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The need for careful scientific evalu-
ation of clinical practice became a prom-
inent focus during the second half of the 
twentieth century (1).  Tunis et al (1), af-
filiated with Centers for Medicare and 
Medicaid Services and the Agency for 
Health Care Research and Quality, de-
scribed that the demonstration of perva-
sive and persistent unexplained variations 
in clinical practice (2), and high rates of 
inappropriate care (3), combined with in-
creased expenditures, have fueled a steadi-
ly increasing demand for evidence of clin-
ical effectiveness.  It is believed that the 
limited amount of high-quality evidence 
is partly responsible for multiple geo-
graphic variations, inappropriate care, 
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and also the limited success of quality im-
provement efforts (4, 5).  As a result, the 
past decade has been marked by an un-
precedented interest in evidence-based 
medicine and various types of avenues, 
including clinical practice guidelines, that 
can provide valid and reliable informa-
tion about healthcare.  Thus, healthcare 
decisions are purportedly and increasing-
ly being made on research-based evidence 
rather than on expert opinion or clinical 
experience alone.

Systematic reviews and meta-analy-
ses represent a rigorous method of com-
piling scientific evidence to answer ques-
tions regarding healthcare issues of treat-
ment, diagnosis, or preventive services. 
Similar to meta-analysis and systematic 
reviews, another commonly used tech-
nique in the evaluation of the evidence 
is called health technology assessment 
(HTA).  Practice guidelines provide an-
other avenue in providing valid and reli-
able information about healthcare. They 
are systematically developed recommen-
dations that assist the practitioner and the 
patient in making decisions about health-
care.  They may be adapted, modified, or 
rejected based on healthcare needs or con-
straints. 

EVIDENCE-BASED MEDICINE

Evidence-based medicine is defined 

as the conscientious, explicit and judi-
cious use of the current best evidence in 
making decisions about the care of indi-
vidual patients (6).  Thus, evidence-based 
medicine is essentially what most clini-
cians have been trying to practice all their 
working lives.  The practice of evidence-
based medicine requires the integration 
of individual clinical expertise with the 
best available external evidence from sys-
tematic research.  Decisions that affect the 
care of patients should be made with due 
weight accorded to all valid, relevant in-
formation. These include valid and rele-
vant clinical evidence derived from ran-
domized controlled trials, and all types 
of evidence, patient preferences, and re-
sources. Thus, no one sort of evidence 
should necessarily be the determining fac-
tor in decision-making. All implies that 
there should be an active search for all that 
is valid, relevant information and that an 
assessment should be made of the accu-
racy of information and the applicability 
of the evidence to the decision in question 
(6). Four basic contingencies originally 
defined evidence-based practice (7). 
♦ First, recognition of the patient’s 

problem and construction of a struc-
tured clinical question.  

♦ Second, the ability to effi ciently and 
effectively search the medical lit-
erature to retrieve the best available 
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evidence to answer the clinical ques-
tion. 

♦ Third, critical appraisal of the evi-
dence. 

♦ Fourth, integration of the evidence 
with all aspects of individual patient 
decision making to determine the 
best clinical care of the patient.  
Thus, evidence-based medicine is a 

loose term which has been used based not 
only on the necessity to present a particu-
lar view, but also based on personal phi-
losophy, bias and conjecture. This has led 
to a multitude of questions as to wheth-
er evidence-based medicine is truly based 
on evidence.  

CLINICAL PRACTICE GUIDELINES

In the 1990s, numerous guide-
lines were published in various countries 
around the world. Many professional or-
ganizations produced evidence-based or 
consensus guidelines (8-15), and the Co-
chrane collaboration of systematic re-
views (16), which started in 1993, now has 
more than 3,000 collaborations world-
wide. In pain management, the first so-
called evidence-based guidelines were 
produced by the Agency for Health Care 
Policy Research (AHCPR) in 1994 (17). 
AHCPR produced 15 guidelines at a cost 
of $750,000,000, each at varying costs 
(18). The agency was eventually replaced 
with a small portion of its original budget 
and without the mandate to develop prac-
tice guidelines. AHCPR was renamed as 
The Agency for Healthcare Research and 
Quality (AHRQ). However, guideline de-
velopment continued, experiencing an ex-
plosive growth with numerous publica-
tions appearing in the form of consen-
sus statements, clinical guidelines, and 
books (8-21).

Clinical practice guidelines are sys-
tematically developed statements that as-
sist clinicians, consumers and policy mak-
ers to make appropriate healthcare deci-
sions.  Such guidelines present statements 
of best “practice” based on a thorough 
evaluation of the evidence from pub-
lished studies on the outcomes of treat-
ment.  The methods used for collecting 
and evaluating evidence and developing 
guidelines can be applied to a wide range 
of clinical interventions and disciplines, 
including interventional procedures, both 
diagnostic and therapeutic, pharmaceuti-
cals, and others.  

Patients and physicians increasing-
ly seek to combine their personal beliefs 

about healthcare choices with attention to 
high-quality evidence in making individ-
ual decisions about care.  Multiple med-
ical professional societies produce guide-
lines to assist physicians and patients in 
making medical decisions (22).  In the 
modern era, not only managed care or-
ganizations, but almost all healthcare in-
surers including federal programs are in-
creasingly depending on systematic re-
views and technology assessments to sup-
port quality improvement efforts and to 
develop coverage and payment policies (1, 
23, 24).  However, it is believed that the 
current clinical research in interventional 
pain management is not consistently pro-
ducing an adequate supply of information 
to meet the needs of clinical and health 
policy decision makers.  Tunis et al (1) de-
scribed that the inability to address many 
common, important clinical questions 
in modern medicine suggests a systemic 
problem and creates knowledge gaps. 

