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A B S T R A C T

Systematic reviews analyze the evidence surrounding a specific intervention within a population. High quality
systematic reviews can help clinicians and policymakers accurately understand a treatment intervention. This
article outlines the basic principles of systematic review development, including assembling a research team,
defining the research question, publishing a protocol, designing and executing the search, study selection,
extracting the data, assessing risk of bias, synthesizing the data and conducting a certainty assessment. In addi-
tion, we will address common pitfalls and highlight special considerations for the field of interventional pain
medicine. Understanding systematic review methodology will help investigators improve their primary research
and in turn, better primary literature will improve the value of high quality reviews.
1. Introduction

Systematic reviews of interventions should transparently describe
and critically analyze the existing evidence surrounding a specific
intervention within a particular population. High quality systematic re-
views can help clinicians and policymakers accurately understand the
risks, benefits, and harms of particular treatment interventions for a
specific patient population. Due to their large scale, they can include a
greater range of patients than any single study, thus strengthening or
weakening the generalizability of the findings [1]. Systematic reviews of
randomized trials have traditionally occupied a high position in the hi-
erarchy of research evidence. Publication volume of systematic reviews
has increased by 2728% between 1991 and 2017 [2], which is reflected
in the total volume of Pubmed indexed systematic reviews totaling 2500
annually.

The field of interventional pain medicine is rapidly evolving, with the
volume of publications increasing dramatically during this same time
period [3]. Despite the strength and popularity of systematic reviews,
many have been called into question due to redundancy and methodol-
ogy concerns, such as the failure to develop a protocol, use of inadequate
search strategy, and inadequate risk of bias assessements [2,4,5]. As the
body of interventional pain medicine research continues to expand, there
is a very strong need to characterize the evidence to facilitate sound
clinical decision-making [6]. This type of summary data is essential for
physicians, policymakers, and insurance companies alike [7]. As the
literature in interventional pain medicine research continues to expand,
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we must strive to produce high quality systematic reviews that answer
clinically important questions.

This article outlines the basic principles of systematic review devel-
opment, addresses common pitfalls, and highlights special considerations
for the field of interventional pain medicine. Understanding systematic
review methodology will help investigators improve their primary
research and in turn, better primary literature will improve the value of
high quality reviews. Clinicians versed in what constitutes a high quality
reviewwill be better equipped to spot a “lemon”when they see it and less
likely to accept erroneous conclusions based on flawed reviews.

2. Building a systematic review

There are varied approaches to designing a systematic review. Some
systematic reviews will identify one problem, whereas others will have a
more complex approach and address multiple questions, interventions,
and outcomes simultaneously [7]. Regardless of the approach, there are
seven basic steps required to build a successful review, which are sum-
marized below (Fig. 1) [7,8]. For further reading, we recommend
consulting the PRISMA 2020 statement [4] and Cochrane handbook [9].

2.1. Assembling research team and establishing a timeline

It is essential to assemble a professional research team. On average,
we recommend that the minimum number of team members is three –of
note, it is not methodologically possible to complete a systematic review
hsc.utah.edu (T. Burnham).

rvention Society. This is an open access article under the CC BY-NC-ND license

mailto:alexandra.fogarty@gmail.com
mailto:Taylor.Burnham@hsc.utah.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.inpm.2022.100128&domain=pdf
www.sciencedirect.com/science/journal/27725944
http://www.journals.elsevier.com/interventional-pain-medicine
https://doi.org/10.1016/j.inpm.2022.100128
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.inpm.2022.100128


Fig. 1. Fundamental steps for designing and performing a systematic review.
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with a single author –and expect the process to take a minimum of 6–18
months [10].
2.2. Defining the research question

The “Population, Intervention, Comparators and Outcome” (PICO)
framework was first introduced in 1995 and has become a well-used
clinical tool in systematic reviews of interventions [11,12]. This frame-
work helps authors identify the research question clearly and concisely in
advance of their literature search. The PICO acronym serves to remind
authors to define the following characteristics:

