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Abstract
Comprehensive resources exist on how to plan a 
systematic review and meta-analysis. The objective of 
this article is to provide guidance to authors preparing 
their systematic review protocol in the fields of regional 
anesthesia and pain medicine. The focus is on systematic 
reviews of healthcare interventions, with or without an 
aggregate data meta-analysis. We describe and discuss 
elements of the systematic review methodology that 
review authors should prespecify, plan, and document 
in their protocol before commencing the review. 
Importantly, authors should explain their rationale 
for planning their systematic review and describe 
the PICO framework—participants (P), interventions 
(I),comparators (C), outcomes (O)—and related elements 
central to constructing their clinical question, framing 
an informative review title, determining the scope of 
the review, designing the search strategy, specifying the 
eligibility criteria, and identifying potential sources of 
heterogeneity. We highlight the importance of authors 
defining and prioritizing the primary outcome, defining 
eligibility criteria for selecting studies, and documenting 
sources of information and search strategies. The review 
protocol should also document methods used to evaluate 
risk of bias, quality (certainty) of the evidence, and 
heterogeneity of results. Furthermore, the authors should 
describe their plans for managing key data elements, the 
statistical construct used to estimate the intervention 
effect, methods of evidence synthesis and meta-analysis, 
and conditions when meta-analysis may not be possible, 
including the provision of practical solutions. Authors 
should provide enough detail in their protocol so that the 
readers could conduct the study themselves.

Systematic reviews and meta-analyses of random-
ized clinical trials are regarded as the pinnacle of 
evidence-based medicine.1 The reputed worth 
of this approach is deserved when the systematic 
review collates all evidence relevant to a prespeci-
fied, important clinical question using methods that 
are explicit and systematically constructed to mini-
mize bias in the selection of studies and evidence 
synthesis.2 3 Meta-analysis refers to statistical tech-
niques used to combine the results of multiple trials, 
generating a composite larger sample size and a 
single numerical estimate of effect contrasting the 
outcomes of 2 groups receiving different therapies. 
In this article, we present guidelines for both the 
systematic review combined with meta-analysis 
of effect estimates (the usual scenario) and the 

systematic review performed with no subsequent 
meta-analysis. Throughout, the primary term used 
will be systematic review. 

Comprehensive resources on this topic include the 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) initiative,2 4 and the 
Cochrane Handbook for Systematic Reviews of 
Interventions.5 Despite clearly formulated, promul-
gated, and accepted guidelines, and the commonly 
included author statement of compliance with 
PRISMA, content foundational to preparing and 
planning a systematic review is frequently absent in 
review protocols and the methods section of manu-
scripts submitted to Regional Anesthesia and Pain 
Medicine and the Regional Anesthesia and Acute 
Pain Medicine section of Anesthesia & Analgesia. 
Poor compliance with PRISMA is also evident in 
other fields.6 Moreover, the content within system-
atic review manuscripts frequently deviates substan-
tially from what the authors documented in their 
protocol. An analysis of 17 systematic reviews 
investigating interventions for chronic postsurgical 
pain reinforces these concerns.7

Authors are submitting systematic reviews and 
meta-analyses with increasing frequency to medical 

What is already known on this topic?
fi	 Comprehensive resources exist on how to 

prepare a protocol in advance of performing 
a systematic review and meta-analysis. 
Systematic review protocols in regional 
anesthesia and pain medicine often lack 
foundational content within those resources.

What does this guideline add?
fi	 This guideline identifies key content within 

existing resources to support authors preparing 
their systematic review protocols.

How might this guideline affect 
research, practice, or policy?
fi	 This guideline may assist protocol developers 

as well as clinician peer reviewers tasked 
with reviewing and improving the quality of 
systematic review manuscripts submitted to 
the journals of Regional Anesthesia and Pain 
Medicine and the Regional Anesthesia and 
Acute Pain Medicine section of Anesthesia & 
Analgesia.
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journals; therefore, addressing omissions in scientific content 
and format considered fundamental to a systematic review 
is needed. Our target readers are1 the content expert clini-
cian who is considering conducting a systematic review in the 
fields of regional anesthesia and pain medicine and2 clinician 
peer reviewers tasked with reviewing systematic review and 
meta-analysis manuscripts. One intent is to clarify expectations 
required of systematic review authors. Importantly, medical 
journals require authors to follow the 2015 PRISMA Protocols 
(PRISMA-P) Explanation and Elaboration paper (or subsequent 
versions) when drafting their review protocol. Uploading the 
PRISMA-P checklist on submission and before the manuscript is 
sent for peer review is a journal requirement.2

In this first article, Part I, we describe and discuss elements of 
the systematic review methodology that should be prespecified, 
planned, and documented in the protocol before commencing 
the formal review process. These elements include (1) devel-
oping the correct framework; (2) explaining the rationale for 
the review and framing the healthcare question; (3) defining and 
prioritizing primary and other outcomes; (4) specifying eligi-
bility criteria; (5) documenting information sources and devel-
oping search strategies; (6) describing plans to manage data; 
(7) risk of bias assessment; (8) planned methods of evidence 
synthesis; and (9) methods used to evaluate heterogeneity, small 
study effects (nonreporting bias), and quality (certainty) of the 
evidence. For Part I, we draw heavily on the PRISMA initiative2 4 
and the Cochrane Handbook.5 In addition, authors should refer 
to a critical appraisal instrument for assessing systematic reviews, 
for example, A Measurement Tool to Assess Systematic Reviews 
(AMSTAR 2).8 In the companion article, Part II, we describe the 
formal review process. While the focus of these guidelines is on 
a traditional aggregate data systematic review with meta-analysis 
of randomized clinical trials, much of the presented informa-
tion also applies to network9 and individual participant data10 
meta-analyses, for both of which specific PRISMA extension 
statements exist.

The PICO framework is central to planning a 
systematic review and meta-analysis
PICO is a framework for operationalizing a clinical research 
question. The PICO framework comprises participants (P), 
interventions (I), comparators (C), outcomes (O), and related 
elements (study design, practice settings, timeframe, and length 
of follow-up).2 11 These related elements can also be incorporated 
into the acronym. For example, the T in PICOT refers to time, 
and the S in PICOS to study design. PICO and related elements 
(henceforth referred to as PICO or PICO items) inform the 
reader of key content. For example, a review title that includes 
PICO elements informs the reader. We recommend that authors 
use PICO to frame their important clinical question (PRISMA-P 
Item 7)2 and write this in the final paragraph of the introduction 
to make the reader aware of this without having to read further. 
PICO also provides a framework for determining the scope of 
the review, designing and executing the search strategy, specifying 
the eligibility criteria (PRISMA-P Item 8), and identifying poten-
tial sources of heterogeneity (PRISMA-P Item 15 a).2 The PICO 
framework also informs data extraction (PRISMA-P Item 12).2

PICO items have variants documented a priori by content 
experts in their review protocol. For example, the population of 
patients having breast surgery for cancer (P) comprises multiple 
surgical subtypes that will likely modify the treatment effect of 
regional anesthesia techniques (I). This diversity in the patient 
population may influence the review authors’ decision to proceed 

with meta-analysis (PRISMA-P Item 15 a).2 Authors may decide 
to limit the scope of their review by excluding subpopulations 
or maintain breadth by addressing multiple subpopulations.11 12 
Clinical experts will also be aware of regional anesthesia inter-
vention (I) characteristics (eg, versions and evolution) that poten-
tially modify its effectiveness. Authors will next want to consider 
the comparator interventions (C), including inactive control 
interventions (eg, no intervention, placebo, sham procedure, 
usual care), active control interventions (eg, a different interven-
tion, a variant of the same intervention), and cointerventions.12 
In their protocol, authors should plan how specified interven-
tion groups will be used in their planned evidence synthesis and 
reporting. They may decide to build contingencies by specifying 
both specific and broader intervention groups.12 This process 
mitigates the risk of review authors making ad hoc decisions 
after execution of the search strategy and selecting studies.

