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Editorial

Reviews, systematic reviews and Anaesthesia

Doubt is not a pleasant condi-

tion, but certainty is an

absurd one.

– Voltaire [1]

The rise of the review
Last year, Anaesthesia published 24

review articles. A glance at the Jour-

nal covers shows that these varied

not only in subject matter, but also

in scope and methodology. Of the

24 articles, 11 were systematic

reviews with meta-analysis (e.g. [2,

3]), one was a systematic review

with meta-regression, and two were
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systematic reviews without statisti-

cal combination of data [4, 5], one

of which was described as ‘qualita-

tive’ [4]. The remaining 13 were

what one would describe as ‘narra-

tive reviews’ (for instance [6, 7]);

four of these [8–11] made some

attempt to outline methodological

features such as reporting date lim-

its for literature searching, assessing

the methodological quality of

retrieved material, or reporting the

numbers of papers found and

included.

Review articles are popular with

readers and researchers as, at their

best, they provide up-to-date sum-

maries of published research and/or

answers to practical clinical ques-

tions. Traditional, ‘narrative’ reviews,

typically where an expert in the field

is invited to write a summary of

what is known, may include a more

selective sample of the available liter-

ature and have been thought to be

more open to bias. Systematic

reviews, on the other hand, follow

certain pre-specified steps in formu-

lating a question, searching the liter-

ature, deciding on material for

inclusion and extracting data; the

objectivity and replicability of these

steps help to reduce bias in the fin-

ished review. They may or may not

include a numerical summary of the

primary trial data (meta-analysis).

Systematic reviews have grown in

popularity recently, helped by the

growth and influence of the Cochra-

ne Collaboration [12]. Within the

Collaboration, there is a Cochrane

Anaesthesia Review Group which

deals with anaesthesia, critical care,

and peri-operative and emergency

medicine. Last year, the Group pub-

lished 34 new reviews and nine

updated reviews. Again, the topics

were similarly diverse, ranging from

the role of anaesthetics in tumour

recurrence [13], through protective

ventilation in acute respiratory dis-

tress syndrome [14] and peri-opera-

tive beta-blockade [15], to the

prevention of hypothermia [16].

Despite their growing preva-

lence and apparent scientific superi-

ority, many readers find systematic

reviews difficult. There are indeed

some statistical features that may be

unfamiliar, complicated by the fact

that many methodological issues are

controversial or still under develop-

ment. However, the most important

point is that, despite their appear-

ance of objectivity, systematic

reviews are, in essence, retrospec-

tive, observational studies and can

never achieve the same level of reli-

ability as a large, well-conducted

primary study of the same interven-

tion. So, even if great attention has

been paid to the various methodo-

logical aspects (see below), there

will always be limits to what can be

inferred from the review. Readers

(and reviewers) should not lose

sight of this simple fact, and

remember that certainty is unlikely

– even if not, as Voltaire suggested,

absurd.

Minimising bias
A useful way of thinking about

reviews is to compare the methods

with those used in primary clinical

trials. The randomised controlled

trial (RCT) has achieved cultural

supremacy as the least biased means

of establishing the effects of inter-

ventions. Most doctors are familiar

with the idea that randomisation

and blinding will reduce bias; the

nuances of this are discussed fur-

ther below. It also makes sense to

handle data from patients who

started the study, but did not com-

plete it, in a way that does not skew

the results. Usually this is achieved

by ‘intention-to-treat’ analysis.

Finally, it is not uncommon for

authors to report some outcomes,

but not others – so-called ‘selective

outcome reporting’. Usually this is

because the study found an effect

on some outcomes but not others.

If all the proposed outcomes were

specified at the beginning of the

paper, it is easy to identify the

omission. If, however, they do not

appear in the published report at

all, this is not possible. The solution

to this is to publish trial protocols

before recruitment begins. There

are many trial registers for doing

this, and Anaesthesia expects that

researchers register their trials if

they plan to publish in this journal.

Analogous biases can beset sys-

tematic reviews. For instance,

incomplete searching for literature

can skew the available pool of mate-

rial. Authors may choose to filter

their search to exclude papers in lan-

guages other than English. Publica-

tion bias – where studies that

demonstrate an effect from an inter-

vention are more likely to be pub-

lished than studies that do not

demonstrate an effect – may be more

likely if a search for unpublished

material, or studies published only as

abstracts, is not carried out. Deci-

sions on which papers to include,

and which to leave out, will inevita-

bly be partly subjective, but the pro-

cess should at the very least be

reproducible and reported in suffi-

cient detail. Finally, decisions about
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quality thresholds for inclusion in

analysis are important; poor-quality

studies are more likely to overesti-

mate the effects of interventions.