The methods of guideline devel-
opment are complex.  The development 
should ensure that treating patients ac-
cording to the guidelines will achieve the 
outcomes that are desired.  Guidelines 
can be developed for a wide range of sub-
jects including interventional pain man-
agement and interventional techniques.  
Thus, interventional pain management 
guidelines are concerned with spinal pain, 
chronic pain or controlled substance us-
age and procedures including diagnos-
tic and therapeutic interventional tech-
niques.  Given the multiple potential areas 
of interventional pain management, each 
area should be selected for guideline de-
velopment.  Guideline development de-
pends on the integration of a number of 
activities, from collection and processing 
of scientific literature to evaluation of the 
evidence, development of evidence-based 
recommendations, and implementation 
and dissemination of the guidelines to 
relevant professionals and consumers.  

Guidelines are designed to improve 
the quality of healthcare and decrease the 
use of unnecessary, ineffective or harmful 
interventions. In an era of evidence-based 
medicine, guidelines are becoming one of 
the critical links between the best avail-
able evidence and good clinical practice. 
Guidelines constitute one element of a 
systematic approach to quality healthcare. 
Research has shown that clinical practice 
guidelines can be an effective means of 
changing the process of healthcare and 
improving health outcomes (25-28). Tra-

ditionally, guidelines have been based on 
consensus among experts. However, now 
it has been acknowledged that guide-
line recommendations should be based 
on systematic identification and synthe-
sis of the best available scientific evidence 
(25, 29).  Considering the extensive re-
search activity, the lack of a single source 
to identify the appropriate literature, sig-
nificant bias in the systematic evaluations, 
and substantial reports outside the pub-
lished and peer reviewed literature; iden-
tification and synthesis of the available ev-
idence; and publication of this evidence in 
the form of guidelines can be a major un-
dertaking. The National Health and Med-
ical Research Council of Australia pub-
lished: A Guide to the Development, Im-
plementation and the Evaluation of Clini-
cal Practice Guidelines in 1999 (29). This 
comprehensive document includes 9 basic 
principles, the development, the dissemi-
nation and implementation of guidelines 
as shown in Table 1.  

Shekelle et al (30) presented five ini-
tial steps in the development of an evi-
dence-based guideline.  
1. Identifi cation and refi nement of the 

subject area
2. Convening and running guideline 

development groups
3. Assessment of the evidence about the 

clinical question or condition
4. Translation into a recommendation 

within a clinical practice guideline
5. External review of the guideline

They also described other steps 
which included the dissemination, im-
plementation, and evaluation with prac-
tice guidelines.

Legal considerations and potential 
liability of practitioners is an important 
aspect of guidelines. Many practitioners 
are concerned about their potential le-
gal liability if a patient does not receive 
treatment as specified in clinical practice 
guidelines. It is possible that guidelines 
could be produced as evidence of what 
constitutes reasonable conduct by an in-
terventional pain management practitio-
ner.  It is generally believed that following 
the guidelines, provides a measure of pro-
tection. However, physicians should pro-
vide all appropriate information about all 
types of treatments, along with associated 
risks of any treatment, especially risks that 
may influence the patient’s decision. Pa-
tients should be provided with as much in-
formation as they seek, and in a form that 
is appropriate to their culture and level of 
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education. Finally, all patients should be 
encouraged to make their own decisions. 
The potential for any guidelines to be used 
as evidence in a court of law depends on 
the process used to develop them, the ex-
tent to which they are evidence-based, 
the degree of consensus about them, and 
whether they are up to date (29). Howev-
er, guideline developers are unlikely to be 
held liable for any negative consequences 
of the implementation of guidelines. In 
general, guidelines should be summaries 
of the evidence, should have an expira-
tion date, should not be unduly prescrip-
tive, and should acknowledge areas where 
there is disagreement.

Shaneyfelt et al (31) reviewed the 
methodological quality of clinical guide-
lines in the peer-reviewed medical lit-
erature, with evaluation of 279 guide-
lines developed by 69 different organi-
zations, published from 1985 to 1997.  
They showed that mean overall adher-
ence to standards by each guideline was 
43.1%. They concluded that guidelines in 
the peer-reviewed medical literature dur-
ing the past decade did not adhere well 
to published methodological standards.  
They also added that while all areas of 
guideline development need improve-
ment, the greatest improvement is needed 
in the identification, evaluation, and syn-
thesis of the scientific evidence. The stan-
dards described are listed in Table 2.  

REVIEWS IN INTERVENTIONAL PAIN 
MANAGEMENT

Most systematic evaluations in in-
terventional pain management included 
only randomized controlled trials. This is 

in contrast to the definition of evidence-
based medicine, which explicitly states 
that no one sort of evidence should nec-
essarily be the determining factor in de-
cision-making. Further, evidence-based 
medicine also emphasizes all, implying 
that there should be an active search for 
all that is valid, relevant information and 
that assessment should be made of the ac-
curacy of information and the applicabil-
ity of the evidence to the decision in ques-
tion. Recent systematic analyses have in-
creasingly utilized observational studies, 
as well as other types of evidence, even 
though this approach has not been ap-
plied to interventional pain management 
(32). It is also recognized that meta-anal-
ysis restricted to randomized clinical tri-
als is usually preferred to meta-analysis of 
observational studies (33-35). However, 
this has not been demonstrated in inter-
ventional pain management. In many sit-
uations, randomized designs are not fea-
sible, and only data from observational 
studies are available (36).

Practical Clinical Trials
Tunis et al (1) reported that the prev-

alence and significance of gaps in knowl-
edge about clinical effectiveness are most 
readily appreciated by reviewing the re-
sults of most systematic literature re-
views, technology assessments, and clini-
cal practice guidelines.  A consistent find-
ing of most reviews appears to be that the 
quality of evidence available to answer the 
critical questions identified by experts is 
suboptimal.  As an example, most sys-
tematic reviews performed in interven-
tional pain management include studies 

providing data not applicable to patients 
treated in typical practice settings.  Con-
sequently, organizations that develop ev-
idence-based clinical practice guidelines 
may not be able to develop clear, specif-
ic recommendations. The limited quanti-
ty and quality of available scientific infor-
mation impedes the efforts of public and 
private health insurers in developing ev-
idence-based coverage policies for many 
new and existing technologies (24, 37).  
Further, poor quality studies of new tech-
nologies can lead to inappropriate spend-
ing being allocated for new technologies 
for which the long-term benefits and risks 
have not been determined, with an unin-
tended effect of reducing the more effec-
tive old technologies.

