61% 4.15[1.9,9.06]
POISE 2008 277/4174 101/4177 - 9.26% 2.74[2.19,3.43]
Safwat 1984 0/30 0/10 Not estimable
Shailaja 2013 4/30 1/30 -t 2.19% 4[0.47,33.73]
Sharma 2018 0/30 0/30 Not estimable
Shukla 2010 2/30 0/30 R 1.25% 5[0.25,99.95]
Srivastava 2015 0/30 0/30 Not estimable
Stone 1988 21/89 0/39 —_— 1.42% 19.11[1.19,307.75]
Ugur 2007 0/30 0/30 Not estimable
Wallace 1998 38/99 15/101 —— 7.95% 2.58[1.52,4.39]
Ward-Booth 1983 14/30 6/34 — 6.39% 2.64[1.16,6.01]
Whitehead 1980 11/30 6/30 T 6.21% 1.83[0.78,4.32]
Yamazaki 2005 0/20 0/22 Not estimable
Yang 2006 85/246 26/250 - 8.57% 3.32[2.22,4.97]
Total (95% CI) 6340 5899 L 2 100% 2.49[1.74,3.56]
Total events: 585 (Beta-blocker), 219 (Control)
Heterogeneity: Tau?=0.35; Chi*=84.66, df=27(P<0.0001); I>=68.11%
Test for overall effect: Z=4.98(P<0.0001) ‘ ‘ ‘ ‘

Favours beta-blocker ~ 0.002 0.1 1 10 500 Favours control

Analysis 1.9. Comparison 1 Beta-blockers vs control, Outcome 9 Hypotension.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2015 14/35 14/34 — 1.83% 0.97[0.55,1.72]
Bayliff 1999 24/49 13/50 — 1.99% 1.88[1.09,3.26]
Bhattacharjee 2016 0/20 0/20 Not estimable
Ceker 2015 3/30 0/30 + > 0.07% 7[0.38,129.93]
Cucchiara 1986 5/32 5/30 — 0.46% 0.94[0.3,2.92]
El-Shmaa 2016 0/30 0/30 Not estimable
Goyagi 2005 0/11 0/11 Not estimable
Gupta 2011 0/22 0/22 Not estimable
Harasawa 2006 0/24 0/8 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Inada 1989 0/20 0/10 Not estimable
Inoue 2010 0/54 0/29 Not estimable
Jakobsen 1992 1/20 0/20 + 0.06% 3[0.13,69.52]
Jakobsen 1997 0/18 1/17 + 0.06% 0.32[0.01,7.26]
Kao 2017 0/8 0/8 Not estimable
Kawaguchi 2010 24/28 21/28 ™~ 8.71% 1.14[0.88,1.49]
Lee 1994 0/40 0/20 Not estimable
Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Liu 2006 2/15 2/15 0.18% 1[0.16,6.2]
Louizos 2007 0/109 0/53 Not estimable
Magnusson 1986 2/13 1/14 e B S 0.12% 2.15[0.22,21.03]
Mallon 1990 7/30 3/15 L — 0.41% 1.17[0.35,3.88]
Menigaux 2002 0/25 0/25 Not estimable
Mikawa 1991 0/20 0/10 Not estimable
Miller 1990 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Miller 1991 106/368 28/180 —+ 4.22% 1.85[1.27,2.7]
Moon 2011 0/27 0/27 Not estimable
Ohri 1999 3/25 0/25 + } 0.07% 7[0.38,128.87]
Ojima 2017 0/50 0/50 Not estimable
Park 2009 1/44 0/44 + 0.06% 3[0.13,71.7]
POBBLE 2005 49/53 34/44 g 18.91% 1.2[1,1.43]
POISE 2008 625/4174 404/4177 | 43.24% 1.55[1.38,1.74]
PRESAGE 2016 1/108 0/110 + 0.06% 3.06[0.13,74.18]
Safwat 1984 0/30 0/10 Not estimable
Shailaja 2013 4/30 2/30 S e a— 0.23% 2[0.4,10.11]
Sharma 2018 0/30 0/30 Not estimable
Shrestha 2011 0/18 0/18 Not estimable
Shukla 2010 1/30 0/30 + 0.06% 3[0.13,70.83]
Singh 1995 1/10 0/10 + 0.06% 3[0.14,65.9]
Singh 2012 0/40 0/40 Not estimable
Stone 1988 12/89 2/39 T 0.28% 2.63[0.62,11.2]
Sugiura 2007 10/20 4/10 —— 0.78% 1.25[0.52,3]
Tendulkar 2017 0/30 0/30 Not estimable
Unal 2008 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Wallace 1998 14/99 12/101 —t— 1.15% 1.19[0.58,2.44]
Whitehead 1980 1/30 1/30 0.08% 1[0.07,15.26]
Yamazaki 2005 0/20 0/22 Not estimable
Yang 2006 133/246 102/250 + 16.8% 1.33[1.1,1.6]
Total (95% CI) 6390 5914 (] 100% 1.4[1.29,1.51]
Total events: 1045 (Beta-blocker), 649 (Control)
Heterogeneity: Tau?=0; Chi?=22.45, df=25(P=0.61); 1>=0%
Test for overall effect: Z=8.5(P<0.0001) ‘ ‘ ‘ ‘
Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control
Analysis 1.10. Comparison 1 Beta-blockers vs control, Outcome 10 Congestive heart failure.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Bayliff 1999 8/49 4/50 —_t 4.08% 2.04[0.66,6.34]
Horikoshi 2017 0/19 0/20 Not estimable
Magnusson 1986 0/13 1/14 * 0.54% 0.36[0.02,8.06]
POISE 2008 132/4174 116/4177 . 86.93% 1.14[0.89,1.46]
Wallace 1998 9/99 7/101 T 5.84% 1.31[0.51,3.38]
Yang 2006 5/246 3/250 e e — 2.6% 1.69[0.41,7.01]

Favours beta-blocker

0.01

0.1

10

100

Favours control
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Total events: 154 (Beta-blocker), 131 (Control)
Heterogeneity: Tau?=0; Chi*=1.84, df=4(P=0.77); 1>=0%
Test for overall effect: Z=1.42(P=0.16)

_
1

- Coch rane Trusted evidence.
= . Informed decisions.
q Li b rary Better health. Cochrane Database of Systematic Reviews
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total (95% Cl) 4600 4612 b 100% 1.18[0.94,1.48]

Favours beta-blocker ~ 0.01

0.1 10 100

Favours control

Analysis 1.11. Comparison 1 Beta-blockers vs control, Outcome 11 Length of stay (in days).

Study or subgroup Beta-blocker Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Horikoshi 2017 19 30 (13) 20 36 (27) 4 1.34% -6[-19.2,7.2]
Lee 2010 30 1.3(0.3) 30 1.7 (0.4) L 3 55.7% -0.4[-0.58,-0.22]
POBBLE 2005 49 15.9 (21.5) 42 28.7 (41.3) 4 1.21% -12.8[-26.67,1.07]
PRESAGE 2016 104 6.8 (4) 110 8.6 (5) ‘—.— 41.75% -1.8[-3.01,-0.59]
Total *** 202 202 e 100% -1.21[-2.75,0.33]
Heterogeneity: Tau?=1.11; Chi*>=8.77, df=3(P=0.03); 1>=65.81%
Test for overall effect: Z=1.54(P=0.12)

Favours beta-blocker 2 1 0 1 2 Favours control

Comparison 2. Beta-blockers vs control: subgroup by type of beta-blocker

Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants

1 Early all-cause 16 11446 Risk Ratio (M-H, Random, 95% Cl) 1.17[0.89, 1.54]
mortality

1.1 Propranolol 2 168 Risk Ratio (M-H, Random, 95% Cl) 0.68[0.30, 1.58]
1.2 Metoprolol 7 10241 Risk Ratio (M-H, Random, 95% CI) 1.31[1.03,1.66]
1.3 Landiolol 3 206 Risk Ratio (M-H, Random, 95% Cl) 0.33[0.04, 3.01]
1.4 Esmolol 2 593 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0, 0.0]

1.5 Atenolol 2 238 Risk Ratio (M-H, Random, 95% Cl) 1.02[0.35, 2.98]
2 Acute myocardial 12 10520 Risk Ratio (M-H, Random, 95% CI) 0.72[0.60, 0.87]
infarction

2.1 Metoprolol 7 10062 Risk Ratio (M-H, Random, 95% CI) 0.73[0.61, 0.88]
2.2 Esmolol 2 71 Risk Ratio (M-H, Random, 95% ClI) 0.25[0.01, 5.62]
2.3 Oxprenolol 1 43 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0, 0.0]

2.4 Atenolol 3 302 Risk Ratio (M-H, Random, 95% Cl) 0.23[0.03, 1.57]
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Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
2.5 Labetolol 1 42 Risk Ratio (M-H, Random, 95% CI) 0.0[0.0,0.0]
3 Bradycardia 49 12239 Risk Ratio (M-H, Random, 95% CI) 2.51[1.77, 3.55]
3.1 Propranolol 4 268 Risk Ratio (M-H, Random, 95% Cl) 3.39[1.35, 8.50]
3.2 Metoprolol 9 9200 Risk Ratio (M-H, Random, 95% Cl) 2.87[2.40,3.42]
3.3 Landiolol 8 395 Risk Ratio (M-H, Random, 95% CI) 2.76[0.98, 7.75]
3.4 Esmolol 20 1678 Risk Ratio (M-H, Random, 95% CI) 1.29[0.60, 2.75]
3.5 Atenolol 3 287 Risk Ratio (M-H, Random, 95% Cl) 2.76[1.66, 4.61]
3.6 Oxprenolol 1 43 Risk Ratio (M-H, Random, 95% Cl) 4.06 [0.23, 70.46]
3.7 Labetolol 5 252 Risk Ratio (M-H, Random, 95% Cl) 8.13[1.10, 60.07]
3.8 Nadolol 1 86 Risk Ratio (M-H, Random, 95% CI) 0.94[0.73,1.21]
3.9 Pindolol 1 30 Risk Ratio (M-H, Random, 95% CI) 0.0[0.0, 0.0]
4 Hypotension 49 12304 Risk Ratio (M-H, Random, 95% Cl) 1.40[1.29,1.51]
4.1 Propranolol 3 208 Risk Ratio (M-H, Random, 95% Cl) 1.36[0.71, 2.61]
4.2 Metoprolol 9 9354 Risk Ratio (M-H, Random, 95% Cl) 1.38[1.24,1.55]
4.3 Landiolol 8 362 Risk Ratio (M-H, Random, 95% CI) 1.15[0.90, 1.48]
4.4 Esmolol 23 1828 Risk Ratio (M-H, Random, 95% Cl) 1.78 [1.29, 2.45]
4.5 Atenolol 3 287 Risk Ratio (M-H, Random, 95% Cl) 1.20[0.61, 2.38]
4.6 Oxprenolol 1 43 Risk Ratio (M-H, Random, 95% Cl) 2.26[0.12,44.02]
4.7 Labetolol 4 192 Risk Ratio (M-H, Random, 95% CI) 3.14[0.43,22.97]
4.8 Pindolol 1 30 Risk Ratio (M-H, Random, 95% CI) 0.0[0.0,0.0]
Analysis 2.1. Comparison 2 Beta-blockers vs control: subgroup
by type of beta-blocker, Outcome 1 Early all-cause mortality.
Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Propranolol
Ali 2015 6/35 10/34 —— 8.65% 0.58[0.24,1.43]
Bayliff 1999 2/49 1/50 _— 1.3% 2.04[0.19,21.79]
Subtotal (95% CI) 84 84 P 9.95% 0.68[0.3,1.58]
Total events: 8 (Beta-blockers), 11 (Control)

