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Evidence-based Radiology:
A New Approach to the
Practice of Radiology1

In this review, the principles of evidence-based health care and their application to
radiology are discussed. Evidence-based health care involves the more formal inte-
gration of the best research evidence with clinical expertise and explicit acknowl-
edgment of patient values in clinical decision making, as compared with conven-
tional practice. Recently, many health care disciplines have adopted the principles
and practice of evidence-based health care. In radiology, including its diagnostic
and interventional aspects, these developments have received limited attention.
This review of evidence-based health care could, therefore, be useful to radiologists
at any stage of their training or career, to encourage the practice of evidence-based
radiology. The development of evidence-based health care is described, and evi-
dence-based health care and evidence-based radiology are defined. The importance
of evidence-based health care as a new approach to the practice of medicine and its
importance for transdisciplinary collaboration are discussed. The skills required to
practice evidence-based radiology are identified, and the roles of evidence-based
radiology in radiologic practice, education, and research are discussed.

Good doctors use both individual clinical expertise and the best available external evidence, and
neither alone is enough. Without clinical expertise, practice risks becoming tyrannised by evidence,
for even excellent external evidence may be inapplicable to or inappropriate for an individual
patient. Without current best evidence, practice risks becoming rapidly out of date, to the detriment
of patients (1).

The complexity of radiology today is the result of the introduction of many revolutionary
imaging and interventional technologies during the past 30 years. The explosion of
medical technology has made it almost impossible for radiologists to assimilate all the
information that they need to render high-quality cost-effective care. The challenge is to
keep up to date with the rapidly expanding body of medical knowledge and to learn to
access, interpret, and apply this knowledge appropriately (2). For radiologists, limited
appraisal skills of the scientific literature can be a substantial problem, and there may be
limited training in how to integrate research evidence with other types of information,
including values, preferences, and circumstances, into what constitutes valid information
(1–4). Other barriers include lack of time, rapidly out-of-date textbooks, and disorganized
journals, as well as limited access to and suboptimal use of electronic databases.

During periods of change, people value evidence on which to anchor their decisions and
validate their choices. The development of the concept of evidence-based health care
(EBHC) occurred because of increasing awareness of the limitations of traditional deter-
minants. The principles of EBHC offer a potential solution to problems that have long
been encountered, such as requirements for valid up-to-date information for clinical and
policy decisions. Evidence-based decision making can be defined as the systematic appli-
cation of the best evidence to evaluate the available options and decision making in
clinical management and policy settings. In this review we discuss the principles of EBHC
and their application to radiology.

Ideally, radiologists should have available strategies that will provide current, valid, and
relevant information to guide them in their clinical, research, and administrative deci-
sions. This information should be available at the right time, in the right place, and in the
right format. At the very least, these strategies will require several components. These
components include unbiased syntheses of the current best information, state-of-the-art
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information technology, and initiatives to
optimize the skills with which people use
technology and health information. The
environment where radiologists make
their decisions is changing with the grow-
ing integration of picture archiving and
communication systems, or PACS, and the
computer-based integrated health care en-
terprise, or IHE (6). In the future, these
changes can be used to ensure that there
is optimal interaction between the best
available information and the values,
preferences, and circumstances or con-
text in which the decisions are made (7).

As medical practice becomes busier
and the time for reading and reflection
becomes ever more precious, the ability
to peruse the literature effectively and to
become familiar with modern communi-
cation systems becomes an essential skill
for all physicians (8). EBHC provides
some of the methods, principles, and
tools that should help busy radiologists
meet this challenge.

OVERVIEW OF EBHC

The History of EBHC

“EBHC deals directly with the uncer-
tainties of medicine and has the poten-
tial to transform the education and prac-
tice of the next generation of physicians”
(2). The philosophic origins of EBHC ex-
tend back for a long time and are based
on the simultaneous development of
new information and tools that allow the
more rapid and effective dissemination
and exchange of that information (9).
The power of modern Western medicine
derives in great part from its close alli-
ance with the world of science with use
of the scientific method to distinguish
what is useful from what is not; William
Osler said, “The philosophies of one age
have become the absurdities of the next”
(10,11). For example, Pierre Louis, in pos-
trevolution Paris, rejected the announce-
ment of authorities that venesection was
“good for cholera” and provided empiric
evidence that commonly accepted prac-
tices such as bloodletting had no thera-
peutic value (10,12,13).

In the current era, the evidence-based
approach was refined, consolidated, and
named evidence-based medicine by a group
led by Dr Gordon Guyatt at McMaster
University in Hamilton, Ontario, Canada
(13,14). Other terms have been proposed.
Evidence-based decision making refers to
the process itself, which is designed to
help decision makers access and consider
the best available knowledge from re-
search to guide their decisions about pa-

tient care, new research activities, or the
organization of health services. Evidence-
based practice is used by the U.S. Agency
for Health Care Research and Quality to
designate a series of centers in North
America that have been charged with
producing evidence reports and technol-
ogy assessments to support guideline de-
velopment by other groups (15). EBHC is
a more encompassing and preferable
term. Recently, many health care disci-
plines have accepted EBHC principles
and practice (13).