Overall summary: PICO should relate directly to the ques-
tion asked. In the protocol, authors should document variants of 
the PICO items: specifically, population characteristics that may 
influence the intervention treatment effect, and characteristics of 
the intervention that may modify its effect.

Importance of predefined protocol and 
registration
While some have raised opposition,13 guidelines mandate that 
systematic review authors document their methods within 
the protocol in advance of conducting the systematic review.2 
Performing a systematic review and meta-analysis requires 
multiple decisions and judgments. As authors write their review 
protocol, they establish the context for and scope of the review, 
develop key priorities, and develop a systematic approach that 
aims to minimize bias in the review findings. The protocol is 
contractual in nature and describes what the authors will do 
during the review process. Clinical content experts will clearly 
need to engage stakeholders with the breadth of expertize and 
perspective required for the design and documentation of the 
protocol for their planned systematic review.2 These would 
include systematic review methodologists, information special-
ists, and end consumers.

Medical journals expect that authors will use the 2015 
PRISMA-P Explanation and Elaboration paper (or subsequent 
versions) when drafting their review protocol.2 Such journals 
mandate that authors place their protocol in a publicly available 
registry. This promotes accountability and protects against arbi-
trary methodological changes and selective outcome reporting. 
Describing and explaining amendments is a 2020 PRISMA 
reporting requirement.4 Put simply, authors document what 
they intended to do vs what they did, including the reason for 
any change. The review protocol with enclosed methods is itself 
an important, stand-alone document. In the following sections, 
we describe methodological content (in addition to the PICO 
framework) to be specified in the review protocol in advance of 
performing the systematic review.

Overall summary: The protocol for the systematic review and 
meta-analysis contains the planned review methods, outcomes, 
and analyses. The protocol indicates the existence of a plan for 
the review process. The review methods should be structured, 
transparent, and reproducible.

Describe the rationale for the review and frame 
the important Healthcare question
The systematic review begins with authors describing their 
rationale and objectives for performing the review (PRISMA-P 
Item 6).2 Listing review objectives allows authors to state 
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their question more broadly. In their review protocol, authors 
describe how an intervention in a specified population will 
likely produce the expected outcome. Framing the important 
healthcare question that authors seek to answer is the crit-
ical item that helps authors maintain focus and determine the 
scope of their review. If there is no important clinical ques-
tion, there is no basis for the systematic review. The clinical 
question guides many aspects of the review process, including 
but not limited to eligibility criteria, search strategy, study 
selection, and data extraction. The review question drives the 
development of the methods. As an example, many system-
atic reviews compare two interventions, and hence a pairwise 
meta-analysis is used. However, when multiple interventions 
for one condition are evaluated, then a network meta-analysis 
is appropriate.9

Extensive methodological expertize and resources are required 
to complete a systematic review and meta-analysis. Therefore, 
prospective authors should ask themselves the following: What 
makes this systematic review important and interesting? Will the 
results of our review move the field forward? Will this review 
address answerable questions and bridge important gaps in our 
knowledge?11 Authors search the existing literature and regis-
ters of systematic reviews to avoid repeating a similar review. 
However, an existing systematic review may need updating as 
new evidence emerges. As an example, authors justified the need 
to update a meta-analysis to address the role of duloxetine in 
ameliorating knee stiffness (a previous review addressed knee 
osteoarthritis pain).14 Updating a meta-analysis is also appro-
priate if previous reviews did not have sufficient evidence to 
definitively answer the clinical question. Authors considering a 
systematic review may want to use the decision tree algorithm 
from the Panel for Updating Guidance for Systematic Reviews 
(PUGs) for help in deciding whether a new or updated review 
is needed.15

We recommend again that authors frame their important 
healthcare question (broad or narrow) using PICO items and 
related elements (PRISMA-P Item 7).2 11 Consider three system-
atic reviews, where the population was total knee arthroplasty; 
however, they varied in scope based on the clinical question 
and PICO: (1) to assess if any regional anesthesia blockade vs 
none improved a broad range of clinical outcomes16; (2) to 
assess if femoral nerve blockade alone or in combination with 
other blocks vs no femoral nerve blockade improved pain and 
adverse events17; and (3) to assess if femoral nerve blockade 
with sciatic nerve blockade vs femoral nerve blockade alone 
improved analgesic outcomes.18 These three systematic reviews 
have questions with a narrowing focus achieved through PICO 
selection. Authors should decide the scope of their review by 
deciding if generalizing across PICO elements is appropriate and 
whether extracted information would provide clinically relevant 
information.

Overall summary: Reviewers and readers should expect to see 
the clinical question framed in the introduction using PICO and 
related elements (eg, timeframe, study type).

List, define, and prioritize primary and other 
outcomes
The primary outcome extends from the rationale for and objec-
tives of the review. The primary outcome is chosen so that the 
clinical question can be answered. We recommend authors 
specify one or two primary outcomes, together with a statis-
tical analysis plan for these outcomes. Secondary outcomes 
generally relate to the primary outcome and are consistent with 
the systematic review objectives.19 Authors in their systematic 

review protocol should list, define, and prioritize outcomes 
as primary or secondary11 and provide a rationale for their 
choices (PRISMA-P Item 13).2 This process mitigates the risk 
of selecting and reporting outcomes once results of the review 
are known.

While the Cochrane Handbook recommends evaluating 
harms, systematic reviews in our field typically comprise efficacy 
trials, whose authors do not routinely explain in their methods 
how they captured adverse outcomes. Nevertheless, data for this 
outcome should be extracted, and in the absence of adequate 
data on harms, quantitative or otherwise, a recommendation is 
made in the discussion section of the manuscript that future trials 
include more detailed information on harms. Providing direc-
tion for future research is an important but often overlooked 
aspect of systematic reviews.

