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Summary

Systematic reviews and meta-analyses (SRMAs) are increasing in popularity, but should they be used to inform clinical

decision-making in anaesthesia? We present evidence that the certainty of evidence from SRMAs in anaesthesia (and in

general) may be unacceptably low because of risks of bias exaggerating treatment effects, unexplained heterogeneity

reducing certainty in estimates, random errors, and widespread prevalence of publication bias. We also present the latest

methodological advances to help improve the certainty of evidence from SRMAs. The target audience includes both

review authors and practising clinicians to help with SRMA appraisal. Issues discussed include minimising risks of bias

from included trials, trial sequential analysis to reduce random error, updated methods for presenting effect estimates,

and novel publication bias tests for commonly used outcome measures. These methods can help to reduce spurious

conclusions on clinical significance, explain statistical heterogeneity, and reduce false positives when evaluating small-

study effects. By reducing concerns in these domains of Grading of Recommendations, Assessment, Development and

Evaluation, it should help improve the certainty of evidence from SRMAs used for decision-making in anaesthesia, pain,

and perioperative medicine.
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Editor’s key points

� Systematic reviews andmeta-analyses (SRMAs)may be

poor predictors of results from large, well-conducted

RCTs.

� The number of high-certainty SRMAs published on

anaesthesia topics may be unacceptably low because of

risks of bias, random error, unexplained heterogeneity,

and publication bias.
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� This review outlines methodological strategies that can

help authors and researchers improve the certainty of

evidence in the anaesthesia literature, and help clini-

cians appraise the evidence.

� Application of these strategies should help improve the

certainty of evidence from SRMAs used for decision-

making in anaesthesia, pain, and perioperative

medicine.
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Systematic reviews and meta-analyses (SRMAs) have

increased in popularity over recent years with annual publi-

cations increasing by more than 2000% since 1991.1 The

widespread availability of free analysis software and guidance,

in addition to their prominence in the hierarchy of evidence,

has presumably led to their increased popularity. Whilst

SRMAs of RCTs have many advantages over individual trials,

such as improved power and lower error rates,2 significant

criticisms of SRMAs persist.3 For example, the accuracy of

SRMAs in predicting the results from later large RCTs has been

widely questioned. To illustrate issues with SRMA accuracy,

diagnostic test statistics can be used, such as positive predic-

tive values (PPVs: SRMA positive and large RCT positive). Using

these statistics, previous studies found a PPV of only 68%4 and

another <67%5 in general and perinatalmedicine, respectively.

More recently and specific to anaesthesia, a study of periop-

erative interventions found PPV of only 23% and the discrim-

ination no better than a coin toss.6 Although there are

limitations with this approach, in view of their apparent poor

predictive ability, should SRMAs be used to inform clinical

decision-making in anaesthesia, pain, and perioperative

medicine?

To ensure the validity of SRMAs, a concerted effort is

required from those performing such reviews to adhere to the

highest methodological standards rather than the pursuit of

significant or interesting results. This article aimed to increase

the certainty of evidence (COE) as per Grading of Recommen-

dations, Assessment, Development and Evaluation (GRADE) by

presentation of novel methodological developments. These

evaluations present findings as a range from high certainty to

very low certainty depending on deficiencies in five areas.

When evaluating Cochrane reviews in anaesthesia using

GRADE, only 10% of primary outcomes were of high certainty.7

This article is structured in the format of GRADE. First, we

present a background on each domain using simple examples

for the concepts discussed. This is supplemented with specific

research findings in the field of anaesthesia highlighting

widespread deficiencies in each domain. Second, we supple-

ment these with examples of methodology that can be used to

improve the COE in that domain. To illustrate specific issues,

we reanalyse a data set from a recent SRMA. This is a Cochrane

review published in 2018, which evaluated perioperative

administration of ketamine compared with placebo in adult

participants undergoing general anaesthesia. It was conduct-

ed in a variety of surgeries, and outcomes included post-

operative pain, opioid consumption, and opioid adverse

events (such as nausea and vomiting).8
General issues

The starting point for any systematic review, once a suitable

population, intervention, control, and outcome (PICO) ques-

tion has been developed, is to register the review on a data-

base, such as International Prospective Register of Systematic

Reviews (PROSPERO)9 or publish a protocol.10 There are now

more than 25 000 systematic reviews registered on PROS-

PERO.11 Such registration helps reduce selective outcome

reporting, prevents duplicate reviews, and helps ensure

methods are not amended during review of the obtained

studies. Although registration is associated with higher-

quality SRMA,12 30% still alter outcomes,13 often without

explanation.14 Also essential is the Preferred Reporting Items

for Systematic Review and Meta-Analysis (PRISMA) reporting

standard checklist, which is often a requirement for
publication and ensures that important aspects of methodol-