The Definition of EBHC

EBHC (often referred to as evidence-
based medicine) is the process of system-
atically finding, appraising, and using
contemporary research findings as a basis
for clinical and policy decisions. It can be
practiced in any situation where there is
doubt about aspects of clinical diagnosis,
intervention, or management. EBHC rep-
resents an evolution in the methodology
and tools that are used to practice scien-
tific medicine (2,16,17). The practice of
EBHC integrates clinical expertise with
the best available external clinical evi-
dence from research. In radiology, indi-
vidual clinical expertise refers to the pro-
ficiency and judgment that individual
radiologists acquire with education and
practice.

Until recently, terms such as efficacy,
effectiveness, and efficiency were not part
of the language of busy radiologists.
EBHC can facilitate the use of these
terms. Definitions from the technology
assessment literature include efficacy de-
fined as “the probability of benefit to in-
dividuals in a defined population from a
medical technology applied for a given
problem under ideal conditions,” whereas
effectiveness “reflects performance of a
medical technology under ordinary,
rather than ideal conditions” (18). Most
radiologists work at the effectiveness
level. Efficiency studies address the cost-
effectiveness of procedures. Wherever
one is along the spectrum of efficacy, ef-
fectiveness, or efficiency, EBHC princi-
ples provide valuable methods to help
answer about the relative benefit and
harm of new and existing procedures and
the relative merits of diagnostic tests.

EBHC and Radiology

In an excellent Perspectives article
published in Radiology in 1999 entitled
“What’s the Evidence” (17), Beverly P.
Wood, MD, MSc, pointed out that “initi-
atives in evidence-based medicine are de-
veloping in medical schools and training

programs throughout North America and
Europe.” To date, these developments
have received limited attention in radiol-
ogy; our review of EBHC should be useful
for radiologists at any stage of their train-
ing or career, to encourage the practice of
evidence-based radiology (EBR). The
roles and competencies of specialist phy-
sicians include those of medical expert,
communicator, collaborator, manager,
health advocate, scholar, and profes-
sional (19). The role of medical expert
requires the development of certain
knowledge and skills that were not part
of routine postgraduate training in the
past. It is important for radiologists to
realize that EBR offers solutions that can
be applied at many levels of professional
involvement. A unique feature of EBR is
that it can be used readily by practicing
radiologists working at the effectiveness
level: performance in their own depart-
ments under ordinary, rather than ideal,
conditions.

Principles of EBHC

Evidence-based practice differs from
conventional practice in two important
ways. First, the core of the EBHC meth-
odology is explicitness. Literature is clas-
sified according to type (eg, diagnosis,
therapy, reviews, guidelines). Explicit cri-
teria are used to render an objective crit-
ical assessment. Standard questions are
used to assess the methods and establish
the validity of the evidence (20). Stan-
dard calculations are then used to assess
the strength of the results. This explicit-
ness gives the results of EBHC evalua-
tions transparency and reproducibility.
Second, the aim of EBHC is to provide
practitioners with the rules and tools to
perform their own evaluations and con-
sider them as part of their practice (21–
23). Practitioners are thus empowered to
confidently develop solutions for indi-
vidual patient and departmental prob-
lems, taking into account the best cur-
rent evidence from research. This is quite
different from the process that has been
followed in the development of most
guidelines in radiology. Such guidelines
are dependent on the opinion of “ex-
perts,” go rapidly out of date, and may
not be applicable to an individual prac-
tice.

The steps required to practice EBHC
have been laid out in many publications
(1,3). The first step is to convert the need
for information into a specific question
to facilitate subsequent literature searches.
The research evidence is then tracked
down and located by means of systematic
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searches. The evidence is critically ap-
praised for its validity, impact, and appli-
cability. The results are integrated with
other types of information, values, and
preferences and the circumstances in
which the decision is made. Beyond this,
physicians should evaluate the effective-
ness, efficiency and the outcome of
the decision, and one’s performance and
store the appraised evidence for future
use.

Step 1: setting the question.—Initially the
clinician acquires data regarding the pa-
tient and then generates hypotheses to
explain the data. Weinstein and Fineberg
(24) described this process as clinical de-
cision analysis. It involves hypothesis
formulation and supported forward rea-
soning. A good hypothesis minimizes
ambiguity by distilling the essence of a
problem into a single statement. The
question that initiates the evidence-
based search can relate to diagnosis,
treatment, or prognosis. It can involve
outcomes of interest, as well as the ben-
efits and harms of interventions and the
quality of care (2).

Learning to formulate the question is a
fundamental skill for practicing EBHC.
The “anatomy” of the question should
include four parts: the problem being ad-
dressed, the intervention being consid-
ered, the comparison of the intervention,
and the outcome of interest. The success
of the search will depend on how the
question is formulated. The hypothesis
must not only be internally rigorous but
must also be clinically relevant, so that
proof or disproof of the hypothesis influ-
ences diagnostic or therapeutic decisions.
Once a clear diagnostic hypothesis has
been formulated, an efficient search of
the literature can then be conducted. The
alternative is an unstructured search for
evidence that can increase the risk of re-
liance on a partial piece of reality.

Step 2: finding the evidence.—Learning
by means of inquiry is dependent on the
ability to find the current best evidence
to manage clinical and organizational
problems. This is a task that can either be
quick and highly rewarding or time-con-
suming and frustrating.