So far, so good. But there are

many other features that are appar-

ently not well understood, even by

authors who submit systematic

reviews, either because journals’

methodological standards and

expectations have changed over

time or because they are inherently

complex. We will now attempt to

explain more about reviews, with a

view to helping readers understand

more about them, and at the same

time setting out what Anaesthesia

expects from systematic reviews

submitted in the future. We shall

refer to the most recent systematic

review to appear in print in the

Journal, which demonstrates some

of the features described below [17].

How reviews work and
how to assess them
First, just as with a primary research

project, it is important to plan the

work properly. If the protocol is

thorough, the chances that the

review might misrepresent the evi-

dence will be minimised. Often,

reviewers do not follow their proto-

col (whether through acts of omis-

sion or commission), or the protocol

was inadequate, or indeed never

existed. Ideally, a protocol should

also be registered, for instance with

PROSPERO (see http://www.crd.yor-

k.ac.uk/PROSPERO). Authors should

be able to state concisely the objec-

tive of their systematic review, struc-

tured as a ‘PICO’ question (specifies

the population studied, the interven-

tion used, any comparator and the

outcomes of interest). Authors need

to make a judgement too about how

broadly the limits for the study pop-

ulation and intervention(s) should be

set. Some would argue that larger,

inclusive reviews should be preferred

to restricted, exclusive reviews; for

instance, there is no evidence that

many anaesthetic interventions exert

different effects in different types of

surgery. Further, reviews that are too

restricted and exclude a lot of studies

will have less power and precision,

and produce higher rates of spurious

findings.

In terms of inclusion and exclu-

sion criteria, similar principles

apply. Authors often forget that

they are including summary data

from trials rather than individual

patient data, which makes criteria

such as ‘exclude patients less than

18 years old’ inapplicable because,

in this example, trials might sum-

marise results from both children

and adults. Authors should also not

exclude trials because of differences

in populations rather than proven

differences in the effect of an inter-

vention. For instance, in one trial

an antiemetic might reduce vomit-

ing from 80% in a control group to

60% and in another trial from 40%

in a control group to 30%: the

absolute reduction in the first trial

was 20% and in the second trial it

was 10%, but the relative effect of

the drug was the same, a relative

rate reduction of 0.25. Authors

might be tempted to analyse these

two trials separately, for instance if

the first was in children and the

second trial was in adults, in the

mistaken belief that the difference

in absolute effects represents an

interaction between participants’

age and drug effect.

An unbiased and exhaustive

search for material is next. The

search for intervention RCTs should

always include CENTRAL, MED-

LINE and EMBASE; regional data-

bases, such as LILACS (see http://

lilacs.bvsalud.org/en/) may also be

useful. Google often reveals unex-

pected papers. The reference lists of

included papers should also be

scrutinised, as additional articles

may be discovered. Making sense of

the quality of studies can be tricky.

Risks of bias should be assessed

separately within recognised meth-

odological domains and should be

summarised in a table that illus-

trates the risk categorisation for

each RCT (e.g. see Fig. 2 in Corre-

dor et al.’s review [17]). Summative

scores are now considered to be

unacceptable, thus: “One commonly-

used scale was developed by Ja-

dad and colleagues for randomised

trials in pain research [18]. The use

of this scale is explicitly discouraged.

As well as suffering from the generic

problems of scales, it has a strong

emphasis on reporting rather than

conduct, and does not cover one of

the most important potential biases

in randomized trials, namely alloca-

tion concealment” [19]. Also, quality

assessment on its own is only half

the story. Many authors enter all

the studies into the analysis no

matter what the quality, but it is

known that poor-quality studies

tend to overestimate the effect of an

intervention and this may distort

the overall findings [20]. One of the

purposes of sensitivity analyses is to

assess how sensitive are the results

to the assumptions that led to the

inclusion and exclusion of trials,

including their reported methodo-
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logical rigour. (This and other com-

monly-used terms are defined in

Table 1).

Further, authors should clearly

distinguish – in their own minds –

the difference between the genera-

tion and the concealment of an

allocation sequence (both of which

are covered by the word ‘randomi-

sation’), and attempts to make the

control and interventions indistin-

guishable (‘blinding’). Authors often

fail to appreciate that a random

sequence does not mean that the

sequence was concealed; a random

sequence could potentially be dis-

played for all to see, in which case

it has little power to limit selection

bias. Performance of the study can

be biased if the control and inter-

vention can be distinguished, for

instance if they look, feel, smell or

taste different to each other. Even if

they are indistinguishable, one

might still be able to distinguish

between patients receiving an inter-

vention and those receiving a con-

trol if their allocation sequence has

been revealed, or if effects other

than that being assessed are obvious

(for instance, the tachycardia caused

by cyclizine in a trial of antiemet-

ics). There are usually more than

two people in a study who can

introduce bias, so the term ‘double-

blind’ is meaningless; most studies

should be ‘quadruple-blinded’ at

least!1 In addition, the magnitude

of bias that can be introduced is

likely to differ between people in a

study. Therefore, the likely success

of blinding should be assessed sepa-

rately for participants, for different

personnel caring for the partici-

pants, and for the assessors who are

identifying the presence or magni-

Table 1 Definitions of commonly used terms in systematic reviews (from The Cochrane Collaboration; see http://
community.cochrane.org/sites/default/files/uploads/glossary.pdf).