ogy are reported.15 Indeed, use of PRISMA has led to both im-

provements in reporting and methodological standards for

SRMAs.16 In anaesthesia SRMAs, improvements in PRISMA

reporting may be associated with improvements in study

quality, whilst involvement of statisticians may help improve

this further.17

As part of PICO, selection of important outcomes is essen-

tial,18 and minimal important differences should always be pre-

specified.19 For perioperative medicine, a move towards

patient-important, standardised outcomes should be advo-

cated, which helps with the synthesis of outcomes and helps

reduce the use of surrogate outcomes.20e24 Surrogate outcomes

are outcomes that are thought to be representative of the

actual outcome of interest (e.g. bispectral index values instead

of awareness).25 Another outcome-related issue is the inclu-

sion of adverse events and serious adverse events with rele-

vant follow-up periods, which are essential when making

balanced clinical decisions on the use of a particular inter-

vention.26,27 For example, although use of multimodal anal-

gesics may reduce opioid consumption, if they cause other

adverse events (e.g. visual disturbance with pregabalin28) in

selected patients, then the risks may outweigh any benefits.

When different interventions are used to treat a particular

condition, network meta-analysismay be considered, which can

compare interventions both directly and indirectly.29 For

example, in addition to including data from trials, where drug

A and drug B are compared in the same trial, indirect com-

parison can be made, where both drugs are compared with a

common comparator using the relative effects. This analysis

can be used to identify the most effective treatment from a

range of options, such as non-opioid analgesics for post-

operative pain.30 However, limitations of such analyses must

be considered, including common violations to assumptions

and consistency (direct and indirect effects should be

similar).31
Risk of bias

Issues surrounding the conduct of individual RCTs included in

an SRMA are fundamental, as inclusion of high-risk-of-bias

trials in an SRMA will inevitably bias the results of a review

(garbage in¼garbage out). Review authors (and readers)

require detailed knowledge of what issues in RCTs cause bias

and what methods constitute a low risk of bias in any domain.

Risk of bias describes elements of systematic errors in the

individual trials that may cause results to deviate from their

‘true’ value. Selection bias occurs when intervention and con-

trol groups differ in a particular way, which can occur because

of inadequate randomisation or allocation concealment. For

example, a high risk of bias from quasi-randomisation occurs

if participants are randomised based on time of day seen in a

preoperative assessment clinic. Selection bias occurs because

participants attending later in the day (possibly because of

employment) may differ from those attending earlier. With

regard to allocation concealment, if researchers know which

group the next participant will be allocated, they may sub-

consciously (or consciously) not approach that participant in

an attempt to skew results. Research conducted more than a

decade ago in anaesthesia found allocation concealment was

inadequately described in 39e65% of trials, although it may be

improving.32 More recently, in our example ketamine review,

83/130 (64%) of trials did not describe allocation concealment

adequately.8 Patient selection bias has been shown to
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exaggerate effects in trials generally33,34 and in pain studies.35