Trials of healthcare interventions are 
often described as either explanatory or 
pragmatic (38).  Explanatory trials gener-
ally measure efficacy – the benefit a treat-
ment produces under ideal conditions.  
Consequently, explanatory trials often 
use carefully defined subjects in a well-
controlled research setting.  In contrast, 
pragmatic trials, also known as practical 
clinical trials, measure effectiveness – the 
benefit the treatment produces in routine 
clinical practice.  

Patient selection in an explanatory 
approach is based on the principles of ho-
mogenous population, primarily aiming 
to further scientific knowledge. Howev-
er, in a pragmatic or practical clinical tri-
al, the design reflects variations between 
patients that occur in real life clinical set-
tings, and aims to inform choices between 
treatments.  Consequently, to ensure gen-
eralizability, pragmatic trials should, so 
far as possible, represent the patients to 
whom the treatment will be applied (38).

The next aspect relates to randomiza-
tion, which is the focus of clinical research 
which deals with selection bias.  Even 
then, multiple other sources of bias may 
affect the results. However, biased assess-
ment of outcome has to be dealt with both 
in explanatory, as well as pragmatic trials 
by having an independent assessor who is 
blind to treatment allocation.  Biases re-
sulting from a pragmatic or practical clin-
ical trial are accepted as part of physician’s 
and patient’s responses to treatment and 
are considered in the overall assessment.  
Consequently, in pragmatic approaches, 
the treatment response is the total differ-
ence between two treatments, including 
both treatment and associated placebo ef-
fects, as this will best reflect the likely clin-

1.  Focus on outcomes 
♦Survival rates to quality-of-life attributes

2.  Best available evidence
♦ Graded according to its quality, relevance and strength

3.  Appropriate systems to synthesize the available evidence 
♦ Turning the evidence into a clinically useful recommendation depends on 

the judgment, experience and good sense of the authors of guidelines. 
♦ The fact of having evidence from a high level study does not automati-

cally result in a good clinical recommendation.

4.  Multidisciplinary process of development.

5.  Flexibility and adaptability

6.  Evaluation of cost effectiveness of treatments

7.  Appropriate dissemination

8.  Evaluation of implementation and impact of guidelines

9.  Appropriate revision of the guidelines on a regular basis

Table 1. Basic principles described for development of  guidelines

Adapted from Reference 29
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ical response in practice (39-46).  Thus, 
placebo-controlled trials take a different 
approach (47-52).

The practical clinical trials best ad-
dress questions about the risks, bene-
fits, and costs of an intervention as they 
would occur in routine clinical practice 
(38). Thus, it is thought that the most dis-
tinctive features of practical clinical tri-
als are that they select clinically relevant 
interventions to compare, include a di-
verse population of study participants, re-
cruit participants from a variety of prac-
tice settings, and collect data on a broad 
range of health outcomes, simulating ac-
tual practices.  

Practical clinical trials often are de-
signed to compare viable alternative clin-
ical strategies.  A practical clinical trial of 
acute low back pain randomized 323 pa-
tients to one of three widely used treat-
ments which included physical therapy, 
chiropractic treatment, and self-care from 
an educational booklet, and showed that 

physical therapy and chiropractic care in-
creased patient satisfaction and marginal-
ly reduced symptoms compared with the 
self-care principles outlined in the book-
let (53).  A practical clinical trial of thera-
peutic massage compared with acupunc-
ture also demonstrated that therapeutic 
massage was more effective and less cost-
ly than acupuncture in treating low back 
pain (54).  In interventional pain man-
agement, multiple practical clinical trials 
have been performed evaluating the effec-
tiveness of less expensive and safer mo-
dalities compared to more invasive treat-
ments (39-46).  However, these studies 
have been appreciated neither by insurers 
nor by academicians focusing on placebo-
controlled treatments.

Randomized Trials
The acme of clinical research is the 

randomized, double blind, controlled tri-
als, but such trials must be undertaken re-
sponsibly and are extremely difficult to 

conduct in interventional pain manage-
ment. Randomized controlled trials were 
introduced into clinical medicine when 
streptomycin was evaluated in the treat-
ment of tuberculosis (55). Since then, 
randomized controlled trials have be-
come the gold standard for assessing the 
effectiveness of therapeutic agents (56-
58). Comparison of published random-
ized controlled studies with those that 
used observational designs concluded 
that bias in patient selection may irre-
trievably weigh the outcome of histori-
cally controlled trials in favor of new ther-
apies in observational studies (59). How-
ever, others (60, 61) have concluded that 
randomized clinical trials, significantly fa-
vored experimental interventions. Many 
stumbling blocks, including the issues of 
ethics, feasibility, cost and reliability, and 
insurmountable challenges to random-
ized, double-blind trials in intervention-
al pain management have been discussed 
(62-67).

The presumed unsurpassed science 
of a randomized trial is attributed to the 
ability to assign subjects randomly. How-
ever, random assignment does not confer 
an absolute protection against bias. It sim-
ply reduces the likelihood that such bias 
has occurred. Because randomized con-
trolled trials are complicated and diffi-
cult to conduct, they are usually restricted 
to very tightly targeted groups of patients. 
Often, the investigators are not active-
ly concerned about how subjects are ob-
tained and rely on random allocation to 
distribute any differences equally across 
the two groups. As a result, randomized 
trials often trade internal validity (tight-
ness of comparisons) for external validity 
(generalizability) (68).  Generally, a differ-
ence in outcome between a treatment and 
a control group can be due to chance, con-
founding, or bias due to differences be-
tween the groups, differences in handling 
the groups, and the true effect of inter-
vention. Confounding and bias are avoid-
ed in the design of a trial by randomiza-
tion, single-blinding or double-blinding.  
Assigning volunteers to the treatment 
group and those who do not volunteer to 
the control group is also likely to result in 
a biased comparison - volunteers will be 
quite different, in many respects, from pa-
tients who do not volunteer (69). The crit-
icism also has been advanced against al-
location and treatment based on alternate 
days, alternate numbers or another as-
signed preformed methodology. In evalu-