Authors should describe how they will manage multiplicity of 
outcomes and analyses.12 This issue is mitigated by limiting the 
number of reported outcomes.19 Fully anticipating the charac-
teristics (eg, diversity of reported outcomes) of eligible studies 
in advance is not possible. However, if the review objective is 
to evaluate quality of analgesia, then authors should anticipate 
reporting of pain from the primary studies at different levels of 
stimulation and at multiple time points (Cochrane Handbook 
section 6.2.4, Repeated observations on participants).20 Repeated 
observations (eg, measurement of pain) on the same participants 
at different time points produces data that are considered statis-
tically dependent and increases the probability of reporting false 
positive results. Managing this multiplicity is challenging.21 
Review authors should consider prespecifying a hierarchy of 
measures as described in Cochrane Handbook section 3.2.4.12 
For example, if the Brief Pain Inventory was reported, then a 
hierarchy could be prespecified: the pain subscale from the Brief 
Pain Inventory, then pain scores with movement, then one time 
point selected that would be considered by stakeholders (patients, 
caregivers) important.12 In the protocol development phase, 
authors may decide to draft a ‘concept’ relating to the research 
question and refine this when they conduct the review.11 12 Plans 
to refine outcome definitions (eg, timeframe or time point) 
should be described in the review protocol2 and reported with 
transparency in the final manuscript.4 For example, the decision 
to select the time point most frequently reported vs time elapsed 
should be transparent. Authors should state in the protocol 
the minimal clinically important difference for their primary 
outcome. For example, in a meta-analysis of analgesic benefits of 
erector spinae plane block after breast surgery, Hussain et al22 a 
priori defined a reduction of 30 mg oral morphine in the first 24 
hours postoperatively to be clinically important.

Overall summary: Authors should select their primary 
outcome with a relevant and important time point, if appro-
priate, motivated by the rationale, objectives, and clinical ques-
tion they are asking. Review authors should anticipate challenges 
associated with outcome multiplicity and analyses.

Detail the eligibility criteria for selecting studies, 
intended sources of information, and search 
strategies
The quality of the database search strategy comprises a core 
element of the systematic review search plan. We recommend 
authors adhere to the Peer Review of Electronic Search Strat-
egies (PRESS) standard, including having the search strategy 
peer-reviewed by a second information specialist unaffiliated 
with the systematic review.23 The most important aspect of 
a search strategy is its sensitivity, otherwise known as recall. 
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The goal is to capture as many studies as possible that meet 
the eligibility criteria, unrestricted by language and publication 
status. The goal is to reduce bias in identifying and selecting 
source reports, thus improving reproducibility. The review 
question and objectives drive the eligibility criteria. In their 
review protocol, authors should explicitly define their eligibility 
criteria (inclusion and exclusion criteria) using study character-
istics (PICO items).

Authors should document their decisions on report character-
istics (years covered, language, publication status) (PRISMA-P 
Items 8–9).2 12 For non–English-language articles, free online 
translators exist; however, professional language translation 
services may be required.24 It is recommended that informa-
tion be sought from sources that are unpublished, noting that 
these data results may not have been peer-reviewed. These 
include industry/manufacturer data, trial registries, clinical study 
reports, regulatory data, the reference lists of source reports, 
conference proceedings, and the gray literature. For nonre-
porting biases, refer to Chapter 7, section 7.2.3,25 and Chapter 
13 of the Cochrane Handbook.26

Explicitly defining the eligibility criteria (1) reduces the risk 
of bias in identifying and selecting studies and (2) drives the 
search strategy terminology. The search strategy follows from 
the research question, eligibility criteria, and PICO items. 
During protocol development, clinical content experts will 
need to collaborate with an information specialist to develop 
robust searching methods. This specialist would likely be a 
health sciences librarian with expertize in systematic review 
searching.23 The information specialist or librarian will need 
to know the following information: registered protocol, antic-
ipated review title, whether this is an update of an existing 
review, PICO elements, search terms prespecified by authors 
with clinical expertize, and examples of citations identified 
from preliminary searches that should be captured in the search 
strategy. At least three electronic databases should be searched 
for potentially eligible studies—for example, PubMed, which 
MEDLINE is nested in, Embase, and the Cochrane Central 
Register of Controlled Clinical Trials. Despite Google Scholar 
being recommended as a primary database,27 it is important to 
understand that it does not allow for highly sensitive (refined) 
searching, thereby leading to many false positives and poten-
tially wasted effort. In their protocol, authors should include 
a draft of the search strategy querying one database, with a 
description of the planned approach for other databases 
(PRISMA 20 Item 7)2 that is mature enough so that authors 
considering reviewing the same topic would avoid duplication 
of effort. An example of a draft search strategy is shown in 
table 1.

Overall summary: The most important aspect of a search 
strategy is its sensitivity. The goal is to capture as many studies as 
possible that meet the eligibility criteria, unrestricted by language 
and publication status.

Describe and plan how key data elements will be 
managed, selected, and extracted
In their review protocol, authors need to describe how they 
will manage records and data throughout the systematic review 
(PRISMA-P Item 11a).2 Authors should describe their process 
for selecting studies through each phase of the review (eligibility, 
screening, and inclusion) (PRISMA-P Item 11b), and how they 
will extract key data elements from reports (PRISMA-P Item 
11c). Free online programs are available for title and abstract 
study screening.28 Key data elements to be extracted, such as 

PICO items, including prespecified time points, need to be 
defined (PRISMA-P Item 12).2 Chapter 5 of the Cochrane Hand-
book contains a relevant checklist of items (table 5.3.a, section 
5.5.11).29 The authors of Chapter 5 recommend that the review 
team construct an outline of the tables and figures to be included 
in the review.29 Develop these outlines so that the required 
data are collected to populate the table of characteristics of 
included studies and to facilitate risk of bias assessment. Review 
authors should also consider developing outlines of the evidence 
profile30 and summary of findings tables.30 31 The majority of 
information required for the latter can be collected before the 
formal review process.

An example of the detail required is reported in a meta-
analysis evaluating the efficacy of adductor canal block for knee 
arthroplasty.32 Tables 1–3 describe the characteristics of included 
studies (participants, outcomes, and intervention/cointervention 
respectively). Tables  4 and 5 report the evidence profile and 
summary of findings.32 Authors should plan for data assump-
tions and simplification (PRISMA-P Item 12).2 As an example, a 
meta-analysis appraising evidence for intraoperative methadone 
defined postoperative oral morphine equivalents as their primary 
outcome.33 For studies that reported opioid dosage, the authors 
manually converted opioid dosage to morphine equivalents.

Overall summary: Authors should describe their process 
for selecting studies. They should identify key data elements 
they plan to extract. To facilitate this, we recommend author's 
construct (during development of the protocol) an outline of the 
tables and figures they plan to include in the review.

Describe how risk of bias for outcome variables 
will be assessed in individual studies and across 
studies
Inherent to assessing the internal validity of a study is the risk 
of bias that it systematically overestimates or underestimates 
the true intervention effect on a specified outcome variable 
compared with the result derived from a ‘perfect’ trial. This is 
distinct from quality-compromising aspects such as inadequate 

Table 1  Details of search strategy required in the review protocol

No. of steps Query*

1 Radiculopathy/

2 (radiculopath$ or radiculitis or radiculitides or (nerve root adj1 
(disorder$ or inflammation$ or avulsion$ or compress$)) or 
radicular-pain).ab,kf,ti.

3 1 or 2

4 Blood platelets/

5 (platelet$ or thrombocyte$).ab,kf,ti.

6 4 or 5

7 Injections, epidural/

8 ((epidural or extradural or peridural or transforaminal) adj inject$).
ab,kf,ti.