Using transcutaneous electrical nerve stimulation as an

example, 88% of randomised studies found no benefit, whilst

in non-RCT studies 89% found a benefit.36

Blinding involves participants, staff, and researchers being

unaware which group participants have been allocated to in a

study. Inadequate blinding can occur when no placebo is used,

or when the placebo differs from the intervention in either

appearance or effects (gabapentin causing sedation). Another

example occurs in trials, where blinding is difficult or impos-

sible, such as perioperative exercise interventions. Blinding

reporting in trial publications may be poor,37 and assessments

are frequently inadequately performed by review authors.38

Because of subjective outcomes in pain studies, placebo ef-

fects may be large, and therefore, inadequate blinding can

contribute to a large overestimation of effects.39 Inadequate

blinding of outcome assessors, especially with subjective

outcomes, can also overestimate treatment effects.40

Other domains of bias that can exaggerate effects include

patients lost to follow-up (attrition bias)41 and their subsequent

exclusion from the analysis (no longer intention to treat). This

can cause a form of selection bias. For example, in studies of

gabapentin for postoperative pain, excluding participants with

uncontrolled pain from the gabapentin group will potentially

bias results.42 Selective outcome reporting occurs when trial au-

thors fail to report results or change primary outcomes based

on statistical significance, which leads to a form of reporting

bias. In the anaesthesia literature, one study found discrep-

ancies in 48% of registrations when compared with published

trials,43 and another found 92% of registered trials had an

outcome discrepancy when compared with the final

publication.44

Because of the aforementioned issues, undertaking risk-of-

bias assessments (in duplicate) is an essential part of the re-

view process. For RCTs, the Cochrane risk-of-bias tool is rec-

ommended.45 It was used in only 20% of anaesthesia SRMAs in

2015, although widespread adoption since means this pro-

portion is likely much higher for current SRMAs.46 However, to

improve COE, sensitivity (or primary) analysis should aim to

analyse only those trials at low risk of bias for all domains,47 or

alternatively, include risk of bias in subgroup or meta-

regression analysis to see how this influences effect esti-

mates. Only then can this domain of GRADE have no concerns,

as this is the only circumstance when the effects of risk of bias

can be minimised. In the anaesthesia literature, such rean-

alysis was shown to change effect estimates around 50% of the

time.46
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Fig 1. Forest plots of fictitious data analysed using random-

effects models. Each plot shows the effect estimate scale on

the x-axis (mean reductions in morphine consumption in mil-

ligrams) and the dashed vertical line a 0 mg reduction. Each

square represents the effect estimate in each study with the size

of the square the relative weight each study contributes to the

analysis. The associated horizontal lines are the 95% confidence

intervals. The diamond represents the overall effect estimate

(centre of the diamond) and 95% confidence interval (width of

the diamond). The blue plot shows a review of studies with high

statistical heterogeneity (I2¼98%) with varying effects reflected

in wider overall confidence intervals. The purple plot shows low

statistical heterogeneity (I2¼0%) with studies having similar ef-

fects and a narrow overall confidence interval.
Inconsistency

In SRMAs of RCTs, clinical heterogeneity can occur, which de-

scribes differences between study characteristics, including

population, interventions, or methods. It may only be valid to

perform meta-analysis if the clinical heterogeneity is low.

Statistical heterogeneity concerns the differences between

studies; it should be assessed by visual inspection of forest

plots and can be quantified using the I2 statistic.48 Statistical

tests have inherent issues, such as low power with small

numbers of studies (common) and should therefore be avoi-

ded. The I2 statistic gives a value between 0 and 100%, and

describes how much of the variability is attributable to dif-

ferences between studies rather than sampling variance

(chance). Therefore, a value of 95% means nearly all the vari-

ability is attributable to differences between studies and was
frequently observed for continuous outcomes in the example

ketamine review.8 This could be caused bymany factors, some

of which were discussed previously. It can be difficult to sug-

gest absolute cut-offs for I2, as its value should be regarded as a

continuum, although values >50%, which are unexplained by

study factors, may indicate at least substantial heterogeneity

(as per the Cochrane Handbook for Systematic Reviews of In-

terventions). Note that, although I2 does not depend on the

number of studies in a meta-analysis, it does depend on the

precision of studies (which is proportional to study size).

Therefore, if study sizes are large, confidence intervals become

smaller and the heterogeneity measured using I2 increases.

The between-study variance, t2, ranges from 0 to infinity, and

avoids this problem, but can be harder to interpret.49

Review consumers can, as mentioned, also informally

assess statistical heterogeneity visually. A forest plot is used to

display the results of ameta-analysis and should be familiar to

most readers (Fig. 1). Results in all the studies that differ from

each other more than would be expected by chance (95%

confidence intervals more dispersed) could indicate high sta-

tistical heterogeneity (blue plot in Fig. 1). Conversely, similar

results between studies (95% confidence intervals less

dispersed) could indicate low statistical heterogeneity (purple

plot in Fig. 1). If we observe high statistical heterogeneity,

intuitively, we can be less certain where the population value

lies, which can cause concerns with this domain of GRADE. It

must be remembered that another strength of meta-analysis

is to demonstrate consistency; so, if an intervention proves
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Fig 2. Reanalysis of a Cochrane review of ketamine for acute