♦ Purpose of the guidelines is specifi ed 

♦ Rationale and importance of the guideline are explained

♦ The participants in the guideline development process and their areas of expertise 
are specifi ed

♦ Targeted health problem or technology is clearly defi ned

♦ Targeted patient population is specifi ed

♦ Intended audience or users of the guideline are specifi ed

♦ The principal preventive, diagnostic, or therapeutic options available to clinicians 
and patients are specifi ed

♦ The health outcomes are specifi ed

♦ The method by which the guideline underwent external review is specifi ed

♦ An expiration date or date of scheduled review is specifi ed

♦ Method of identifying scientifi c evidence is specifi ed

♦ Time period from which evidence is reviewed is specifi ed

♦ The evidence used is identifi ed by citation and referenced

♦ Method of data extraction is specifi ed

♦ Method for grading or classifying the scientifi c evidence is specifi ed

♦ Formal methods of combining evidence or expert opinion are used and described

♦ Benefi ts and harms of specifi c health practices are specifi ed

♦ Benefi ts and harms are quantifi ed

♦ The effect on health care costs from specifi c health practices is specifi ed

♦ Costs are quantifi ed

♦ The role of value judgments used by the guideline developers in making 
recommendations is discussed

♦ The role of patient preferences is discussed

♦ Recommendations are specifi c and apply to the stated goals of the guideline

♦ Recommendations are graded according to the strength of the evidence

♦ Flexibility in the recommendations is specifi ed 

Adapted from Reference 31

Table 2.  Standards for guidelines
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ating the influence of randomization over 
other types of allocation research designs 
in interventional pain management, it has 
been shown that allocation without ran-
domization was homogenous and superi-
or to randomization. 

Non-Randomized or Observational 
Studies

The role of observational studies 
in the evaluation of treatment is a long-
standing and contentious topic (16, 20, 
32).  However, any systematic review of 
evidence on a therapeutic topic needs to 
take into account the quality of the evi-
dence.  Observational studies similar to 
randomized trials may have flaws in de-
sign or analysis (16, 20, 32).  The problems 
of heterogeneity and publication bias are 
relevant to all comparisons of evidence 

from randomized, controlled studies, as 
well as observational studies.  However, 
all observational studies have one crucial 
deficiency: lack of experimental design.  
Multiple reviews have been performed 
comparing the evidence of treatment ef-
fects in randomized and non-randomized 
studies (70-72).  These evaluations have 
suggested that for selected medical topics, 
both randomized and non-randomized 
studies, may yield very similar results. 

EVALUATION OF THE TRIALS 
Throughout the 1990s and into the 

21st century, the Agency for Health Care 
Research and Quality (AHRQ) has been 
the foremost federal agency providing 
research support and policy guidance in 
health services research in the United 
States (73). This comprehensive docu-

ment includes methodology and results of 
systems for rating the quality of individ-
ual articles, as well as systems for grading 
the strength of a body of evidence. 

The National Health and Medical 
Research Council of Australia considered 
scientific evidence to be at the core of evi-
dence-based approach to clinical or public 
health issues (74). They emphasized that 
evidence needs to be carefully gathered 
and collated from a systematic literature 
review of a particular issue in question.  

The National Coordinating Center 
for Health Technology Assessment of the 
United Kingdom also published systemat-
ic reviews of trials and other studies (75). 
They described extensively the methodol-
ogy for meta-analysis, searching the litera-
ture and identifying primary studies, eval-
uating the study quality, applications of 
meta-analysis in other contexts and using 
other data types, extensions of meta-ana-
lytic methods, and recommendations for 
further research.

Cochrane collaboration (16) has also 
advanced many principles of evidence 
synthesis.  In fact, Cochrane reviews in-
clude multiple interventional techniques 
including injection therapy in managing 
low back pain.  

TYPES OF REVIEWS

A systematic review is a type of sci-
entific investigation of the literature on a 
given topic in which the “subjects” are the 
articles being evaluated (76).  In contrast, 
a narrative review is similar to a systemat-
ic review but without all the safeguards to 
control against bias (Table 3).  The major 
differences between these two approach-
es to synthesizing the clinical or scientif-

Table 3.  Differences between narrative and systematic reviews

Core Feature Narrative Reviews Systematic Reviews

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

Data sources and 
search strategy

Specifi cations 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 specifi ed. If specifi ed, 
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.

Adapted from Reference 73 

Systematic Reviews Health Technology Assessments

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

Adapted from Reference 83

Table 4.  Differences between systematic reviews and health technology assessments (HTAs) 
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ic literature is that a systematic review at-
tempts to minimize bias by the compre-
hensiveness and reproducibility of the 
search for and selection of articles for re-
view, and provides methodologic quality 
studies (77-82).

A third type of review is Health 
Technology Assessment (HTA), a multi-
disciplinary field that studies the medi-
cal, social, ethical, and economic implica-
tions of the development, use, and diffu-
sion of health technologies (83). HTA has 
been described as, “the bridge between the 
world of research and the world of deci-
sion making.”  HTAs are being performed 
with increasing frequency and have in-
fluenced decision-making in many ju-
risdictions.  To effectively influence pol-
icy-makers, the authors of HTAs must 
not only strive for scientific accuracy, but 
must also be aware of other issues such as 
the optimal timing of the reports released, 
their political sensitivity to the important 
decision-makers, and how best to dissem-
inate the results.  Differences between sys-
tematic reviews and health technology as-
sessments are illustrated in Table 4.  

Study design Protocol

Systematic reviews Systematic location, appraisal and synthesis of evidence from scientifi c studies

Experimental studies

Randomized controlled 
trial

Subjects are randomly allocated to groups for either the intervention/treatment being studied or control/placebo (using a 
random mechanism, such as coin toss, random number table, or computer-generated random numbers) and the outcomes 
are compared.

