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Evidence-based medicine, systematic reviews, and guidelines are part of modern interventional 
pain management. As in other specialties in the United States, evidence-based medicine appears 
to motivate the search for answers to numerous questions related to costs and quality of health 
care as well as access to care. Scientific, relevant evidence is essential in clinical care, policy-mak-
ing, dispute resolution, and law. Consequently, evidence based practice brings together pertinent, 
trustworthy information by systematically acquiring, analyzing, and transferring research findings 
into clinical, management, and policy arenas. In the United States, researchers, clinicians, pro-
fessional organizations, and government are looking for a sensible approach to health care with 
practical evidence-based medicine. All modes of evidence-based practice, either in the form of ev-
idence-based medicine, systematic reviews, meta-analysis, or guidelines, evolve through a meth-
odological, rational accumulation, analysis, and understanding of the evidentiary knowledge that 
can be applied in clinical settings. 

Historically, evidence-based medicine is traceable to the 1700s, even though it was not explicitly 
defined and advanced until the late 1970s and early 1980s. Evidence-based medicine was initially 
called “critical appraisal” to describe the application of basic rules of evidence as they evolve into 
application in daily practices. Evidence-based medicine is defined as a conscientious, explicit, and 
judicious use of current best evidence in making decisions about the care of individual patients. 
Evidence-based practice is defined based on 4 basic and important contingencies, which include 
recognition of the patient’s problem and construction of a structured clinical question, thorough 
search of medical literature to retrieve the best available evidence to answer the question, critical 
appraisal of all available evidence, and integration of the evidence with all aspects and contexts 
of the clinical circumstances. 

Systematic reviews provide the application of scientific strategies that limit bias by the systematic 
assembly, critical appraisal, and synthesis of all relevant studies on a specific topic. While system-
atic reviews are close to meta-analysis, they are vastly different from narrative reviews and health 
technology assessments.

Clinical practice guidelines are systematically developed statements that aim to help physicians 
and patients reach the best health care decisions. Appropriately developed guidelines incorporate 
validity, reliability, reproducibility, clinical applicability and flexibility, clarity, development through 
a multidisciplinary process, scheduled reviews, and documentation. Thus, evidence-based clinical 
practice guidelines represent statements developed to improve the quality of care, patient access, 
treatment outcomes, appropriateness of care, efficiency and effectiveness and achieve cost con-
tainment by improving the cost benefit ratio. Part 1 of this series in evidence-based medicine, sys-
tematic reviews, and guidelines in interventional pain management provides an introduction and 
general considerations of these 3 aspects in interventional pain management.
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strength of evidence.
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The pace of innovation in health care has 
never been greater, and this innovation is 
constantly adding to a broad and complex 

area of health care interventions and systems. Thus, 
the need for careful scientific evaluation of clinical 
practice became a prominent focus during the second 
half of the twentieth century (1). The demonstration 
of pervasive and persistent unexplained variability in 
clinical practice (2) and high rates of inappropriate 
care (3), combined with increased expenditures (4-6), 
have fueled a steadily increasing demand for evidence 
of clinical effectiveness (7-36). Consequently, a body of 
evidence regarding safety, effectiveness, appropriate 
indications, cost-effectiveness, and other attributes 
of medical care are demanded. This demand is partly 
based on the limited amount of high-quality evidence, 
geographic variation, inappropriate care, and the 
limited success of quality improvement efforts (7,8). 
Failure to understand which services work best, under 
what circumstances, and for which types of patients 
contributes to the increasing cost of care, threats to 
patient safety, and avoidable loss of life (9). Landmark 
reports of the Institute of Medicine, including To Err 
Is Human: Building a Safer Health System (10) and 
Crossing the Quality Chasm: A New Health System for 
the 21st Century (11), have drawn national attention 
to shortcomings in quality and patient safety. As a 
result, increased attention is being directed to the 
development of methods that can provide valid and 
reliable information about what works best in health 
care. However, achieving many of the opportunities 
to improve health care based on evidence depends 
on the ability of clinicians, patients, and policy makers 
to interpret and apply this body of evidence. In the 
United States, health care competes for consumers 
with other items in the marketplace (37). Thus, there 
is a need for high quality evidence, which is scientific, 
understandable, evidence-based, and practical – not 
anecdotal, consensus only, opinionated, nihilistic, or 
simply economic-based (12-20,30-32,35,38-47). 

Researchers, clinicians, professional organiza-
tions, and government in the United States, along 
with other countries, are looking for a sensible ap-
proach to health care with practical evidence-based 
medicine (EBM). However, each segment has their 
own interpretation and agenda, which is not based 
on science and best care for the patient, but rather on 
3 important aspects – economics, economics, econom-
ics (30-32,35,38-47). The trend to develop and imple-
ment research in support of evidence-based practice 

has been the convention of medicine for the past de-
cade (12). Consequently, this emphasis has been fos-
tered, at least partly, by a perceived need to improve 
patient care through applied clinical decision-making 
in diagnosis and treatment, even though this empha-
sis has not been well defined. Evidence-based practice, 
either in the form of EBM, systematic reviews, meta-
analysis, or guidelines, evolves through a methodolog-
ical, rational accumulation, analysis, and understand-
ing of the evidentiary knowledge that can be applied 
in the clinical setting(s) (48). While it is important to 
remember that the actual value of the evidence is re-
lated to the application in which it will be used, and 
the circumstances in, and agents for whom such evi-
dence may or may not have relevance, it is also essen-
tial to remember that the value of evidence is only as 
good as the type of evidence reviewed, methodology 
utilized, knowledge, and experience of the reviewers 
and many other factors, including bias, self-interest, 
economics.

Osler wrote, “Medicine is the art of probability” 
(49). Currently medicine is defined as the art and sci-
ence of diagnosis, treatment, and prevention of dis-
ease and the maintenance of good health. Based on 
the current working definition of medicine, most clini-
cal decisions applied in medicine are based upon the 
knowledge that health is a stochastic process, that 
outcomes are probabilistic, and that it is difficult to 
predict where a patient will fall in a bell-shaped curve 
(50). This results in the art of probability aspects of 
medicine with health care being dependent on prob-
abilities and decisions that are based on population-
based information. 

Similar to medicine, evidence can be defined as any 
ground or reason for knowledge or certitude in knowl-
edge; proof, whether immediate or derived from infer-
ence; a fact or body of facts on which a proof, belief, or 
judgment is based (51). However, the nature of belief 
and the foundation upon which the evidence rests pro-
vides the utility of evidence (52,53). In simplistic terms, 
for medical purposes, any data or information, whether 
solid or weak, obtained through experience or research 
can be considered as evidence (54).

 Evidence-Based Medicine

Evidence-based medicine is not new or a twenti-
eth century phenomenon. Historically it is traceable to 
the 1700s, even though it was not explicitly defined 
and advocated until the late 1970s and early 1980s 
(21). Initially, EBM was called “critical appraisal” to de-
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scribe the application of basic rules of evidence. This 
evidence was presented by a group of clinical epide-
miologists at McMaster University. Since then, epide-
miologists, rather than clinicians, have been heavily 
involved in the development of evidence-based prac-
tice. The term “evidence-based medicine” was used as 
part of an informational document at McMaster Uni-
versity in 1990, which was later published in the ACP 
Journal Club in 1991 (22). These initial efforts evolved 
into collaboration between evidence-based medical 
educators at McMaster University and a group of aca-
demic physicians, primarily from the United States, re-
sulting in the first international EBM working group. 
The work of this group was published in a 25-part 
series, “Users Guides to the Medical Literature” in 
JAMA between 1993 and 2000, which ultimately re-
sulted in a textbook (23-28). Around the same time, 
multiple other organizations also devoted themselves 
to advancing EBM, including Archie Cochrane who 
developed the Cochrane Collaboration, which started 
in 1993 (29). The Agency for Healthcare Research and 
Quality (AHRQ), a US agency, also was chartered in 
1999 (55), which evolved from the Agency for Health-
care Policy and Research (AHCPR), with its mission to 
fill the gap of lack of appropriate information, by con-
tributing to the health care knowledge base itself and 
identifying priority areas for assembling, interpreting, 
and translating to users findings from this knowledge 
base. AHRQ has been recognized as a well-founded 
organization and source to provide evidence in health 
care, specifically through its evidence-based practice 
centers program (9). The US Department of Health 
and Human Services has been working to develop 
evidence to reduce healthcare expenditures since the 
mid 1980s through multiple organizations – the US 
Public Health Service, the National Center for Health 
Services Research and Health Care Technology Assess-
ment, AHCPR and now AHRQ. 