9 7 or 8

10 3 and 6 and 9

*Database: MEDLINE[A1]; Filter: Ovid MEDLINE(R) 1946 to Present and Epub Ahead 
of Print, In-Process & Other NonIndexed Citations and Ovid MEDLINE(R) Daily. This 
search strategy is applicable to the MEDLINE database, a similar search strategy 
with the same search terms and Boolean exclusion operators will be used to query 
EMBASE, Webof Science, Scopus, etc, from database inception to study start date. 
Example of a draft search strategy querying the MEDLINE database is displayed. The 
topic of the systematic review is pain intensity in patients with radiculopathy who 
receive epidural administration of platelet rich plasma versus placebo. This is the 
level of detail of a draft search strategy required in the protocol.
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sample size. At least 393 assessment tools are available for 
assessing the methodological quality and risk of bias for various 
study designs.34 However, medical journals require that authors 
of systematic reviews use the most recent Cochrane Risk of Bias 
assessment instrument, currently RoB2,35 when assessing risk 
of bias for parallel group randomized controlled trials in which 
participants are assigned at the participant level. Using signaling 
questions, the RoB2 instrument assesses bias as ‘low risk,’ ‘high 
risk,’ or ‘some concerns’ across 5 domains: (1) randomization 
process, (2) deviations from intended interventions, (3) missing 
outcome data, (4) measurement of the outcome, and (5) selec-
tion of the reported result. Based on the results of these domain 
assessments, an overall risk of bias of either ‘low risk,’ ‘high risk,’ 
or ‘some concerns’ is generated.35 While a decision tree helps to 
guide both domain and overall bias assessments, these may be 
overridden by the investigators based on their own judgments. 
Specific Cochrane tools are also available for investigators who 
plan to include randomized crossover trials, cluster-randomized, 
or other trial designs.

Medical journals require that authors, at the protocol stage, 
describe methods used to assess risk of bias and whether this 
is at the outcome level, the study level, or both. Both levels are 
most common and preferred—bias is assessed for a particular 
outcome variable at the study level and then results aggregated 
across studies (see PRISMA-P Item 14).2 Specific methodological 
tasks include the following:
1.	 Describe the process for extracting outcome data elements. 

Medical journals require that data elements used to evaluate 
the risk of bias should be extracted using two people work-
ing independently and a process defined on how to resolve 
disagreement.

2.	 Define the criteria used for ROB 2 categories for each bias 
domain. For example, if the methods used to generate the 
randomization sequence or concealment allocation are not 
described in a source study, then consider documenting a 
priori what risk this represents. For example, in their meta-
analysis, Hussain et al decided a priori that studies that did 
not use a sham block were assigned a high risk of detection 
bias.22

3.	 Describe information that will be provided to readers to sup-
port the risk of bias judgments and if all outcomes included 
in the summary of findings tables30 31 will be assessed for risk 
of bias (considered mandatory for Cochrane reviews, Hand-
book Boxes 7.3.b).25 36

4.	 Describe how the risk of bias assessments will be used in data 
synthesis (sensitivity analyses).2 We recommend authors plan 
to test how sensitive the estimate of treatment effect is to 
evidence of risk of bias.37

Describe the statistic used to estimate the 
intervention effect, methods of data synthesis, 
and meta-analysis
The effect measure is the statistic that compares the outcome 
data between two study groups.20 For dichotomous (binary) 
data, effect measures include risk ratio, relative risk, OR, risk 
difference, absolute risk reduction, attributable risk, and number 
needed to treat. For continuous data, effect measures such as 
mean difference or standardized mean difference are often 
used.20 37 38 Numerical rating pain scales are ordinal scales but 
are typically treated as continuous data. For time-to-event data, 
hazard ratios are commonly used. Refer to table 2 in the accom-
panying Part II paper for more information on effect measures. 
Effect measures are either ratio (eg, OR) or difference (eg, 
mean difference) measures, which by comparing outcome data 
between two groups describe the magnitude of the intervention 
effect. The true effect of an intervention is not known and can 
only be estimated, hence the use of the terms ‘treatment effect 
estimate,’ ‘intervention effect estimate,’ or ‘effect estimate.’ The 
term ‘effect size’ may be used interchangeably with ‘effect esti-
mate”; however, of note, the former term is also used to describe 
versions of standard mean difference with a denominator that 
comprises variance. Effect estimates are reported with both a 
point estimate (eg, mean difference or OR) and the SE or CI.

A meta-analysis of effect estimates is possible when the aggre-
gated effect estimates and their variances from individual studies 
are known or calculated. The effect estimates are then combined, 
generating a summary numerical estimate of the effectiveness of 
the therapy. However, it is recommended that a meta-analysis 
only occurs when there is an acceptable level of homogeneity 
between two or more included trials.38 When the number of 
studies pooled is small, the ability to generalize beyond the 
included studies is limited; however, this could provide direction 
regarding the need for future research on the topic of interest.

Authors should prespecify in the protocol the effect measures 
(for dichotomous and continuous data) they plan to use for their 
analyses (PRISMA-P Item 15b)2 including how these metrics will 
be calculated. For example, several methods exist for calculating 
the standardized mean difference (Hedges’ g and d, Cohen’s d, 
etc), and some studies do not include the exact data needed to 
calculate the effect size. While authors of reviews can contact 
the corresponding authors to retrieve this information, they may 
have limited success.39 Therefore, using well-described methods, 
the authors should attempt to calculate their effect estimate from 
the data provided in the article vs simply discarding the study.20 40

After describing how the effect estimate is calculated from 
individual studies, the a priori method of pooling studies needs 
to be described in detail. Broadly, there are two approaches or 
models used to combine the evidence from multiple studies: 
fixed-effect and random-effects. Fixed-effect models are limited 
to estimating within-study error and assume that there is a single 
true treatment effect in the population of interest. Differences 
in treatment effects are assumed to be sampling error only. This 
model is appropriate when inference is limited to the specific 
population (fixed-effect) or specific studies (fixed-effects) in 
the analysis.41 However, most investigators are interested in 
inferring beyond the studies included in the meta-analysis to a 
larger set of similar populations. To address this, random-effects 

Table 2  Worked example of how model choice for a meta-analysis 
can affect the overall pooled results and subsequent conclusions

Model Difference in means (95% CI) P value

FE –0.55 (–0.70 to –0.40) <0.001 

RED&L –0.90 (–1.36 to –0.44) <0.001 

REHKSJ –0.90 (–1.45 to –0.35) 0.003

IVhet –0.55 (–1.27 to 0.17) 0.13

QE –0.38 (–1.12 to 0.36) 0.31

Data are from the work of Park et al50 on preemptive epidural analgesia for acute 
and chronic postthoracotomy pain in adults. Negative values indicate improvement, 
that is, reductions, in pain intensity in the preemptive vs control group.
p, α value; Q (p), Cochran Q statistic and α value for Q; QE, quality effects model 
with studies weighted by Cochrane Risk of Bias Results reported in the original 
meta-analysis; RED&L, traditional random effects model of DerSimonian and Laird; 
REHKSJ, random effects model with Hartung-Knapp-Sidik-Jonkman adjustment. 
Results are similar for Q (p) [(116.3 (<0.001)], I2 (95% CI) [85.4% (78.3–90.2)] and 
given that the same approach is historically used for analysis across all models.
FE, fixed effects model; IVhet, inverse variance heterogeneity model.
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models attempt to estimate between-study variance so that one 
can (hypothetically) generalize to similar populations beyond 
those included in the meta-analysis. Contrary to a fixed-effect(s) 
model, a random-effects model assumes that there is a distribu-
tion of treatment effects in the population of interest. This distri-
bution is estimated/characterized from the effects reported from 

individual studies.37 Several random-effects models exist,41–45 
all of which use different methods to estimate between-study 
variance.