postoperative pain that showed an I2 value of 96%, which could

lead to downgrading of evidence with Grading of Recommen-

dations, Assessment, Development and Evaluation. The x-axis

is baseline morphine consumption (mean milligram of

morphine consumed in control group) and the y-axis is mean

reduction in morphine with ketamine. The diagonal purple line

is linear prediction from the meta-regression equation and the

dashed blue line represents the morphine reduction with ke-

tamine at an average consumption of 50 mg in the control

group. It can be seen that at higher consumptions of morphine,

greater reductions in morphine are observed, which allow more

accurate interpretation of clinical significance (approximately

30 mg reduction at consumptions of 100 mg). Explanation of

heterogeneity will improve the certainty of evidence.
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beneficial in a range of studies with low statistical heteroge-

neity, it helps with generalisability (purple plot in Fig. 1).

The two types of model commonly used are fixed effect and

random effects. Fixed-effect models assume that there is one

underlying effect to estimate, which may occur if studies have

the same types of participants, same intervention, and same

study design. This is rare, although may still be used by 30% of

reviews in perioperative medicine.50 However, a random-

effects model assumes there is a distribution of underlying

effects to estimate, which is more often the case. As fixed- and

random-effects models are similar when I2 values are small,

we recommend analysing with both models in all circum-

stances and discussing possible discrepancies (such as small-

study effects).51,52 If the results of the two models differ, then

the result of the most conservative estimate should be re-

ported (widest confidence intervals). Alternatively, if statisti-

cal expertise is available, model fit can be assessed within a

Bayesian framework using the deviance information criteria.

If effect estimates from random-effects models are reported,

prediction intervals can be beneficial, as they indicate the

possible treatment effect in an individual setting rather than

the average treatment effect.53

If significant statistical heterogeneity is observed, then

meta-regression, sensitivity, and subgroup analysis should be

undertaken in an attempt to understand why estimates be-

tween studies differ.54 Meta-regression is similar to linear

regression, although the data points are studies rather than

participants, and they are weighted by the inverse of the

standard error (generally larger studies carry more weight). It

can be used to identify characteristics of each study that may

improve intervention efficacy, such as dose of analgesic or

weeks of exercise interventions. This can be used to inform

future studies or possibly guide clinical practice, but because

of the observational nature of the data (as this is a between-

study analysis), they may be subject to ecological bias, where

the relationship at the aggregate data level fails to reflect what

is seen at the individual level.55

Statistical heterogeneity may also exist because of the se-

lection of a particular effect estimate.56 For effect estimates

measured on an absolute scale (mean and risk difference), if

effects vary with baseline risk (control-group risk) and base-

line risk varies between trials, then statistical heterogeneity

will be induced. For example, previous evidence has shown

that analgesics aremore effectivewith higher levels of pain, so

in studies that have high control-group morphine consump-

tion (higher-risk population), the effects will be greater.57

Indeed, in the ketamine review, a sensitivity analysis was

conducted in studies with higher pain levels, and found that it

led to greater reductions in pain compared with the main

analysis.8 In this scenario, contemporarymethods can be used

that utilise meta-regression to estimate morphine reductions

for different consumptions utilising local clinical data.56 If a

local average consumption is known, then the likely average

effect can be calculated using a simple meta-regression

equation. This principle could potentially extend to other

perioperative outcomes, such as depression, chronic pain, or

length of stay.

We illustrate this concept with an example from the keta-

mine review for acute postoperative pain.8 The primary anal-

ysis showed a reduction in 24 h morphine consumption of 8

mg, which may not be regarded as clinically significant.

However, if we perform a meta-regression with control-group

morphine consumption as the predictor variable, we find that

clinically significant reductions can be observed at higher
averagemorphine consumption (50mg). This is represented in

Figure 2 by the point at which the dashed blue line intercepts

the y-axis. The newmethod described previously avoids these

incomplete conclusions about a lack of clinical significance

observed in recent reviews.58 An alternative to meta-

regression may be the use of ratio measures that would also

help resolve the problems with absolute scales.59 If such sta-

tistical heterogeneity can be adequately explained as in the

aforementioned example, then COE will be improved and new

hypotheses generated.
Imprecision (random error)