Pseudorandomized 
controlled trial

Subjects are allocated to groups for intervention/treatment or control/placebo using a nonrandom method (such as alter-
nate allocation, allocation by days of the week, or odd-even study numbers) and the outcomes are compared.

Clustered randomized 
trial

Groups of subjects are randomized to intervention or control groups (eg, community intervention trials).

Comparative 
(nonrandomized and 
observational) studies

Concurrent control or 
cohort

Outcomes are compared for a group receiving the treatment/intervention being studied, concurrently with control sub-
jects receiving the comparison treatment/intervention (eg, usual or no care).

Case-control Subjects with the outcome or disease and an appropriate group of controls without the outcome or disease are selected 
and information is obtained about the previous exposure to the treatment/intervention or other factor being studied.

Historical control Outcomes for a prospectively collected group of subjects exposed to the new treatment/intervention are compared with 
either a previously published series or previously treated subjects at the same institutions.

Interrupted time series Trends in the outcome or disease are compared over multiple time points before and after the introduction of the 
treatment/intervention or other factor being studied.

Other observational 
studies

Case series A single group of subjects are exposed to the treatment/intervention.

-- post-test Only outcomes after the intervention are recorded in the case series, so no comparisons can be made.

-- pretest/post-test Outcomes are measured in subjects before and after exposure to the treatment/intervention for comparison (also called 
a ‘before-and-after’ study).

Table 5.  Types of studies used for assessing clinical and public health interventions 

THE QUALITY OF INDIVIDUAL ARTICLES

Multiple types of studies used for as-
sessing clinical and public health inter-
ventions are described in Table 5, which 
include systematic reviews, experimental 
studies, randomized trials, observational 
studies, and diagnostic test studies (74). 

AHRQ described important evalu-
ation domains and elements for evalu-
ating systems related to rating the qual-
ity of individual articles, including sys-
tematic reviews, randomized clinical tri-
als, observational studies and diagnos-
tic test studies (73).  Cochrane Review 
Group (84) also described methodolo-
gy for systemic reviews for spinal disor-
ders.  Additional guidelines have been de-
veloped to evaluate accuracy of diagnostic 
studies (85).  Further, various types of re-
porting guidelines such as the CONSORT 
(86), QUOROM (87), STARD (88), and 
MOOSE (32) have been described in re-
porting various individual articles.  These 
guidelines assist the reporting authors by 
reducing the unavoidable tension and by 
facilitating easier publication . Tables 6 to 

11 show the important domains and ele-
ments for systems to rate quality of indi-
vidual articles. 

Systematic Reviews
Authors of this AHRQ document re-

viewed 20 systems concerned with sys-
tematic reviews or meta-analyses. To ar-
rive at a set of high-performing scales 
or checklists pertaining to systematic re-
views, the authors of AHRQ (73) took ac-
count of 7 key domains as shown in Table 
6: study question, search strategy, inclu-
sion and exclusion criteria, data extrac-
tion, and funding or sponsorship. 

Randomized Clinical Trials
For evaluation of randomized tri-

als, two types of guidelines are available.  
These include the guidelines described 
by AHRQ (73) and other commonly 
used guidelines in evaluation of inter-
ventions described by Cochrane Review 
Group (84).  
The authors of AHRQ designated a set 
of high-performing scales or checklists 
pertaining to randomized clinical trials 

Adapted from Reference 74
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by assessing their coverage of the follow-
ing 7 domains as shown in Table 7; study 
population, randomization, blinding, in-
terventions, outcomes, statistical analysis 
and funding or sponsorship.  The criteria 
described by the Cochrane Review Group 
for musculoskeletal disorders are illus-
trated in Table 8. 

Observational Studies
Cochrane collaboration and AHRQ 

recognize the importance of observation-
al studies.  Authors of AHRQ considered 
several key domains and arrived at a set 
of 5 high-performing scales or checklists 
pertaining to observational studies as de-
scribed in Table 9: comparability of sub-
jects, exposure or intervention, outcome 
measurement, statistical analysis and 
funding or sponsorship. Apparently the 
systems that cover these domains repre-
sent acceptable approaches for assessing 
the quality of observational studies. 

Cochrane Reviewers Handbook 4.2.0 
described multiple advantages and dan-
gers of including non-randomized studies 
in systematic reviews, along with guide-
lines on how to do these.  

The advantages include that if a sys-
tematic review relies solely on data from a 
randomized trial, it is open to a number 
of problems.  The most obvious of these 
is that certain important health care prob-
lems have not been studied, or are impos-
sible or very difficult to study in random-
ized trials.  Randomized trials may be in-
adequate for other reasons also.  For ex-
ample, there may be insufficient informa-
tion on the types of participants or out-
come which are of relevance to the re-
view (e.g., rare side effects), or the data 
may only contain short-term follow-up 
when important findings depends on lon-
ger follow-up.  Inclusion of evidence from 
non-randomized studies may resolve 
some of these problems.

However, inclusion of non-random-
ized studies in systematic reviews may also 
pose problems and a threat to validity as 
unexpected biases may creep in and inval-
idate the conclusions.