Until recently, the problems of locat-
ing the appropriate evidence were often
insurmountable for the practicing radiol-
ogist, because of the lack of effective
searching skills and easy access to data-
bases. Two types of electronic databases
are available: The first is bibliographic
and permits the user to identify relevant
citations from the literature by using
variations of MEDLINE. The second takes
users directly to quality- and relevance-

filtered publications. International groups
such as the Cochrane Collaboration are
closing the knowledge gap through ef-
forts at systematic review of the literature
and publication of the highest quality
research based on selected methodologi-
cal criteria and facilitation of the reader’s
understanding of the quality and appli-
cability of such results to their practice.
Neither the Cochrane Collaboration nor
the available secondary literature include
much information about radiology to
date. Their development will be impor-
tant if the current best evidence is to
become accessible to the radiology com-
munity in general (2,25). A number of
commercial groups already offer ab-
stracts, such as Current Contents or the
“alert” services provided by many scien-
tific journals. When one subscribes to
these, one provides key words and re-
ceives in return a notice as soon as a
relevant article appears in print. No
doubt these services will be refined and
will serve to facilitate access to “distilled”
high-quality information.

It has also been postulated that if evi-
dence-based decision making is to reach its
full potential and contribute to improve-
ments in health care, a powerful and effi-
cient synergy must be developed between
it and the Internet. The Internet could ben-
efit evidence-based decision making by
giving decision makers inexpensive, fast,
and efficient access to up-to-date, valid,
and relevant knowledge at the right time,
at the right place, and in the right format.
Conversely, the tools and principles of ev-
idence-based medicine could be used to
gain a better understanding of the role of
the Internet in health care, helping us to
anticipate opportunities and prevent po-
tential problems (26).

Step 3: critical appraisal.—The next step
is to evaluate or appraise the evidence for
its validity and usefulness. This step is
crucial because it lets the radiologist de-
cide whether an article can be relied on
for useful guidance. Unfortunately, a
large portion of the published radiology
research lacks either relevance or suffi-
cient methodologic rigor to be reliable
enough to help answer such questions. A
structured but simple method should en-
able individuals without research exper-
tise to evaluate radiology publications.
Critical appraisal skills entail learning
how to evaluate the validity of evidence
and its relevance to a particular patient or
group of patients. The fundamentals can
be learned in a few hours with small tu-
torials, workshops, and interactive lec-
tures (2). Resources for critical appraisal
are listed in the Appendix.

Step 4: developing solutions for individual
patients.—The final step integrates the re-
sults of the appraisal with radiologic ex-
pertise and the patient’s unique biologic
characteristics, values, and circumstances
(27). External evidence can inform but
never replace individual radiologic exper-
tise. It is this expertise that is used to
decide whether the external evidence ap-
plies to the individual patient at all and,
if so, how it should be integrated into a
radiologic decision (5).

Several recent developments have made
the practice of EBHC easier. These include
strategies for efficient location and ap-
praisal of the evidence and for decisions on
the validity of the published evidence with
regard to diagnosis, prognosis, harm, ther-
apy, and outcomes (28–37).

THE PRACTICE OF EBR

Contemporary radiology includes both
diagnostic imaging and interventional
radiology. The principles of EBHC are
equally applicable to both. The recogni-
tion of the need for evidence-based deci-
sion making comes at a time when infor-
mation science is available to physicians
not just in the library or study but at the
point of care. As it becomes increasingly
possible to provide real-time decision
support for medical decisions, the incor-
poration of the best evidence into this
support has the potential to translate the
evidence directly into care. EBR, then, is a
way to solve clinical problems by quickly
identifying the best available research to
guide and support clinical decisions. The
practice of EBR empowers radiologists to
find solutions for individual patients’
problems, as well as to develop local de-
partmental policies. Unless evidence-
based practice improves care, however, it
remains no more than a sterile academic
exercise.

EBR is aimed at the integration of eval-
uative sciences and technology assess-
ment into clinical practice (38). Radiolo-
gists can apply the EBR rules and tools to
original research, reviews published in
the literature, and local audits. The re-
sults of relevant research must include
both estimates of the extent to which
study results can be generalized from the
study sample as a whole and recognition
of the importance of local prevalence of
disease on the interpretation of positive
and negative test results (confidence in-
tervals and predictive values corrected for
local prevalence). To start with, there are
many relevant contributions developed
by radiologists to address these issues
(39–49).
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Evidence-based methodology is not re-
quired for many diagnostic situations,
but it can provide the answers to ques-
tions that are common, important, and a
problem. It is also most helpful when a
personal “knowledge gap” or a rare con-
dition is encountered. In the past, the
practice was to follow the example of ex-
perts (25). This is a quick model of prac-
tice and quite suitable for conditions that
are seen rarely and for which ongoing
advice is needed. Practice in this mode,
however, does not allow the determina-
tion of whether the advice received is
authoritative or authoritarian.

There are two modes for radiologists to
achieve evidence-based practice: The first
mode, searching and appraising, encom-
passes all four steps of EBHC and is de-
manding in terms of both time and re-
sources. It is most suitable for conditions
that are encountered regularly. The sec-
ond mode encompasses only steps 1, 2,
and 4 and limits the searches to sources
that have undergone critical appraisal by
others. This is a quick approach and is
most appropriate for conditions that are

seen infrequently. Teaching hospitals,
however, should practice and teach all
steps and encourage the development of
their own critical appraisal.