Favours beta-blockers

0.01

0.1

-

10 100

Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Heterogeneity: Tau?=0; Chi?=0.95, df=1(P=0.33); 1>=0%
Test for overall effect: Z=0.9(P=0.37)
2.1.2 Metoprolol
DIPOM 2006 20/462 15/459 T+ 15.32% 1.32[0.69,2.55]
Lai 2006 0/30 0/30 Not estimable
POBBLE 2005 3/53 1/44 e 1.47% 2.49[0.27,23.11]
POISE 2008 129/4174 97/4177 . 63.24% 1.33[1.03,1.73]
PRESAGE 2016 0/104 0/110 Not estimable
Yang 2006 0/246 4/250 ‘—'—— 0.86% 0.11[0.01,2.09]
Yang 2008 0/51 1/51 - 0.73% 0.33[0.01,8]
Subtotal (95% Cl) 5120 5121 * 81.62% 1.31[1.03,1.66]
Total events: 152 (Beta-blockers), 118 (Control)
Heterogeneity: Tau?=0; Chi?=3.79, df=4(P=0.44); 1>=0%
Test for overall effect: Z=2.2(P=0.03)
2.1.3 Landiolol
Aoyama 2016 0/25 0/25 Not estimable
Kawaguchi 2010 1/28 3/28 e — 1.5% 0.33[0.04,3.01]
Ojima 2017 0/50 0/50 Not estimable
Subtotal (95% Cl) 103 103 e 1.5% 0.33[0.04,3.01]
Total events: 1 (Beta-blockers), 3 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.98(P=0.33)
2.1.4 Esmolol
Miller 1990 0/30 0/15 Not estimable
Miller 1991 0/368 0/180 Not estimable
Subtotal (95% Cl) 398 195 Not estimable
Total events: 0 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
2.1.5 Atenolol
Neary 2006 3/18 5/20 —tT 4.35% 0.67[0.19,2.4]
Wallace 1998 4/99 2/101 D 2.58% 2.04[0.38,10.89]
Subtotal (95% Cl) 117 121 - 6.93% 1.02[0.35,2.98]
Total events: 7 (Beta-blockers), 7 (Control)
Heterogeneity: Tau?=0.05; Chi*=1.09, df=1(P=0.3); I>=8.65%
Test for overall effect: Z=0.04(P=0.97)
Total (95% CI) 5822 5624 < 100% 1.17[0.89,1.54]
Total events: 168 (Beta-blockers), 139 (Control)
Heterogeneity: Tau?=0.01; Chi*=9.43, df=9(P=0.4); I*=4.59%
Test for overall effect: Z=1.14(P=0.26)
Test for subgroup differences: Chi*=3.62, df=1 (P=0.31), I’=17.07% ‘ ‘ ‘ ‘
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Analysis 2.2. Comparison 2 Beta-blockers vs control: subgroup
by type of beta-blocker, Outcome 2 Acute myocardial infarction.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.2.1 Metoprolol
DIPOM 2006 3/462 2/459 I e a— 1.1% 1.49[0.25,8.88]
Jakobsen 1997 1/18 0/17 * 0.36% 2.84[0.12,65.34]
Lai 2006 0/30 0/30 Not estimable
POBBLE 2005 3/53 5/44 —t—T 1.86% 0.5[0.13,1.97]
POISE 2008 152/4174 215/4177 . 84.92% 0.71[0.58,0.87]
Yang 2006 19/246 21/250 —— 9.9% 0.92[0.51,1.67]
Yang 2008 1/51 1/51 0.47% 1[0.06,15.56]
Subtotal (95% Cl) 5034 5028 ¢ 98.61% 0.73[0.61,0.88]
Total events: 179 (Beta-blockers), 244 (Control)
Heterogeneity: Tau?=0; Chi*=2.35, df=5(P=0.8); I>=0%
Test for overall effect: Z=3.24(P=0)
2.2.2 Esmolol
Miller 1990 0/30 0/15 Not estimable
Raby 1999 0/15 1/11 * 0.36% 0.25[0.01,5.62]
Subtotal (95% CI) 45 26 e — 0.36% 0.25[0.01,5.62]
Total events: 0 (Beta-blockers), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.87(P=0.38)
2.2.3 Oxprenolol
Stone 1988 0/30 0/13 Not estimable
Subtotal (95% Cl) 30 13 Not estimable
Total events: 0 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
2.2.4 Atenolol
Stone 1988 0/30 0/13 Not estimable
Wallace 1998 1/99 2/101 —_— T 0.62% 0.51[0.05,5.54]
Zaugg 1999 0/40 319 4——— 0.41% 0.07[0,1.29]
Subtotal (95% Cl) 169 133 e 1.03% 0.23[0.03,1.57]
Total events: 1 (Beta-blockers), 5 (Control)
Heterogeneity: Tau?=0.17; Chi*=1.09, df=1(P=0.3); I>=8.66%
Test for overall effect: Z=1.51(P=0.13)
2.2.5 Labetolol
Stone 1988 0/29 0/13 Not estimable
Subtotal (95% Cl) 29 13 Not estimable
Total events: 0 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 5307 5213 ¢ 100% 0.72[0.6,0.87]
Total events: 180 (Beta-blockers), 250 (Control)
Heterogeneity: Tau?=0; Chi*=5.38, df=8(P=0.72); 1>=0%
Test for overall effect: Z=3.42(P=0)
Test for subgroup differences: Chi*>=1.85, df=1 (P=0.4), I*=0% ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Analysis 2.3. Comparison 2 Beta-blockers vs control: subgroup by type of beta-blocker, Outcome 3 Bradycardia.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.3.1 Propranolol
Ali 2015 6/35 3/34 e 4.08% 1.94[0.53,7.15]
Apipan 2010 2/30 0/30 1.18% 5[0.25,99.95]
Bayliff 1999 12/49 2/50 s a— 3.61% 6.12[1.44,25.95]
Safwat 1984 0/30 0/10 Not estimable
Subtotal (95% CI) 144 124 P 8.87% 3.39[1.35,8.5]
Total events: 20 (Beta-blockers), 5 (Control)
Heterogeneity: Tau?=0; Chi*=1.45, df=2(P=0.48); 1>=0%
Test for overall effect: Z=2.6(P=0.01)
2.3.2 Metoprolol
Jakobsen 1992 8/20 2/20 S a— 3.69% 4[0.97,16.55]
Jakobsen 1997 0/18 0/17 Not estimable
Liu 2006 3/15 2/15 e e — 3.06% 1.5[0.29,7.73]
Magnusson 1986 4/13 0/14 t # 1.3% 9.64[0.57,163.32]
POBBLE 2005 30/53 6/44 — 6.47% 4.15[1.9,9.06]
POISE 2008 277/4174 101/4177 -+ 9.22% 2.74[2.19,3.43]
Ward-Booth 1983 14/30 6/34 — 6.25% 2.64[1.16,6.01]
Whitehead 1980 11/30 6/30 Tt 6.06% 1.83[0.78,4.32]
Yang 2006 85/246 26/250 —— 8.5% 3.32[2.22,4.97]
Subtotal (95% Cl) 4599 4601 ¢ 44.54% 2.87[2.4,3.42]
Total events: 432 (Beta-blockers), 149 (Control)
Heterogeneity: Tau?=0; Chi*=4.13, df=7(P=0.76); 1>=0%
Test for overall effect: Z=11.61(P<0.0001)
2.3.3 Landiolol
Goyagi 2005 0/11 1/11 1.11% 0.33[0.02,7.39]
Harasawa 2006 0/24 0/8 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Inoue 2010 0/26 0/15 Not estimable
Kawaguchi 2010 16/28 5/28 —t 6.06% 3.2[1.36,7.54]
Miyazaki 2009 3/32 0/31 ; 1.23% 6.79[0.36,126.24]
Ojima 2017 0/50 0/50 Not estimable
Yamazaki 2005 0/20 0/22 Not estimable
Subtotal (95% Cl) 210 185 g 8.4% 2.76[0.98,7.75]
Total events: 19 (Beta-blockers), 6 (Control)
Heterogeneity: Tau?=0.17; Chi*=2.25, df=2(P=0.32); 1>=11.16%
Test for overall effect: Z=1.93(P=0.05)
2.3.4 Esmolol
Bhattacharjee 2016 3/20 0/20 ; 1.25% 7[0.38,127.32]
Ceker 2015 0/30 0/30 Not estimable
Cucchiara 1986 0/32 1/30 1.07% 0.31[0.01,7.4]
Inoue 2010 0/28 0/14 Not estimable
Kao 2017 0/8 0/8 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Lim 2000 2/24 0/12 ‘ ‘ ‘ 1.2% 2.6[0.13,50.25]
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Liu 1986 0/16 1/14 + 1.1% 0.29[0.01,6.69]
Louizos 2007 0/109 0/53 Not estimable
Mallon 1990 1/30 0/15 1.08% 1.55[0.07,35.89]
Menigaux 2002 0/25 0/25 Not estimable
Miller 1991 7/368 5/180 s 4.75% 0.68[0.22,2.13]
Moon 2011 0/27 0/27 Not estimable
Park 2009 1/44 0/44 1.07% 3[0.13,71.7]
Shailaja 2013 4/30 1/30 —_—t 2.08% 4[0.47,33.73]
Sharma 2018 0/30 0/30 Not estimable
Shukla 2010 2/30 0/30 1.18% 5[0.25,99.95]
Srivastava 2015 0/30 0/30 Not estimable
Ugur 2007 0/30 0/30 Not estimable
Subtotal (95% CI) 998 680 - 14.77% 1.29[0.6,2.75]
Total events: 20 (Beta-blockers), 8 (Control)
Heterogeneity: Tau?=0; Chi*=6.59, df=8(P=0.58); 1>=0%
Test for overall effect: Z=0.66(P=0.51)
2.3.5 Atenolol
Gupta 2011 2/22 0/22 1.19% 5[0.25,98.52]
Stone 1988 11/30 0/13 —4’—’ 1.36% 10.39[0.66,164.15]
Wallace 1998 38/99 15/101 7.84% 2.58[1.52,4.39]
Subtotal (95% Cl) 151 136 10.39% 2.76[1.66,4.61]
Total events: 51 (Beta-blockers), 15 (Control)
Heterogeneity: Tau?=0; Chi*=1.19, df=2(P=0.55); 1>=0%
Test for overall effect: Z=3.89(P<0.0001)
2.3.6 Oxprenolol
Stone 1988 4/30 0/13 1.28% 4.06[0.23,70.46]
Subtotal (95% Cl) 30 13 ——e N —— 1.28% 4.06[0.23,70.46]
Total events: 4 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.96(P=0.34)
2.3.7 Labetolol
El-Shmaa 2016 0/30 0/30 Not estimable
Inada 1989 0/20 0/10 Not estimable
Lee 1994 0/40 0/20 Not estimable
Meftahuzzaman 2014 5/30 0/30 —4’—} 1.29% 11[0.64,190.53]
Stone 1988 6/29 0/13 1.32% 6.07[0.37,100.33]
Subtotal (95% Cl) 149 103 —~— 2.61% 8.13[1.1,60.07]
Total events: 11 (Beta-blockers), 0 (Control)
Heterogeneity: Tau?=0; Chi*=0.09, df=1(P=0.77); 1>=0%
Test for overall effect: Z=2.05(P=0.04)
2.3.8 Nadolol
Burns 1988 28/39 36/47 -+ 9.13% 0.94[0.73,1.21]
Subtotal (95% Cl) 39 47 L 2 9.13% 0.94[0.73,1.21]
Total events: 28 (Beta-blockers), 36 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.5(P=0.62)
2.3.9 Pindolol ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Mikawa 1991 0/20 0/10 Not estimable
Subtotal (95% Cl) 20 10 Not estimable
Total events: 0 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 6340 5899 <& 100% 2.51[1.77,3.55]
Total events: 585 (Beta-blockers), 219 (Control)
Heterogeneity: Tau?=0.33; Chi*=83.65, df=29(P<0.0001); I*=65.33%
Test for overall effect: Z=5.19(P<0.0001)
Test for subgroup differences: Chi*=56.86, df=1 (P<0.0001), 1*=87.69% ‘ ‘ ‘ ‘