An operational definition of EBM is a conscien-
tious, explicit, and judicious use of current best evi-
dence in making decisions about the care of individual 
patients (21). Thus, EBM is about solving clinical prob-
lems (22). Consequently, EBM acknowledges that intu-
ition, unsystematic clinical experience, and pathophys-
iological rationale are insufficient grounds for clinical 
decision making, and stresses the examination of evi-
dence from clinical research (56), in contrast to the tra-
ditional paradigm of medical practice. EBM suggests 
that a formal set of rules must compliment medical 
training and common sense for clinicians to interpret 

the results of clinical research effectively. Further, EBM 
places a lower value on authority than does the tra-
ditional medical paradigm. EBM is focused on the use 
of the right (types and extent of) knowledge to guide 
the right and good intentions and actions of medical 
practice. Consequently, this process is fundamental 
to potential clinical decision-making (12,57-59). In es-
sence, EBM requires the prudent, specific contextual 
application of knowledge gained by integration of 
individual clinical expertise and experience, in concert 
with the best available external evidence gained from 
systematic research (12,18-20,57-61). As a result, clini-
cians should be extremely cognizant of the systematic 
evidence and make practical and ethical decisions that 
affect patient care with due weight given to all valid, 
relevant information (12,53,62). This leads to the ques-
tion of whether or not the evidence should be only a 
certain type, for example, derived from randomized 
clinical trials, conducted by a certain group of individu-
als, conducted in ceratin countries, or published in cer-
tain journals. To the contrary, the evidence should in-
clude not only the evidence derived from randomized 
controlled trials from academic medical centers and 
published in 2 or 3 perceived top journals, but from 
all types of evidence, in conjunction with both patient 
preferences to accept or refuse a particular treatment, 
and patient access to available, affordable resources. 
This contradicts the argument that only one form of 
evidence should necessarily be the determining factor 
in decision-making. Thus, EBM explicitly mandates the 
necessity for an active search for all information that 
is valid and relevant, and an ongoing assessment to 
ascertain both the accuracy of information and the 
applicability of evidence to the decision in question. 
Thus, evidence-based practice emphasizes an integra-
tion of the best research evidence with patient’s cir-
cumstances and values (24,63).

An ethical and practical approach to EBM involves 
2 fundamental principles. First, delineating that scien-
tific evidence alone is never sufficient to make a clini-
cal decision and decision makers must always consider 
the patient’s values when evaluating the benefits, 
risks, and burdens associated with any/all treatment 
strategies (22). The second principle is that, while 
EBM describes a hierarchy of informational value to 
guide clinical decision-making (22,56), this hierarchy is 
never absolute, and must reflect how different types 
and levels of evidence can be relative to, and inform 
the calculus of, circumstances, agents, and the conse-
quences of decisions and actions (53,61-64).
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Evidence-based practice is defined based on 4 ba-
sic and important contingencies (65): 
•	 Recognition of the patient’s problem and con-

struction of a structured clinical question.
•	 Thorough search of medical literature to re-

trieve the best available evidence to answer the 
question.

•	 Critical appraisal of all available evidence.
•	 Integration of the evidence with all aspects and 

contexts of the clinical circumstances to facilitate 
the decisional process that determines the best 
clinical care of each patient.
In spite of clear definitions, confusion surrounds 

the definitions and understanding of evidence-based 
medicine or practice. Evidence-based medicine or 
practice is understood differently by academicians, 
practitioners, managed care executives, professional 
organizations representing the industry, organizations 
with an economic focus, for-profit evidence-based 
organizations, organizations with a relationship to 
industry, industry, researchers, attorneys, policy mak-
ers, and patients (30-39,66). Considering the multiple 
forces working against each other, the application of 
the principles of EBM in practice is not a simple issue 
and it is no wonder that most clinicians’ practices do 
not reflect the principles of EBM but rather are based 
upon tradition, their most recent experience, what 
was learned years ago in medical school, or anecdotal 
information acquired from colleagues, unless EBM or 
such principles are mandated in the form of Local Cov-
erage Determinations (LCDs) or other instruments to 
affect the economic return. 

Bogduk et al (67-70) introduced EBM as, “. . . the 
medical practice that uses techniques with proven reli-
ability, validity, and efficacy, while shunning those that 
partly lack reliability, validity, or efficacy.” While this 
approach does not include literature search, literature 
assessment, methodological review, or evidence grad-
ing, it is less conciliatory than other definitions such 
as that provided by Sackett et al (21). In yet another 
terminology, a supermarket approach to the evidence-
informed management of chronic low back pain was 
introduced in 2008 (33,34). These authors proposed 
that in the modern era, it is possible to fill an entire 
shopping cart with treatments that one can try simul-
taneously or serially under the guise of “multidisci-
plinary care,” which essentially eliminates a patient 
browsing through multiple aisles and temptation by 
more than one product (33). Window shopping for 
those unwilling (or unable) to purchase one of the 

numerous products displayed in the aisles, may take 
the form of coping and acceptance, activity modifica-
tion, self education, patient initiated comfort methods 
passed on from their parents, grandparents, or friends, 
and what has become known as watchful waiting and 
reassurance (33). Thus, a simplified, partial inventory 
of treatment options available to a person with chron-
ic low back includes over 200 different medications, 
therapies, injections, products, or procedures (33). 
They conceded that systematic review methodology 
confined to high-quality randomized controlled trials 
would likely find only limited evidence for many of the 
interventions used in chronic low back pain. Hence, 
given the wealth of clinical experience among invited 
authors, it was concluded  that an evidence informed 
approach would be more appropriate than strictly evi-
dence-based recommendations. 

Some have considered EBM as cookbook medicine 
or cost saving medicine. However, EBM is neither. In 
essence, EBM may even increase the cost. Thus, EBM, 
based on numerous propositions and requirements, 
may not be based on evidence and values to sustain 
that evidence.

While numerous self reinforcing interests have 
been criticized as driving EBM, some have felt that 
the researcher, also known as the messenger, is under 
attack due to intimidation by special-interest groups 
(71). A special interest group focusing on intimidation 
of researchers by special-interest groups described the 
attacks on them, as similar to the attacks on health re-
searchers, such as Pierre Lewis, who was vilified nearly 
2 centuries ago for suggesting that bloodletting was 
an ineffectual therapy (72). While this is an overdra-
matic statement, another researcher (73) argued that 
litigation, fear, bias, and greed interfere with scientific 
effort to answer questions of importance to public 
health and an antiscientific social attitude encourages 
premature or ill-informed political and legal solutions 
to medical questions. Deyo et al (71) compare research 
issues and differences of opinion as similar to “hot-
button” policy issues, such as chemical exposure, fire-
arm injuries, and breast implants. A story from these 
authors tells about AHCPR guidelines and their demise 
due to non-recommendation of fusion as a treatment 
modality (35,55,74-76). However, they had also ignored 
the implications of AHCPR guidelines on all aspects of 
management (35,55). Still, they believe that they have 
been unfairly attacked through marketing, profes-
sional, media, legal, administrative, or political chan-
nels for publishing legitimate scientific results that 
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ran counter to financial interests and strong beliefs. 
However, at least in the case of low back pain guide-
lines (35), evidence shows otherwise (55). Further, as 
described by these authors, the arguments between 
various special interest groups may not be analogous 
to the strategy embodied in so-called slapsuits (strate-
gic lawsuits against public participation) (40,77). Gen-
erally, slapsuits are brought by private financial inter-
est against activists who have opposing points of view 
and engage in such activities as circulating petitions 
or testifying at public hearings, turning them into po-
litical and judicial forums while these investigators in 
the multiple examples quoted in this manuscript (71) 
were considered to be trained in a method of scientif-
ic discourse that is generally cautious in interpreting 
data, acknowledges faults and limitations, and places 
findings in the context of scientific knowledge. It is 
contended by opponents that many may lack clinical 
knowledge required, thus, leading to misinterpreta-
tion of the data (42,43,78-81). 

Systematic Reviews 
A systematic review is defined as, “the applica-

tion of scientific strategies that limit bias by the sys-
tematic assembly, critical appraisal and synthesis of all 
relevant studies on a specific topic” (82,83). System-
atic reviews are labor intensive and require expertise 
in both the subject matter and review methods. Thus, 
expertise in one or the other area is not enough and 
may lead to inaccurate conclusions in turn leading to 
inappropriate application of the results (84-86). While 
expertise in the subject matter is crucial, expertise in 
review methods is also particularly important. 