Blinding Process for preventing those involved in a trial from knowing to which comparison group a
particular participant belongs, in order to reduce ascertainment bias

Concealment of allocation Process preventing those deciding to enter a participant into in a trial from knowing to which
comparison group that individual will be allocated, in order to reduce selection bias

Forest plot Graphical representation of the individual results of each study included in a meta-analysis
(with squares and horizontal lines representing the studies’ point estimates and
usually 95% CI), together with the combined meta-analysis result (usually represented by a
diamond at the bottom). See e.g. Figs. 3 and 4 in the review by Corredor et al. in this issue
of Anaesthesia [17]

Funnel plot Graphical display of some measure of study precision plotted against effect size, used to
investigate whether there is a link between study size and treatment effect (‘small studies
effects’). See e.g. Fig. 6 in the review by Albrecht et al. [21]

Heterogeneity The variation/diversity of participants, interventions and outcomes across or within studies.
‘Statistical’ heterogeneity describe the degree of variation in the studies’ effect estimates.
Also used to indicate the variability beyond the amount expected due solely to chance

Meta-analysis Use of statistical techniques to integrate the results of individual studies included in a
systematic review. Sometimes misused as a synonym for a systematic review that includes
a meta-analysis

Meta-regression Analysis exploring the relationship between studies’ characteristics (e.g. concealment of
allocation, baseline risk, timing of the intervention) and their results (magnitude of effect
observed) in a systematic review

Randomisation Process of randomly allocating participants into one of the arms of a controlled trial.
Consists of: (i) generation of a random sequence; and (ii) its implementation, ideally
maintaining concealment of allocation (see above)

Sensitivity analysis Method used to determine how sensitive a study/systematic review’s results are to changes
in how it was done, e.g. to assess how robust the results are to uncertain decisions or
assumptions about the data/methods used

Subgroup analysis Evaluation of the intervention effect in a defined subset of a trial’s participants, or in
complementary subsets, e.g. in sex or age categories. Trial sizes are generally too small for
subgroup analyses to have adequate statistical power

1Strictly speaking, many people involved in
the trial can (and probably should) be
blinded. These include the patient, the
attending healthcare staff, those generating
the random sequence, those performing the
group allocation, those making all assess-
ments and observations, and those analysing
the data. Is this then ‘sextuple blinding’?
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tude of an outcome. In addition,

there may be subject-specific meth-

odological issues.

It is becoming increasingly com-

mon for authors to perform funnel

plots to explore ‘small studies

effects’. Readers will be familiar with

funnel plots of hospital performance,

for instance mortality after different

surgeries, and whether their hospital

is an ‘outlier’. The funnels in system-

atic reviews plot intervention effect,

for instance relative mortality rate

(rather than mortality in the hospital

example), against some measure of

statistical confidence in that rate, for

instance the standard error (rather

than the number of operations in

the hospital example). Sometimes

the funnel looks less like a symmetri-

cal Christmas tree and more like one

missing its lower branches. Authors

often interpret such funnel plot

asymmetry as the result of publica-

tion bias, but this is only one of at

least seven reasons why a funnel plot

might be asymmetrical. Conversely,

publication bias can be consistent

with a symmetrical funnel plot, in

that extreme results ‘for’ and

‘against’ an intervention are pub-

lished, whilst studies that do not

show an effect remain unpublished,

leaving the bole of the Christmas

tree denuded. Funnel plot asymme-

try should be determined statisti-

cally, using regression analyses such

as Egger’s, Harbord or arcsine analy-

ses, not by eye. In the event of statis-

tical evidence of asymmetry, a

modified Galbraith plot – or similar

– should be supplied to illustrate it

[22]. All tests lack power, so the pos-

sibility of small studies effects should

be considered even in the absence of

statistical proof: causes for funnel

plot asymmetry can be explored

through sensitivity analyses. Con-

versely, some measures of effect,

such as the log odds ratio, can gener-

ate asymmetric plots even when

small study effects are absent, as they

are mathematically linked to their

error.

Subgroup analyses can be used,

if necessary, to explore associations

with the type of surgery or other fac-

tors – but they should be used spar-

ingly, preferably following a-priori

rationales published in the protocol.