EBR and Diagnostic Imaging

Given the increasing number and com-
plexity of diagnostic imaging methods, cli-
nicians are more frequently asking radiolo-
gists for advice on the appropriate selection
of radiologic investigations (50). However,
advising on the appropriate use of tests is
difficult (51,52). The application of EBR
principles to diagnostic imaging can en-
hance the interpretation of imaging stud-
ies and form the foundation for a thorough
and meaningful radiologic consultation.

Studies reported in radiology manu-
scripts do not usually involve advanced
statistical analyses (53,54). The majority
of the radiology literature concerns tech-
nical and diagnostic test performance,
which are the first two levels in the tech-
nology-assessment hierarchy developed
by Thornbury and Fryback (41,55) (Table
1). The hierarchy of efficacy is now the

widely accepted foundation for a concep-
tual approach to technology assessment.
A recent attempt has been made to sug-
gest a similarly phased evaluation of new
interventional procedures (56). Until re-
cently few authors have investigated di-
agnostic effect, the third of the Thorn-
bury’s six levels (Table 1); that is, has the
radiologic investigation altered the clini-
cian’s diagnosis or rendered other inves-
tigations unnecessary? This is important
because, in the final analysis, the clini-
cian’s real question is “What is the post-
test probability of disease?” or “Given
this test result in this patient, has the
result altered the disease probability so
that it now lies above a treatment (ac-
tion) threshold, or below an exclusion
threshold?” (57). If the answer is yes, the
treatment can begin or the suspected
condition can be excluded. Otherwise,
further testing is needed. It is at this
point that EBHC data analysis supple-
ments the traditional technology-assess-
ment analysis, allowing application of a
test result observed in a group of patients
to an individual patient.

TABLE 1
Hierarchical Model of Efficacy: Typical Measures of Analysis

Level Type of Efficacy and Typical Measures

1 Technical efficacy:
Resolution of line pairs
Modulation transfer function change
Gray-scale range, amounts of mottle
Sharpness
Computerized imaging parameters

2 Diagnostic accuracy efficacy:
Yield of abnormal or normal diagnoses in a case series
Diagnostic accuracy (percentage of correct diagnoses in case series)
Sensitivity, specificity, positive and negative predictive values in a defined clinical problem setting
Measures of area under the receiver operating characteristic (ROC) curve

3 Diagnostic thinking efficacy:
Number (percentage) of cases in a series in which image was judged “helpful” for rendering the diagnosis
Entropy change in differential diagnosis probability distribution
Difference in clinicians’ subjectively estimated diagnosis
Probabilities before and after test information
Empirical subjective log-likelihood ratio for test positive and negative in a case series

4 Therapeutic efficacy:
Number (percentage) of times image was judged “helpful” in planning patient care in a case series
Percentage of times medical or surgical procedure avoided due to image information
Number or percentage of times planned therapy pretest changed after the image information was obtained (retrospectively

inferred from clinical records)
Number or percentage of times clinicians’ prospectively stated therapeutic choices changed after test information
? Patient utility assessment (see text)*

5 Patient outcome efficacy:
Percentage of patients improved with test vs without test
Morbidity (or procedures) avoided after having image information
Change in quality-adjusted life expectancy
Expected value of test information in quality-adjusted life years (QALYs)
Cost per QALY saved with image information
Patient utility assessment (eg, Markov modeling, time trade-off)

6 Societal efficacy:
Benefit-cost analysis from societal viewpoint
Cost-effectiveness analysis from societal viewpoint

Source.—Reference 55.
* Refers to text in reference 55.
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EBR and Screening

The practice of EBR is particularly rel-
evant to screening because so much con-
fusion has been created by the wide-
spread misuse of survival statistics (58,59).
Among the lay media and even in many
medical journals, survival for screening-
detected cases is compared with that for
clinically detected cases. This compari-
son almost always makes screening ap-
pear to be highly effective, even when it
is completely ineffective, the reasons be-
ing lead-time bias, length bias, and over-
diagnosis bias (58). Lead-time bias results
from the failure to control for the timing
of diagnosis, while length bias results
from the failure to control for the rate of
disease progression. Overdiagnosis, which
is often considered an extreme form of
length bias, results from the failure to
control for the detection of pseudodis-
ease—that is, preclinical disease that
would not have produced any signs or
symptoms before the individual would
have died of other causes (60).

The primary purpose of screening is to
prevent or delay death due to disease;
hence, the most appropriate outcome
measure is disease-specific mortality: the
ratio of number of deaths caused by the
target disease to the number of person
years of observation. Comparisons of dis-
ease-specific mortality are not subject to
the same biases, because these compari-
sons are based on populations tracked
from the time of screening (or no screen-
ing), rather than simply cases tracked
from the time of diagnosis. Randomized
controlled trials are considered the most
valid method for determining the effec-
tiveness of screening for reduction of dis-
ease-specific mortality (61). However,
randomized controlled trials of screening
have several limitations, including prob-
lems with compliance among study sub-
jects, lack of generalizability, require-
ment for a large number of participants,
many years of follow-up to produce a
statistically significant result, and cost.
Because of these limitations, quantitative
decision analysis is increasingly used to
fill in the gaps of knowledge about the
effects of screening (62,63). Decision
models can be thought of as virtual trials
that can be programmed to analyze the
effects on the benefits, harms, and costs
of screening of controllable factors (eg,
starting or stopping age) and uncontrol-
lable factors (eg, natural history of the
disease or competing mortality).