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control

Analysis 2.4. Comparison 2 Beta-blockers vs control: subgroup by type of beta-blocker, Outcome 4 Hypotension.
Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.4.1 Propranolol
Ali 2015 14/35 14/34 — 1.83% 0.97[0.55,1.72]
Bayliff 1999 24/49 13/50 — 1.99% 1.88[1.09,3.26]
Safwat 1984 0/30 0/10 Not estimable
Subtotal (95% CI) 114 94 - 3.82% 1.36[0.71,2.61]
Total events: 38 (Beta-blockers), 27 (Control)
Heterogeneity: Tau?=0.14; Chi?=2.7, df=1(P=0.1); 1?=63.03%
Test for overall effect: Z=0.93(P=0.35)
2.4.2 Metoprolol
Jakobsen 1992 1/20 0/20 + 0.06% 3[0.13,69.52]
Jakobsen 1997 0/18 1/17 0.06% 0.32[0.01,7.26]
Liu 2006 2/15 2/15 0.18% 1[0.16,6.2]
Magnusson 1986 2/13 1/14 S B — 0.11% 2.15[0.22,21.03]
POBBLE 2005 49/53 34/44 r* 18.89% 1.2[1,1.43]
POISE 2008 625/4174 404/4177 | 43.21% 1.55[1.38,1.74]
PRESAGE 2016 1/108 0/110 + 0.06% 3.06[0.13,74.18]
Whitehead 1980 1/30 1/30 0.08% 1[0.07,15.26]
Yang 2006 133/246 102/250 -+ 16.79% 1.33[1.1,1.6]
Subtotal (95% Cl) 4677 4677 ¢+ 79.44% 1.38[1.24,1.55]
Total events: 814 (Beta-blockers), 545 (Control)
Heterogeneity: Tau?=0; Chi*=9.09, df=8(P=0.34); 1?>=11.96%
Test for overall effect: Z=5.68(P<0.0001)
2.4.3 Landiolol
Goyagi 2005 0/11 0/11 Not estimable
Harasawa 2006 0/24 0/8 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Inoue 2010 0/26 0/15 Not estimable
Kawaguchi 2010 24/28 21/28 ™~ 8.7% 1.14[0.88,1.49]
Ojima 2017 0/50 0/50 Not estimable
Sugiura 2007 10/20 4/10 — T 0.78% 1.25[0.52,3]
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Yamazaki 2005 0/20 0/22 ‘ Not estimable
Subtotal (95% Cl) 198 164 ‘ 9.48% 1.15[0.9,1.48]
Total events: 34 (Beta-blockers), 25 (Control)
Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.83); 1>=0%
Test for overall effect: Z=1.1(P=0.27)
2.4.4 Esmolol
Bhattacharjee 2016 0/20 0/20 Not estimable
Ceker 2015 3/30 0/30 + # 0.07% 7[0.38,129.93]
Cucchiara 1986 5/32 5/30 — 0.46% 0.94[0.3,2.92]
Inoue 2010 0/28 0/14 Not estimable
Kao 2017 0/8 0/8 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Louizos 2007 0/109 0/53 Not estimable
Mallon 1990 7/30 3/15 L — 0.41% 1.17[0.35,3.88]
Menigaux 2002 0/25 0/25 Not estimable
Miller 1990 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Miller 1991 106/368 28/180 —+ 4.21% 1.85[1.27,2.7]
Moon 2011 0/27 0/27 Not estimable
Ohri 1999 3/25 0/25 + # 0.07% 7[0.38,128.87]
Park 2009 1/44 0/44 + 0.06% 3[0.13,71.7]
Shailaja 2013 4/30 2/30 S e a— 0.23% 2[0.4,10.11]
Sharma 2018 0/30 0/30 Not estimable
Shrestha 2011 0/18 0/18 Not estimable
Shukla 2010 1/30 0/30 + 0.06% 3[0.13,70.83]
Singh 1995 1/10 0/10 + 0.06% 3[0.14,65.9]
Singh 2012 0/40 0/40 Not estimable
Tendulkar 2017 0/30 0/30 Not estimable
Unal 2008 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Subtotal (95% Cl) 1081 747 L 2 5.76% 1.78[1.29,2.45]
Total events: 133 (Beta-blockers), 38 (Control)
Heterogeneity: Tau?=0; Chi*=3.83, df=10(P=0.95); 1>=0%
Test for overall effect: Z=3.5(P=0)
2.4.5 Atenolol
Gupta 2011 0/22 0/22 Not estimable
Stone 1988 3/30 1/13 L E— 0.13% 1.3[0.15,11.36]
Wallace 1998 14/99 12/101 —t— 1.15% 1.19[0.58,2.44]
Subtotal (95% CI) 151 136 - 1.28% 1.2[0.61,2.38]
Total events: 17 (Beta-blockers), 13 (Control)
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.94); 1>=0%
Test for overall effect: Z=0.52(P=0.6)
2.4.6 Oxprenolol
Stone 1988 2/30 0/13 + 0.07% 2.26[0.12,44.02]
Subtotal (95% CI) 30 13 ——ee—— 0.07% 2.26[0.12,44.02]
Total events: 2 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)
2.4.7 Labetolol ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
El-Shmaa 2016 0/30 0/30 Not estimable
Inada 1989 0/20 0/10 Not estimable
Lee 1994 0/40 0/20 Not estimable
Stone 1988 7/29 1/13 R e a— 0.15% 3.14[0.43,22.97]
Subtotal (95% Cl) 119 73 —— 0.15% 3.14[0.43,22.97]
Total events: 7 (Beta-blockers), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.13(P=0.26)
2.4.8 Pindolol
Mikawa 1991 0/20 0/10 Not estimable
Subtotal (95% Cl) 20 10 Not estimable
Total events: 0 (Beta-blockers), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 6390 5914 (] 100% 1.4[1.29,1.51]
Total events: 1045 (Beta-blockers), 649 (Control)
Heterogeneity: Tau?=0; Chi*=22.44, df=27(P=0.71); 1>=0%
Test for overall effect: Z=8.49(P<0.0001)
Test for subgroup differences: Chi?=5.3, df=1 (P=0.51), I*=0% ‘ ‘ ‘ ‘

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control

Comparison 3. Beta-blockers vs control: subgroup by start of beta-blocker therapy

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants

1 Early all-cause mortal- 16 11446 Risk Ratio (M-H, Random, 95% Cl) 1.17[0.89, 1.54]
ity

1.1 Before surgery 7 10135 Risk Ratio (M-H, Random, 95% Cl) 1.17[0.83, 1.64]
1.2 During surgery 6 797 Risk Ratio (M-H, Random, 95% Cl) 0.56[0.18, 1.69]
1.3 After surgery 3 514 Risk Ratio (M-H, Random, 95% Cl) 2.04[0.38, 10.89]
2 Acute myocardial in- 12 10500 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.60, 0.87]
farction

2.1 Before surgery 6 10002 Risk Ratio (M-H, Random, 95% Cl) 0.73[0.61, 0.88]
2.2 During surgery 4 272 Risk Ratio (M-H, Random, 95% Cl) 0.14[0.01, 2.47]
2.3 After surgery 2 226 Risk Ratio (M-H, Random, 95% Cl) 0.39[0.06, 2.60]
3 Bradycardia 49 12239 Risk Ratio (M-H, Random, 95% Cl) 2.49[1.74, 3.56]
3.1 Before surgery 13 9528 Risk Ratio (M-H, Random, 95% Cl) 2.89[1.70,4.91]
3.2 During surgery 32 2291 Risk Ratio (M-H, Random, 95% Cl) 1.98[1.17,3.35]

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review)
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Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants

3.3 After surgery 4 420 Risk Ratio (M-H, Random, 95% Cl) 2.59[1.54, 4.37]
4 Hypotension 49 12304 Risk Ratio (M-H, Random, 95% Cl) 1.40[1.29,1.51]
4.1 Before surgery 11 9354 Risk Ratio (M-H, Random, 95% Cl) 1.37[1.19,1.58]
4.2 During surgery 33 2312 Risk Ratio (M-H, Random, 95% Cl) 1.36[1.12,1.65]
4.3 After surgery 5 638 Risk Ratio (M-H, Random, 95% Cl) 1.30[0.65, 2.58]

Analysis 3.1. Comparison 3 Beta-blockers vs control: subgroup by
start of beta-blocker therapy, Outcome 1 Early all-cause mortality.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

3.1.1 Before surgery

Ali 2015 6/35 10/34 — 8.65% 0.58[0.24,1.43]
Bayliff 1999 2/49 1/50 e 1.3% 2.04[0.19,21.79]
DIPOM 2006 20/462 15/459 e 15.32% 1.32[0.69,2.55]
POBBLE 2005 3/53 1/44 — 1.47% 2.49[0.27,23.11]
POISE 2008 129/4174 97/4177 . 63.24% 1.33[1.03,1.73]
Yang 2006 0/246 4/250 4 bl 0.86% 0.11[0.01,2.09]
Yang 2008 0/51 1/51 b 0.73% 0.33[0.01,8]
Subtotal (95% Cl) 5070 5065 < 91.57% 1.17[0.83,1.64]

Total events: 160 (Beta-blockers), 129 (Control)
Heterogeneity: Tau?=0.03; Chi*=6.86, df=6(P=0.33); 1>=12.48%
Test for overall effect: Z=0.91(P=0.36)

3.1.2 During surgery

Aoyama 2016 0/25 0/25 Not estimable
Kawaguchi 2010 1/28 3/28 e R — 1.5% 0.33[0.04,3.01]
Lai 2006 0/30 0/30 Not estimable
Miller 1990 0/30 0/15 Not estimable
Miller 1991 0/368 0/180 Not estimable
Neary 2006 3/18 5/20 — T 4.35% 0.67[0.19,2.4]
Subtotal (95% Cl) 499 298 - 5.85% 0.56[0.18,1.69]

Total events: 4 (Beta-blockers), 8 (Control)
Heterogeneity: Tau?=0; Chi?=0.29, df=1(P=0.59); 1>=0%
Test for overall effect: Z=1.03(P=0.3)

3.1.3 After surgery

Ojima 2017 0/50 0/50 Not estimable
PRESAGE 2016 0/104 0/110 Not estimable
Wallace 1998 4/99 2/101 —_— 2.58% 2.04[0.38,10.89]
Subtotal (95% CI) 253 261 i 2.58% 2.04[0.38,10.89]

Total events: 4 (Beta-blockers), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.83(P=0.4)