In 1986, DerSimonian and Laird observed that system-
atic reviews lacked a consistent assessment of homogeneity of 
treatment effect before pooling.42 The DerSimonian and Laird 

Table 3  Examples of clinical and methodological heterogeneity

Type of heterogeneity Summary title of cited study Key parameters highlighting heterogeneity

Clinical heterogeneity

Participant characteristics (sex, age, 
baseline disease severity, ethnicity, 
comorbidities)

Meta-analysis comparing high concentration of plain local anesthetic 
vs low concentration of local anesthetic with opioids for labor epidural 
analgesia57

Nulliparous only vs mixed patients; geographical diversity 
(seven different countries) with likely variation in practice 
patterns

Systematic review that pools participants having videoassisted, robotic 
and open surgical techniques (unpublished)

Different surgical types will have different recovery 
profiles

Intervention characteristics (type, dose, 
frequency of dose, route of delivery)

Meta-analysis comparing analgesic efficacy of liposomal bupivacaine vs 
bupivacaine hydrochloride for prevention of postoperative pain58

Drug dose differences between study arms

Systematic review evaluating change in pain intensity in chronic 
noncancer pain after neuromodulation interventions (unpublished)

Type of interventional modality each with distinct 
mechanism (intrathecal drug delivery systems and spinal 
cord stimulation)

Outcome measurements (timing, length of 
follow-up, repeated measurements)

Systematic review evaluating efficacy and safety of magnesium for 
management of chronic pain59

Length of follow-up

Methodological heterogeneity

Individual study design Meta-analysis comparing efficacy of topical nonsteroidal anti-
inflammatory agents vs placebo for osteoarthritis60

Pooling of both randomized controlled trials and 
observational studies

Methodology/quality of trials (differences 
in allocation concealment, differences in 
participant blinding)

Systematic review of truncal regional nerve blocks comparing analgesia 
between intermittent local anesthetic bolus vs continuous infusion 
techniques61

Variable blinding of participants and/or study personnel; 
variable allocation concealment

Table 4  Exploring heterogeneity

Terminology Explanation

Clinical heterogeneity Due to variability in participants, interventions, and outcomes

Methodological 
heterogeneity

Due to variability in study design, methods of assessment, risk of bias

Statistical heterogeneity Variation in effect estimates more than would be expected due to chance, a consequence of clinical and methodological diversity

Statistical test, analysis Explanation Limitations/explanation

Cochran’s Q test Tests the null hypothesis of homogeneity. Q is the (chi-square statistic) test 
reported at bottom of the forest plot. It assesses if the observed differences 
are likely due to chance. A low P value, a large chi-square relative to df 
provides statistical evidence of heterogeneity.

Low power (failure to reject null hypothesis) when the number of studies 
is small. P value of .10 often used as threshold of statistical significance. 
May detect unimportant heterogeneity with large number of studies.

Tau2(τ2) Absolute measure of between-study heterogeneity. Higher values suggest greater between-study heterogeneity. Imprecise 
when the number of studies is low.

I2 statistic Derived from Cochran’s Q. Relative measure of heterogeneity, proportion 
of variability in effect size estimates that is real (variation beyond chance) 
compared with that occurring by chance.

Imprecise when the number of studies is low. Both the point estimate and 
a measure of its precision, the 95% CI, should be reported. When all the 
95% CIs of the effect size of all the studies in a meta-analysis overlap, I2 
will be 0.

Subgroup/moderator 
analysis

Examples: Will subgroups of studies with different attributes (participant or 
intervention, risks of bias) have different effect estimates?

Often used to identify source of heterogeneity. Subgroups are best 
identified a priori.

Metaregression Describes association between effect size and study level covariates. Ask this 
question: Are there factors that modify effectiveness of a treatment?

Describes variation between studies. Results are observational in nature. 
Limited by the number of studies compared with number of covariates. 
Multiple metaregression often challenging because of missing data for 
different covariates from different studies.

Sensitivity analysis Examples: test how sensitive the effect estimate is to (1) deleting each study 
from the model once, (2) deleting studies that are outliers (results, size), and 
(3) deleting studies based on quality aspects such as risk of bias.

Often used to identify source of heterogeneity.

CI of summary mean 
treatment effect 
estimate

Describes the uncertainty of the summary treatment effect estimate (single 
numerical estimate) generated from meta-analysis.

Is a measure of precision of the mean treatment effect estimate 
generated from multiple studies. Does not describe degree of 
heterogeneity among studies.

Prediction interval Describes the spread of underlying effects in the studies included in a 
random-effects meta-analysis. That is, the prediction interval describes 
the degree of heterogeneity in meta-analysis. Describes the width of the 
distribution.

Based on assumption of normality of underlying effects estimates. Is a 
measure of dispersion of individual results and provides a wider range of 
expected treatment effects compared with CI of the mean effect estimate.
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random-effects model is the most used and is available in most 
statistical packages. Random-effects models incorporate statis-
tical heterogeneity into the overall pooled estimate but do not 
explain it. It is important to note that the decision of a fixed vs 
random-effects model should never be because of a statistical test 
of heterogeneity.38 41 In general, we suggest that a random-effects 
model be chosen over a fixed-effect(s) model and that the original 
citation for the specific random-effects model used be provided.

No statistical model is perfect, and alternatives to traditional 
fixed-effects and random-effects models exist. Two such models 
are the inverse-variance heterogeneity (IVhet) model of Doi et 
al46 47 and the quality effects (QE) model.48 49 The QE model 
incorporates weights based on overall risk of bias/study quality 
scores into the pooled result. table 2 illustrates an example of 
how choice of model choice can affect the pooled results and 
conclusion. The data are based on a meta-analysis by Park et al50 
on preemptive epidural analgesia for acute and chronic posttho-
racotomy pain in adults. The primary outcome was the difference 
in means (preemptive minus control) pain intensity, measured 

using a numerical rating scale, 4 hours after surgery. Eighteen 
studies representing 1003 participants (500 intervention, 503 
control) were included. In the original meta-analysis, the authors 
used the random-effects model of DerSimonian and Laird.42 As 
can be seen by the pooled estimates as well as the 95% CIs and α 
values for the pooled estimates, 3 models yielded results consid-
ered to be statistically significant (p<0.05), while two did not. 
Thus, the first three models may lead one to the conclusion that 
preemptive epidural analgesia reduces pain intensity, while the 
other two would lead to the opposite conclusion.

While all models (except the fixed-effect model) incorporate 
between-study heterogeneity into the overall pooled result, 
none of models explain the source(s) of the heterogeneity. Note 
that the models listed are intended to be illustrative only and 
not an exhaustive list of models available for a meta-analysis of 
effect estimates. Review authors should consider the IVhet and 
QE models due to their better performance compared with the 
traditional random-effects models. Authors should provide their 
rationale for the choice of model.