Studies of Diagnostic Tests
Multiple precision diagnostic blocks 

utilized in interventional pain manage-
ment have never been reviewed system-
atically except for facet joint blocks (89).  
However, the value and validity of mul-
tiple diagnostic interventions with preci-
sion diagnostic blocks has been described 

Domain# Elements*

Study Question •  Question clearly specifi ed and appropriate

Search Strategy •  Suffi ciently comprehensive and rigorous with attention to possible 
publication biases

•  Search restrictions justifi ed (e.g., language or country of origin)

•  Documentation of search terms and databases used

•  Suffi ciently detailed to reproduce study

Inclusion and Exclusion 
Criteria

• Selection methods specifi ed and appropriate, with a priori criteria 
specifi ed if possible

Interventions •  Intervention(s) clearly detailed for all study groups

Outcomes •  All potentially important harms and benefi ts considered

Data Extraction† •  Rigor and consistency of process

•  Number and types of reviews

•  Blinding of reviewers

•  Measure of agreement or reproducibility 

•  Extraction of clearly defi ned interventions/exposures and outcomes for all 
relevant subjects and subgroups

Study Quality and Validity •  Assessment method specifi ed and appropriate

•  Method of incorporation specifi ed and appropriate

Data Synthesis and Analysis •  Appropriate use of qualitative and/or quantitative synthesis, with 
consideration of the robustness of results and heterogeneity issues

•  Presentation of key primary study elements suffi cient for critical appraisal 
and replication

Results •  Narrative summary and/or quantitative summary statistic and measure 
of precision, as appropriate

Discussion •  Conclusions supported by results with possible biases and limitations 
taken into consideration

Funding or Sponsorship •  Type and sources of support for study

Table 6.  Domains and elements for systematic reviews

# Key domains are in italics;   *Elements appearing in italics are those with an empirical basis.  Elements appearing in bold are 
those considered essential to give a system a Yes rating for the domain.;   †Domain for which a Yes rating required that a majority 
of elements be considered.;     Adapted from ref 73

Domain# Elements*

Study Question •  Clearly focused and appropriate question

Study Population •  Description of study population
•  Specifi c inclusion and exclusion criteria

•  Sample size justifi cation 

Randomization •  Adequate approach to sequence generation 
•  Adequate concealment method used
•  Similarity of groups at baseline

Blinding •  Double-blinding (e.g., of investigators, caregivers, subjects, assessors, and other 
key study personnel as appropriate) to treatment allocation

Interventions •  Intervention(s) clearly detailed for all study groups (e.g., dose, route, timing 
for drugs, and details suffi cient for assessment and reproducibility for other 
types of interventions)

•  Compliance with intervention

•  Equal treatment of groups except for intervention

Outcomes •  Primary and secondary outcome measures specifi ed
•  Assessment method standard, valid, and reliable

Statistical Analysis •  Appropriate analytic techniques that address study withdrawals, loss to follow-
up, missing data, and intention to treat

•  Power calculation
•  Assessment of confounding factors
•  Assessment of heterogeneity, if applicable

Results •  Measure of effect for outcomes and appropriate measure of precision

•  Proportion of eligible subjects recruited into study and followed up at each 
assessment

Discussion •  Conclusions supported by results with possible biases and limitations taken 
into consideration

Funding or 
Sponsorship

•  Type and sources of support for study

Table 7.  Domains and elements for randomized controlled trials

# Key domains are in italics;   *Elements appearing in italics are those with an empirical basis.  Elements appearing in bold are 
those considered essential to give a system a Yes rating for the domain.   Adapted from ref 73
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extensively and also has been questioned 
repeatedly.  

AHRQ Assessment identified 6 
checklists to evaluate the quality of diag-
nostic studies. The authors identified 5 
key domains for making judgments about 
the quality of diagnostic test reports as de-
scribed in Table 10: study population, ad-
equate description of the test, appropri-
ate reference standard, blinded compari-
son of test and reference and avoidance of 
verification bias.     

Due to multiple difficulties with as-
sessment of quality of diagnostic studies, 
a new tool known as QUADAS, has been 
described (85).  These items are illustrat-
ed in Table 11.  This instrument fills a gap 
in systemic evaluation of diagnostic accu-
racy studies.

GRADING THE STRENGTH OF BODY OF 
EVIDENCE

Systems for grading the strength of 
a body of evidence are much less uni-
form and consistent than those for rat-
ing study quality (73). As with the quali-
ty rating systems, selecting among the evi-
dence grading systems will depend on the 
reason for measuring evidence strength, 
the type of studies that are being summa-
rized, and the structure of the review pan-
el. Domains for rating the overall strength 
of a body of evidence are listed in Table 

12.  The National Health and Medical Re-
search Council (NHMRC) (74) described 
five key points for considering levels of 
evidence as follows as listed in Table 13.  
Some systems are extremely cumbersome 
to use, requiring substantial resources, 
whereas others are incomplete and in-
comprehensive. Multiple systems have 
been utilized in preparation of guidelines. 
Table 14 shows the designation of levels of 
evidence from level I through V consid-
ered in interventional pain management 
with guideline preparation (9, 21).

SEARCHING FOR THE EVIDENCE

To achieve balance in evidence-based 
interventional pain management and also 
to include all types of evidence, all types 
of evidence must be literally included. 
These include not only systematic reviews 
and randomized clinical trials but also 
all published literature of observational 
studies and diagnostic test studies. Thus, a 
search strategy should include all sources 
easily available to obtain the literature. 

It has been shown that using only 
MEDLINE, 30% to 80% of all known 
published randomized controlled trials 
are identifiable, depending on the area or 
specific question.  In systematic reviews of 
trials and other studies, it was described 
that non-English language references are 
underrepresented in MEDLINE and only 

published articles are included. Thus, 
there is the potential for publication bias 
and language bias. Further, it was shown 
that depending on the country of ori-
gin, there is also potential for geographi-
cal biases. Another problem with databas-
es is that even though many of the stud-
ies may be included in a database such as 
MEDLINE, it may not be easy to identify 
all those which are relevant.  MEDLINE 
failed to find 44% of known trials. Pos-
sible reasons for poor retrieval are as fol-
lows: the search used was too narrow, the 
indexing of studies in MEDLINE is inad-
equate and the original reports may have 
been too vague. The same issues are appli-
cable to EMBASE. In general, MEDLINE 
provides wide coverage of many English 
language journals. In contrast, EMBASE 
can be used to increase coverage of arti-
cles in the European languages. The over-
lap between the MEDLINE and EMBASE 
is approximately 34%, even though it can 
vary between 10% and 75% for specific 
topics. Thus, one cannot rely on search-
ing a single database. Further, dependence 
on databases also may miss many non-in-
dexed journals, proceedings of the scien-
tific meetings, and peer-reviewed articles 
from scientific newsletters. Search of the 
reference lists of articles found through 
databases may also identify further studies 
for consideration.  In fact, the Cochrane 