Historically, expert opinion has been presented 
in narrative reviews which are not evidence-based, 
and, consequently have significant limitations (87,88). 
Unsystematic narrative reviews are more likely to in-
clude only research selected by the authors, thereby 
introducing bias; hence, they frequently lag behind 
and contradict available evidence (89,90). Character-
istically, 2 types of approaches are utilized – narrative 
reviews, also known as focused reviews, and health 
technology assessments, apart from systematic re-
views (91,92). A narrative review, while similar to a 
systematic review, does not employ the methodologi-
cal safeguards to control bias. Thus, the major differ-
ence between a systematic review and narrative re-
view is that a systematic review attempts to minimize 
bias by the comprehensiveness and reproducibility of 

the search and selection of articles for review and pro-
vides assessment of the methodological quality of the 
studies (88,93-98). Systematic reviews are generated 
to answer specific, often narrow, clinical questions in 
depth. However, in a systematic review, while system-
atic searching, selecting, appraising, interpreting, and 
summarizing of data from original studies is essential, 
these original studies may be observational studies or 
randomized trials (91,99). Further, the study summaries 
may be qualitative or quantitative. Systematic review 
articles are one type of integrative publication com-
pared to practice guidelines, economic evaluations, 
and clinical decision analysis which are separate and 
different. However, other types of integrative articles 
often incorporate the results of systematic reviews, 
thus, evidence-based practice guidelines are based 
on systematic reviews of the literature, appropriately 
adapted to local circumstances and values. In the past 
20 years, the publication of systematic reviews and 
meta-analysis has grown exponentially as shown in 
Fig. 1.(12-20,100). 

A third type of review is the health technology as-
sessment (HTA), a multidisciplinary approach that stud-
ies the medical, social, ethical and economic implica-
tions of the development, use, and diffusion of health 
technologies. HTAs have been described as, “the bridge 
between the world of research and the world of deci-
sion making” (92) and are being used with increasing 
frequency to influence both practice and policy mean-
ing these guidelines are used by not only the insurers 
and industry, but also AHRQ in assessing the evidence. 
However, HTAs must not only be scientifically accurate, 
but must also be optimally timed so as to affect the 
sensitivity of the political decision makers, to effective-
ly influence the policy. 

Table 1 shows the differences between narrative 
and systematic reviews, whereas, Table 2 illustrates 
differences between systematic reviews and health 
technology assessments. Since the foundation of EBM 
practices in the use of information gained from sys-
tematic reviews or more importantly in the synthesis of 
evidence from systematic reviews, it is vital to consider 
that the strength of this foundation reflects the qual-
ity of the systematic reviews, and it is therefore neces-
sary to evaluate the evidence summaries and synthesis 
themselves before evidence-based decisional processes 
can be built upon them. Thus, Evidence-Based Practice 
Centers Partners Guide (9) from AHRQ describes that 
systematic reviews are only as complete and useful as 
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Fig. 1. Explosion of  systematic reviews/meta-analyses.

Search: meta-analysis (MeSH) OR meta-analysis (tw) or systematic review (tw)

Table 1. Differences between narrative and systematic reviews

Adapted from Ref. 191

Core Feature Narrative Review Systematic Review

Study question Often broad in scope. Often a focused clinical question.

Data sources and search strategy Specifications of database searched and search 
strategy are not typically provided.

Comprehensive search of many databases as well as 
the so-called gray literature. Explicit search strategy 
provided.

Selection of articles for study Not usually specified. If specified, potentially 
biased. Criterion-based selection, uniformly applied.

Article review or appraisal Variable, depending on who is conducting the 
review.

Rigorous critical appraisal, typically using a data 
extraction form.

Study quality Usually not assessed. If assessed, may not use 
formal quality assessment.

Some assessment of quality is almost always included 
as part of the data extraction process.

Synthesis Often a qualitative summary. Quantitative or qualitative summary.

Inferences Occasionally evidence based. Usually evidence based.
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the evidence that exists on a particular topic or the 
scope and nature of the evidence questions that guide 
the review.  

It is important to acknowledge the types of evi-
dence other than randomized controlled trials o in-
terventions can be systematically reviewed. Even 
thought, the review methods for such primary articles 
are the same, the methods of pooling results will dif-
fer. Certain questions must be considered in assessing 
the quality of a systematic review as described in Table 
3 (101). Further, in assessing the value of the review, it 
is important to consider if the results can be applied to 
patients in a particular setting and will the results help 
me care for patients. And, one shoulder consider if the 
benefits are worth the harm and costs. 

Guidance has been provided for writing (82), as 
well as reading and interpreting (87, 102-108) sys-
tematic reviews. Oxman et al (101,105,108) provided 
guidance for critical appraisal of the evidence. Table 3 
illustrates questions that should be considered in de-
termining if the results of a systematic review are valid 
(101). Oxman (108) noted  the need for check lists, as 
analogous to flying an airplane due to the complex 
practice of medicine. The most dangerous errors in re-
views are systematic ones (bias) rather than ones that 

Table 2. Differences between systematic reviews and health technology assessments (HTAs) 

Adapted from Ref. 105

Systematic Reviews HTAs

Methodological standards Only include studies with the best methodological 
evidence

Include studies of topics of interest to policy-makers, 
even if evidence is suboptimal

Repeating previous studies No need to repeat if previous studies were high 
quality, and no new high-quality evidence

The need to defend the report’s conclusions often 
necessitates repetition

Breadth versus depth Only include topics for which there is good 
evidence; topics driven by scientists’ interests

Include topics most relevant to policy-makers; exclude 
those not of relevance even if there is good quality 
evidence

Inclusion of content experts 
and policy-makers

Content experts, but not policy-makers usually 
included

Can be concerns that content experts and policy-makers 
are biased

Performance of economic 
evaluations Usually not done

Economic evaluations are an important component of 
HTAs, but lack of good evidence about effectiveness/
diagnostic accuracy limit their impact

Making policy 
recommendations Almost never done Sometimes done, but with caution

Active dissemination Rarely done Sometimes done

1)	 Did the overview address a focused clinical question?

2)	� Were the criteria used to select articles for inclusion 
both defined and appropriate?

3)	� What is the likelihood that relevant studies were 
missed?

4)	 Was the validity of  the included studies assessed?

5)	 Were the assessments reproducible?

6)	 Were the study-to-study results congruent?

7)	 How precise were the results of  the overview?

8)	 Were all clinically important outcomes considered?

Table 3. Questions that should be considered in determining if  
the results of  systematic review are valid

Adapted from Crowther al (Ref. 99)
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occur by chance alone (random errors). Therefore, the 
most important thing for doers and users of the re-
view to check is its “validity,” the extent to which its 
design and conduct are likely to have been protected 
against bias. Bias, as well as random errors, are deadly. 
If a review is done systematically and quantitative re-
sults are presented, the confidence interval around the 
results provides a good indication of “precision,” the 
extent to which the results are likely to differ from the 
“truth” because of a chance alone (108,109). However, 
a confidence interval does not provide any indication 
of the likelihood of bias. Thus, the questions listed in 
Table 3 must be asked for every systematic review. Ox-
man et al (105) provided guidance for presentation 
of evaluation of synthesis. They (105) described a sys-
tematic review of 2 instruments critically appraising 
systematic reviews (110,111) and studies how to pres-
ent the results of systematic review to policy makers 
(112), the general public (113), and users of Cochrane 
reviews (114). West et al (110) reviewed different in-
struments for critically appraising systematic reviews 
and found 20 systems concerned with the appraisal 
of systematic or meta-analysis, including one scale, 
10 checklists, and 9 guidance documents, and identi-
fied 7 domains that they considered important to ap-
praise: study question, search strategy, inclusion and 
exclusion criteria, data abstraction, study quality, data 
synthesis and analysis, and funding or ownership as 
listed in Table 4 (115-119). The authors concluded that 
based on coverage of the 7 domains that they consid-
ered key, these 5 systems represented “best practice” 
for appraising the systematic reviews.  

In contrast, another review used a detailed pro-
cess to evaluate and select a system and expanded the 

work by AHRQ up until the year 2005 (111). They iden-
tified approximately 240 quality assessment instru-
ments for systematic reviews, randomized controlled 
trials, and observational studies, as well as nearly 50 
evidence grading systems. Following critical and ex-
tensive review, the Amstar 2005 was selected as the 
best instrument for appraising systematic reviews as 
illustrated in Table 5 (111).  

Assessment by the National Institute for Health 
and Clinical Excellence (NICE) (120) assessed 20 tech-
nology assessment reports and found that a more 
selective approach to database searching would suf-
fice in most cases and would save resources, whereas, 
searching other sources, including contact with experts 
and checking reference lists, appeared to be a more 
productive way of identifying further studies (120). 

It is essential to evaluate the search strategy and 
assessment of study quality. One of the most power-
ful arguments used by the supporters of systematic re-
views is that they overcome most of the limitations of 
narrative reviews by being the product of a scientific 
process to reduce bias and impression and by provid-
ing detailed information to allow replication by oth-
ers (103,121,122). Ideally, a systematic review includes 
all the relevant trials available (123). Consequently, 
identifying all the relevant trials for systematic review 
has been recognized as a most fundamental challenge 
(121). Identification of all relevant trials for a system-
atic review is an excruciating process but by all means 
possible (124). However, considering that searching 
the literature can be an onerous, resource consuming 
task, reviewers with limited resources have to set pri-
orities regarding what sources to use to identify trials 
in the most cost-effective way. 