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Total (95% CI) 5822 5624 b 100% 1.17[0.89,1.54]
Total events: 168 (Beta-blockers), 139 (Control) ‘
Heterogeneity: Tau?=0.01; Chi*=9.43, df=9(P=0.4); I*=4.59% ‘
Test for overall effect: Z=1.14(P=0.26) ‘
Test for subgroup differences: Chi*=2.07, df=1 (P=0.36), 1>=3.21% ‘ ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
Analysis 3.2. Comparison 3 Beta-blockers vs control: subgroup by
start of beta-blocker therapy, Outcome 2 Acute myocardial infarction.
Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.2.1 Before surgery
DIPOM 2006 3/462 2/459 I e a— 1.1% 1.49[0.25,8.88]
Jakobsen 1997 1/18 0/17 * 0.36% 2.84[0.12,65.34]
POBBLE 2005 3/53 5/44 T 1.86% 0.5[0.13,1.97]
POISE 2008 152/4174 215/4177 . 84.92% 0.71[0.58,0.87]
Yang 2006 19/246 21/250 —— 9.9% 0.92[0.51,1.67]
Yang 2008 1/51 1/51 0.47% 1[0.06,15.56]
Subtotal (95% Cl) 5004 4998 ¢ 98.6% 0.73[0.61,0.88]
Total events: 179 (Beta-blockers), 244 (Control)
Heterogeneity: Tau?=0; Chi*=2.35, df=5(P=0.8); 1>=0%
Test for overall effect: Z=3.24(P=0)
3.2.2 During surgery
Lai 2006 0/30 0/30 Not estimable
Miller 1990 0/30 0/15 Not estimable
Stone 1988 0/89 0/39 Not estimable
Zaugg 1999 0/20 3/19 < * 0.42% 0.14[0.01,2.47]
Subtotal (95% CI) 169 103 o — 0.42% 0.14[0.01,2.47]
Total events: 0 (Beta-blockers), 3 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.35(P=0.18)
3.2.3 After surgery
Raby 1999 0/15 1/11 * 0.36% 0.25[0.01,5.62]
Wallace 1998 1/99 2/101 —_— T 0.62% 0.51[0.05,5.54]
Subtotal (95% CI) 114 112 e 0.98% 0.39[0.06,2.6]
Total events: 1 (Beta-blockers), 3 (Control)
Heterogeneity: Tau?=0; Chi*=0.13, df=1(P=0.72); 1>=0%
Test for overall effect: Z=0.97(P=0.33)
Total (95% Cl) 5287 5213 ¢ 100% 0.72[0.6,0.87]
Total events: 180 (Beta-blockers), 250 (Control)
Heterogeneity: Tau?=0; Chi*=4.18, df=8(P=0.84); 1>=0%
Test for overall effect: Z=3.4(P=0)
Test for subgroup differences: Chi*=1.7, df=1 (P=0.43), I*=0%
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Analysis 3.3. Comparison 3 Beta-blockers vs control: subgroup
by start of beta-blocker therapy, Outcome 3 Bradycardia.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
3.3.1 Before surgery
Ali 2015 6/35 3/34 e 4.23% 1.94[0.53,7.15]
Apipan 2010 2/30 0/30 1.25% 5[0.25,99.95]
Bayliff 1999 12/49 2/50 s a— 3.76% 6.12[1.44,25.95]
Burns 1988 28/39 36/47 -+ 9.17% 0.94[0.73,1.21]
Gupta 2011 2/22 0/22 1.26% 5[0.25,98.52]
Jakobsen 1992 8/20 2/20 S E— 3.83% 4[0.97,16.55]
Jakobsen 1997 0/18 0/17 Not estimable
Magnusson 1986 4/13 0/14 # 1.38% 9.64[0.57,163.32]
POBBLE 2005 30/53 6/44 — 6.61% 4.15[1.9,9.06]
POISE 2008 277/4174 101/4177 -+ 9.26% 2.74[2.19,3.43]
Shukla 2010 2/30 0/30 + 1.25% 5[0.25,99.95]
Ward-Booth 1983 14/30 6/34 — 6.39% 2.64[1.16,6.01]
Yang 2006 85/246 26/250 —— 8.57% 3.32[2.22,4.97]
Subtotal (95% Cl) 4759 4769 o 56.96% 2.89[1.7,4.91]
Total events: 470 (Beta-blockers), 182 (Control)
Heterogeneity: Tau?=0.47; Chi*=69.91, df=11(P<0.0001); 1>=84.27%
Test for overall effect: Z=3.92(P<0.0001)
3.3.2 During surgery
Bhattacharjee 2016 3/20 0/20 } 1.32% 7[0.38,127.32]
Ceker 2015 0/30 0/30 Not estimable
Cucchiara 1986 0/32 1/30 1.13% 0.31[0.01,7.4]
El-Shmaa 2016 0/30 0/30 Not estimable
Goyagi 2005 0/11 1/11 1.17% 0.33[0.02,7.39]
Horikoshi 2017 0/19 0/20 Not estimable
Inada 1989 0/20 0/10 Not estimable
Inoue 2010 0/54 0/29 Not estimable
Kao 2017 0/8 0/8 Not estimable
Kawaguchi 2010 16/28 5/28 — 6.21% 3.2[1.36,7.54]
Lee 1994 0/40 0/20 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Lim 2000 2/24 0/12 1.27% 2.6[0.13,50.25]
Liu 1986 0/16 1/14 1.16% 0.29[0.01,6.69]
Liu 2006 3/15 2/15 e e — 3.19% 1.5[0.29,7.73]
Louizos 2007 0/109 0/53 Not estimable
Mallon 1990 1/30 0/15 + 1.15% 1.55[0.07,35.89]
Meftahuzzaman 2014 5/30 0/30 —4’—} 1.36% 11[0.64,190.53]
Menigaux 2002 0/25 0/25 Not estimable
Mikawa 1991 0/20 0/10 Not estimable
Miller 1991 7/368 5/180 e 4.9% 0.68[0.22,2.13]
Miyazaki 2009 3/32 0/31 } 1.3% 6.79[0.36,126.24]
Moon 2011 0/27 0/27 Not estimable
Safwat 1984 0/30 0/10 Not estimable
Shailaja 2013 4/30 1/30 —_—t 2.19% 4[0.47,33.73]
Sharma 2018 0/30 0/30 Not estimable
Srivastava 2015 0/30 0/30 ‘ ‘ ‘ ‘ Not estimable
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Stone 1988 21/89 > 1.42% 19.11[1.19,307.75]
Ugur 2007 0/30 Not estimable
Whitehead 1980 11/30 T 6.21% 1.83[0.78,4.32]
Yamazaki 2005 0/20 Not estimable
Subtotal (95% Cl) 1364 4 33.97% 1.98[1.17,3.35]
Total events: 76 (Beta-blockers), 22 (Control)
Heterogeneity: Tau?=0.13; Chi*=15.17, df=13(P=0.3); 1*=14.31%
Test for overall effect: Z=2.55(P=0.01)
3.3.3 After surgery
Harasawa 2006 0/24 0/8 Not estimable
Ojima 2017 0/50 0/50 Not estimable
Park 2009 1/44 0/44 + 1.13% 3[0.13,71.7]
Wallace 1998 38/99 15/101 — 7.95% 2.58[1.52,4.39]
Subtotal (95% Cl) 217 203 o 9.07% 2.59[1.54,4.37]
Total events: 39 (Beta-blockers), 15 (Control)
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.93); 1>=0%
Test for overall effect: Z=3.58(P=0)
Total (95% CI) 6340 5899 <& 100% 2.49[1.74,3.56]
Total events: 585 (Beta-blockers), 219 (Control)
Heterogeneity: Tau?=0.35; Chi*=84.66, df=27(P<0.0001); I>=68.11%
Test for overall effect: Z=4.98(P<0.0001)
Test for subgroup differences: Chi*=1.04, df=1 (P=0.59), 1>=0% ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
Analysis 3.4. Comparison 3 Beta-blockers vs control: subgroup
by start of beta-blocker therapy, Outcome 4 Hypotension.
Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.4.1 Before surgery
Ali 2015 14/35 14/34 — 1.83% 0.97[0.55,1.72]
Bayliff 1999 24/49 13/50 — 1.99% 1.88[1.09,3.26]
Gupta 2011 0/22 0/22 Not estimable
Jakobsen 1992 1/20 0/20 + 0.06% 3[0.13,69.52]
Jakobsen 1997 0/18 1/17 + 0.06% 0.32[0.01,7.26]
Magnusson 1986 2/13 1/14 S B — 0.12% 2.15[0.22,21.03]
POBBLE 2005 49/53 34/44 r* 18.91% 1.2[1,1.43]
POISE 2008 625/4174 404/4177 | 43.24% 1.55[1.38,1.74]
Shrestha 2011 0/18 0/18 Not estimable
Shukla 2010 1/30 0/30 + 0.06% 3[0.13,70.83]
Yang 2006 133/246 102/250 16.8% 1.33[1.1,1.6]
Subtotal (95% Cl) 4678 4676 ¢ 83.05% 1.37[1.19,1.58]
Total events: 849 (Beta-blockers), 569 (Control)
Heterogeneity: Tau?=0.01; Chi?>=11.62, df=8(P=0.17); 1*=31.14%
Test for overall effect: Z=4.42(P<0.0001)
3.4.2 During surgery
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Bhattacharjee 2016 0/20 0/20 Not estimable
Ceker 2015 3/30 0/30 + # 0.07% 7[0.38,129.93]
Cucchiara 1986 5/32 5/30 — 0.46% 0.94[0.3,2.92]
El-Shmaa 2016 0/30 0/30 Not estimable
Goyagi 2005 0/11 0/11 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Inada 1989 0/20 0/10 Not estimable
Inoue 2010 0/54 0/29 Not estimable
Kao 2017 0/8 0/8 Not estimable
Kawaguchi 2010 24/28 21/28 ™ 8.71% 1.14[0.88,1.49]
Lee 1994 0/40 0/20 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Liu 2006 2/15 2/15 0.18% 1[0.16,6.2]
Louizos 2007 0/109 0/53 Not estimable
Mallon 1990 7/30 3/15 L — 0.41% 1.17[0.35,3.88]
Menigaux 2002 0/25 0/25 Not estimable
Mikawa 1991 0/20 0/10 Not estimable
Miller 1990 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Miller 1991 106/368 28/180 —+ 4.22% 1.85[1.27,2.7]
Moon 2011 0/27 0/27 Not estimable
Ohri 1999 3/25 0/25 + # 0.07% 7[0.38,128.87]
Safwat 1984 0/30 0/10 Not estimable
Shailaja 2013 4/30 2/30 S e a— 0.23% 2[0.4,10.11]
Sharma 2018 0/30 0/30 Not estimable
Singh 1995 1/10 0/10 + 0.06% 3[0.14,65.9]
Singh 2012 0/40 0/40 Not estimable
Stone 1988 12/89 2/39 T 0.28% 2.63[0.62,11.2]
Sugiura 2007 10/20 4/10 —— 0.78% 1.25[0.52,3]
Tendulkar 2017 0/30 0/30 Not estimable
Unal 2008 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Whitehead 1980 1/30 1/30 0.08% 1[0.07,15.26]
Yamazaki 2005 0/20 0/22 Not estimable
Subtotal (95% Cl) 1387 925 ¢ 15.67% 1.36[1.12,1.65]
Total events: 180 (Beta-blockers), 68 (Control)
Heterogeneity: Tau?=0; Chi*=11.55, df=13(P=0.57); 1>=0%
Test for overall effect: Z=3.07(P=0)
3.4.3 After surgery
Harasawa 2006 0/24 0/8 Not estimable
Ojima 2017 0/50 0/50 Not estimable
Park 2009 1/44 0/44 + 0.06% 3[0.13,71.7]
PRESAGE 2016 1/108 0/110 0.06% 3.06[0.13,74.18]
Wallace 1998 14/99 12/101 —t— 1.15% 1.19[0.58,2.44]
Subtotal (95% Cl) 325 313 - 1.27% 1.3[0.65,2.58]
Total events: 16 (Beta-blockers), 12 (Control)
Heterogeneity: Tau?=0; Chi*=0.61, df=2(P=0.74); 1>=0%
Test for overall effect: Z=0.75(P=0.46)
Total (95% CI) 6390 5914 (] 100% 1.4[1.29,1.51]
Total events: 1045 (Beta-blockers), 649 (Control)
Heterogeneity: Tau?=0; Chi?=22.45, df=25(P=0.61); 1>=0% ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup

Beta-blockers
n/N

Control
n/N

Risk Ratio Weight

M-H, Random, 95% CI

Risk Ratio

M-H, Random, 95% CI

Test for overall effect: Z=8.5(P<0.0001)

Test for subgroup differences: Chi*=0.03, df=1 (P=0.99), 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
Comparison 4. Beta-blockers vs control: subgroup by risk status
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Early all-cause mortality 16 11446 Risk Ratio (M-H, Random, 95% Cl) 1.17[0.89, 1.54]
1.1 Low and medium risk 5 9967 Risk Ratio (M-H, Random, 95% Cl) 1.32[1.04, 1.68]
surgery
1.2 High risk surgery 11 1479 Risk Ratio (M-H, Random, 95% Cl) 0.75[0.42, 1.35]
2 Acute myocardial infarc- 12 10520 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.60, 0.87]
tion
2.1 Low and medium risk 6 9606 Risk Ratio (M-H, Random, 95% Cl) 0.71[0.47,1.07]
surgery
2.2 High risk surgery 6 914 Risk Ratio (M-H, Random, 95% Cl) 0.82[0.49, 1.37]
3 Bradycardia 49 12239 Risk Ratio (M-H, Random, 95% Cl) 2.49[1.74, 3.56]
3.1 Low and medium risk 35 10846 Risk Ratio (M-H, Random, 95% Cl) 2.19[1.28,3.74]
surgery
3.2 High risk surgery 14 1393 Risk Ratio (M-H, Random, 95% Cl) 3.13[2.40, 4.07]
4 Hypotension 49 12304 Risk Ratio (M-H, Random, 95% Cl) 1.40[1.29,1.51]
4.1 Low and medium risk 36 10789 Risk Ratio (M-H, Random, 95% Cl) 1.57[1.41,1.75]
surgery
4.2 High risk surgery 13 1515 Risk Ratio (M-H, Random, 95% Cl) 1.24[1.11,1.38]

Analysis 4.1. Comparison 4 Beta-blockers vs control: subgroup by risk status, Outcome 1 Early all-cause mortality.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.1.1 Low and medium risk surgery

DIPOM 2006 20/462 15/459 T+ 15.32% 1.32[0.69,2.55]
Miller 1990 0/30 0/15 Not estimable
Miller 1991 0/368 0/180 Not estimable
POISE 2008 129/4174 97/4177 - 63.24% 1.33[1.03,1.73]
Yang 2008 0/51 1/51 » } 0.73% 0.33[0.01,8]

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review)
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Subtotal (95% ClI) 5085 4882 L 2 79.29% 1.32[1.04,1.68]

Total events: 149 (Beta-blockers), 113 (Control)
Heterogeneity: Tau?=0; Chi*=0.72, df=2(P=0.7); I>=0%
Test for overall effect: Z=2.25(P=0.02)