Patient selection
1. Treatment allocation 
       Was the method of randomization described and adequate?    Yes  No  Don’t know
       Was the treatment allocation concealed?     Yes  No  Don’t know

2. Were the groups similar at baseline regarding the most important prognostic indicators?  Yes  No  Don’t know

Intervention
3. Was the care provider blinded?      Yes  No  Don’t know

4. Was controlled for co-interventions which could explain the results?  Yes  No  Don’t know

5. Was the compliance rate (in each group) unlikely to cause bias?    Yes  No  Don’t know

6. Was the patient blinded?       Yes  No  Don’t know

Outcome measurement
7. Was the outcome assessor blinded?      Yes  No  Don’t know

8. Was at least one of the primary outcome measures applied?    Yes  No  Don’t know

9. Was the withdrawal/drop-out rate unlikely to cause bias?    Yes  No  Don’t know

Statistics
10. Did the analysis include an intention-to-treat analysis?    Yes  No  Don’t know

        

Table 8. Methodologic quality criteria of  internal validity list of  Cochrane Musculoskeletal Review Group

Adapted from Reference 84
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Domain# Elements

Study Question •  Clearly focused and appropriate question

Study Population •  Description of study populations

•  Sample size justifi cation

Comparability of Subjects† For all observational studies:

•  Specifi c inclusion/exclusion criteria for all groups

•  Criteria applied equally to all groups
•  Comparability of groups at baseline with regard to disease status and prognostic factors

•  Study groups comparable to non-participants with regard to confounding factors

•  Use of concurrent controls

•  Comparability of follow-up among groups at each assessment

Additional criteria for case-control studies:

•  Explicit case defi nition
•  Case ascertainment not infl uenced by exposure status 
•  Controls similar to cases except without condition of interest and with equal opportunity for exposure

Exposure or Intervention •  Clear defi nition of exposure 

•  Measurement method standard, valid and reliable

•  Exposure measured equally in all study groups

Outcome Measurement •  Primary/secondary outcomes clearly defi ned

•  Outcomes assessed blind to exposure or intervention status 

•  Method of outcome assessment standard, valid and reliable
•  Length of follow-up adequate for question

Statistical Analysis •  Statistical tests appropriate 
•  Multiple comparisons taken into consideration

•  Modeling and multivariate techniques appropriate
•  Power calculation provided 
•  Assessment of confounding factors

•  Dose-response assessment, if appropriate 

Results •  Measure of effect for outcomes and appropriate measure of precision
•  Adequacy of follow-up for each study group

Discussion •  Conclusions supported by results with possible biases and limitations taken into consideration

Funding or Sponsorship •  Type and sources of support for study

Table 9.  Domains and elements for observational studies

# Key domains are in italics
*Elements appearing in italics are those with an empirical basis.  Elements appearing in bold are those considered essential to give a system a Yes rating for the domain.

†Domain for which a Yes rating required that a majority of elements be considered.
Adapted from ref 73

Domain# Elements*

Study Population •  Subjects similar to populations in which the test would be used and with a similar spectrum of disease

Adequate Description of Test •  Details of test and its administration suffi cient to allow for replication of study 

Appropriate Reference Standard •  Appropriate reference standard (“gold standard”) used for comparison

•  Reference standard reproducible 

Blinded Comparison of Test and Reference •  Evaluation of test without knowledge of disease status, if possible

•  Independent, blind interpretation of test and reference 

Avoidance of Verifi cation Bias •  Decision to perform reference standard not dependent on results of test under study

Table 10.  Domains and elements for diagnostic studies

# Key domains are in italics
*Elements appearing in italics are those with an empirical basis.  Elements appearing in bold are those considered essential to give a system a Yes rating for the domain.
Adapted from ref 73
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Item Yes No Unclear

1. Was the spectrum of patients representative of the patients who will receive the test in practice? (   ) (   ) (   )

2. Were selection criteria clearly described? (   ) (   ) (   )

3. Is the reference standard likely to correctly classify the target condition? (   ) (   ) (   )

4. Is the time period between reference standard and index test short enough to be reasonably sure 
that the target condition did not change between the two tests?

(   ) (   ) (   )

5. Did the whole sample or a random selection of the sample, receive verifi cation using a reference 
standard of diagnosis?

(   ) (   ) (   )

6. Did patients receive the same reference standard regardless of the index test result? (   ) (   ) (   )

7. Was the reference standard independent of the index test(i.e. the index test did not form part of 
the reference standard)?

(   ) (   ) (   )

8. Was the execution of the index test described in suffi cient detail to permit replication of the 
test?

(   ) (   ) (   )

9. Was the execution of the reference standard described in suffi cient detail to permit its 
replication?

(   ) (   ) (   )

10. Were the index test results interpreted without knowledge of the results of the reference 
standard?

(   ) (   ) (   )

11. Were the reference standard results interpreted without knowledge of the results of the index 
test?

(   ) (   ) (   )

12. Were the same clinical data available when test results were interpreted as would be available 
when the test is used in practice?

(   ) (   ) (   )

13. Were uninterpretable/intermediate test results reported? (   ) (   ) (   )

14. Were withdrawals from the study explained? (   ) (   ) (   )

Table 11.  Items utilized for assessment of  quality of  individual articles of  diagnostic studies by QUADAS tool

Adapted from Reference 85

Domain Defi nition

Quality •  The quality of all relevant studies for a given topic, where “quality” is defi ned as the extent to which a study’s 
design, conduct and analysis has minimized selection, measurement, and confounding biases

Quantity •  The magnitude of treatment effect

•  The number of studies that have evaluated the given topic

•  The overall sample size across all included studies

Consistency •  For any given topic, the extent to which similar fi ndings are reported from work using similar and different 
study designs.