A Type I error is a false positive, the risk of which increases

when multiple SRMAs are conducted after the publication of

each trial (multiple comparisons). Type II error (false negative),

as in primary research studies, can occur if insufficient

numbers of participants are included in a review. Although

one of the benefits of SRMAs is increased power, their conduct

does not ensure such power. Recent developments in meth-

odology have allowed the conduct of trial sequential analysis

(TSA) to counteract this increase in the Type I error rate; the

approach is broadly analogous to the methodology used for

interim analyses when monitoring the results of ongoing

RCTs.60 Trial sequential analysis allows authors to adjust for

multiple comparisons (reduce Type I errors), identify when

sufficient numbers of participants have been recruited to trials

(reduce Type II errors), and identify when future trials are

unlikely to result in a beneficial intervention effect (futility).

When examining Cochrane reviews, TSA helped prevent 93%

of false positives.61 Specific to anaesthesia research, in a
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random sample of 50 SRMAs, only 12% had a power >80% and

only 32% preserved Type I error rates.

However, TSA may be too conservative and could poten-

tially encourage further research when little clinical equipoise

exists to conduct further (resource-intensive) trials in pursuit

of reaching the required information size. Other arguments

against the use of TSA are that previous reviews should not

influence the current review, that review authors should be

able to judge uncertainty via confidence intervals (rather than

rejecting a null hypothesis), the risk of incorrectly stopping the

review process once statistical significance is reached, and

limitations when between-study heterogeneity is present in

the included studies.

With all this in mind, conduct of TSA (in low-risk-of-bias

trials) can be considered or evaluation of the width of confi-

dence intervals can be used to maintain COE in this domain,

and both are recommended in the latest Cochrane Handbook for

Systematic Reviews of Interventions. If 95% confidence intervals

include a wide range of benefit and harm (e.g. for morphine

consumption, e20 to 10 mg), this would lead to downgrading.

However, it should be kept in mind that it is not possible to

exclude a difference by observing confidence intervals alone.

Also, another advantage of TSA is that its use can help review

authors improve adherence to downgrading of imprecision as

per the Cochrane Handbook for Systematic Reviews of

Interventions.62

To illustrate how to assess for imprecision, Figure 3 shows

an annotated TSA plot when reanalysing nausea and vomiting

from the ketamine review.8 It confirms a beneficial effect of

the intervention when adjusted for multiple comparisons
–8
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Fig 3. Annotated trial sequential analysis plot for nausea and

vomiting from a published Cochrane review on ketamine. A, the

conventional boundary for statistical significance (P<0.05); B,

the O’BrieneFleming boundary for statistical significance

(adjusted for multiple comparisons), which requires greater Z

scores (y-axis) earlier in evidence accrual; C, the required

number of participants (information size on x-axis, which

equals around 2000 participants) to reduce Type II errors; D, the

cumulative Z score, which changes as each study is added to the

meta-analysis. It crosses lines A, B, and C. The plot shows both a

significant reduction in nausea and vomiting with enough par-

ticipants recruited to reduce Type II errors (Z curve crossing line

C). This result would result in no concerns for the imprecision

domain, improving certainty of evidence.
(crosses line B) whilst also showing the review has achieved

the required number of participants (crosses line C). Alterna-

tively, the 95% confidence interval was 0.81e0.96, which

demonstrates precision in the estimates as defined previously.