Table 4. Evaluation of  systems to grade the quality of  systematic reviews.

Instrument Critical domains in the evaluation criteria 

Study 
question

Search 
strategy

Inclusion/
exclusion

Data 
extraction

Study 
quality

Data 
synthesis/
analysis

Funding

Irwig et al (115) • • • • • • °

Sacks et al (116) • • • • • • •

Auperin et al (117) = • • • = • •

Barnes and Bero (119) • = • ° • • •

Khan et al (118) • • • • • • °

Legend: • = yes;   = partial; ° = not met or no information

Source: Lohr KN (Ref. 106)
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Table 5. A measurement tool to assess reviews (AMSTAR), 2005.

1. Was an ‘a priori’ design 
provided?

The research question and inclusion criteria should be established before 
the conduct of the review.

Yes No Can’t 
answer

Not 
applicable

2. Were there duplicate 
study selection and data 
extraction?

There should be at least two independent data extractors and the 
consensus procedure for disagreements should be reported.

Yes No Can’t 
answer

Not 
applicable

3. Was a comprehensive 
literature search 
performed?

At least two electronic sources should be searched. The report must 
include years and databases (e.g., Central, EPOC, and MEDLINE). Key 
words and/or MESH terms must be stated and where feasible the search 
strategy should be provided. All searches should be supplemented by 
consulting current contents, reviews, textbooks, specialized registers, or 
experts in the particular field of study, and by reviewing the references in 
the studies found.

Yes No Can’t 
answer

Not 
applicable

4. Was the status of 
publication (i.e., grey 
literature) used as an 
exclusion criterion?

The authors should state that they searched for reports regardless of their 
publication type. The authors should state whether or not they excluded 
any reports (from the systematic review), based on their publication 
status.

Yes No Can’t 
answer

Not 
applicable

5. Was a list of studies 
(included and excluded) 
provided?

A list of included and excluded studies should be provided. Yes No Can’t 
answer

Not 
applicable

6. Were the characteristics 
of the included studies 
provided?

In an aggregated form such as a table, data from the original studies 
should be provided on the participants, interventions and outcomes. The 
ranges of characteristics in all the studies analyzed (e.g., age, race, sex, 
relevant socioeconomic data, disease status, duration, severity, or other 
diseases) should be reported.

Yes No Can’t 
answer

Not 
applicable

7. Was the scientific 
quality of the included 
studies assessed and 
reported?

‘A priori’ methods of assessment should be reported (e.g., for effectiveness 
studies if the author(s) chose to include only randomized, double-blind, 
placebo controlled studies, or allocation concealment as inclusion 
criteria); for other types of studies alternative items will be relevant.

Yes No Can’t 
answer

No 
applicable

8. Was the scientific 
quality of the included 
studies used appropriately 
in formulating 
conclusions?

The results of the methodological rigor and scientific quality should 
be considered in the analysis and the conclusions of the review, and 
explicitly stated in formulating recommendations.

Yes No Can’t 
answer

Not 
applicable

9. Were the methods used 
to combine the findings of 
studies appropriate?

For the pooled results, a test should be done to ensure the studies 
were combinable, to assess the homogeneity (i.e., Chi-squared test for 
homogeneity, I2). If heterogeneity exists, random effects model should 
be used and/or the clinical appropriateness of combining should be taken 
into consideration (i.e., is it sensible to combine?).

Yes No Can’t 
answer

Not 
applicable

10. Was the likelihood of 
publication bias assessed?

An assessment of publication bias should include a combination of 
graphical aids (e.g., funnel plot) and statistical tests (e.g., Egger regression 
test).

Yes No Can’t 
answer

Not 
applicable

11. Was the conflict of 
interest stated?

Potential sources of support should be clearly acknowledged in both the 
systematic review and the included studies.

Yes No Can’t 
answer

Not 
applicable

Source: Oxman et al (Ref. 105)

Two of the most effective mechanisms for a sys-
tematic review to reduce bias and impression are in-
cluding the maximum possible number of relevant 
individual trials and providing a detailed description 
of their strengths and limitations. Publication bias has 
been described as publication of positive trails and 
non-inclusion of unpublished studies (125). However, 

in recent years, it appears that only manuscripts pub-
lished in society journals are positive trials of their 
own specialty and negative trials of other specialties. 
Consequently, systematic reviews that fail to identify 
and include unpublished trials and those who fail to 
identify all journals and databases beyond their own 
specialty, are at the risk of overestimating the effect 
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of interventions they are interested in and they are 
practicing and underestimating the interventions they 
oppose. Readers, however, must take into account the 
reviewer bias, which includes non-identification (or 
omission) of unpublished trials and the articles from 
other journals based on the preference of the review-
ers. While it has been extremely difficult without com-
pulsory registration of trials at inception to know how 
many unpublished trials exist, the modern rules of 
clinical registry makes it easier. Further, many journals 
refuse to publish reviews that include unpublished 
data (126). On a pragmatic basis, admittedly without 
empirical evidence supporting this, a systematic re-
view in interventional pain management at minimum 
must have a comprehensive review using at least 3 
sources and provide a description of efforts to identify 
all databases, and journals, if not unpublished trials. 
An effective combination of comprehensive search 
includes a minimum of 3 bibliographic databases 
(Medline, EMBASE, Cochrane library), a hand search 
of references of eligible trials, and direct contact with 
the corresponding authors of eligible trials asking for 
additional published or unpublished trials. 

The next issue is with regards to the quality of tri-
als included. While almost every systematic review has 
supporters and detractors, both groups agree on the 
relevance of the dictum, “garbage in, garbage out” 
(103). Essentially, this tells us that evidence is in the 
eyes of the reviewer and shows that the extent to 
which a systematic review could guide health care de-
cisions depends on the quality of the trials available. 
Thus, it is always argued that if the trial quality was 
assessed appropriately, if it was assessed at all, the ex-
pertise of various authors of reviews vary widely with 
some considering the quality assessment as an impor-
tant strategy to identify and reduce bias, and others 
who see assessment as a source of bias or as complete-
ly uninformative, whereas, yet some others criticize 
the criteria utilized on a multitude of personal biases 
(127,128). In a perfect world, it would be best if only 
ideal trials are included in the reviews, which would 
have answered all the questions. Among other things, 
those trials should include the following: 
1) 	 To answer clear and relevant clinical questions
2) 	 To be designed, conducted, and reported by re-

searchers who did not have conflicts of interest
3) 	 To follow strict ethical principles
4) 	 To include all patients available
5) 	 To evaluate all possible interventions for all pos-

sible variations of the conditions of interest, in all 

possible types of patients, in all settings, and us-
ing all relevant outcome measures

6) 	 To include strategies to eliminate bias during the 
administration of the interventions, during the 
evaluation of the outcomes, and during reporting 
of the results, thus reflecting the true effect of the 
intervention

7) 	 To include perfect statistical analysis 
8)	 To be described in clear and unambiguous lan-

guage, including an exact account of all the events 
that occurred during the design and conduct of 
the trial, individual patient data, and an accurate 
description of the patients who were included, 
excluded, and withdrawn and who dropped out. 
Once reviewers have assessed the trial quality, 

one should look at the nature and type of the quality 
assessment, including the definition and assessment 
tools employed. Further, it is important to recognize 
the incorporation of quality assessments into system-
atic reviews (97,130,131).

Finally, the crucial issue and interpretation of the 
systematic review is how the authors synthesized the 
evidence. Thus, understanding and replicating the 
evidence synthesis and even the conclusions would be 
appropriate. 

In contrast to a systematic review, meta-analysis 
is a statistical procedure that integrates the results of 
several independent studies considered to be combin-
able (84-88,132,133). Well conducted analyses allow a 
more objective appraisal of the evidence than tradi-
tional narrative reviews, provide a more precise esti-
mate of treatment effect, and may explain heteroge-
neity between the results of individual studies (134). 
However, an ill conducted meta-analysis, on the other 
hand, may be biased owing to exclusion of relevant 
studies or inclusion of inadequate or irrelevant studies 
(135). Thus, to understand meta-analysis, meta-analy-
ses should follow a few basic principles: 
1)	 Meta-analysis should be as carefully planned as 

any other research project with a detailed written 
protocol being prepared in advance.

2)	 The priori definition of eligibility criteria for studies 
to be included in a comprehensive search for such 
studies are central to high quality meta-analysis.

3)	 The graphical display of results from individual 
studies on a common scale is an important inter-
mediate step, which allows a visual examination 
of the degree of heterogeneity between studies.