P ¼ Patients and/or populations of interest (relevant patients or
groups)

I ¼ Intervention and/or Exposure (diagnostic tests, drugs, procedures)
C ¼ Comparator (none, placebo, other intervention)
O ¼ Outcome (patient-relevant outcomes)

For example, if authors were interested in the development of a sys-
tematic review on the efficacy of cervical medial branch radiofrequency
ablation on patients with block-confirmed facetogenic pain, the
following PICO could be constructed:

P ¼ Patients with cervical facet pain
I ¼ Cervical medial branch radiofrequency ablation
C¼Medical management, physical therapy, sham procedure, or none
O ¼ Proportion of patients who experience >50% pain relief at 6
months

Some methodologists support the idea of developing a PICO using a
two-step approach. On the first pass, it is recommended to broadly define
the four criteria (as above), whereas on the second pass the criteria are
expanded with more depth (as below) [11].

P ¼ Adult patients 18 years of age or older with cervical facet pain
with documented greater than 80% relief on diagnostic dual medial
branch blocks

I ¼ Cervical medial branch radiofrequency ablation using a parallel
approach
C¼Medical management, physical therapy, sham procedure, or none
2

O¼ Primary: Proportion of patients who experience>50% pain relief
at 6 months, pain reduction by numeric rating scale and/or visual
analog scale (NRS, VAS), Secondary: functional status per Oswestry
Disability Index (ODI), global impression of change (PGIC), analgesic
usage.

2.3. Creating and publishing a protocol

Executing a systematic review will require authors to systematically
evaluate the contents and quality of the studies yielded from the litera-
ture search. To minimize bias, methodological decisions should be made
in advance. Since advanced understanding of the literature is often
inevitable for clinicians, Cochrane argues that it is important to have a
methodologist on the team who is not a content expert [13]. To promote
transparency, publishing a protocol is recommended. The goal of the
protocol is typically to define the eligibility criteria and to standardize
the method for evidence appraisal and synthesis. Publishing a protocol
also provides an additional opportunity for peer-review, which can help
authors design a more robust product. Protocols for reviews can be
published in the Cochrane Library and journals such as BMJ open and
Systematic Reviews. Protocols can also be registered on PROSPERO [7].

2.4. Designing and executing the search

Authors should construct a highly sensitive search strategy. Due to the
large volume of medical literature and evolving technical expertise
required to extract relevant information from databases, working closely
with an experienced Healthcare Information Specialist or librarian is
recommended. Construction of a sensitive search strategy requires the
use of a variety of different search terms, access to multiple databases and
search in multiple languages. Generally, both free-text and medical
subject headings should be used to construct the search (MeSH terms). It
is recommended to search at least three different database (CENTRAL,
MEDLINE and Embase) [9]. Utilizing a PICO framework to build the
clinical question can assist with optimizing the search terms [14].

2.5. Study selection

Authors will include and exclude studies based on their predefined
PICO criteria. However, it is also important to consider the nature of the
articles themselves. For instance, the literature search may reveal a va-
riety of manuscripts, including journal articles, conference abstract, and
letters to editors, among others. Authors should attempt to anticipate the
search output and determine what types of studies to include in the
systematic review. Another important consideration is that multiple re-
ports of the same study population should be identified and linked
together. For example, this may apply to an extension study of a ran-
domized control trial involving one arm of the original study.

2.6. Extracting the data

In preparation for data extraction, authors are encouraged to develop
outlines of the tables and figures to facilitate data collection. These data
tables are ideally easy to use and standardized, so that multiple authors
can work together in tandem to extract the relevant information. Addi-
tionally, this offers authors the opportunity to plan which specific out-
comes they are interested in collecting. It is also encouraged that teams
identify what data would be required to build a sophisticated meta-
analysis in advance.