Because screening involves individuals
who are asymptomatic, it should not be
offered unless the evidence of its effec-

tiveness is especially strong. Further-
more, it has been argued that candidates
for screening should provide informed
consent and be made aware of their per-
sonal risk of disease, the accuracy of the
screening tests, the effectiveness of
screening in terms of absolute risk reduc-
tion, and the potential harms from the
screening procedure (64–66).

EBR and Interventional Radiology

Interventional radiology was one of
the major advances in the treatment of
“surgical” disorders (ie, disorders treated
with surgery) of the late 20th century.
Radiologists are proud of it, and interven-
tional radiology continues to evolve rap-
idly. Why should an interventional radi-
ologist bother with EBR? Do the existing
academic structures and industry part-
ners not serve interventional radiologists
well, providing all the information they
need, whether they are involved in devel-
oping new techniques or learning how to
incorporate them into their busy prac-
tices? Interventional radiology is exciting
but shares some common problems with
regard to interpretation of the literature
and listening to experts. When has a new
procedure been tested well enough to be
introduced into practice? Does a study
conclusion show that a new technical op-
tion or technique is safe and reliable in
practice? Can the literature distributed
by industry representatives really be
trusted when making a case to start
something new in a department? How
can it be decided that all sides of the story
have been presented or discussed when a
refresher course or review article suggests
that a new technique is a major advance?
Anybody who has spent time (and/or
money) working on biliary lithotripsy,
laser angioplasty, atherectomy, and early
metal stent designs knows these prob-
lems only too well.

The answers to these questions can be
found by using the EBR approach, which,
as described earlier in this article, repre-
sents a structured and transparent ap-
proach to the formulation of clinical
questions and to the identification of the
current best evidence about those ques-
tions. The EBHC rules and tools for the
assessment of benefit and harm can be
usefully applied to interventional radiol-
ogy (56,67).

External pressures from government and
insurance payers are now focusing the at-
tention of the interventional radiology
community on the necessity of providing
interventional radiology research results
that can be used to justify (or stop) the

expenditure of scarce funds on expensive
interventional radiology procedures. It
should be possible to construct a hierarchi-
cal or phased model to evaluate the effi-
cacy, effectiveness, and efficiency of inter-
ventional radiology procedures. A model
based on technology assessment and
EBHC theory has been suggested by Ma-
lone and MacEneaney (56). Rather than
representing strict, separate levels and cat-
egories of evidence, this model should be
regarded as a continuum analogous to that
described by Fryback and Thornbury
(41,55) (Table 1).

In defense of existing interventional
radiology research, it should be said that
there is only a small window of opportu-
nity after the introduction of a new tech-
nique when ethical committees will al-
low patients to be randomly assigned to
treatments and therefore “deny” half of
the patients the new and supposedly bet-
ter technique (68). By EBHC standards,
any deficiency is not predominantly in
the quality of the basic research, which is
analogous to the safety and efficacy
(phase 1) trials in the drug industry; the
deficiency lies more in the lack of a gen-
eral recognition that it is necessary to go
beyond the case series format to establish
higher levels of evidence before new
techniques come into general use. Case-
control and cohort studies can provide
useful information (because control groups
are used) before large, expensive, random-
ized controlled trials are contemplated.

EBR AND EDUCATION

The contribution of EBHC to teaching
and learning provides a firm foundation
for the use of the tools of evidence in
clinical decision making (17). Inclusion
of EBHC in medical education changes
the way learners use information, al-
though the core content of medical
teaching remains the same. Educators
and learners in undergraduate and resi-
dency programs are moving away from
passive acceptance and toward active
searching and analysis of available infor-
mation. The skills required in EBHC in-
clude judgment of the reliability and va-
lidity of information, consideration of its
application to patients’ problems, and a
self-directed approach to education (69).

In traditional medical education, stu-
dents are taught that the progression of
disease and appropriate treatments can
be determined through knowledge of the
mechanisms of disease. Education in
EBHC adds understanding of the rules of
evidence that are necessary for effective
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evaluation and application of findings
from the medical literature. Medical stu-
dents and residents are learning the skills
needed to access, select, interpret, and
apply appropriate information efficiently
and effectively. It is now essential for
practicing clinicians to catch up. To ac-
quire the critical thinking skills used in
EBHC, physicians must become more self
directed in identifying and meeting per-
sonal learning needs and committed to
lifelong learning (70–72).

The most effective learning occurs
when the learner actively seeks, finds,
and applies relevant information to a
problem that is important and interest-
ing (73,74). These key concepts are the
basis for the recommendations for learn-
ing and teaching EBHC methodology de-
scribed by Sackett et al (13). Educational
materials in EBHC for all levels of train-
ing and practice in radiology must be
developed (75,76). For radiologists who
are interested in teaching EBR, the sec-
ond edition of Sackett and associates’
publication, “Evidence-based Medicine:
How to Practice and Teach EBM” (13);
Users’ Guides to the Medical Literature: A
Manual for Evidence-based Clinical Practice
(77); and the Health Information Re-
search Unit Web site (78) are excellent
starting points.