4.1.2 High risk surgery

Ali 2015 6/35 10/34 — 8.65% 0.58[0.24,1.43]
Aoyama 2016 0/25 0/25 Not estimable
Bayliff 1999 2/49 1/50 S B — 1.3% 2.04[0.19,21.79]
Kawaguchi 2010 1/28 3/28 e e 1.5% 0.33[0.04,3.01]
Lai 2006 0/30 0/30 Not estimable
Neary 2006 3/18 5/20 —tT 4.35% 0.67[0.19,2.4]
Ojima 2017 0/50 0/50 Not estimable
POBBLE 2005 3/53 1/44 e B 1.47% 2.49[0.27,23.11]
PRESAGE 2016 0/104 0/110 Not estimable
Wallace 1998 4/99 2/101 D 2.58% 2.04[0.38,10.89]
Yang 2006 0/246 4/250 ‘—'—— 0.86% 0.11[0.01,2.09]
Subtotal (95% Cl) 737 742 S _d 20.71% 0.75[0.42,1.35]

Total events: 19 (Beta-blockers), 26 (Control)
Heterogeneity: Tau?=0; Chi*=5.66, df=6(P=0.46); 1>=0%
Test for overall effect: Z=0.96(P=0.34)

Total (95% CI) 5822 5624 2 2 100% 1.17[0.89,1.54]
Total events: 168 (Beta-blockers), 139 (Control)

Heterogeneity: Tau?=0.01; Chi*=9.43, df=9(P=0.4); I*=4.59%

Test for overall effect: Z=1.14(P=0.26)

Test for subgroup differences: Chi*=3.05, df=1 (P=0.08), 1’=67.24%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 4.2. Comparison 4 Beta-blockers vs control: subgroup
by risk status, Outcome 2 Acute myocardial infarction.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

4.2.1 Low and medium risk surgery

DIPOM 2006 3/462 2/459 I e a— 1.1% 1.49[0.25,8.88]
Miller 1990 0/30 0/15 Not estimable
POISE 2008 152/4174 215/4177 . 84.92% 0.71[0.58,0.87]
Stone 1988 0/89 0/39 Not estimable
Yang 2008 1/51 1/51 0.47% 1[0.06,15.56]
Zaugg 1999 0/40 3/19 ‘—‘7— 0.41% 0.07[0,1.29]
Subtotal (95% Cl) 4846 4760 L 86.9% 0.71[0.47,1.07]

Total events: 156 (Beta-blockers), 221 (Control)
Heterogeneity: Tau?=0.04; Chi?=3.17, df=3(P=0.37); 1>=5.22%
Test for overall effect: Z=1.63(P=0.1)

4.2.2 High risk surgery

Jakobsen 1997 1/18 0/17 - 0.36% 2.84[0.12,65.34]
Lai 2006 0/30 0/30 Not estimable
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
POBBLE 2005 3/53 5/44 —t—T 1.86% 0.5[0.13,1.97]
Raby 1999 0/15 1/11 * 0.36% 0.25[0.01,5.62]
Wallace 1998 1/99 2/101 —_— T 0.62% 0.51[0.05,5.54]
Yang 2006 19/246 21/250 —— 9.9% 0.92[0.51,1.67]
Subtotal (95% Cl) 461 453 L 2 13.1% 0.82[0.49,1.37]
Total events: 24 (Beta-blockers), 29 (Control)
Heterogeneity: Tau?=0; Chi*=1.96, df=4(P=0.74); 1>=0%
Test for overall effect: Z=0.77(P=0.44)
Total (95% CI) 5307 5213 ¢ 100% 0.72[0.6,0.87]
Total events: 180 (Beta-blockers), 250 (Control)
Heterogeneity: Tau?=0; Chi*=5.38, df=8(P=0.72); 1>=0%
Test for overall effect: Z=3.42(P=0)
Test for subgroup differences: Chi*=0.18, df=1 (P=0.67), 1>=0% ‘ ‘ ‘ ‘

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control

Analysis 4.3. Comparison 4 Beta-blockers vs control: subgroup by risk status, Outcome 3 Bradycardia.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.3.1 Low and medium risk surgery

Apipan 2010 2/30 0/30 + 1.25% 5[0.25,99.95]
Bhattacharjee 2016 3/20 0/20 + } 1.32% 7[0.38,127.32]
Burns 1988 28/39 36/47 - 9.17% 0.94[0.73,1.21]
Ceker 2015 0/30 0/30 Not estimable
Cucchiara 1986 0/32 1/30 + 1.13% 0.31[0.01,7.4]
El-Shmaa 2016 0/30 0/30 Not estimable
Goyagi 2005 0/11 1/11 + 1.17% 0.33[0.02,7.39]
Inada 1989 0/20 0/10 Not estimable
Inoue 2010 0/54 0/29 Not estimable
Jakobsen 1992 8/20 2/20 I 3.83% 4[0.97,16.55]
Kao 2017 0/8 0/8 Not estimable
Lee 1994 0/40 0/20 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Liu 1986 0/16 1/14 + 1.16% 0.29[0.01,6.69]
Louizos 2007 0/109 0/53 Not estimable
Magnusson 1986 4/13 0/14 + } 1.38% 9.64[0.57,163.32]
Mallon 1990 1/30 0/15 + 1.15% 1.55[0.07,35.89]
Meftahuzzaman 2014 5/30 0/30 —4‘—> 1.36% 11[0.64,190.53]
Menigaux 2002 0/25 0/25 Not estimable
Mikawa 1991 0/20 0/10 Not estimable
Miller 1991 7/368 5/180 [ 4.9% 0.68[0.22,2.13]
Miyazaki 2009 3/32 0/31 + } 1.3% 6.79[0.36,126.24]
Moon 2011 0/27 0/27 Not estimable
Park 2009 1/44 0/44 + 1.13% 3[0.13,71.7]
POISE 2008 277/4174 101/4177 - 9.26% 2.74[2.19,3.43]
Safwat 1984 0/30 0/10 Not estimable
Shailaja 2013 4/30 1/30 S B — 2.19% 4[0.47,33.73]

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Sharma 2018 0/30 0/30 Not estimable
Shukla 2010 2/30 0/30 + 1.25% 5[0.25,99.95]
Stone 1988 21/89 0/39 4’—’ 1.42% 19.11[1.19,307.75]
Ugur 2007 0/30 0/30 Not estimable
Ward-Booth 1983 14/30 6/34 — 6.39% 2.64[1.16,6.01]
Whitehead 1980 11/30 6/30 — 6.21% 1.83[0.78,4.32]
Yamazaki 2005 0/20 0/22 Not estimable
Subtotal (95% Cl) 5628 5218 o 56.96% 2.19[1.28,3.74]
Total events: 391 (Beta-blockers), 160 (Control)
Heterogeneity: Tau?=0.53; Chi*=69.94, df=18(P<0.0001); I>=74.26%
Test for overall effect: Z=2.87(P=0)
4.3.2 High risk surgery
Ali 2015 6/35 3/34 —t— 4.23% 1.94[0.53,7.15]
Bayliff 1999 12/49 2/50 s a— 3.76% 6.12[1.44,25.95]
Gupta 2011 2/22 0/22 + 1.26% 5[0.25,98.52]
Harasawa 2006 0/24 0/8 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Jakobsen 1997 0/18 0/17 Not estimable
Kawaguchi 2010 16/28 5/28 — 6.21% 3.2[1.36,7.54]
Lim 2000 2/24 0/12 + 1.27% 2.6[0.13,50.25]
Liu 2006 3/15 2/15 —— 3.19% 1.5[0.29,7.73]
Ojima 2017 0/50 0/50 Not estimable
POBBLE 2005 30/53 6/44 — 6.61% 4.15[1.9,9.06]
Srivastava 2015 0/30 0/30 Not estimable
Wallace 1998 38/99 15/101 — 7.95% 2.58[1.52,4.39]
Yang 2006 85/246 26/250 —— 8.57% 3.32[2.22,4.97]
Subtotal (95% Cl) 712 681 L 43.04% 3.13[2.4,4.07]
Total events: 194 (Beta-blockers), 59 (Control)
Heterogeneity: Tau?=0; Chi*=3.34, df=8(P=0.91); 1>=0%
Test for overall effect: Z=8.48(P<0.0001)
Total (95% CI) 6340 5899 <& 100% 2.49[1.74,3.56]

Total events: 585 (Beta-blockers), 219 (Control)

Heterogeneity: Tau?=0.35; Chi*=84.66, df=27(P<0.0001); I>=68.11%

Test for overall effect: Z=4.98(P<0.0001)

Test for subgroup differences: Chi*=1.37, df=1 (P=0.24), 1’=26.94%

Favours beta-blockers

0.01

0.1

10 100

Favours control

Analysis 4.4. Comparison 4 Beta-blockers vs control: subgroup by risk status, Outcome 4 Hypotension.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.4.1 Low and medium risk surgery

Bhattacharjee 2016 0/20 0/20 Not estimable
Ceker 2015 3/30 0/30 + > 0.07% 7[0.38,129.93]
Cucchiara 1986 5/32 5/30 — 0.46% 0.94[0.3,2.92]
El-Shmaa 2016 0/30 0/30 Not estimable
Goyagi 2005 0/11 0/11 Not estimable

Favours beta-blockers ~ 0-01 0.1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Inada 1989 0/20 0/10 Not estimable
Inoue 2010 0/54 0/29 Not estimable
Jakobsen 1992 1/20 0/20 + 0.06% 3[0.13,69.52]
Kao 2017 0/8 0/8 Not estimable
Lee 1994 0/40 0/20 Not estimable
Lee 2015 0/27 0/28 Not estimable
Lee 2017 0/60 0/30 Not estimable
Louizos 2007 0/109 0/53 Not estimable
Magnusson 1986 2/13 1/14 e B S 0.12% 2.15[0.22,21.03]
Mallon 1990 7/30 3/15 L — 0.41% 1.17[0.35,3.88]
Menigaux 2002 0/25 0/25 Not estimable
Mikawa 1991 0/20 0/10 Not estimable
Miller 1990 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Miller 1991 106/368 28/180 —+ 4.22% 1.85[1.27,2.7]
Moon 2011 0/27 0/27 Not estimable
Ohri 1999 3/25 0/25 + # 0.07% 7[0.38,128.87]
Park 2009 1/44 0/44 + 0.06% 3[0.13,71.7]
POISE 2008 625/4174 404/4177 | 43.24% 1.55[1.38,1.74]
Safwat 1984 0/30 0/10 Not estimable
Shailaja 2013 4/30 2/30 S e a— 0.23% 2[0.4,10.11]
Sharma 2018 0/30 0/30 Not estimable
Shrestha 2011 0/18 0/18 Not estimable
Shukla 2010 1/30 0/30 + 0.06% 3[0.13,70.83]
Singh 1995 1/10 0/10 + 0.06% 3[0.14,65.9]
Singh 2012 0/40 0/40 Not estimable
Stone 1988 12/89 2/39 T 0.28% 2.63[0.62,11.2]
Sugiura 2007 10/20 4/10 —— 0.78% 1.25[0.52,3]
Tendulkar 2017 0/30 0/30 Not estimable
Unal 2008 1/30 0/15 + 0.06% 1.55[0.07,35.89]
Whitehead 1980 1/30 1/30 0.08% 1[0.07,15.26]
Yamazaki 2005 0/20 0/22 Not estimable
Subtotal (95% Cl) 5624 5165 ¢+ 50.32% 1.57[1.41,1.75]
Total events: 784 (Beta-blockers), 450 (Control)
Heterogeneity: Tau?=0; Chi*=5.52, df=16(P=0.99); 1>=0%
Test for overall effect: Z=8.16(P<0.0001)
4.4.2 High risk surgery
Ali 2015 14/35 14/34 — 1.83% 0.97[0.55,1.72]
Bayliff 1999 24/49 13/50 — 1.99% 1.88[1.09,3.26]
Gupta 2011 0/22 0/22 Not estimable
Harasawa 2006 0/24 0/8 Not estimable
Horikoshi 2017 0/19 0/20 Not estimable
Jakobsen 1997 0/18 1/17 0.06% 0.32[0.01,7.26]
Kawaguchi 2010 24/28 21/28 ™ 8.71% 1.14[0.88,1.49]
Liu 2006 2/15 2/15 0.18% 1[0.16,6.2]
Ojima 2017 0/50 0/50 Not estimable
POBBLE 2005 49/53 34/44 g 18.91% 1.2[1,1.43]
PRESAGE 2016 1/108 0/110 + 0.06% 3.06[0.13,74.18]
Wallace 1998 14/99 12/101 —t— 1.15% 1.19[0.58,2.44]
Yang 2006 133/246 102/250 + 16.8% 1.33[1.1,1.6]
Subtotal (95% Cl) 766 749 ¢ 49.68% 1.24[1.11,1.38]
Total events: 261 (Beta-blockers), 199 (Control) ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Heterogeneity: Tau?=0; Chi*=5.35, df=8(P=0.72); 1>=0%
Test for overall effect: Z=3.84(P=0)