2.7. Assessing risk of bias

Authors should assess the risk of bias of included studies with a
predetermined, validated, and well-established tool that is specific to the
type of manuscript being reviewed (i.e., randomized control studies
versus observational studies). For example, the Cochrane Risk-of-Bias
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tool (RoB 2) is frequently used to evaluate the quality of evidence in
randomized controlled trials [15]. This tool prompts authors to consider
a structured set of domains of bias that address trial design, conduct, and
reporting, among others. Authors are then required to make judgements
about the risks of bias with help from an algorithm, which enables
classification into the following categories: ‘low risk of bias’, ‘high risk of
bias’ or ‘some concerns.’ Tools such as the RoB 2 are designed to be
implemented by at least two independent reviewers, to ensure reliability.

2.8. Synthesizing the data

Synthesis involves gathering the data from the included studies in
order to draw a common conclusion about the evidence. It is recom-
mended that the evidence be summarized in a table that highlights the
PICO characteristics of each study, which will assist in determining
which studies are similar enough to be grouped. The synthesis itself in-
volves either performing a statistical analysis, or performing a structured
reporting of the effects. Synthesis for the purposes of generating a meta-
analysis may have advantages, but is only possible if the data and the
outcome measures are sufficiently homogenous. When considering meta-
analysis, it is critical to involve a collaborator with statistical expertise.

2.9. Certainty assessment

Systematic reviews should provide both an estimate of the treatment
effect and a judgment about the certainty or quality of the evidence.
Although other systems exist, the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach is widely utilized. It
categorizes the evidence quality on four levels: high, moderate, low and
very low [16]. These judgments are determined through consideration of
a checklist which prompts the reviewers to evaluate the overall bias,
inconsistency, indirectness, precision and publication biases. It is rec-
ommended to build a ‘summary of findings table’, which has a stan-
dardized format developed by the GRADEworking group and includes an
online tool [17]. This allows the reader to understand the major findings
and conclusions from the systematic review.

3. Common pitfalls

3.1. Failure to define the research question & develop a protocol

Authors should seek to establish parameters for the systematic review
before performing the literature search. This starts with thoroughly
defining the variable within the PICO framework. Having a protocol will
reduce the intrinsic bias of the systematic review process and ensure that
any subsequent changes to the methodology are transparent and justified
[18].

3.2. Inadequate search strategy

Several common mistakes prevent the generation of an exhaustive
and reproducible search. For example, authors who search too few da-
tabases and restrict language may risk missing important articles. The
Cochrane Collaborations Methodological Expectations of Cochrane
Intervention Reviews (MECIR) guidelines state that searching MEDLINE,
EMBASE and CENTRAL should be considered mandatory [19]. However,
a recent study supports that even this strategy may not be sufficient for
identifying all important studies; unfortunately, increasing the search by
another ten databases increased the output by 2%. This study concluded
that researchers should consider manual searches and review of refer-
ences. [20] Consulting with a healthcare information specialist or
librarian may be help ensure adequate search strategy and use of
appropriate search terms [7]. A number of recent studies have indicated
that librarian involvement improves the reproducibility of literature
searching and that librarians should be considered as coauthors in
medical literature [10,21–23].
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3.3. Inadequate risk of bias assessment

There are several good tools to address the question of the internal
validity of included studies. Cochrane has a widely applied tool for
randomized control trials [15,24], but other tools address bias and
observational studies of different designs [15,16,25–27]. It is important
to consider where the tool has been used, prior to selecting it. Common
pitfalls include generalizing a risk of bias to an individual study but
failing to attribute a risk of bias rating to an outcome across studies.
Review authors may confuse imprecision and generalizability with bias,
and although these certainly impact evidence quality they do not
contribute to “systematic error”. Risk of bias assessment should be
applied by at least two different reviewers [7]. Additionally, care should
be taken when interpreting studies with immediate cause for concern.
For instance, inferior or less-rigorous study designs (i.e. randomized
control compared with case report), those with poor reporting, industry
funding, or disclosed conflict of interest should be thoroughly evaluated
through all domains transparently prior to being rated as a high risk of
bias [28].