Education in EBR requires faculty
members to become authoritative rather
than authoritarian. It also requires an in-
teractive, rather than a didactic, learning
environment. Problem-based small group
discussions, journal clubs, rounds, and
consultations with colleagues are oppor-
tunities to enhance the learning of EBR
methodology and its application to prac-
tice. A commitment of support by depart-
ment heads, residency directors, and
opinion leaders to provide EBHC educa-
tion in radiology is essential for the con-
tinuing viability of radiology as a profes-
sion. Hence, radiology departments must
encourage faculty to practice EBR, em-
phasize EBR in residency programs, and

make EBR methodology part of the core
curriculum for residents. They should
also make resources for EBR practice and
teaching available to faculty and commu-
nity radiologists and ensure that all con-
tinuing medical education and continu-
ing professional development programs
in radiology have EBR content.

EBR AND RADIOLOGY
RESEARCH

Research can be viewed from several per-
spectives, including those of users, re-
searchers, educators, and policy makers.
Each has different fundamental needs.
Users are the radiologists working at the
effectiveness and efficacy levels in com-
munity and university hospitals. Ideally,
they should use original literature, as well
as quality- and relevance-filtered second-
ary publications. New and updated
knowledge is used to design state-of-the-
art departmental policies and to interpret
individual patients’ examination find-
ings. The key concerns for this group are
ease of access to radiologic information
and the reliability, reproducibility, and
local applicability of the conclusions pre-
sented in the literature. The key feature
of EBHC in this respect is that EBHC
methods were written by physician-stat-
isticians (clinical epidemiologists) for
physicians who will appraise the pub-
lished literature.

Researchers are radiologists and nonra-
diologists working at the efficacy and effi-
ciency levels of technology assessment. In-
centives in academic radiology have been
counterproductive, encouraging research-
ers to publish early and often rather than
conduct long-term, large, and time-con-
suming studies. Access to new technology
has generally ensured that early investiga-
tors become well known for publishing
case series (79). On the other hand, accept-
able research methodology requires that it
be preplanned, comparative, and hypoth-

esis driven, not simply descriptive. Proto-
cols for conducting studies should include
specific details describing every aspect of
the study. This is essential for making valid
reliable comparisons between studies. The
use of empiric evidence to justify medical
practice is a powerful principle but difficult
to defend. Initiatives such as the American
College of Radiology Imaging Network, or
ACRIN, will facilitate high-quality primary
research studies and online reports and
should be supported (80).

When designing or assessing research,
both diagnostic imaging and interven-
tional radiology must be considered. The
level of evidence is graded from the avail-
able information on diagnostic and inter-
ventional study design (levels 1–5 in Tables
2 and 3) (20). Validity can be assessed with
standard questions designed to reveal sys-
tematic bias (81). The strength of the study
is established with calculations using study
result data. Many of these calculations can
be performed by using a spreadsheet ap-
proach (20,23,82). In addressing issues of
test accuracy in diagnostic imaging, level 1
evidence is provided by an independent
blinded comparison of an appropriate
spectrum of consecutive patients, all of
whom have undergone both the diagnos-
tic test and a reference standard examina-
tion. The level of evidence decreases pre-
dictably if these standards are breached.
The strength of the study may be derived
from contingency (two-by-two) table anal-
ysis, with confidence intervals used as a
measure of imprecision.

In addressing issues of the effect of alter-
native management strategies on patient
outcomes issues with regard to interven-
tional radiology level 1, the evidence is
provided by means of randomized con-
trolled trials. Other study designs (cohort
studies, case-control studies, outcomes re-
search, case series, and case reports) pro-
vide progressively weaker levels of evi-
dence but may still be useful (56). The
strength of results is assessed by using esti-
mates of how much the new therapy has

TABLE 2
Levels of Evidence and Grades of Recommendations: Diagnostic Studies

Level Type of Study

1, ideal Controlled case series with an appropriate spectrum of consecutive patients, all of whom have undergone both diagnostic
and reference standard tests

2, strong Controlled case series either with nonconsecutive patients or confined to a narrow spectrum of study individuals, all of whom
have undergone both diagnostic and reference standard tests

3, moderate Uncontrolled case series in an appropriate spectrum of consecutive patients but without a reference standard test used for
comparison

4, weak Uncontrolled case series in which a reference standard was used; study of diagnostic accuracy efficacy; expert opinion
without explicit critical appraisal

5, very weak Case report; study of technical efficacy of a new technology
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decreased (or increased) the risk of prede-
termined outcomes related to treatment.
These estimates are preferably expressed as
absolute risk alterations and the “number
needed to treat or harm,” accompanied by
95% confidence intervals. Confidence in-
tervals are measurements of inherent data
error and uncertainty. Larger sample sizes
give narrower confidence intervals, reflect-
ing the lower level of uncertainty associ-
ated with results determined from large
samples. Confidence intervals provide an
understanding of the representative value
of a study if its results were generalized to
the population at large.

Analyses of diagnostic accuracy are often
restricted to the calculation of sensitivity,
specificity, and the predictive values of
positive and negative test results. These
analyses provide an overview of test perfor-
mance in a particular study population
and a comparison of test performance
against the performance of other tests. Test
sensitivity and specificity values are, in the
radiology literature, often reported with-
out confidence intervals.