4)	 Different statistical methods exist for combining 
the data, but there is no single “correct” method.
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5)	 A thorough sensitivity analysis is essential to as-
sess the robustness of combined estimates to dif-
ferent assumptions and inclusion criteria. 
It has been described that bias in meta-analy-

sis may be detected by a simple, graphical test (135). 
Based on the findings of some meta-analyses contra-
dicted by large trials, bias was found in 38% of the 
meta-analyses published in leading general medi-
cine journals and in 13% of the reviews from the Co-
chrane database of systematic reviews. As a result,, it 
is strongly recommended that all systematic reviews 
and meta-analyses must be checked for biases. Publi-
cation bias (136), and other factors affecting compa-
rability of meta-analyses and the largest trials results 
was also described (137). Similar to systematic reviews, 
in conducting a meta-analysis, investigators should 
make strenuous efforts to find all published studies, 

search for unpublished work and carefully assess the 
quality of component studies (138,139). Stroup et al 
(139) developed a checklist for authors, editors, and 
reviewers of meta-analyses of observational studies as 
illustrated in Table 6. Empiric research on the quality 
of systematic reviews has shown that not all systemat-
ic reviews are truly systematic (140,141), that the qual-
ity of systematic reviews is highly variable (87,88), and 
that the Cochrane reviews, on average, may be more 
rigorous and better reported than journal reviews 
(141,142). However recent studies have shown that 
even Cochrane reviews have methodological prob-
lems (143,144). In addition, in evaluation of thequality 
of primary studies which sets apart systematic reviews 
from traditional reviews, empiric research shows that 
not all systematic reviews assess study quality. It has 
been shown that among evaluation of 240 systematic 

Reporting of  background should include:
Problem definition
Hypothesis statement
Description of study outcome(s)
Type of exposure or intervention used
Type of study designs used
Study population

Reporting of  search strategy should include:
Qualifications of searchers (e.g., librarians and investigators)
Search strategy, including time period included in the synthesis and 

keywords
Effort to include all available studies, including contact with authors
Databases and registries searched
Search software used, name and version, including special features 

used (e.g., explosion)
Use of hand searching (e.g., reference lists of obtained articles)
List of citations located and those excluded, including justification
Method of addressing articles published in languages other than 

English
Method of handling abstracts and unpublished studies
Description of any contact with authors 

Reporting of  methods should include:
Description of relevance or appropriateness of studies assembled for 

assessing the hypothesis to be tested
Rationale for the selection and coding of data (e.g., sound clinical 

principles or convenience) 
Documentation of how data were classified and coded (e.g., multiple 

raters, blinding, and interrater reliability)
Assessment of confounding (e.g., comparability of cases and controls 

in studies where appropriate)

Assessment of study quality, including blinding of quality asses-
sors; stratification or regression on possible predictors of study 
results

Assessment of heterogeneity
Description of statistical methods (e.g., complete description of fixed 

or random effects models, justification of whether the chosen 
models account for predictors of study results, dose-response 
models, or cumulative meta-analysis) in sufficient detail to be 
replicated

Provision of appropriate tables and graphics

Reporting of  results should include:
Graphic summarizing individual study estimates and overall 

estimate
Table giving descriptive information for each study included
Results of sensitivity testing (e.g., subgroup analysis)
Indication of statistical uncertainty of findings 

Reporting of  discussion should include:
Quantitative assessment of bias (e.g., publication bias)
Justification for exclusion (e.g., exclusion of non-English-language 

citations)
Assessment of quality of included studies 

Reporting of  conclusions should include:
Consideration of alternative explanations for observed results
Generalization of the conclusions (i.e., appropriate for the data pre-

sented and within the domain of the literature review)
Guidelines for future research
Disclosure of funding source

Table 6. A proposed reporting checklist for authors, editors, and reviewers of  meta-analyses of  observational studies

Source: Stroup et al (Ref. 139)
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reviews from journals only 48% assessed quality (145), 
in the evaluation of 480 systematic reviews in DARE 
only 52% assessed quality (140), and in the evaluation 
of 50 systematic reviews on asthma only 28% report-
ed validity assessment criteria (142). Further, among 
meta-analyses heterogenicity is a common finding 
(146). However, empiric work has shown that evalua-
tion of heterogenicity is not universally done, and that 
only approximately 45% to 68% of reviews tested for 
heterogenicity (140,142,147). Consequently, due to in-
ability of quality of systematic reviews to be taken for 
granted, the reader has the responsibility of critically 
appraising them.

 Guidelines 
Clinical practice guidelines are systematically de-

veloped statements that aim to help physicians and 
patients reach the best health care decisions (148). Ap-
propriately developed guidelines incorporate validity, 
reliability, reproducibility, clinical applicability and 
flexibility, clarity, development through a multidisci-
plinary process, scheduled reviews, and documenta-
tion (149). Thus, evidence-based clinical practice guide-
lines are statements developed to improve thequality 
of care, patient access, treatment outcomes, appro-
priateness of care, efficiency and effectiveness and 
achieve cost containment by improving the cost ben-
efit ratio. Guidelines are sponsored by various organi-
zations, most commonly by specialty societies. The Na-
tional Guideline Clearinghouse and AHRQ (150) lists 
over 1,856 guidelines on their website. Guidelines are 
developed based on the evidence and opinion, thus, 
they are neither infallible nor a substitute for clini-
cal judgment (148). In contrast to systematic reviews, 
guidelines recommend what should and should not be 
done in specific clinical circumstances. 

Guidelines are highly variable in length. While 
some are widely respected and standardize the care 
with diminution of variations and improved health 
outcomes, others are developed with economic goals 
in mind and are controversial. Guidelines could be ex-
tremely controversial even when developed by govern-
mental agencies, even though the best guidelines are 
considered the ones from the US Preventive Services 
Task Force, the Advisory Committee on Immunization 
Practices, the National Academies, Centers for Disease 
Control and Prevention, World Health Organization, 
and the National Institute for Clinical Excellent (NICE) 
in the United Kingdom. Guidelines may be controver-
sial for numerous reasons including the type of recom-

mendations and the restrictions on practice patterns. 
A prime example is the demise of the AHCPR in 1995 
following the development of acute low back pain 
guidelines (35), which issued 19 guidelines between 
1992 and 1996 at a cost of $750 million for 15 guide-
lines, at a cost of $50 million per guideline (151). 

Aside from the federal government initiatives, 
practice guidelines have been developed by national 
medical speciality societies in a number of formats. 
As early as 1938, the American Academy of Pediatrics 
began publishing its guidelines for the treatment of 
infectious diseases (152). In fact, the American Medi-
cal Association (AMA) supported guidelines develop-
ment as an alternative to expenditure targets and 
established its own organizational structure for the 
development of clinically sound and relevant guide-
lines through the forum on practice parameters in 
1989 (153).

A comparison of Cochrane reviews with articles 
published in paper-based journals also showed that 
Cochrane reviews appear to have greater method-
ological rigor and aremore frequently updated than 
systematic reviews or meta-analyses published in pa-
per-based journals (141). However, reviews found in 
Medline included more trials, and more patients than 
Cochrane reviews. Guidelines have been questioned 
on various fronts based on pharmaceutical and medi-
cal device company sponsorship, when members of 
guideline committee have substantial financial as-
sociations with industry, and relationship of the de-
veloping organization to the industry when there is 
no relevant relationship or expertise in developing 
the guidelines except for the sole purpose of finan-
cial gain (30-32,44,45). It has been argued that pub-
lic disclosure of sponsorship and of the financial as-
sociations of committee members, along with other 
adequate safeguards and rules to prevent sponsors 
from influencing the selection of panel members and 
the content of guidelines be mandatory. It is main-
tained that practice recommendations will invariably 
be viewed with skepticism unless corporate sponsor-
ship and financial relationship as well as experts with 
financial ties and also experts promoting their own 
specialty while making decisions on other specialties 
are completely avoided. At present, the financial ties 
between guidelines panels and industry appear to be 
extensive. A survey of 685 disclosure statements by au-
thors of guidelines concerning medications found that 
35% declared a potential financial conflict of interest 
(157). The guidelines developed by American College 
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of Occupational and Environmental Medicine (30) and 
the ODG guidelines (Official Disability Guidelines) 
have been criticized for their relationship with indus-
try and numerous ties of the guidelines panel. Hayes 
Guidelines are commercially available for over $15,000 
each making it practically impossible for anyone to re-
view them (32). 