Total (95% CI) 6390 5914 [ 100% 1.4[1.29,1.51]
Total events: 1045 (Beta-blockers), 649 (Control)
Heterogeneity: Tau?=0; Chi?=22.45, df=25(P=0.61); 1>=0%

Test for overall effect: Z=8.5(P<0.0001)

Test for subgroup differences: Chi*=9.13, df=1 (P=0), 1*=89.05%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Adrenergic beta-Antagonists] explode all trees
#2 MeSH descriptor: [Bendroflumethiazide] explode all trees

#3 (acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
or cyanopindolol* or deacetylmetipranolol™ or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol™ or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol*
or salcardolol* or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol™* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol*):ti,ab,kw

#4 (beta* near (adrenergic* or blocker* or blockade* or blocking)):ti,ab,kw
#5 (#1 OR #2 OR #3 OR #4)

#6 MeSH descriptor: [Premedication] explode all trees

#7 MeSH descriptor: [Preanesthetic Medication] explode all trees

#8 MeSH descriptor: [Intraoperative Period] explode all trees

#9 MeSH descriptor: [Intraoperative Complications] explode all trees

#10 MeSH descriptor: [Perioperative Period] explode all trees

#11 MeSH descriptor: [Postoperative Complications] explode all trees

#12 MeSH descriptor: [Postoperative Period] explode all trees

#13 MeSH descriptor: [Preoperative Period] explode all trees

#14 (intraoperat* or perioperat* or peroperat® or postoperat* or preoperat* or premedicat® or intra operat* or peri operat* or per operat*
or post operat* or pre operat* or pre medicat*):ti,ab,kw or ((during or before or prior or undergo* or following or after) NEAR/3 (surg* or
operat* or infusion* or procedur* or bypass or intubat* or anaesth* or anesth*)):ti,ab,kw

#15 (#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14)

#16 MeSH descriptor: [Specialties, Surgical] explode all trees

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review) 195
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#17 MeSH descriptor: [Anesthesia, General] explode all trees

#18 MeSH descriptor: [Coronary Artery Bypass] explode all trees

#19 (surg* or operat* or anesth* or anaesth* or bypass):ti,ab,kw

#20 (#16 OR #17 OR #18 OR #19)

#21 (#5 AND #15 AND #20)

#22 #21in Trials

Appendix 2. MEDLINE search strategy

1.

5.

exp Adrenergic beta-Antagonists/ or exp Bendroflumethiazide/ or (acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol*
or alprenolol* or amosulalol* or arotinolol* or atenolol* or befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe
55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol* or bromoacetylalprenololmenthane* or bucindolol* or bucumolol*
or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol* or butofilolol* or butoxamine* or carazolol* or carteolol*
or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol* or cyanopindolol* or deacetylmetipranolol* or
diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or falintolol* or flestolol* or flusoxolol* or
hydroxybenzylpindolol* orindenolol* oriodocyanopindolol* oriodopindolol* oriprocrolol* orisamoltane* or isoxaprolol* or labetalol*
or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide* or metipranolol* or metoprolol* or
moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or pamatolol* or penbutolol* or pindolol*
or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol* or salcardolol* or sandoz 204545
or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol* or tolamolol* or toliprolol* or
trasitensin® or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran* or bendacalol* or dramedilol*
or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* adj3 (adrenergic* or blocker* or blockade* or blocking))).ti,ab,kf.

exp Premedication/ or Preanesthetic Medication/ or Intraoperative Period/ or Intraoperative Complications/ or Perioperative Period/
or Postoperative Complications/ or Postoperative Period/ or Preoperative Period/ or (intraoperat* or perioperat* or peroperat* or
postoperat* or preoperat* or premedicat* or intra operat* or peri operat* or per operat* or post operat* or pre operat* or pre
medicat®).ti,ab,hw,kf. or ((during or before or prior or undergo* or following or after) adj3 (surg* or operat* or infusion* or intubat* or
an?esth* or procedur* or bypass)).ti,ab,kf.

exp Specialties, Surgical/ or General Surgery/ or coronary artery bypass/ or su.xs. or (surg* or operat* or bypass).ti,ab,hw,kf. or exp
Anesthesia, General/ or an?esth*.ti,ab,hw,kf.

((randomized controlled trial or controlled clinical trial).pt. or random*.ab. or placebo.ab. or clinical trials as topic.sh. or random
allocation.sh. or trial.ti.) not (exp animals/ not humans.sh.)

land2and3and4

Appendix 3. Embase search strategy

1.

exp beta adrenergic receptor blocking agent/ or bendroflumethiazide/ or (acebutolol* or adimolol* or afurolol* or alpha
hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or befunolol* or bendroflumethiazide* or betaxolol* or
bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol* or bromoacetylalprenololmenthane* or bucindolol*
or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol* or butofilolol* or butoxamine* or carazolol* or
carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol* or cyanopindolol* or deacetylmetipranolol*
or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or falintolol* or flestolol* or flusoxolol* or
hydroxybenzylpindolol* orindenolol* oriodocyanopindolol* oriodopindolol* oriprocrolol* orisamoltane* or isoxaprolol* or labetalol*
or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide* or metipranolol* or metoprolol*
or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or pamatolol* or penbutolol* or
pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol* or salcardolol* or sandoz
204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol* or tolamolol* or
toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran* or bendacalol*
or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* adj3 (adrenergic* or blocker* or blockade* or
blocking))).ti,ab,kw,hw.

premedication/ or intraoperative period/ or peroperative complication/ or perioperative period/ or postoperative complication/ or
postoperative period/ or preoperative period/ or (intraoperat* or perioperat* or peroperat* or postoperat* or preoperat* or premedicat*
or intra operat™ or peri operat* or per operat* or post operat* or pre operat* or pre medicat*).ti,ab,hw,kw. or ((during or before or prior
or undergo* or following or after) adj3 (surg* or operat* or infusion* or intubat* or an?esth* or procedur* or bypass)).ti,ab,kw.

exp surgery/ or exp general anesthesia/ or coronary artery bypass graft/ or (surg* or operat* or bypass or an?esth*).ti,ab,hw,kw.

4. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab.)

not (animals not (humans and animals)).sh.
land2and3and4
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Appendix 4. CINAHL search strategy

S1 (MH "Adrenergic Beta-Antagonists+") OR TX ( acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or
amosulalol* or arotinolol* or atenolol* or befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or
bopindolol* or bornaprolol* or brefonalol* or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol*
orbunitrolol* or bunolol* or bupranolol* or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol*
or cloranolol* or cyanoiodopindolol* or cyanopindolol* or deacetylmetipranolol* or diacetolol* or dihydroalprenolol* or dilevalol* or
epanolol* oresmolol* or exaprolol* or falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* orindenolol* oriodocyanopindolol*
or iodopindolol* or iprocrolol* or isamoltane* or isoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol*
or mepindolol* or mercuderamide* or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or
oxprenolol* or pafenolol* or pamatolol* or penbutolol* or pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol*
or proxodolol* or ridazolol* or salcardolol* or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or
tienoxolol* or tilisolol* or timolol* or tolamolol* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or
zolertine or adaprolol* or bamosiran* or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol*) OR TX
( (beta* and (adrenergic* or blocker* or blocking or blockade*)))

S2 ((MH "Premedication") OR (MH "Intraoperative Period") OR (MH "Postoperative Period") OR (MH "Intraoperative Complications") OR
(MH "Preoperative Period") OR (MH "Postoperative Complications")) OR TX ( intraoperat* or perioperat* or peroperat* or postoperat* or
preoperat* or premedicat* or intra operat* or peri operat* or per operat* or post operat* or pre operat* or pre medicat*) or TX ((during or
before or prior or undergo* or following or after) N3 (surg* or operat* orinfusion* or intubat* or anaesth* or anesth* or procedur* or bypass))

S3 (MH "Specialties, Surgical+") OR (MH "Anesthesia, General+") OR (MH "Coronary Artery Bypass+") OR TX (surg* or operat* or bypass or
an*esth*)

S4 S1AND S2 AND S3

S5 ((MH "Randomized Controlled Trials") OR (MH "Clinical Trials+") OR (MH "Random Assignment") OR (MH "Prospective Studies+") OR
(MH "Clinical Trial Registry") OR (MH "Double-Blind Studies") OR (MH "Single-Blind Studies") OR (MH "Triple-Blind Studies") OR (MH
"Multicenter Studies") OR (MH "Placebos")) OR TX (random™* or placebo* or trial*)

S6 S4 AND S5

Appendix 5. Biosis Previews search strategy

#1 TS=(acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
or cyanopindolol* or deacetylmetipranolol” or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol*
or salcardolol” or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* NEAR (adrenergic* or blocker* or
blocking)))

#2 TS=(intraoperat™ or perioperat* or peroperat* or postoperat* or preoperat* or premedicat* or “intra operat*” or “peri operat*” or “per
operat*” or “post operat*” or “pre operat*” or “pre medicat*”) or TS= ((during or before or prior or undergo* or following or after) NEAR/3
(surg* or operat™ or infusion® or procedur* or bypass or intubat* or anaesth* or anesth*))

*2 *9)

#3 TS=(surg" or operat* or anesth* or anaesth* or bypass)

#4 TS=(placebo* or random* or control* or prospectiv* or volunteer* or (clin* NEAR/3 trial*) or (compar* NEAR/3 stud*) or ((singl* or doubl*
or trebl* or tripl*) NEAR/3 (blind* or mask*)))

#5 #4 AND #3 AND #2 AND #1

Appendix 6. Web of Science search strategy

#1 TS=(acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
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or cyanopindolol* or deacetylmetipranolol* or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol*
or salcardolol* or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* NEAR (adrenergic* or blocker* or
blocking)))

#2 TS=(intraoperat™ or perioperat* or peroperat* or postoperat* or preoperat* or premedicat* or “intra operat*” or “peri operat*” or “per
operat*” or “post operat*” or “pre operat*” or “pre medicat*”) or TS= ((during or before or prior or undergo* or following or after) NEAR/3
(surg* or operat* or infusion* or procedur* or bypass or intubat* or anaesth* or anesth*))

#3 TS=(surg” or operat* or anesth* or anaesth* or bypass)

#4 TS=(placebo* or random* or control* or prospectiv* or volunteer* or (clin* NEAR/3 trial*) or (compar* NEAR/3 stud*) or ((singl* or doubl*
or trebl* or tripl*) NEAR/3 (blind* or mask*)))

#5 #4 AND #3 AND #2 AND #1

Appendix 7. Conference Proceedings Citation Index-Science search strategy

#1 TS=(acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
or cyanopindolol* or deacetylmetipranolol™ or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol” or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol™ or prizidilol* or pronetalol* or propranolol™* or proxodolol* or ridazolol*
or salcardolol* or sandoz 204545 or soquinolol™ or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol™* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* NEAR (adrenergic* or blocker* or
blocking)))

#2 TS=(intraoperat™ or perioperat* or peroperat* or postoperat* or preoperat* or premedicat* or “intra operat*” or “peri operat*” or “per
operat*” or “post operat*” or “pre operat*” or “pre medicat*”) or TS= ((during or before or prior or undergo* or following or after) NEAR/3
(surg* or operat* or infusion* or procedur* or bypass or intubat* or anaesth* or anesth*))

#3 TS=(surg” or operat* or anesth* or anaesth* or bypass)

#4 TS=(placebo* or random* or control* or prospectiv* or volunteer* or (clin* NEAR/3 trial*) or (compar* NEAR/3 stud*) or ((singl* or doubl*
or trebl* or tripl*) NEAR/3 (blind* or mask*)))