Table 12.  Domains for rating the overall strength of  a body of  evidence

Adapted from Reference 73

♦ Resolution of differences in the conclusions reached about effectiveness from studies at differing levels of evidence or within a given level 
of evidence. 

♦ Resolution of the discrepancies is an important task in the compilation of an evidence summary.

♦ Inclusion of biostatistical and epidemiological advice on how to search for possible explanation for the disagreements before data are 
rejected as being an unsuitable basis on which to make recommendations.

♦ Recognition of the fact that it may not be feasible to undertake randomized controlled trials in all situations. Guidelines should be used 
on the best available evidence.

♦ Recognition of the fact that it may be necessary to use evidence from different study designs for different aspects of the treatment effect.

Table 13.  Keypoints in consideration of  level of  evidence

Adapted from Reference 74
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handbook advises that reviewers should 
check the references of all relevant articles 
that are obtained.  Thus, additional poten-
tially relevant, articles that are identified 
should be retrieved and assessed for pos-
sible inclusion in the review. The poten-

tial for reference bias or a tendency to po-
tentially cite studies supporting one’s own 
views, however, should be kept in mind 
when doing this type of search. This bias 
can be guarded against by using a multi-
tude of search strategies. 

INCLUSION/EXCLUSION CRITERIA

Inclusion and exclusion criteria must 
be established for any type of review.  Two 
types of inclusion/exclusion criteria are 
considered in review of articles for inter-
ventional pain management (9, 21, 88, 90, 
91).  Applicable inclusion/exclusion crite-
ria and an algorithm are shown in Table 
15 and Fig. 1.  

To meet the inclusion criteria, a 
study should answer at least one question 
positively in all three categories.  

ANALYTICAL PREPARATION

The evidence linkages or synthe-
sis are performed by systematic reviews, 
as well as meta-analysis.  In both types 
of analyses, methodological criteria and 
controls are crucial (Fig. 2).  Apart from 
these two, consensus are also utilized as 
evidence.  Research findings from pub-
lished literature provide the cornerstone 
for guideline recommendations.  Howev-
er, published studies alone may not pro-
vide all the necessary or complete infor-
mation regarding details of clinical prac-
tice of interventional techniques.  Con-
sequently, additional sources of informa-
tion and evidence, as well as consensus 
are sought. The consensus data generally 
is obtained from the guideline committee 
through the members of the committee or 
it may be extended to other experts in the 
field or by open forum presentations.

Guideline recommendations gen-
erally are based directly on the evidence 
linkages developed during the process.  
Generally, all sources of evidence, includ-
ing systematic reviews and consensus are 
utilized.  However, they are separately 
considered and provided with different 
weights prior to formulation of the final 
recommendations.  

Level I Conclusive: Research-based evidence with multiple relevant and high-quality scientifi c studies or consistent reviews of meta-
analyses 

Level II Strong: Research-based evidence from at least one properly designed randomized, controlled trial; or research-based evidence 
from multiple properly designed studies of smaller size; or multiple low quality trials. 

Level III Moderate: a) Evidence obtained from well-designed pseudo-randomized controlled trials (alternate allocation or some other 
method); b) evidence obtained from comparative studies with concurrent controls and allocation not randomized (cohort 
studies, case-controlled studies, or interrupted time series with a control group); c) evidence obtained from comparative studies 
with historical control, two or more single-arm studies, or interrupted time series without a parallel control group. 

Level IV Limited: Evidence from well-designed non-experimental studies from more than one center or research group; or confl icting 
evidence with inconsistent fi ndings in multiple trials 

Level V Indeterminate: Opinions of respected authorities, based on clinical evidence, descriptive studies, or reports of expert 
committees. 

Table 14. Designation of  levels of  evidence 

Adapted and modifi ed from Reference 9

Fig. 1.  Study evaluation (inclusion/exclusion) algorithm
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CONCLUSION

Evidence synthesis and the develop-
ment of guidelines in interventional pain 
management is a complex and difficult 
task.  Evidence synthesis is performed by 

evaluating all types of evidence based on 
the evidence-based principles.  Practice 
guidelines are systematically developed to 
assist the practitioner and the patient in 
making decisions about healthcare.  Prac-

1. Are the patients described in suffi cient detail to allow you to decide whether they 
are comparable to those that are seen in clinical practices of interventional pain 
management? 
 A) Setting – offi ce, hospital, outpatient, inpatient 
 B) Physician – interventional pain physician, general physician, anesthesiologist, 

physiatrist, neurologist, rheumatologist, orthopedic surgeon, neurosurgeon, etc. 
 C) Patient characteristics  - duration of pain 
 D) Non-interventional techniques or surgical intervention in the past
 E) Exclusion criteria 
 F) Inclusion criteria

2. Is the intervention described well enough to enable you to provide the same for patients 
in interventional pain management settings?
 A) Nature of intervention
 B) Frequency of intervention
 C) Duration of intervention 

3. Were clinically relevant outcomes measured?
 A) Proportion of pain relief
 B) Disorder/specifi c disability
 C) Functional improvement
 D) Allocation of eligible and non-eligible patients to return to work
 E) Ability to work
 F) Psychological assessment or improvement

  Table 15.  Inclusion and exclusion criteria

Adapted and modifi ed from Reference 90, 91

Quality of Studies

Strength of Evidence

Clinical Practice Guidelines

The dashed line is the theoretical dividing line between summarizing the scientifi c literature and 
developing a clinical practice guideline.  Below the dashed line, guideline developers would decide 
whether the evidence represents all the relevant subsets of the populations (or settings, or types of 
clinicians) for whom the guideline is being developed. 
Adapted from Reference 73

Fig. 2.  Continuum from study quality through strength of  evidence to guide-

line development 

tice recommendations may be adapted, 
modified, or rejected according to clini-
cal needs and constraints.  Consequent-
ly, practice guidelines are not intended 
as standards or absolute requirements.  
This review has described evidence-based 
medicine and the systematic process of 
evidence synthesis and development of 
guidelines in interventional pain manage-
ment in practical terms.  
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