3.4. Inappropriate meta-analysis and data synthesis

Care should be taken when combining data for a meta-analysis. The
potential for a quantitative synthesis should be based on the amount of
clinical and methodological homogeneity and assessment of possible
biases [29]. For example, a meta-analysis might not be appropriate when
analyzing studies of lumbar medial branch radiofrequency ablation if the
clinical selection criteria and technical standards are different between
the studies. The results of the studies may be significantly different due to
those differences alone (and not representative of the effect of the clinical
intervention). Similarly, randomized and nonrandomized studies should
not typically be combined for analysis [7]. Finally, since methods for data
synthesis are sophisticated, and require advanced training, it is recom-
mended to collaborate with a statistician.

3.5. Failure to choose an appropriate review approach

Authors must determine if a systematic review is advisable consid-
ering the present state of the evidence. To conduct a systematic review
with the potential to inform practice, the topic must be timely and
appropriate. Systematic reviews can be inadvisable if the topic is
extremely new, whereby there are too few relevant published papers.
Conversely, if several high-quality systematic reviews already exist on
the topic, the utility of repeating a systematic review may be low [10].
This can be prevented by developing a strong PICO, briefly searching the
literature, and having an appropriate team with a content expert and
librarian.

Authors may also fail to recognize that a systematic review is not the
best design to answer their question. or scoping reviews have a more
expansive inclusion criteria and differ from systematic reviews in their
overriding purpose [30]. Their purpose is to identify the types of evi-
dence in a field, to clarify key concepts in the literature, to examine how
research is conducted on a certain topic, to identify gaps in the knowl-
edge base, or to serve as a precursor to a systematic review. The “pop-
ulation, concept, and context” (PCC) model is used to guide question
development, rather than the PICO model[30].

4. Special considerations for pain medicine

A systematic review's conclusion is established by the quality of evi-
dence, which is determined by the reviewers' confidence in the causal
relationship of variables across multiple studies. Generally, the causal
relationship of an independent variable/exposure/intervention (e.g.,
radiofrequency ablation (RFA)) and a dependent variable/outcome (e.g.,
post-RFA pain reduction), is established when variables are tested in a
specific population free of bias, confounders, or chance. The most
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effective way to establish a causal relationship or interventional efficacy
is in a large, blinded, randomized controlled trial (RCT) or a large, well-
controlled cohort study. An RCT significantly reduces bias and con-
founding effects and makes the reader more confident in the relationship
between an intervention and outcome. A positive systematic review that
reported strong evidence of a particular intervention would comprise
multiple extensive, non-funded randomized clinical trials reporting
consistent effect sizes. Alternatively, a systematic review of low quality
studies will result in low confidence in the causal relationship's confi-
dence and the interaction between the independent and dependent var-
iables. That is not to say the intervention is ineffective, but the quality of
evidence is low and the true relationship or association between the
variables may be different than what is currently published. There are
particular factors within interventional pain medicine and topics of
misunderstanding that reduce the quality of primary literature and affect
the conclusions of systematic reviews.

4.1. Study design

As previously mentioned, large, blinded, placebo controlled RCTs are
often considered the gold standard of study design due to highest
methodological rigor, less tendency for bias due to blinding, and more
control of confounding factors [31,32]. However, given the expense of
performing large RCTs, many of the existing studies in the field of
interventional pain medicine are non-randomized, single group obser-
vational studies. There is debate about the merit of including observa-
tional studies in systematic reviews across many disciplines.
Observational designs lack blinding and random allocation to an inter-
vention which increases the risk of bias in the reported results [31].
However, methodologists have argued that a well-conducted prospective
observational study will yield similar estimates of effect compared with
RCTs [32]. In interventional pain medicine, where a novel therapy may
be associated with a small body of literature, including prospective
observational studies into a systematic review can be important to avoid
underrepresenting the effect of an intervention.