Table 5  Summary

Before commencing their systematic review, authors will be aware of and adhere to the following

Use PICO and related elements To frame their clinical question and determine the scope of the review

To design their search strategy, specify eligibility criteria, and inform planned data extraction

To prespecify potential sources of clinical and methodological heterogeneity

Predefine their protocol and place 
in a publicly available registry

The protocol will contain their planned review methods, outcomes, and analyses, which will be structured, transparent, and reproducible

The protocol will document what authors intended to do and what they actually did

Explain the rationale for the 
review and articulate their clinical 
question

Framing the important healthcare question that authors seek to answer is a critical item

The clinical question will subsequently determine the scope of the review, choice of outcome and drive development of the methods

The clinical question will guide many aspects of the review process including eligibility criteria, search strategy, study selection, data 
extraction, and evidence synthesis

List, define, and prioritize outcomes 
as primary and secondary

The primary outcome extends from the rationale for the review, its objectives and is chosen so that the clinical question can be answered

Authors should limit the number of outcomes reported and/or acknowledge that secondary outcomes that do not directly address the review 
objectives should be considered exploratory

Define a priori clinical importance for the primary outcome

List eligibility criteria for selecting 
studies and document intended 
sources of information and search 
strategies

Explicitly define eligibility criteria (inclusion and exclusion criteria) using study characteristics (PICO) and document decisions on report 
characteristics (such as years covered, language, publication status)

At least three electronic databases should be searched for potentially eligible studies

Include a draft of the search strategy querying one database with a description of the planned approach for other databases

Describe and plan how data 
elements will be managed, 
selected, and extracted

Plan to collect data that will populate tables of study characteristics, summary of findings, evidence profile, risk of bias, and that required to 
perform meta-analysis

Describe their process for selecting studies (eligibility, screening, and inclusion)

Describe how risk of bias will be 
assessed

Using RoB2, the most recent Cochrane risk of bias assessment instrument for randomized controlled trials

Describe information that will be provided to readers to support their risk of bias judgments

Describe effect measure, methods 
of data synthesis and meta-
analysis

Prespecify the effect measure used to estimate the treatment effect and how it will be calculated

Describe in detail methods of evidence synthesis including rationale and choice of statistical model

Describe how risk of bias due to 
results missing in the evidence 
synthesis will be evaluated

Plan for both a qualitative and quantitative assessment of small-study effects (nonreporting biases)

Describe planned methods to 
identify and evaluate sources of 
heterogeneity

Plan to identify clinical and methodological heterogeneity using preidentified clinical covariates

Be explicit about methods to test for and quantify statistical heterogeneity

Consider a limited number of predefined sensitivity, subgroup, moderator, and/or meta regression analyses

Acknowledge that a meta-analysis with a small number of studies may give vulnerable results and/or provide limited information on sources 
of heterogeneity

Describe conditions when meta-
analysis may not be possible and 
provide practical solutions

For example, <10 studies with primary outcome data, different effect measures, bias, substantial unresolved heterogeneity

Consider a method of evidence synthesis that does not involve meta-analysis of effect estimates

Describe how quality (certainty) of 
the evidence will be evaluated

Using the GRADE process

GRADE, Grading of Recommendations Assessment, Development and Evaluation; PICO, participants (P), interventions (I), comparators (C), outcomes (O), and related elements; 
RoB2, Risk of Bias 2.
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Authors need to report whether their statistical tests are based 
on the Z- or t-distribution; are 1-or 2-tailed; and the α value and 
subsequent CI level chosen (eg, 95%). It is recommended that 
the Hartung-Knapp-Sidik-Jonkman adjustment be applied to a 
random-effects meta-analysis.51 This adjustment modifies the SE 
of the point estimate as well as multiplying the SE based on the 
t- vs Z-distribution—the end result being a wider and more accu-
rate CI. The rationale for this adjustment is that CIs based on the 
Z-distribution tend to be inappropriately too narrow. This adjust-
ment is available in various meta-analytic statistical routines.

It is recommended that a 95% prediction interval be calculated 
if a random-effects, IVhet, or QE model is chosen.52 A traditional 
95% CI gives lower and upper limits on where the mean (average) 
treatment effect across all studies is expected to lie. CIs reflect the 
precision with which the mean effect size is estimated. A 95% 
prediction interval estimates the range for 95% of the individual 
treatment effects of the included studies—in addition to where 
the treatment effect of a new study from a comparable population 
would lie with 95% probability. A prediction interval is a measure 
of dispersion of individual results. This will provide a wider range 
of expected treatment effects compared with 95% CI.

For example, a recent meta-analysis found that in the absence 
of local infiltration analgesia, adding local anesthetic infiltra-
tion between the popliteal artery and capsule of the knee after 
total knee arthroplasty reduced resting pain scores at 6 hours 
by a weighted difference in means of –1.33 (95% CI, –1.57 to 
–1.09).53 However, the 95% prediction interval (ie, expected 
range) for what one might expect if someone conducted their 
own randomized controlled trial in a similar population resulted 
in a wider interval (–2.04 to –0.62). Note that the expected effect 
size (reduced pain scores) now varies from clinically important to 
trivial. Potentially, this therapy is effective in some populations 
or patients but not in others. Using again the meta-analysis by 
Park et al,50 the 95% CI based on the frequentist approach and 
random-effects model was –1.36 to –0.44. This suggests that we 
are 95% confident (because the 95% CI will miss the true effect 
5% of the time) that the mean reductions in pain lie between 
–1.36 and –0.44 on a numerical rating scale. However, the 95% 
prediction interval suggests that an individual study from a 
comparable population would reduce pain scores between –2.78 
and 0.98. As with the above example, the therapy may be more 
effective in some populations compared with others. Formulas 
and examples for calculating 95% prediction intervals can be 
found in the article by IntHout et al.52

Overall summary: The effect measure (ratio or difference) is 
the statistical construct that compares outcome data between 
two groups estimating the magnitude of the intervention effect. 
Effect estimates from individual studies are combined using 
statistical models to generate a single parameter to estimate the 
intervention effect. This parameter, for example, the OR or stan-
dardized mean difference, is reported with its CI as a measure 
of precision. The prediction interval is a measure of dispersion 
of individual effect sizes, and we recommend when there are a 
sufficient number of studies that it be presented alongside effect 
estimates for random-effects meta-analyses.

Describe how the risk of bias due to missing 
results in the evidence synthesis will be assessed
Publication bias, or nonreporting bias (the term preferred by 
authors of Chapter 13 of the Cochrane Handbook26), refers to 
the selective reporting of research results/manuscripts for publi-
cation, or accepted for publication, which most often occurs 
with smaller studies. Entire completed studies may remain 
unpublished, or specific results from published studies may be 

missing or reported in a format that precludes meta-analysis. 
Making efforts to obtain unpublished reports will reduce the risk 
of missing data from entire studies.26 Red flags for nonreporting 
bias include substantial methodological changes (eg, prioritiza-
tion of published outcomes inconsistent with intended primary 
outcomes described in the trial registry), or the reporting of 
outcomes with P values alone and omitting summary statistics.