Therefore, no downgrading of evidence in this domain is

indicated based on GRADE.
Indirectness

As SRMAs collate results from a variety of primary studies, it is

important to ensure that evidence can be directly applied to

the population in question (external validity). For example, in

reviews on postoperative pain, including trials from only

dental surgery may not be applicable to more invasive sur-

geries,63 or excluding participants in individual trials to whom

results may be applied.64 Commonly, participants with

chronic pain are excluded from acute pain trials, so applying

evidence to this group is problematic. To help with external

validity, the Procedure-Specific Postoperative Pain Manage-

ment group advocates procedure-specific evidence,65 although

direct evidence for such individual responses to different

surgical procedures is often limited or even lacking.56,57

However, it was found in the Cochrane review of ketamine

that opioid reductions in subgroups of surgical procedures

varied, with greater reductions in major orthopaedic

procedures.8

Authors of SRMAs should use clinical judgement and

consider subgroup or sensitivity analysis of similar trials to

make evidence directly applicable to the population of inter-

est. Any concerns over the applicability of evidence should

result in downgrading of this GRADE domain, unless it can be

demonstrated in a subgroup of the population of interest.
Publication bias

Publication bias relates to the preferential publication of ‘posi-

tive’ studies (often defined statistically as P<0.05), which are

more likely to be published, published faster,66 cited more

often,67 and more likely to lead to duplicate publications.68

This can create a distortion in the literature, where positive

studies (or SRMAs) are over-represented. In a study on

anaesthesia SRMAs, assessment for publication bias was

conducted in only 43% of reviews, and publication bias had a

prevalence of up to 50e80%.69 Another study investigated

subsequent publication of abstracts in the field of anaesthesia

from more than 1000 conference abstracts. Only 54% pro-

ceeded to publication with positive studies being more likely

to be published after adjustment for study size and quality.70

Furthermore, positive studies may be more likely to be pub-

lished in higher-impact anaesthesia journals.71

With evidence of publication bias and its recognition as a

cause of disagreement between large RCTs and SRMAs,72

minimisation of publication bias is vital, although often

underperformed. This should involve searching clinical trial

databases and reports,73 references and citations, conference

proceedings, and grey literature sources for unpublished

studies. Although this helps identify unpublished studies, it

may introduce trials of a lesser quality into the review.74 If data

are missing from an identified study, contacting authors for

this information is vital, although data are often difficult to

obtain. In postoperative pain reviews, searching clinical trial

databases, conference proceedings, and grey literature sour-

ces was performed in 16%, 9%, and 4% of reviews, respec-

tively.75 In reviews in pain and anaesthesia, a search of clinical
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Fig 4. Reanalysis of a Cochrane review of ketamine for acute pain. Funnel plots for 24 h morphine are plotted. The left plot (blue) is the
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with P-values in parentheses in the text below, and the diagonal purple solid line is from the meta-regression accounting for baseline risk.

It can be observed that the purple plot using the updated axis guidelines is more symmetrical (P¼0.80) than the conventional plot (P¼0.03).

Under the conventional scenario, small-study effects (possible publication bias) would be assumed when none was present, once resolving

the correlation between effect estimates and standard errors. This would result in incorrect downgrading of evidence as per Grading of

Recommendations, Assessment, Development and Evaluation.
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trial registries was performed <50% of the time and searching

for unpublished studies <10% of the time.76 Another study

found searching for unpublished studies occurred only 20% of

the time.69

In addition to minimising publication bias, evaluation for

publication bias (small-study effects) should be performed,

ideally using contour-enhanced funnel plots.77 Funnel plots

(Fig. 4) are plots of effect estimates on the x-axis and standard

errors on a reverse scale on the y-axis (so generally, larger

studies towards the top of the plot). The distribution of smaller

studies at the bottom should be symmetrical (random distri-

bution). If ‘negative’ studies are not published, then they will

be missing from one side of the plot. This could be attributable

to publication bias, although other causes are described, so the

term ‘small-study effects’ is preferred (such as more-intense

interventions or lower methodological quality in smaller

studies). However, as visual inspection of conventional funnel

plots is unreliable,78 this should be supplemented by statistical

tests, such as Egger’s linear regression, which can generate P-

values to help identify asymmetry.72 A higher level of statis-

tical significance should ideally be used (P<0.1) because of the

low power of these tests.79

However, recently published research has identified that

for continuous outcomes dependent on baseline risk (e.g. pain

and morphine consumption), Egger’s test is inaccurate

because of the correlation between effect estimates and

standard errors, with Type I errors of 60%. An alternative test

based on meta-regression residuals and inverse sample size

should be considered (Fig. 4).80 This helps reduce Type I errors

to expected levels, although retains the low power of other

tests. Other studies have found issues with other outcomes,

where dependency between effect estimates and standard

errors occurs, such as standardised mean differences,81 odds

ratios,82 or proportion outcomes,83 so sample-size-based tests
(instead of standard errors) may perform better. Reducing

these false positives by selecting the correct statistical test and

minimising publication bias can help improve concerns in this

domain of GRADE.
Conclusions

There are concerns with SRMAs as poor predictors of results

from large, well-conducted RCTs. The number of high-

certainty SRMAs in anaesthesia (and in general) may be un-

acceptably low because of problems with risks of bias, random

error, unexplained heterogeneity, and publication bias. We

have outlined methodological strategies that review authors

and primary researchers can use to improve the COE in the

anaesthesia literature.
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