In addition, including unpublished, non-peer reviewed data in-
troduces the risk of bias into the systematic review. However, in a rapidly
evolving field such as pain medicine, it is important to consider the
ramifications of excluding unpublished data. If authors feel confident in
assessing the quality of this literature, it could be reasonable to consider
their inclusion. However, this decision should be outlined in the methods
and discussed in the paper for it may represent a limitation to the
generalizability of the results. Studies that include this literature should
attempt to use a gray-literature appraisal tool [33]. Unpublished or gray
data acquired via industry sponsorship should be carefully considered as
it may compound the risk of bias.

4.2. Outcomes measures that matter in interventional pain medicine

Authors of systematic reviews may be confronted with studies that
utilize subpar outcome measures, report data poorly and employ inap-
propriate statistical approaches. This important flaw should be consid-
ered when rating individual studies. When employing the Cochrane risk
of bias tool, for example, authors are prompted to rate the appropriate-
ness of the outcome measure and statistical methods applied to the data
[15]. Categorical data, which groups participants into predefined cate-
gories of pain relief (i.e. 50% pain reduction or 80% pain reduction) are
the most powerful, as these enable the authors to independently calculate
the 95% confidence interval, which (1) empowers the reader to under-
stand the nature of the reported effect [34,35],(2) enables the systematic
review author to consider sophisticated meta-analysis [36]. Continuous
data, when fully reported, can also be valuable when the scale of choice is
widely accepted and validated (i.e. subject scores on the visual analog
scale (VAS) or numeric rating scale (NRS)). However, studies that share
limited continuous data without commenting on the distribution of the
sample, means or standard deviations, should raise concern. This data
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may preclude meta-analysis and can be subject to inappropriate statis-
tical tests (i.e. t-tests to yield p-values on pre-vs post-numerical scores
that are performed on data that does not follow a normal distribution)
[37].
4.3. Industry sponsorship

The field of pain medicine must recognize the positive role private
companies play in developing novel therapeutics, particularly since de-
vice and drug development is associated with tremendous cost and
medical research funding is increasingly difficult to acquire [38,39].
However, when designing a successful systematic review, authors must
consider the limitations of industry sponsored trials in light of the mul-
tiple stakeholders and direct financial consequences for private com-
panies and hospitals. Additionally, private financing of clinical research
often includes incentives for academic investigators, which can create a
conflict of interest with the potential to bias both methodology and re-
sults. This compensation can come in form of direct financing, shares,
options, or paid positions on scientific committees and advisory boards
[40].

The consequences of industry sponsorship may extend to study design
and directly and indirectly influence results. It is well documented in the
literature that when compared to non-industry funded studies of the
same intervention, industry funded studies trend toward more positive
results on average [41]. One group determined that there was a statis-
tically significant association between the source of funding and the
outcome of the study [42]. There are many possible explanations for this.
For instance, critics have called into question RCT designs that appear to
have non-equivalent arms at baseline and lack of blinding or open-label
designs. In addition, a review of industry sponsored RCTs showed a
consistent trend towards explanatory (placebo-controlled) designs rather
than pragmatic designs which are not designed to show whether the
index treatment is successful, but rather are built to inform the consumer
on the contribution of non-specific effects to the results [41]. Selective
reporting bias and publication bias may also contribute to this observed
discrepancy.

5. Conclusions

High-quality systematic reviews are an essential part of pain medicine
literature, but their success depends on careful planning and execution.
Authors must consider the anticipated benefit of their proposed manu-
script on the existing body of literature. Prospective application of the
PICO principles is critical when designing a rigorous review. While many
of the guidelines for systematic review development are uniform across
medical specialities, special attention should be paid to the scope of the
inclusion criteria, role of industry sponsorship, and appropriateness of
outcomes measures when contemplating the field of interventional pain
medicine.
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