There are several approaches to assessing the risk of bias from 
results missing from the evidence synthesis. A funnel plot is a 
scatter plot of study size or precision (SE or inverse of SE) on 
the vertical axis against the intervention effect estimates on the 
horizontal axis. Smaller studies tend to show different and larger 
estimated treatment effects than larger ones.54 Therefore, smaller 
studies generate estimates that scatter widely at the bottom part 
of the plot. In contrast, the precision of the estimated treatment 
effects of the larger studies is increased (less scatter) relative to 
the smaller studies. In the absence of bias and between-study 
heterogeneity, the scatter will be due to sampling variation alone 
and typically generates an inverted ‘funnel shape’ or a funnel 
plot that is symmetrical.54

Two of the most common approaches for assessing small-
study effects (ie, nonreporting biases) are to examine the 
funnel plot for asymmetry and use Egger’s regression-intercept 
test. However, the Doi plot should be considered for all meta-
analyses because it may be more intuitive than the funnel plot 
and the Luis Furuya-Kanamori (LFK) index more robust than 
Egger’s regression-intercept test.55 Funnel plot asymmetry has 
multiple possible causes, including (1) nonreporting biases (eg, 
publication bias, selective outcome reporting); (2) poor meth-
odological quality leading to spuriously inflated effects, often in 
smaller studies; (3) true heterogeneity (ie, magnitude of treat-
ment effect differs, or is shifted, according to study size); and 
(4) chance (because the collected studies are subject to sampling 
variability).54 In the end, though, if there is evidence of asym-
metry in the funnel plot, authors may not be confident about 
the cause(s). Furthermore, lack of asymmetry should not be a 
reason to claim there was no reporting bias or other issues. In 
general, asymmetry in a funnel plot is described as evidence of 
‘small study effects.’ However, this should not be equated in 
absolute terms with publication or reporting bias. Small-study 
effect results (publication bias, etc) are also incorporated into 
the assessment of the quality (certainty) of evidence using the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) instrument described later in this paper.56

Overall summary: Both a qualitative (figure) and quantitative 
assessment of small-study effects, that is, nonreporting biases, 
should be described in the protocol.

Describe planned methods to evaluate and identify 
sources of heterogeneity of results across 
studies
A meta-analysis assumes some degree of clinical and method-
ological homogeneity between trials. Despite pooling studies 
that appear similar, there will likely be heterogeneity because 
of diversity in participants, interventions, outcomes, practice 
environment, design, and methods. Therefore, the individual 
studies may have very different results. In this setting, hetero-
geneity confounds the interpretation of the single numerical 
estimate the meta-analysis generates. Clinicians may lack confi-
dence in the result. However, the presence of heterogeneity may 
present opportunities to identify best practice. For example, 
authors may have preidentified study-level clinical covariates 
that subsequently explain or resolve heterogeneity. Therefore, 
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importantly, in the protocol, authors should use their content 
expertize to identify and document a priori potential sources of 
clinical and/or methodological heterogeneity before screening 
studies and pooling the results.

Evaluating heterogeneity begins with identifying a priori 
clinical and methodological diversity driving variability in 
study results. Heterogeneity is 1 of 5 domains used to evaluate 
quality (certainty) of the evidence (see GRADE description that 
follows).56 The presence of significant heterogeneity may be a 
principal factor when deciding or not to proceed with meta-
analysis of effect estimates (PRISMA-P Item 15 a).2 Note that 
heterogeneity is driven by the PICO framework, which deter-
mines the scope of the review and the diversity of included 
studies. Table 3 provides examples of clinical and methodolog-
ical heterogeneity.

Statistical heterogeneity refers to inconsistency in the magni-
tude of the treatment effect estimate between studies that is 
more than would be expected or explained by sampling vari-
ability, measurement error, or chance. In their review protocol, 
authors should be explicit about how they are going to measure 
and address statistical heterogeneity (PRISMA-P Item 15b).2 
Commonly reported methods to test for and quantify statistical 
heterogeneity include Cochran’s Q test, Tau2 (﻿‍τ2‍), and the I2 
statistic.38 62 These statistics have limitations: one example is a 
meta-analysis comprised of a small number of eligible studies, 
with small sample sizes and heterogeneous effect estimates. In 
this scenario, there are limitations with Cochran’s Q test (low 
power to reject null hypothesis of homogeneity)38 62 and the 
I2 statistic (lack of precision and bias in point estimate).63 As 
an example, I2 values <25% suggest that heterogeneity may 
be very low; however, a value of 0 does not exclude hetero-
geneity (failure to reject the null hypothesis may imply lack of 
statistical power). The CI of I2 is often wide, and it may cross 
thresholds of I2 used to categorize heterogeneity: very low 
(<25%), low (25% to <50%), moderate (50% to <75%), and 
large (≥75%).62 However, these limitations are related to the 
number of studies pooled in the meta-analysis. The uncertainty 
surrounding Tau2 and the point estimate of I2 can be substan-
tial with a small number of studies. When important statistical 
heterogeneity is unexplained by clinical or methodological 
factors (the usual scenario),38 then homogeneity is questioned, 
and the validity of the meta-analysis results are potentially 
compromised. In the setting of substantial unresolved hetero-
geneity, the results of a meta-analysis may be misleading or at 
least difficult to interpret, and authors may need to consider 
a method of evidence synthesis that does not involve meta-
analysis of effect estimates.38 64 65 It is reasonable for authors 
to state this conditional option a priori in their review protocol 
(PRISMA-P Items 15a, 15d).

Review authors should consider a limited number of predefined 
sensitivity, subgroup, moderator, and/or meta regression anal-
yses (PRISMA-P Item 15 c).2 Note that the absence of statistical 
heterogeneity does not negate such preplanned analyses because, 
as with a single randomized trial, it is relevant to consider how 
consistent the treatment effect is across levels of key patient base-
line or study-specific covariates. When developing a protocol 
that includes effect modification analysis, authors can consider 
the recently developed 10-item Credibility of Effect Modifica-
tion Analyses (ICEMAN) checklist66 for meta-analysis.

Sensitivity analysis refers to analyses conducted to assess 
the robustness of results across various utilized methods or 
assumptions (Cochrane Handbook section 10.14).38 Most 
meta-analyses do not include a large number of studies. 
Therefore, it is recommended that influence analysis, a form 

of sensitivity analysis, be planned to examine the overall 
results, including statistical heterogeneity, where each study 
is deleted from the model once. In addition, and regardless of 
the number of pooled studies, outlier analysis, another form 
of sensitivity analysis, should be preplanned. One approach 
to address outlier analysis is to examine results by deleting 
effect sizes from studies in which their 95% CIs fall completely 
outside the overall pooled 95% CI. Finally, some meta-
analyses may include one or more large studies that comprise 
the majority of the weight, for example, 50% or more, when 
pooled. However, rather than avoiding a meta-analysis, the 
result being a loss of potentially important information, it is 
more appropriate to plan and to conduct a sensitivity analysis 
with these studies deleted from the model to see how it affects 
the overall pooled results.

Subgroup and moderator analyses refer to analyses based on 
factors such as population characteristics (eg, sex) and/or variants 
of the intervention or components of the outcome (eg, length 
of follow-up).38 Subgroup analyses do not include the calcula-
tion of between-study variance, whereas moderator analyses 
do. When planning such analyses, there should be a clear ratio-
nale (biologic, clinical, methodologic) and/or existing research 
suggesting potential subgroup differences.38 A key aspect of such 
analyses is not simply to assess the meta-analysis treatment effect 
within levels of a characteristic, but to test the treatment-by-
covariate interaction.21

Guidelines encourage and show preference for predefined 
analyses over post hoc analyses. Therefore, authors should clarify 
when their selected analyses were established. For example, in a 
meta-analysis that compared the effect of regional anesthesia vs 
general anesthesia on cancer recurrence, the authors were trans-
parent regarding predefined subgroup analyses and post hoc 
subgroup analyses.67

Metaregression merges meta-analytic and regression principles 
to explore heterogeneity.38 68 Metaregression determines if and 
how much a study-level covariate contributes to heterogeneity 
of the treatment effects between studies. It is a method to assess 
treatment effect heterogeneity at the study level38 (Cochrane 
Handbook section 10.11.4).38 Covariates may be study-specific 
(eg, drug dosage) or ecological (ie, requiring individual subject 
data to assess patient-level factors).