#5 #4 AND #3 AND #2 AND #1

Appendix 8. Data extraction form

Completed by:
Date completed:
Study ID
Methods
Participants Total number of randomized participants:
Inclusion criteria:
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(Continued)

Exclusion criteria:

Type of surgery:
Baseline characteristics
Intervention group

« Age, mean (SD):

« Gender, M/F:

o ASAstatus (or other illness severity score):
« History of coronary heart disease, n:

« History of myocardial infarction, n:

« History of hypertension, n:

« Ejection fraction, mean (SD), %:

« Preoperative use of beta-blockers, n:

Control group

« Age, mean (SD):

« Gender, M/F:

» ASAstatus:

« History of coronary heart disease, n:
o History of myocardial infarction, n:

« History of hypertension, n:

« Ejection fraction, mean (SD), %:

o Preoperative use of beta-blockers, n:

Country:

Setting:

Interventions Intervention group

« Randomized, n =;losses =; analysed, n=
« Details:

Control group

« Randomized, n =;losses =; analysed, n=
« Details:

Outcomes Outcomes measured/reported by study authors:

Outcomes relevant to the review:

Notes Funding/declarations of interest:
Study dates:

Notes:

Outcome data

(Complete tables for all available relevant outcome data)
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Name of outcome:

Time point of measurement:

Intervention group

Number of events Total number of participants in the group
Control group
Number of events Total number of participants in the group

Name of outcome:

Length of stay

Intervention group

Mean SD Total number of participants in the group
Control group
Mean SD Total number of participants in the group

Risk of bias table

Domain

High/Low/ Judgement

Unclear

Random sequence generation (selection bias)

Allocation concealment

(selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessors (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing non-cardiac surgery (Review)
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(reporting bias)

Other bias

Appendix 9. Summary of risk factors in included studies

Study ID Age in years, mean (SD)a;b Gender, Previous History of Conges- Preopera-
MI, %3a,b tive heart tive
M/F, nb hyperten-  fajlure, or
sion, %b coronary be-
artery dis-  ta-block-
ease, %b ers, %b
Ali 2015 1:41 (+14) 1:29/6 NR NR NR NR
C:38 (£ 16) C:30/4
Alkaya 2014 1:39.40 (+ 10.76) 1:9/6 NR NR NR Overall: 0
C: 45.07 (£ 13.27) C:10/5
Aoyama 1:67.4 (£8.7) I: 14/11 Overall (re- NR Overall: 0 NR
2016 cent histo-
C:66.9 (+8.9) C:17/8 ry): 0
Apipan 2010 1:24.63 (+3.71) 1:19/11 NR NR NR NR
C:26.30 (+ 4.69) C:19/11
Bayliff 1999 1:63.3(x9.3) 1:31/18 I: 8 I: 8 Overall: 0 Overall: 0
C:61.5(x11.3) C:30/20 C:4 C:16
Bhattachar- 1:28.4 (£5.12) I: 8/12 NR Overall: 0 NR NR
jee 2016
C:30.4 (+5.24) C:8/12
Burns 1988 Overall: 34.2 AllF NR NR NR NR
Ceker 2015 1:57 (£6.9) 1:23/7 NR Overall: 100  Overall: 0 NR
C:57.9 (+6.8) C:21/9
Chung 1992 I:40 (£ 12) AllF NR Overall: 0 Overall: 0 NR
C:41(+8)
Cucchiara NR NR Overall NR Overall: 0 NR
1986 (within 6
months): 0
DIPOM 2006 1:64.9 (+11.1) I:271/191 1:7.8 I: 55 Overall: 0 Overall: 0
C: 64.8 (NR) C:268/191 C:74 C:62.7
Do 2012 1:41.89 (+9.71) 1:5/22 NR NR NR NR
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C:41.26 (+ 10.45) C:6/21
El-Shmaa 1:47.5(+6.8) 1:17/13 NR Overall: 0 NR NR
2016
C:47.6(+8.3) C:14/16
Gibson 1988  1:51.2 (£ 17.5) I:15/6 NR 1:8 Overall: 0 Overall: 0
C:51.7 (+15.7) C:8/11 C:6
Goyagi 2005 I: 51 (+16) I:4/7 NR Overall: 0 Overall: 0 NR
C: 55 (+18) C:5/6
Gupta 2011 NR NR NR NR Overall: 0 NR
Harasawa I: 51 (+16) I: 4/4 NR NR Overall: 0 NR
2006
I: 44 (+ 14) I:4/4
I:45 (£ 17) I: 4/4
C:48(x14) C:4.4
Helfman Overall range: 46 to 53 NR NR I:10 Overall: 0 I: 15
1991
C:10 C:15
Horikoshi 1:67 (x7) I:15/4 Overall (re- 1:31.6 Overall: 0 Overall: 0
2017 cent): 0
C:63(+8) C:18/2 C:40
Inada 1989 1:52 (+5) 1:5/5 I:0 1:30 Overall: 0 Overall: 0
I:53 (£ 5) I:4/6 I:0 1: 20
C:49 (+5) C:5/5 C:20 C:10
Inoue 2010 1:62 (+ 14) AllF NR NR Overall: 0 NR
I: 56 (+ 13)
C:57 (+14)
Jakobsen 1:29.4 (+3.8) NR NR NR NR NR
1986
C:36.4 (+3.4)
Jakobsen I: 43 (£ 15) AllF NR NR NR NR
1992
C:39(x2.2)
Jakobsen 1:60.3 (+ 8.6) 1:13/5 NR NR NR NR
1997
C:60.6 (+8.4) C:10/7
Jangra2016  1:26.7 (£ 8.3) I:3/7 NR NR NR Overall: 0
C:31.9 (+9.0) C:6/4
Kao 2017 1:39.9 (+9.4) AlLF NR NR NR
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C:40.4 (+8.1)

Kawaguchi 1:57.1(+10.3) I:11/17 NR 1:39.3 1:3.6 NR

2010
C:57.3(+11.8) C:7/21 C:50 C:36

Kindler 1996  1:37 (SEM % 3) AllF NR NR NR NR
I: 43 (SEM £ 3)
C: 41 (SEM 3)

Lai 2006 Median I: 24/6 NR 1:23.3 Overall: 0 Overall: 0
I: 66 C:25/5 C:16.7
C.67

Lee 1994 1:32(+9) I:11/9 NR NR NR NR
1:29 (£ 10) I: 10/10
C:34(+9) C:8/12

Lee 2010 1:36.3(£7.7) 1:12/18 NR NR NR NR
C:34.5(x6.1) C:14/16

Lee 2015 I: 41 (+10) 1:4/23 NR Overall: 0 NR Overall: 0
C:489(+10) C:4/24

Lee 2017 I: 42.8 (+ 17.5) I: 13/17 NR NR NR NR
I: 42.8 (+ 17.5) l: 12/18
C:43.5(+15.2) C:13/17

Lim 2000 Median (range) I: 8/4 NR 1:16.7 Overall: 0 Overall: 0
I: 35 (27-67) I:5/7 I:16.7
I: 28 (21-67) C:4/8 C:25
C: 57 (25-74)

Liu 1986 1:45.6 (+2.8) 1:2/14 NR Overall: 0 Overall: 0 Overall: 0
C:44.9 (£3.3) C:1/13

Liu 2006 I: 70 (£5) 1:9/6 NR NR NR Overall: 0
C:69 (+8) C:7/8

Louizos 2007  1:44 (+8) I: 28/26 NR NR NR NR
I:43 (+ 11) I:26/29
C:41(8) C:26/27

Magnusson 1: 56 (+9) 1:3/10 Overall: 0 Overall: 100  Overall: 0 NR

1986
C:59 (x7) c:7/7
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Mallon 1990 Overall: 44.7 (+ 13) Overall: 14/13 NR NR Overall: 0 Overall: 0
Meftahuzza- 1:38.5 (+11.23) I:15/15 NR Overall: 0 Overall: 0 NR
man 2014
C:35.33 (+ 10.41) C:15/15
Menigaux I: 37 (range 19-53) I: 15/10 NR Overall: 0 NR Overall: 0
2002
C: 36 (range 18-54) C:18/7
Mikawa 1991  |:44.7 (range 26-58) 1:3/7 NR NR NR NR
I: 45.1 (range 24-57) I:4/6
C:43.4 (range 25-57) C:3/7
Miller 1990 1:59 (£ 9) 1:12/3 I:0 NR Overall: 100  Overall: 0
I: 60 (£ 9) I: 13/2 l:1
C:58 (£8) C:13/2 C:20
Miller 1991 1:56 (+ 16) I: 90/97 Overall 1:28.3 :12.8 NR
(within 3
I: 55 (+ 16) I: 88/93 months):0 11232 I:11.1
C:56 (+16) C: 85/95 C:33.9 C:8.9
Miyazaki 1: 74 (x 4) NR NR NR Overall: 0 NR
2009
I: 73 (£ 3)
C:75(+4)
C:76 (+5)
Moon2011  1:37.9(+11.7) AllLF NR NR NR NR
C:40.9 (+11.0)
Neary 2006 NR NR NR NR NR Overall: 0
Ohri 1999 I: 42.32 (+ 8.58) I:6/19 NR NR Overal:0  NR
C:42.8 (+12.39) C:2/23
Ojima 2017 Median (range) I:36/14 I: 4 I: 44 NR NR
I: 68 (31-85) C:41/9 C:2 C:48
C: 69 (45-83)
Oxorn 1990 1:43.9 (+13.8) AllF Overall NR NR Overall: 0
(within 3
C:43.9 (+13.8) months): 0
Park 2009 I: 48 (+ 11) I: 8/34 NR NR NR NR
C:45 (+11)
C:11/32
POBBLE Median (IQR) 1:40/13 NR NR NR Overall: 0
2005
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I: 73 (61-79) C:35/9
C: 74 (66-76)
POISE 2008 I: 68.9 (+ 10.5) I: 2625/1549 NR 1:63.1 1:43.2 Overall: 0
C:69.1(+10.4) C:2668/1509 C:62.9 C:42.7
PRESAGE I: 62 (+11) I: 55/49 NR 1:15.4 1:5.8 Overall: 0
2016
C: 62 (+10) C:59/51 C:11.8 C:3.6
Raby 1999 1: 69 I: 8/7 I: 40 NR NR 1:33.3
C.67 C:4/7 C:36.4 C:36.4
Safwat 1984  1:33(£2.3) I:5/5 NR 1:0 Overall: 0 Overall: 0
1:37 (£5.0) I:5/5 1:10
I: 36 (+3.3) I: 6/4 10
C:33(£3.6) C:3/7 c:10
Shailaja 2013 1:61.6 (+9.09) 1:20/10 NR Overall: 100 NR 1:10
C:57.9 (+11.2) C:19/11 C:3.3%
Sharma 1996  1:54.9 (+ 1.6) I:4/11 NR Overall: 100 NR NR
I: 56.6 (+ 2.0) l: 5/10
C:50.8 (+1.2) C:5/10
Sharma 2018  1:30.86 (+ 8.65) 1:18/12 NR Overall: 0 NR Overall: 0
C:31.46 (£ 9.0) C:21/9
Shrestha I:31.11 (+ 12.26) NR NR NR NR NR
2011
C:32.11(+9.74)
Shukla2010  1:44.1 (+11.8) I: 14/16 NR NR Overall: 0 NR
C:43.1(+10.4) C: 16/14
Singh1995  1:53 (x15) AllM NR NR NR NR
C:53(x11)
Singh 2010 1:31.08 I:15/10 NR NR NR Overall: 0
I: 30.56 I: 15/10
C:30.28 C:17/8
Singh 2012 1:40.8 (+ 13.7) I:16/24 NR Overall: 0 Overall: 0 Overall: 0
C:41.8(12.7) C:11/29
Srivastava 1:50.8 (£9.2) 1:20/10 NR Overall: 0 NR Overall; 0
2015
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C:53.4(+9.7) C:23/7

Stone 1988 1:63 (x3) 1:21/8 1:10.3 Overall: 100  Overall: 0 NR
1: 65 (+2) I:19/11 I: 10
1: 65 (+ 3) 1:22/8 1:3.3
C:68(x2) C.28/11 C:12.8

Sugiura2007  1:60 (£ 3) 1:6/4 NR Overall: 100  NR Overall: 0
1:55 (£ 7) l:6/4
C:57(x4) C:7/3