To determine the relevance of a diag-
nostic test result to an individual patient,
an estimate of pretest probability is
needed. In populations, pretest probabil-
ity is equivalent to disease prevalence. It
can also be the clinician’s and the radiol-
ogist’s estimate of disease probability in
an individual patient after taking into
account all available data (83). Once pre-
test probability is known, posttest prob-
ability can be calculated by using likeli-
hood ratios (Bayesian theory). Likelihood
ratios summarize the information in
both sensitivity and specificity, are appli-
cable to tests in which there are more

than two levels of possible results, and,
with use of a nomogram, provide an ef-
ficient way of moving from pretest to
posttest probability (57). An alternative
to the nomogram is the computer spread-
sheet, which may represent the ideal me-
dium for automatic, instantaneous, re-
petitive calculations based on formulas,
which the user of the spreadsheet need
never enter (64,82). There are inherent
weaknesses in this model of results anal-
ysis, since continuous data are treated in
a binary fashion. Receiver operating
characteristic, or ROC, curves are occa-
sionally calculated. ROC curves offer a
more rigorous assessment of diagnostic
test performance. In the future, methods
will be developed to account for the an-
atomic extent of disease relevant to im-
aging (84).

From the educators’ perspective, the
challenge is to incorporate current re-
search evidence into a meaningful curric-
ulum for all levels of learning and prac-
tice.

Policy makers today face the difficult
task of stimulating better research while
making good decisions based on the best
available evidence. The development of
the capacity for evidence-based decision
making is achieved not only by individ-
ual skills but also by changes in the cul-
ture, systems, and structure of organiza-
tions (85). When the evidence is strong,
subsequent decisions are easy; when it is
weak, good judgment is required to make
the correct practice and policy decisions
(86).

Outcomes research has received a great
deal of attention in recent years, but
there are substantial barriers to outcomes

research that are particular to radiology.
These barriers, as well as the traditional
health outcomes in the evaluation of di-
agnostic tests and the diagnostic and
therapeutic effects of intermediate out-
comes, are important components of EBR
and were extensively addressed recently
in Academic Radiology (87).

PERSPECTIVE

The rapid spread of EBHC has resulted in
the practice and teaching of EBHC in
many medical and other health care dis-
ciplines. Radiology, in either its diagnos-
tic or its interventional aspects, has so far
not participated to any substantial degree
in these developments, although there
have been concerted efforts by leaders in
radiology to promote this approach. To
quote Hillman (43), “little of radiological
practice is evidence-based” and “the 21st
century will need a very different type of
radiologist.” For these reasons, we advo-
cate the introduction of the principles of
EBHC in all aspects of radiology, includ-
ing practice, education, and research. In
doing so, we accept Wood’s statement
that the advent of EBHC does not imply
that we should overturn our previous
methods (17). We also accept Jadad and
Enkin’s (9) discussion of the “tacit di-
mensions of knowledge.” EBR requires
not only the “best available evidence”
but individual radiologic expertise. Radi-
ologists’ expertise is based on their exten-
sive training in the understanding of the
structure and function of the human
body, the mechanism of disease, the
physics principles of image formation,

TABLE 3
Levels of Evidence and Grades of Recommendation: Interventional Radiology

Grade of Recommendation
and Level of Evidence Therapy or Harm*

A
1a Systematic review, with homogeneity, of RCTs
1b Individual RCT with narrow confidence interval
1c “All-or-none” case series

B
2a Systematic review, with homogeneity, of cohort studies
2b Individual cohort study or low-quality RCT (eg, ,80% follow-up)
2c Outcomes research
3a Systematic review, with homogeneity, of case-control studies
3b Individual case-control study

C
4 Case series (and poor-quality cohort and case-control studies)

D
5 Expert opinion without explicit critical appraisal; based on physiologic information, “bench” research results,

or “first principles”

Source.—Excerpted from cebm.jr2.ox.ac.uk/docs/levels.html. Accessed June 1, 2001.
* RCT 5 randomized controlled trial.
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and image interpretation. The tools now
in evolution for the practice of scientific
radiology are “supported by a growing
base of scientifically designed studies for
the valid evaluation of diagnostic crite-
ria, interventional procedures and man-
agement decisions” (25).

The shortage of coherent and consis-
tent scientific evidence in the radiology
literature is a distinct disadvantage for
EBR. EBR must, therefore, promote the
application of radiologic expertise and
reasoning based on principles derived
from basic science research to traverse
these many gray zones of practice (88).
Even when evidence exists, difficulties
arise when the evidence is inconclusive,
inconsistent with previous results, irrele-
vant to clinical realities, or of poor qual-
ity (89). Although systematic reviews are
a potential solution to this problem, in-
adequate attention to their methods may
lead to surprising variations in results
and recommendations. Steps must, there-
fore, be taken to improve and standardize
the methods and reporting of systematic
reviews (89). These problems, far from
constituting a limitation of EBR, how-
ever, highlight the importance of train-
ing radiologists to appraise research crit-
ically and apply the evidence, taking into
account their patients’ individual risks
and values (89).

Unquestionably, the practice of EBR re-
quires the acquisition and development
of new skills in literature searching and
critical appraisal. Mastery and applica-
tion of these skills are tasks that should
not be underestimated, although the
fundamentals of critical appraisal can be
learned in a few hours in small tutorials,
workshops, and interactive lectures (89).
Even radiologists with limited experience
in literature searching can learn how to
apply EBR in the context of their own
practice. It should also be possible to in-
tegrate standard interpretive radiology
teaching materials with noninterpretive
EBR content during refresher courses
(90).