Thus, conflict management in the guideline pro-
fession is an essential ingredient. A conflict of inter-
est exists when an individual’s secondary interest (e.g., 
personal, financial) interferes with or influences judg-
ments regarding the individual’s primary interests (pa-
tient welfare, e.g., education, research integrity) (155). 
Further, there is evidence demonstrating the associa-
tion of financial ties with a breakdown in research in-
tegrity. It has been shown that industry funding for 
research is associated with favorable outcomes for the 
sponsor (156-160) and financial ties of investigators 
with their sponsors such as Stark ownership laws, con-
sulting income, etc., are also associated with favorable 
research outcomes for the sponsor (160). As expect-
ed, this evidence has been accentuated by lay media 
stories documenting how financial conflicts of inter-
ests have led to biased and even dangerous research 
(161,162). Biased research may be intentional or unin-
tentional (163) and may result from loss of objectivity 
at multiple stages in the research process, including 
conceptualization of the question, design, or conduct 
of the research, interpretation of the results, and pub-
lication or lack thereof of the research (164,165). Con-
sequently, regardless of its source, the bias associated 
with financial and other conflicts of interest may dam-
age both the public’s and other researcher’s trust in 
science (166), whereas, the type of conflict most likely 
to affect the public trust is financial conflict where the 
scientist tends to gain financially from a particular re-
search outcome (166-171). However, other competing 
interests, such as professional advancement, are also 
extremely important. Thus, conflict of interest poli-
cies are designed to protect the integrity of research 
and decision-making processes through disclosure and 
transparency.  

The NIH Consensus Development Program (172), 
started in 1977, sponsors evidence-based assessments 
of important medical issues. These assessments include 
a systematic review of literature through the AHRQ, 
public presentation of the research, and a consensus 
statement that is disseminated widely. In this forum, 
panel members can have neither financial nor other 
potential conflicts, and panels are independent of 

both NIH and the Department of Health and Human 
Services. Therefore, the consensus statements reflect 
the conclusions of the panels, not those of institutes. 
However, the conference speakers may have industry 
ties, but if they do, those ties are disclosed, thus the 
process despite it rigor has limitations. This process is 
also expensive with costs of $500,000, and time con-
suming taking 18 months from conception to comple-
tion. In addition, AHRQ sponsors about 20 to 25 sys-
tematic reviews each year, providing these public and 
private organizations, including the Centers for Medi-
care and Medicaid Services (CMS), NIH, and the various 
specialty societies. However, the researchers can have 
no financial associations related to the subject.  

In contrast, specialty societies are highly variable 
with diverse policies for corporate sponsorship of the 
guidelines and the financial associations of commit-
tee members. While all the criticism has been focused 
on direct sponsorship by the industry, very little has 
been said and there has been very little investigation 
with regards to organizations developing guidelines 
beyond their scope for political and financial purposes 
(44,45). By the same token, the best clinical practice 
guidelines are developed with the necessary financial 
and methodological support to ensure their quality. 

Guidelines must be based on the practice of EBM, 
which is based on 4 basic contingencies originally de-
fined by evidence-based practice (65). These 4 contin-
gencies have been described in the EBM section, which 
include recognition of the patient’s problem and the 
construction of a structured clinical question, effective 
and extensive search of the medical literature to ob-
tain the best available evidence, critical appraisal of 
the evidence, and, finally, integration of the evidence 
in patient decision making to determine the best clini-
cal care of the patient. The National Health and Medi-
cal Research Council (173) described 9 basic principles 
in development of the guidelines:
•	 Outcomes (survival rates to quality-of-life 

attributes)
•	 Best available evidence (according to its quality, 

relevance and strength)
•	 Appropriate systems to synthesize the available 

evidence (judgment, experience and good sense)
•	 Multidisciplinary process of development
•	 Flexibility and adaptability
•	 Cost-effectiveness of treatments
•	 Appropriate dissemination
•	 Evaluation of implementation and impact of 

guidelines

Evidence-Based Medicine, Systematic Reviews, and Guidelines: Part I
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•	 Appropriate revision of the guidelines on a regu-
lar basis
Shaneyfelt et al (174) recommended the follow-

ing criteria for appropriate guideline development 
and adherence: 
1. 	 Purpose of the guideline is specified 
2. 	 Rationale and importance of the guideline are 

explained 
3. 	 The participants in the guideline development 

process and their areas of expertise are specified
4. 	 Targeted health problem or technology is clearly 

defined 
5. 	 Targeted patient population is specified 
6. 	 Intended audience or users of the guideline are 

specified 
7. 	 The principal preventive, diagnostic, or therapeu-

tic options available to clinicians and patients are 
specified 

8. 	 The health outcomes are specified 
9. 	 The method by which the guideline underwent 

external review is specified
10. 	An expiration date or date of scheduled review is 

specified 
11. 	Method of identifying scientific evidence is 

specified 
12. 	Time period from which evidence is reviewed is 

specified 
13. 	The evidence used is identified by citation and 

referenced 
14. 	Method of data extraction is specified 
15. 	Method for grading or classifying the scientific 

evidence is specified 
16. 	Formal methods of combining evidence or expert 

opinion are used and described 
17. 	Benefits and harms of specific health practices are 

specified 
18. 	Benefits and harms are quantified 
19. 	The effect on health care costs from specific health 

practices is specified 
20. 	Costs are quantified 
21. 	The role of value judgments used by the guide-

line developers in making recommendations is 
discussed 

22. 	The role of patient preferences is discussed
23. 	Recommendations are specific and apply to the 

stated goals of the guideline 
24. 	Recommendations are graded according to the 

strength of the evidence 
25. 	Flexibility in the recommendations is specified 

They evaluated 279 guidelines covering a wide 
range of topics (174). Overall, the mean (SD) number 
of standards satisfied out of 25, was 10.77 (3.71), or 
43.1% with a range of 2 to 24. However, they noted 
that guidelines showed significant improvement from 
1985 to 1997, but still only 50.4% of the standards were 
met, on average, for each guideline in 1997. Overall 
adherence to methodological standards on guideline 
development and format was only fair in 51%. While 
guidelines are developed to improve health outcomes, 
outcomes of interest were specified only in 40%. In 
addition, fewer than 50% described the patient popu-
lation to which the guideline applied, while slightly 
greater than 50% described the intended audience of 
the guideline. While mean adherence to standards by 
each guideline improved from 36.9% in 1985 to 50.4% 
in 1997, there was little improvement over time and 
adherence to standards on identification and sum-
mary of evidence from 34.6% prior to 1990 to 36.1% 
after 1995. There was no difference in the mean num-
ber of standards satisfied by guidelines produced by 
subspecialty medical societies, general medical societ-
ies or government agencies. 

The AGREE (Appraisal of Guidelines Research and 
Evaluation) also describes the critical assessment of 
clinical data of guideline development (175-177). Uti-
lizing the AGREE evaluation, the Occupational Medi-
cine Practice Guidelines developed by the American 
College of Occupational and Environmental Medicine 
(ACOEM) showed average domain scores in rigor of 
development of 26.59, application of 31.48, editorial 
independence of 29.17, and stakeholder involvement 
of 46.06, whereas they were 86.81 for clarity and pre-
sentation (38).

Consequently, the guideline development pro-
cess should be precise and rigorous to ensure that the 
results are reproducible and not vague (178-180). In 
reference to multiple guidelines existent in today’s 
medicine, specifically in interventional pain manage-
ment, they impact the manner in which patient care 
is assessed by peer review and often serve as basis for 
payor decision making regarding the delivery of inter-
ventional pain management techniques to patients. In 
essence, the ACOEM guidelines have been adapted by 
several compensation systems as a standard for evalu-
ation and management of work injuries (181) and 
Hayes Guidelines have been accepted by many private 
insurers (32). It is generally accepted in the medical 
and research community that peer review and testing 
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of practice guidelines should be performed prior to 
their acceptance as being valid and their subsequent 
utilization in wide arena of clinical practice (182,183). 
Consequently, the guidelines must be developed by 
systematically acquiring, analyzing, and transferring 
research findings into clinical, management, and poli-
cy arenas (106). The process involves: 
•	 Developing the question in a way that it can be 

answered by a systematic review with specifica-
tion of the populations, settings, problems, inter-
ventions, and outcomes of interest. 

•	 Establishment of eligibility criteria.
•	 Extensive and appropriate search of the literature 

to capture any and all of the evidence. 
•	 Review of abstracts or publications to determine 

eligibility of studies. 
•	 Reviewing the retained studies to determine final 

eligibility.
•	 Abstracting data on these studies into evidence 

tables. 
•	 Determining the quality of studies and the overall 

strength of evidence.
•	 Synthesizing and combining data from evidence 

tables.
•	 Writing a draft review, to be subjected to peer 

review, editing and revising, and producing the 
final review. 
Guidelines for Guidelines (184) developed in a 

WHO series identified 19 components as follows: 
1)	 Priority Setting
2)	 Group composition
3)	 Declaration and avoidance of conflicts of interest
4)	 Group processes
5)	 Identification of important outcomes including 

cost
6)	 Explicit definition of the question and eligibility 

criteria
7)	 Type of study designs for different types of 

questions
8)	 Identification of evidence
9)	 Synthesis and presentation of evidence
10)	 Specification and integration of values
11)	 Making judgments about desirable and undesir-

able effects
12)	 Taking account of equity
13)	 Grading evidence and recommendations
14)	 Taking account of costs
15)	 Applicability, transferability and adaptation of 

guidelines
16)	 Structure of reports

17)	 Methods of peer review
18)	 Planned methods of dissemination and 

implementation
19)	 Evaluation of the impact of the guideline

Grading the strength of recommendations and 
quality of evidence in clinical guidelines has been 
changing (185). While grading the strength of recom-
mendations and the quality of underlying evidence 
enhances the usefulness of clinical guidelines, the pro-
fusion of guideline grading systems undermines the 
value of the grading exercise (185,186). The GRADE 
working group, an acronym for Grading of Recom-
mendations, Assessment, Development and Evalua-
tion, recommended grading quality and strength of 
evidence. The steps in this approach were to make 
sequential judgments about the quality of evidence 
across studies for each important outcome, which out-
comes were critical to a decision, the overall quality 
of evidence across those critical outcomes, the bal-
ance between benefits and harms, and the strength 
of recommendations. 