Tendulkar I: 43.76 (+ 13.33) I:19/11 NR NR NR NR

2017
C:39.86 (+ 12.59) C:13/17

Ugur 2007 1:41.76 (+ 12.6) 1:10/20 NR NR NR NR
C:36.96 (£ 13.3) C.9/21

Unal 2008 1:50.3 (+17.1) 1:7/8 NR NR Overall: 0 Overall: 0
1:48.1(+16.2) 1:7/8
C:50.3(+12.2) C. 8/7

Urias 2016 NR NR NR NR NR NR

VandenBerg 1:67 (+11) 1:27/13 NR 1:22.5 NR 1:10

1998
C:65(+11) C:21/19 C:10 C:5

Verma 2018 1:48.9 (+ 13.4) I:26/14 NR Overall: 0 NR Overall: 0
C:42.7(£17.1) C.23/17

Wajima 2011 1:42.6 (+ 8.6) AllF NR NR NR NR
C:41.5(x7.9)

Wallace 1998  I;68 (+8.6) NR I:18.2 1:71.7 1:60.6 1:18.2
C:67(x10.2) C:25.7 1:59.4 C:41.6 C:7.9

Ward-Booth Overall: 26.5 (range 16-65) NR NR NR NR NR

1983

White 2003 I:41 (+11) AllF NR NR NR NR
C:37(x6)

Whitehead I: 27 NR NR NR NR NR

1980
C:22

Yamazaki 1:49.0 (+ 16.4) NR NR NR NR NR

2005
1:47.4 (£ 14.5)
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(Continued)
C:50.5 (+ 16.4)
Yang 2006 I:66.4 (+ 10) I: 193/53 I: 15 NR Overall: 0 Overall: 0
C:65.9 (+ 10) C:184/66 C:12
Yang 2008 1: 71 (= 8) 1:21/30 NR NR Overall (at NR
risk or high
C:71(+9) C:21/30 risk): 100
Yoshida 2017  Median (range) I:35/4 NR 1:30.8 1:2.6 NR
I: 64 (48-79) C:32/8 C:275 C:2.5
C: 62 (45-82)
Zaugg 1999 76 (£7) 1:9/11 I: 45 I: 70 Overall: 0 Overall: 0
1: 75 (£ 7) l: 15/5 l: 25 l: 85
C:73(6) C:13/6 C:316 C:68.4

C: control group; I: intervention group; ID: identification; IQR: interquartile range;M/F: male/female; MI: myocardial infarction; NR:
not reported; SD: standard deviation; SEM: standard error of the mean

aUnless otherwise stated.
bData were collected from baseline characteristics tables, or overall data were taken from study inclusion or exclusion criteria.

WHAT'S NEW

Date Event Description
30 August 2019 New citation required but conclusions « Thepreviousversion of the review assessed evidence in cardiac
have not changed and non-cardiac surgery (Blessberger2018). We split the review

according to type of surgery. The current version assesses the
evidence only in non-cardiac surgery. The evidence for cardiac
surgery is reported in (Blessberger 2019).

« We added three new review authors (Sharon Lewis, Michael
Pritchard, Lizzy Fawcett). Three review authors (Danyel Azar,
Martin Schillinger, Franz Wiesbauer) were not included in this
update.

+ We reduced the number of outcomes to improve the man-
ageability and focus of the review. Myocardial ischaemia,
supraventricular arrhythmias (except for atrial fibrillation),
ventricular extrasystoles, bronchospasm, and cost of care are
notincluded; effect estimates for these can be found in the pre-
vious version (Blessberger 2018).

« We did not conduct meta-regression or trial sequential analy-
sis. We explored heterogeneity through subgroup analysis, and
used sensitivity analysis to explore decisions made as part of
the review process.

« Conclusions remain unchanged

30 August 2019 New search has been performed « We conducted a search for new studies.
« We included 52 new studies. We excluded three studies that
were previously included (Coleman 1980; Marwick 2009; San-
dler 1990), and we merged two references that reported the
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Date Event Description

same study; Mangano 1996 is now a secondary reference under

Wallace 1998.
HISTORY
Review first published: Issue 9,2019
Date Event Description
22 February 2018 New citation required but conclusions Removal of retracted study (Suttner 2009); conclusions un-
have not changed changed.
22 February 2018 Amended Following publication of the first version of this systematic re-

view, a previously included study was retracted (Suttner 2009).
This trial has now been excluded and all relevant analyses and
results have been amended accordingly. All NNTB/Hs were recal-
culated according to the formula in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). Guideline rec-
ommendations were updated in the Discussion section.

CONTRIBUTIONS OF AUTHORS
Contributions made in previous versions of the review can be found in Blessberger 2014 and Blessberger 2018.

Hermann Blessberger (HB), Sharon Lewis (SL), Michael Pritchard (MP), Lizzy Fawcett (LF), Juergen Kammler (JK), Hans Domanovits (HD),
Oliver Schlager (0S), Brigitte Wildner (BW), Clemens Steinwender (CS)

Conceiving the review: previous review author F Wiesbauer
Co-ordinating the review: SL

Undertaking manual searches: SL, BW, Janne Vendt (Information Specialist, Cochrane Anaesthesia Review Group)
Screening search results: SL, MP

Organizing retrieval of papers: SL, MP

Screening retrieved papers against inclusion criteria: SL, MP, HB
Appraising quality of papers: SL, MP, HB

Abstracting data from papers: SL, MP, LF

Managing data for the review: SL

Entering data into Review Manager 5 (Review Manager 2014): SL, MP, LF
Analysing Review Manager 5 statistical data: SL, HB

Interpreting data: SL, HB, JK, CS, OS, HD

Making statistical inferences: SL, HB, JK, CS

Writing the review: SL, HB

Securing funding for the review: Cochrane Anaesthesia
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Performing previous work that was the foundation of the present study: E. Villanueva, R. Johnston and A. Rauli (preparation of first protocol
draft)

Serving as guarantor for the review (one author): HB

Taking responsibility for reading and checking the review before submission: HB

DECLARATIONS OF INTEREST

Hermann Blessberger: none known

Sharon Lewis: none known

Michael Pritchard: none known

Lizzy Fawcett: none known

Hans Domanovits: none known

Oliver Schlager: none known

Brigitte Wildner: none known

Juergen Kammler: none known

Clemens Steinwender: | have received speaker's honoraria from MSD, Sanofi-Aventis, Boehringer-Ingelheim, Bayer, Medtronic, Biotronic,
Abbott, St. Jude Medical and Boston Scientific. Sanofi-Aventis, Boehringer-Ingelheim Europe, Medtronic, Biotronik, Bayer Austria, Abbott
Vascular, St. Jude Medical and Boston Scientific do not produce, market or distribute any of the studied drug entities. MSD (timolol) have
a beta-blocker in their portfolio.

SOURCES OF SUPPORT

Internal sources

None, Other.

External sources

NIHR Cochrane Incentive Awards Scheme, 2018, UK.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Differences between the previous review and the updated review

The previous version of the review assessed the effectiveness of perioperative beta-blockers in cardiac and non-cardiac surgery
(Blessberger2018). The previous version has now been splitinto two reviews according to type of surgery. This review assesses the evidence
in non-cardiac surgery only; we made appropriate changes throughout the review to reflect evidence for only this type of surgery. Data for
cardiac surgery can be found in (Blessberger 2019). Whilst updating the review, we made changes to ensure that it met current Cochrane
standards (MECIR), adding additional subheadings where necessary. In addition, we made the following changes.

Authors: we added three new review authors (Sharon Lewis, Michael Pritchard, Lizzy Fawcett), and we removed three review authors
that had been involved in previous updates (Danyel Azar, Martin Schillinger, Franz Wiesbauer).

Objectives: we re-worded these to account for the inclusion of only non-cardiac surgery.
Types of studies: we clarified the inclusion of quasi-randomized studies.

Types of interventions: we clarified the routes by which beta-blockers could be given; previously, we had stated 'any route', but we did
not intend to include beta-blockers that were administered topically. We clarified the exclusion of studies (or study arms within a multi-
arm study) in which a supplementary agent was given with a beta-blocker; we used this criteria in the previous version of the review.
We added an exclusion criteria for the standard care control group, and excluded studies in which participants were given an agent that
was not given to those in the intervention or in which all participants in the control group were given a beta-blockers; this was because
we expected such comparison groups could introduce too much contamination in the results.

Types of outcome measures: in order to increase the usability, manageability, and focus of the review, we clarified the exclusion of
studies that did not measure the review outcomes (this was a change from protocol made in the previous version of the review).
We removed some outcomes from this update (myocardial ischaemia, supraventricular arrhythmias (except for atrial fibrillation),
ventricular extrasystoles, bronchospasm, and cost of care). We used the work of Myles and colleagues as a guide to select outcomes that
we considered to be most important to the user of the review (Myles 2016), and we sought advice from the Cochrane editorial team to
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approve this change. Data from these outcomes are available in the previous publication of this review (Blessberger 2018). We included
atrial fibrillation and atrial flutter as a distinct outcome; this was previously reported with data for supraventricular arrhythmias.

« Search methods: we made changes to the search strategies to include terms for beta-blockers. We did not search additional databases
as part of a search of other resources, nor did we search the National Research Register or the Meta register of controlled trials.

« Dataextraction and management: we used an amended template for collecting data, which was more familiar to the new review authors
who were responsible for data extraction in this review. In order to improve transparency, we added additional detail to the tables in
Characteristics of included studies, and we created a summary table of the participant risk factors (Appendix 9).

« Unit of analysis issues: we clarified that we used the 'halving method' for the control group in multi-arm studies during subgroup
analysis by the type of beta-blocker, if necessary.

« Assessment of heterogeneity: we did not use meta-regression to explore heterogeneity. Previously effect modifiers were identified and
assessed in meta-regression. We could not be certain of our confidence in the findings from so many effect-modifiers, and felt that this
additional analysis detracted from the primary analysis. In the review, we explained that we considered clinical and methodological
difference between studies as well as consideration of statistical heterogeneity. We collected clinical differences between study
participants and presented this in a table. In addition, we expanded the information reported in the Characteristics of included studies
tables to present information to the readers of possible effect modifiers.

« Data synthesis: we used a random-effects model, which allowed for the potential variation between participants (Borenstein 2010).

« Sensitivity analysis: we evaluated the decision to include studies published prior to 2000; these studies may use clinical management
practices that are not consistent with current standards. We evaluated the decision to use risk ratio with a random-effects model for
effects in which events were rare; in sensitivity analysis, for cerebrovascular events, we used the Peto odds ratio.

« 'Summary of findings' table: we changed the outcomes, replacing supraventricular arrhythmias with atrial fibrillation.

« We re-evaluated all studies that were previously included in the review, and decided to exclude three studies. One study no longer
included relevant outcomes (Coleman 1980), one study included an additional intervention that was not equivalent to standard care
practices in other control groups (Marwick 2009), and in one study, participants were undergoing non-surgical procedures (Sandler
1990). We merged two references that were previously reported separately into Wallace 1998; these articles both described the same
study with the same study participants.

Differences between protocol and previous review versions

Changes relevant to Blessberger 2014 and Blessberger 2018.

« Change to inclusion criteria regarding general anaesthesia. Review included studies if more than 100 randomly assigned participants
were operated on under general anaesthesia, or more than 70% of participants received general anaesthesia.

« Bronchospasm and cost of care were added as secondary outcomes. These outcomes have been removed in the current version (see
above)

« Meta-regression was conducted to evaluate potential effect modifiers. This was not completed in the current version (see above).
« Trial sequential analysis was conducted. This was not completed in the current version (see above).

« Risk ratio was used, rather than the odds ratio.

« Data were reported separately for cardiac and non-cardiac surgeries.

NOTES
None.
INDEX TERMS

Medical Subject Headings (MeSH)

Adrenergic beta-Antagonists [*therapeutic use]; Anesthesia, General [adverse effects]; Arrhythmias, Cardiac [mortality] [prevention &
control]; Bradycardia [prevention & control]; Cause of Death; Hypotension [mortality] [prevention & control]; Morbidity; Myocardial
Infarction [mortality] [prevention & control]; Perioperative Care [*methods]; Postoperative Complications [mortality] [*prevention &
control]; Quality of Life; Randomized Controlled Trials as Topic; Surgical Procedures, Operative [*adverse effects] [mortality]

MeSH check words

Humans
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