The advantages of practicing EBR, how-
ever, outweigh all disadvantages and limi-
tations. Individual radiologists are enabled
to routinely upgrade their knowledge
base, to improve their understanding of
research methods, and to use data in a
more critical fashion. Radiologists im-
prove their computer literacy skills, data
searching techniques, and reading hab-
its, as well as improve their confidence in
management decisions. For radiology teams,
EBR provides a framework for group
problem solving and for teaching and en-
ables junior members of the team to con-

tribute usefully. For patients, it ensures
more effective use of resources and better
communication about the rationale be-
hind radiology management decisions.
While the contributions of junior mem-
bers of the team are essential, support by
senior radiologists is critical to the suc-
cess of introducing EBR. Senior radiolo-
gists who practice EBR regularly are excel-
lent role models who can train newcomers.
Even when senior staff are themselves un-
familiar with EBR, their willingness to
admit uncertainty, to encourage skepti-
cism, and to be flexible can help the team
to accommodate new evidence that may
contradict previous assumptions and prac-
tice (2).

The practice of EBR will encourage and
facilitate interdisciplinary collaboration
(91). A prerequisite to the promotion of
high standards of specialist care in radi-
ology is the optimal use of imaging and
interventional procedures in daily prac-
tice. The principles of EBHC can be ap-
plied to all aspects of radiology and will
help promote the appropriate use of im-
aging procedures, enhance the interpre-
tative accuracy of image reading, im-
prove the application of interventional
procedures, and form a foundation for a
thorough and meaningful radiologic
consultation.

APPENDIX

EBHC Web Sites

McMaster University (Hamilton, Ontario,
Canada). Health Information Research Unit:
Evidence-Based Health Informatics. Available
at: hiru.mcmaster.ca/default.htm. Accessed Au-
gust 24, 2000.

Oxford University (England). Centre for Ev-
idence-Based Medicine. Available at: cebm
.jr2.ox.ac.uk/. Accessed August 24, 2000.

The University of Sheffield (England) School
of Health and Related Research. www
.nettingtheevidence.org.uk: A ScHARR In-
troduction to Evidence Based Practice on the
Internet. Available at: www.nettingtheevidence
.org.uk. Accessed June 18, 2001. This site, by
Andrew Booth, is a well-organized and most
comprehensive jumping-off point. It leads
to all the important sites. Users can “surf” in
the direction of their choice at their own
pace.

Critical Appraisal with EBHC
Principles

Centres for Health Evidence (Edmonton,
Alberta, Canada). Principles: User’s Guides
to Evidence-Based Practice. Available at:
www.cche.net/principles/content_all.asp. Ac-
cessed August 24, 2000.

Data Analysis: Diagnostic Radiology

The Meaning of Diagnostic Test Results: A
Spreadsheet for Swift Data Analysis. Available
at: ftp://radiography.com/pub/Rad-data99.xls.
Accessed August 18, 2000.

The Evidence-Based Medicine Toolbox.
Available at: cebm.jr2.ox.ac.uk/docs/toolbox.html.
Accessed August 24, 2000.

Agency for Healthcare Research and Qual-
ity home page. Available at www.ahcpr.gov/.
Accessed November 6, 2000.

Data Analysis: Interventional
Radiology

Applying “Evidence-Based Medicine” Theory
to Interventional Radiology: A Spreadsheet for
the Swift Assessment of Procedural Benefit and
Harm. Available at: ftp://radiography.com/pub
/TxHarm00.xls. Accessed August 24, 2000.

Literature Searching

For primary sources, the free sites used by
most people are PubMed (available at: www
.ncbi.nlm.nih.gov/Pubmed; accessed August
24, 2000) and Grateful Med (available at:
igm.nlm.nih.gov; accessed August 24, 2000).
Subscription-based search programs include
Ovid (available at: www.ovid.com; accessed
August 24, 2000), and Silver Platter (avail-
able at: www.silverplatter.com; accessed Au-
gust 24, 2000). Radiology journals online
include the RSNA Index to Imaging Literature
(available at: rsnaindex.rsnajnls.org; accessed
August 28, 2000), Radiology Online (avail-
able at: radiology.rsnajnls.org; accessed Au-
gust 28, 2000.), and the American Journal of
Roentgenology (available at: www.arrs.org/ajr;
accessed August 24, 2000).

There is, as yet, little secondary literature
for radiologists. Other disciplines have cre-
ated a wealth of secondary literature. Robin
Snowball, BA, of the Cairns Library (Oxford
University, England) has categorized infor-
mation resources as follows: databases (and
indexes), journals, bulletins and newslet-
ters, “gateways” and search engines, discus-
sion lists and support groups, guidelines,
health economics, health outcomes, evi-
dence-based medicine Web sites, and elec-
tronic journals. A list of selected Internet
addresses for all these categories has been
published (92), with advice on how to get
the best results from their searching strate-
gies.

A comprehensive review for EBHC is
available in the article by Jadad et al (26)
and at the McMaster University Health In-
formation Research Unit Evidence-Based
Health Informatics Web site (available at:
hiru.mcmaster.ca; accessed June 5, 2001).
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