Table 7 illustrates the sequential process for devel-
oping guidelines, Table 8 shows criteria for assigning 
grade of evidence, whereas Table 9 shows definitions 
of grades of evidence. The GRADE system enables 
more consistent judgments, and communication of 
such judgments can support better informed choices 
in health care. Table 10 summarizes differences be-
tween GRADE and other systems, whereas Table 11 
illustrates summary points to apply GRADE system in 
evidence synthesis for guidelines. 

Guyatt et al (185) also established grading strength 
of recommendations and quality of evidence in clini-
cal guidelines. This working group examined currently 
available systems and ultimately modified an ap-
proach formulated by the International Grade Group. 
The Task Force from the American College of Chest 
Physicians (ACCP) developed criteria that defined an 
optimal grading system. Based on the philosophy that 
guidelines panels should make recommendations to 
administer, or not administer, an intervention on the 
basis of tradeoffs between benefits on the one hand, 
and risks, burdens, and potentially, costs on the other, 
the Task Force chose to classify recommendations into 
2 levels, strong and weak, as illustrated in Table 12. 
Consequently, if guideline panels are very certain that 
benefits do, or do not, outweigh the risks and burdens, 
they will make a strong recommendation, Grade I. At 
the same time, if the panels think that the benefits 
and the risks and burdens are finely balanced or, if ap-
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Table 7. Sequential process for developing guidelines.

First steps
1. Establishing the process—For example, prioritizing problems, selecting a panel, declaring con-

flicts of interest, and agreeing on group processes.

Preparatory steps
2. Systematic review—The first step is to identify and critically appraise or prepare systematic re-

views of the best available evidence for all important outcomes.
3. Prepare evidence profile for important outcomes—Profiles are needed for each subpopulation or 

risk group, based on the results of systematic reviews, and should include a quality assessment 
and a summary of findings.

Grading quality of evidence and strength of
recommendations
4. Quality of evidence for each outcome—Judged on information summarized in the evidence pro-

file and based on the criteria in Table 2.
5. Relative importance of outcomes—Only important outcomes should be included in evidence 

profiles. The included outcomes should be classified as critical or important (but not critical) 
to a decision.

6. Overall quality of evidence—The overall quality of evidence should be judged across outcomes 
based on the lowest quality of evidence for any of the critical outcomes.

7. Balance of benefits and harms—The balance of benefits and harms should be classified as net 
benefits, trade-offs, uncertain trade-offs, or no net benefits based on the important health 
benefits and harms.

8. Balance of net benefits and costs—Are incremental health benefits worth the costs? Because re-
sources are always limited, it is important to consider costs (resource utilization) when making 
a recommendation.

9. Strength of recommendation—Recommendations should be formulated to reflect their 
strength—that is, the extent to which one can be confident that adherence will do more good 
than harm.

Subsequent steps
10. Implementation and evaluation—For example, using effective implementation strategies that 

address barriers to change, evaluation of implementation, and keeping up to date.

Source: Atkins et al (Ref. 186)

Table 8. Criteria for assigning grade of  evidence

Type of  evidence
Randomized trial = high
Observational study = low
Any other evidence = very low

Decrease grade if:
• Serious ( − 1) or very serious ( − 2) limitation to study quality
• Important inconsistency ( − 1)
• Some ( − 1) or major ( − 2) uncertainty about directness
• Imprecise or sparse data ( − 1)
• High probability of reporting bias ( − 1)

Increase grade if:
• �Strong evidence of association—significant relative risk of > 2 ( < 

0.5) based on consistent evidence from two or more observational 
studies, with no plausible confounders (+1)46

• �Very strong evidence of association—significant relative risk of > 5 
( < 0.2) based on direct evidence with no major threats to validity 
(+2)46

• Evidence of a dose response gradient (+1)
• All plausible confounders would have reduced the effect (+1)



Table 9. Imprecise or sparse data.

Source: Atkins et al (Ref. 186)
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There is not an empirical basis for defining imprecise or sparse
data. Two possible definitions are:
•	� Data are sparse if the results include just a few events or observa-

tions and they are uninformative
• 	� Data are imprecise if the confidence intervals are sufficiently wide 

that an estimate is consistent with either important harms or 
important benefits.

These different definitions can result in different judgments. Although 
it may not be possible to reconcile these differences, we offer the 
following guidance when considering whether to downgrade the 
quality of evidence due to imprecise or sparse data:

• 	� The threshold for considering data imprecise or sparse should be 
lower when there is only one study. A single study with a small 
sample size (or few events) yielding wide confidence intervals 
spanning both the potential for harm and benefit should be 
considered as imprecise or sparse data

•	 Confidence intervals that are sufficiently wide that, irrespective 
of other outcomes, the estimate is consistent with conflicting 
recommendations should be considered as imprecise or sparse 
data

Table 10. Comparison of  GRADE and other systems.

Factor Other systems GRADE Advantages of  GRADE system*
Definitions Implicit definitions of quality 

(level) of evidence and strength of 
recommendation

Explicit definitions Makes clear what grades indicate and 
what should be considered in making 
these judgments

Judgments Implicit judgments regarding which 
outcomes are important, quality of 
evidence for each important outcome, 
overall quality of evidence, balance 
between benefits and harms, and value 
of incremental benefits

Sequential, explicit judgments Clarifies each of these judgments and 
reduces risks of introducing errors or 
bias that can arise when they are made 
implicitly

Key components 
of quality of 
evidence

Not considered for each important 
outcome. Judgments about quality 
of evidence are often based on study 
design alone

Systematic and explicit consideration 
of study design, study quality, 
consistency, and directness of evidence 
in judgments about quality of evidence

Ensures these factors are considered 
appropriately

Other factors that 
can affect quality 
of evidence

Not explicitly taken into account Explicit consideration of imprecise or 
sparse data, reporting bias, strength of 
association, evidence of a dose-response 
gradient, and plausible confounding

Ensures consideration of other factors

Overall quality of 
evidence

Implicitly based on the quality of 
evidence for benefits

Based on the lowest quality of evidence 
for any of the outcomes that are critical 
to making a decision

Reduces likelihood of mislabelling 
overall quality of evidence when 
evidence for a critical outcome is lacking

Relative 
importance of 
outcomes

Considered implicitly Explicit judgments about which 
outcomes are critical, which ones are 
important but not critical, and which 
ones are unimportant and can be ignored

Ensures appropriate consideration of 
each outcome when grading overall 
quality of evidence and strength of 
recommendations

Balance between 
health benefits 
and harms

Not explicitly considered Explicit consideration of trade-offs 
between important benefits and 
harms, the quality of evidence for 
these, translation of evidence into 
specific circumstances, and certainty of 
baseline risks

Clarifies and improves transparency of 
judgments on harms and benefits

Whether 
incremental 
health benefits are 
worth the costs

Not explicitly considered Explicit consideration after first 
considering whether there are net 
health benefits

Ensures that judgments about value of 
net health benefits are transparent

Summaries of 
evidence and 
findings

Inconsistent presentation Consistent GRADE evidence profiles, 
including quality assessment and 
summary of findings

Ensures that all panel members base their 
judgments on same information and that 
this information is available to others

Extent of use Seldom used by more than one 
organization and little, if any empirical 
evaluation

International collaboration across wide 
range of organizations in development 
and evaluation 

Builds on previous experience to 
achieve a system that is more sensible, 
reliable, and widely applicable

Source: Atkins et al (Ref. 186)
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preciable, uncertainties exist above the magnitude of 
the benefits and risks, they must offer a weak, Grade 
2, recommendation. However, guideline panels must 
consider a number of factors in grading recommenda-
tions as illustrated in Table 13. 

For over 25 years, a growing number of organi-
zations have employed various systems to grade the 

Table 11. Criteria for an Optimal Grading System

Criteria 		  Description

1 Separation of grades of recommendations from quality of evidence 

2 Simplicity and transparency for clinician consumer

3 Sufficient (but not too many) categories

4 Explicitness of methodology for guideline developers

5 Simplicity for guideline developers

6 Consistent with general trends in grading systems

7 Explicit approach to different levels of evidence for different outcomes

Source: Guyatt et al (Ref. 185)

Table 12. Grading recommendations.