Metaregression allows the author to estimate the treatment 
effect while controlling for differences across studies, as well as 
assess which covariates account for most of the heterogeneity. 
Furthermore, the metaregression approach is weighted and 
reduces the probability of false positive findings compared with 
subgroup analysis.68 Since the study is the unit of analysis, the 
ability to conduct a metaregression is often obviated by the need 
for many studies to assess covariate effects.68 The covariates 
included in a metaregression should be few and prespecified in 
the review protocol (PRISMA-P Item 15 c).2

Acknowledging these limitations, we recommend including no 
more than one metaregression covariate for every 10 studies/
effect sizes for a continuous variable and four studies/effects 
sizes per group for a categorical covariate.68 69 Therefore, given 
the small number of studies included in most meta-analyses, 
subgroup, moderator, and metaregression analyses may not be 
feasible. In addition, it is important to understand that analyses 
such as metaregression within the context of an aggregate data 
meta-analysis do not support causal inferences because covari-
ates are not randomly assigned in studies. In fact, metaregression 
analyses are targeting moderators of the treatment effect, not 
new interventions. Therefore, any observed findings would need 
to be tested in original randomized controlled trials.
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Finally, any preplanned analyses should include the choice of 
model(s) and software, including version, used to conduct the 
analyses. For example, moderator analyses can occur where both 
study-level and categorical analyses occur using a fixed, random, 
or mixed (fixed and random) approach. Refer to table  4 for 
more detail on methods for exploring heterogeneity, including 
their limitations.

Overall summary: Authors should document potential sources 
of heterogeneity and limited sensitivity/subgroup/moderator/
metaregression analyses a priori in the protocol. Predefining 
potential effect modifiers and sources of heterogeneity is 
important but does not mitigate the risk of multiple compar-
isons—adjustments are still warranted. A meta-analysis with a 
small number of studies may give vulnerable results and provide 
limited information on sources of heterogeneity, and subgroup, 
moderator, and metaregression analysis may not be feasible. 
No statistical methods can overcome the potential limitations 
created by meta-analyzing a small number of studies.

Describe conditions when meta-analysis may not 
be possible and practical solutions
Meta-analysis of effect estimates may not be feasible or needed. 
Reasons include paucity of studies, or paucity of studies with 
required outcomes, different effect measures, bias (missing 
studies, missing data), and heterogeneity. Even if there is little 
literature on a topic, the results of a systematic review may 
be unique (no previous review published) but insufficient to 
perform meta-analysis. In this scenario, the systematic review 
without meta-analysis may be of value even if to indicate the 
lack of data and direction for future research. If there is substan-
tial variation in results, especially if this includes the direction 
of effect, it may be disingenuous to report a single numerical 
estimate of the treatment effect. For example, the authors who 
conducted a systematic review assessing the efficacy and safety 
of magnesium for treatment of chronic pain initially planned for 
meta-analysis.59 However, the authors stated that the presence of 
significant heterogeneity among the included studies precluded 
any meta-analyses, and they therefore conducted a systematic 
review without meta-analysis.

Authors planning a meta-analysis should be mindful that 
a systematic review alone can provide a robust review of the 
evidence and that there are guidelines to assist them preparing 
their review in this format.64 Per recommendations from the 
Cochrane Handbook (Chapter 12.1 a),64 it is valid to build contin-
gencies into the protocol analysis plan if a meta-analysis is not 
possible. PRISMA recommends describing the type of summary 
planned when quantitative synthesis is not possible (PRISMA-P 
Items 15a, 15d).2 Furthermore, contingencies that generalize the 
scope of a predefined PICO synthesis that initially addressed a 
very narrow question may also be included. This strategy enables 
capture and synthesis of a larger number of studies in situations 
where studies are lacking on a narrowed, specific topic.

Examples of building contingencies into the protocol analysis 
plan in one or more groups of the PICO elements at a broader 
level are as follows (note differences in italicized wording): (a) 
‘the effect of any lower extremity regional anesthetic block on…’ 
instead of ‘the effect of only femoral nerve blockade on…”; (b) 
‘the effect of multimodal analgesia on postoperative pain score 
at any time-point up to 24 hours’ instead of ‘the effect of multi-
modal analgesia on postoperative pain score at 2 hours only”; 
and ‘the effect of intranasal fentanyl in children and adolescents 
on…’ instead of ‘the effect of intranasal fentanyl in children on…’ 
Despite the lack of specificity in these broader questions, they 

may still address an important question relevant to clinical prac-
tice, identify specific areas where evidence is lacking, and thus 
provide an avenue for future research efforts. In table 3 in our 
accompanying Part II paper, we provide examples of presenting 
and reporting systematic reviews without meta-analysis.

Overall summary: Heterogeneity that remains strong despite 
accounting for a priori sources of heterogeneity is an important 
factor when deciding to proceed with meta-analysis of effect 
estimates (PRISMA-P Item 15 a).2

Describe methods used to assess the quality 
(certainty) and strength of the evidence (grade)
Medical journals require authors use the GRADE process to 
evaluate the quality (certainty) of the evidence and strength of 
recommendations from the body of evidence for all outcomes 
that they report.70 This should be conducted after completing 
risk of bias assessment and all statistical analyses, assuming a 
meta-analysis is included for the latter. The GRADE method 
assesses the overall quality (certainty) of evidence based on the 
following five domains: risk of bias,71 heterogeneity (incon-
sistency),72 indirectness,73 precision,74 and publication bias75 
(PRISMA-P Item 17).2 How this should be reported is included 
in the accompanying Part II paper.

Overall summary: Review authors are required to use the 
GRADE process to report the quality (certainty) of evidence in 
summary of finding and evidence profile tables.

Conclusions
Performing a systematic review and performing a meta-analysis 
are substantial, complex, resource-intensive processes. The 
systematic review team should include meta-analysis and infor-
mation specialists. Guidelines warrant transparency in the 
design, conduct, and reporting of a systematic review so that its 
results can be correctly interpreted. Transparency begins with 
authors describing their rationale for a systematic review, and 
this principle should be evident throughout all stages of the 
review process. The meta-analysis process is likely to involve 
some change partly related to the uncertainty of the characteris-
tics of eligible studies when the protocol is designed. Publication 
of this article simultaneously in the two journals Regional Anes-
thesia and Pain Medicine and Anesthesia & Analgesia highlights 
the need for systematic review and meta-analysis authors to read 
and to consider its content. However, we acknowledge that we 
have reinforced important foundational concepts and content 
currently existing in the important resources of PRISMA, 
Cochrane, and AMSTAR. Authors should also refer to these 
resources as they develop, implement, and report the systematic 
review protocol.
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