Typically, just as in a primary study,

there are too many subgroup analy-

ses in a review. An alternative

method, meta-regression, may also

be used to explore the interaction

between a dependent outcome and

explanatory variables. Neither analy-

sis should be pursued if there are

fewer than 10 studies for every vari-

able explored. Sensitivity analyses

should explore how the results are

altered by justified changes to the

inclusion or exclusion criteria and

with changes to the method of analy-

sis. The calculation of heterogeneity

is straightforward within commonly-

used software. (This should be

expressed using the I2 statistic as a

default). However, heterogeneity is

poorly understood and often not

explored, even when the I2 result

suggests that this is warranted. Het-

erogeneity can be explored by assess-

ing whether it can be reduced by

subgrouping trials on the basis of

biological or experimental rationale,

preferably predetermined in the pro-

tocol.

The most powerful method of

analysing the association of factors

with the effect of an intervention,

and the heterogeneity of that effect,

is through independent patient data,

i.e. analyses at the patient level,

rather than the trial level. This pur-

suit will probably only be viable for

a meta-analysis of a novel interven-

tion, since individual patient data

may become unavailable if they are

not stored securely. More detail and

useful advice on this and many

other methodological issues can be

found in the Cochrane Handbook

[19].

Further help in interpreting sys-

tematic reviews is available: one of

us (JC) published a ‘how to’ guide

in Anaesthesia in 2007 [23]. This

dealt with numerical presentation of

both dichotomous and continuous

data in review, explained how to

interpret both funnel plots and for-

est plots, and outlined the role and

meaning of subgroup and sensitivity

analyses within reviews.

Newer developments
In the last decade, methods have

become available for meta-analyses

of trials not only of interventions,

but also of diagnostic tests [24],

prognostic tools [25] and non-

randomised studies [26]. Also rela-

tively new is network meta-analysis

[27], which allows the evaluation of

the effect of an intervention among

similar patient populations that

have not been compared directly in

the same clinical trial [28]. There

are even overviews of reviews [29].

There is also some interest in trial

sequential analysis, a technique that

can serve the same purpose as

power calculation and interim data

monitoring in a primary clinical

trial [30, 31]. It allows the calcula-

tion of the ‘information size’ (num-

ber of patients) that would have to
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be included in a meta-analysis to

demonstrate an effect definitively.

Such sequential methods can pro-

vide information on when firm evi-

dence is reached in a cumulative

meta-analysis, and can also provide

an early clue to the lack of presence

of a clinical effect. Finally, the

systematic review can cast light on

other aspects of practice; within

Anaesthesia we have recently pub-

lished a systematic review with

meta-regression [32], a review of

the interaction between ondanse-

tron and tramadol [33], and case

reports and series of cranial nerve

injuries with supraglottic airways

[34]. Manipulation of the existing

dataset from a systematic review

also helped confirm a recent case of

research fraud [35]. Finally, to

accompany the PRISMA statement

for the reporting of finished

reviews, there is now PRISMA-P

too, a template to guide the report-

ing of review protocols [36].

The ‘bottom line’
Systematic reviews are complex and

may suffer from bias and lack of

adequate power, and, just as for pri-

mary clinical trials, complete cer-

tainty may be an absurdity. As

such, evidence and opinion both

have their place in science and

medicine, and hence so do both

narrative and systematic reviews.

We continue to invite authors to

submit them both to Anaesthesia.

Further guidance on how these

should be conducted and presented

is now in the ‘Author Guidelines’

on the journal’s website (see http://

onlinelibrary.wiley.com/journal/10.1

111/(ISSN)1365-2044/homepage/For

Authors.html).
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Editorial

The National Essential Anaesthesia Drugs List

Drug shortages are common and

are becoming increasingly so [1].

Although shortages affect drugs

used by all clinical specialties,

anaesthesia is particularly vulnera-

ble, not least because of its depen-

dence on sterile injectable drugs

with limited shelf-lives, rather than

tablets with long shelf-lives. It is

easy to define the three primary

causes of a drug shortage: an

increase in demand; a decrease in

supply; or a combination of the

two. However, within these three

simple categories lie concealed

many complex factors that range

from the unavailability of an ingre-

dient or technical failure of a man-

ufacturing plant to difficulties

complying with increasingly intri-

cate regulatory standards, and com-

mercial decisions related to the

market for generic drugs [2]. Even

drug shortages can in themselves

result in a shortage of other drugs

when pharmacists and clinicians

seek to acquire stocks of alternative

drugs to those in impending low

supply. Modern industrial theory

such as ‘lean manufacturing’ has

been held in part responsible for

drug shortages [1], as have bodies

such as NHS Improving Quality

that, in its former incarnation, the

NHS Institute for Innovation and

Improvement, sought to label as
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