Grade of  Recommendation/
Description

Benefit vs Risk and 
Burdens

Methodological Quality of  
Supporting Evidence

Implications

1A/strong recommendation, 
high-quality evidence

Benefits clearly outweigh risk 
and burdens, or vice versa

RCTs without important 
limitations or overwhelming 
evidence from observational 
studies

Strong recommendation, 
can apply to most patients in 
most circumstances without 
reservation

1B/strong recommendation 
moderate quality evidence

Benefits clearly outweigh risk 
and burdens, or vice versa

RCTs with important 
limitations (inconsistent results, 
methodological flaws, indirect, 
or imprecise) or exceptionally 
strong evidence from 
observational studies

Strong recommendation, 
can apply to most patients in 
most circumstances without 
reservation

1C/strong recommendation, 
low-quality or very low-quality 
evidence

Benefits clearly outweigh risk 
and burdens, or vice versa

Observational studies or case 
series

Strong recommendation but 
may change when higher quality 
evidence becomes available

2A/weak recommendation, high 
quality evidence

Benefits closely balanced with 
risks and burden

RCTs without important 
limitations or overwhelming 
evidence from observational 
studies

Weak recommendation, best 
action may differ depending on 
circumstances or patients’ or 
societal values

2B/weak recommendation, 
moderate-quality evidence

Benefits closely balanced with 
risks and burden

RCTs with important 
limitations (inconsistent results, 
methodological flaws, indirect, 
or imprecise) or exceptionally 
strong evidence from 
observational studies

Weak recommendation, best 
action may differ depending on 
circumstances or patients’ or 
societal values

2C/weak recommendation, 
low quality or very low-quality 
evidence

Uncertainty in the estimates 
of benefits, risks, and burden; 
benefits, risk, and burden may 
be closely balanced

Observational studies or case 
series

Very weak recommendations; 
other alternatives may be equally 
reasonable

quality of evidence and the strength of recommen-
dation. This has led to confusion and criticisms of 
each other. Recommendations are based on the judg-
ment about the quality of evidence and the balance 
of benefits and risks. Frequently these judgments 
are made implicitly rather than explicitly and judg-
ments about the quality of evidence are confused 

Source: Guyatt et al (Ref. 185)
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with judgments about the balance of benefits and 
risks (187). Further, numerous systems that are used 
to grade the quality of evidence and the strength of 
recommendations confuse these judgments by equat-
ing the strength of recommendation with the quality 
of evidence, with some recommendations of strong 
based on high quality evidence, without explicitly con-
sidering the balance of benefits and risks. However, 
quality of evidence, while essential, is not sufficient 
for making judgments about the strength of a recom-
mendation (188). The relationship between the qual-
ity of evidence and strength of recommendation are 
complex issues and require careful consideration of 
numerous factors. In a series of 16 international meet-
ings and correspondence over 5 years, the GRADE 
working group has derived a set of criteria to assess 
the quality of evidence (Table 14) and strength of rec-
ommendations (Table 15) (185,186,189-192). 

The World Health Organization (WHO), like many 
other organizations around the world, has recognized 
the need to use more vigorous processes to ensure 
that health care recommendations are informed by 
the best available research evidence. Consequently, a 

series of 16 reviews that have been prepared as back-
ground for advice from the WHO Advisory Commit-
tee on health research to WHO on how to achieve this 
have been published (105,155,156,184,187,193-203). 
These articles titled “Improving the Use of Research 
Evidence in Guideline Development” are as follows:
1)	 Guidelines for Guidelines (184)
2)	 Priority setting (193)
3)	 Group composition and consultation process 

(194)
4)	 Managing conflicts of interest (155)
5)	 Group processes (195)
6)	 Determining which outcomes are important (196)
7)	 Deciding what evidence to include (197)
8)	 Synthesis and presentation of evidence (105)
9)	 Grading evidence and recommendations (187)
10)	 Integrating values and consumer involvement 

(198)
11)	 Incorporating considerations of cost-effective-

ness, affordability and resource implications (199)
12)	 Incorporating considerations of equity (200)
13)	 Applicability, transferability and adaptation (201)
14)	 Reporting guidelines (202)

Table 13. Factors panels should consider in deciding on a strong or weak recommendation.

Issue Example

Methodological quality of the evidence supporting 
estimates of likely benefit, and likely risk, 
inconvenience, and costs

Many high-quality randomized trials have demonstrated the benefit of therapy with 
inhaled steroids in patients with asthma, while only case series have examined the 
utility of pleurodesis in patients with pneumothorax

Importance of the outcome that treatment prevents Preventing postphlebitic syndrome with thrombolytic therapy in DVT patients in 
contrast to preventing death from PE

Magnitude of treatment effect Clopidogrel vs aspirin leads to a smaller stroke reduction in patients with TIAs 
(RRR,198.7%) than anticoagulation vs placebo in patients with AF (RRR, 68%)

Precision of estimate of treatment effect ASA therapy vs placebo in AF patients has a wider confidence interval than ASA 
therapy for stroke prevention in patients with TIA

Risks associated with therapy ASA and clopidogrel for anticoagulation therapy in patients with acute coronary 
syndromes has a higher risk for bleeding than ASA alone

Burdens of therapy Therapy with adjusted-dose warfarin is associated with a higher burden than that 
with aspirin; warfarin requires monitoring the intensity of anticoagulation and a 
relatively constant dietary vitamin K intake

Risk of target event Some surgical patients are at very low risk of post-operative DVT and PE while other 
surgical patients have considerably higher rates of DVT and PE

Costs Clopidogrel has a much higher cost in patients with TIA than does aspirin

Varying values Most young, healthy people will put a high value on prolonging their lives (and 
thus incur suffering to do so); the elderly and infirm are likely to vary in the value 
they place on prolonging their lives (and may vary in the suffering they are ready to 
experience to do so)

*DVT = deep vein thrombosis; PE = pulmonary embolism; TIA = transient ischemic attack; AF = atrial fibrillation; ASA = aspirin. 

Source: Guyatt et al (Ref. 185)
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15)	 Disseminating and implementing guidelines (203)
16)	 Evaluation (156)

Conclusion

Evidence-based medicine, systematic reviews, 
and guidelines are an inevitable part of the prac-
tice of interventional pain management which mo-
tivates the search for answers to numerous questions 
related to the costs and quality of health care and 
access to care. The modern physician realizes that 
scientific and relevant evidence is essential in clini-
cal care, policy-making, dispute resolution, and law. 

Thus, evidence-based practice brings pertinent, trust-
worthy information by systematically acquiring, ana-
lyzing and transferring research findings into clini-
cal, management, and policy arenas. Appropriately 
derived evidence-based medicine, systematic reviews 
and guidelines are an essential part of modern inter-
ventional pain management.
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Table 14. GRADE quality assessment criteria.

Quality of  
evidence

Study design Lower if  * Higher if  *

High Randomised trial Study quality: 
-1 Serious limitations 
-2 Very serious limitations 
-1 Important inconsistency 
Directness: 
-1 Some uncertainty 
-2 Major uncertainty 
-1 Sparse data 
-1 �High probability of Reporting 

bias

Strong association: 
+1 �Strong, no plausible confounders, consistent and 

direct evidence** 
+2 �Very strong, no major threats to validity and 
direct evidence***

+1 Evidence of a Dose response gradient
+1 �All plausible confounders would have reduced 

the effect

Moderate

Low Observational 
study

Very low

* 1 = move up or down one grade (for example from high to intermediate) 2 = move up or down two grades (for example from high to low) 

** A statistically significant relative risk of >2 (< 0.5), based on consistent evidence from two or more observational studies, with no plausible confounders

*** A statistically significant relative risk of > 5 (< 0.2) based on direct evidence with no major threats to validity

Source: Schünemann et al (Ref. 187)

Table 15. Decisions about the strength of  a recommendation.

Factors that can weaken the strength of  a 
recommendation

Explanation

Lower quality evidence Will create greater uncertainty about the size of the (relative) effects (benefits and harms)

Uncertainty about the balance of benefits versus 
harms and burdens

Uncertainty about the baseline risk, prevalence of a problem or health status, which could 
affect the size of the (absolute) effects

Uncertainty or differences in values
Uncertainty about the relative importance of the benefits and downsides to those affected, 
or differences in how important they are to different people, which could affect the balance 
between the benefits versus harms and burden

Marginal net benefits or downsides The anticipated net benefits or downsides are small (and uncertain)

Uncertainty about whether the net benefits are 
worth the costs

Uncertainty related to lack of information about the cost or whether the resource 
expenditure is justified by the anticipated benefit

Source: Schünemann et al (Ref. 187)
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