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Evidence-based radiology: why and how?

Abstract Purpose: To provide an
overview of evidence-based medi-
cine (EBM) in relation to radiology
and to define a policy for adoption of
this principle in the European radio-
logical community. Results: Start-
ing from Sackett’s definition of EBM
we illustrate the top-down and bot-
tom-up approaches to EBM as well
as EBM’s limitations. Delayed dif-
fusion and peculiar features of evi-
dence-based radiology (EBR) are
defined with emphasis on the need to
shift from the demonstration of the
increasing ability to see more and
better, to the demonstration of a
significant change in treatment plan-
ning or, at best, of a significant gain
in patient outcome. The “as low as
reasonably achievable” (ALARA)
principle is thought as a dimension of

EBR while EBR is proposed as part
of the core curriculum of radiology
residency. Moreover, we describe the
process of health technology assess-
ment in radiology with reference to
the six-level scale of hierarchy of
studies on diagnostic tests, the main
sources of bias in studies on diag-
nostic performance, and levels of
evidence and degrees of recommen-
dations according to the Centre for
Evidence-Based Medicine (Oxford,
UK) as well as the approach pro-
posed by the GRADE working
group. Problems and opportunities
offered by evidence-based guidelines
in radiology are considered. Finally,
we suggest nine points to be actioned
by the ESR in order to promote EBR.
Conclusion: Radiology will benefit
greatly from the improvement in
practice that will result from adopting
this more rigorous approach to all
aspects of our work.

Keywords Evidence-based
medicine . Evidence-based radiology .
ALARA . Health technology
assessment . Degrees of
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Introduction

Over the past three decades, the medical community has
increasingly supported the principle that clinical practice
should be based on the critical evaluation of the results

obtained from medical scientific research. Today this
evaluation is facilitated by the Internet which provides
instantaneous online access to the most recent publications
even before they appear in print form. More and more
information is solely accessible through the Internet and
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through quality- and relevance-filtered secondary publica-
tions (meta-analyses, systematic reviews and guidelines).
This principle—a clinical practice based on the results (the
evidence) given by the research—has engendered a
discipline, evidence-based medicine (EBM), which is
increasingly expanding into healthcare and bringing a
striking change in teaching, learning, clinical practice and
decision making by physicians, administrators and policy
makers. EBM has entered radiology with a relative delay,
but a substantial impact of this approach is expected in the
near future.

The aim of this article is to provide an overview of EBM
in relation to radiology and to define a policy for this
principle in the European radiological community.

What is EBM?

Evidence-based medicine, also referred to as evidence-
based healthcare or evidence-based practice [1], has been
defined as “the systematic application of the best evidence
to evaluate the available options and decision making in
clinical management and policy settings”, i.e. “integrating
clinical expertise with the best available external clinical
evidence from research” [2].

This concept is not new. The basis for this way of
thinking was developed in the nineteenth century (Pierre C.
A. Luis) and during the twentieth century (Ronald A.
Fisher, Austin Bradford Hill, Richard Doll and Archie
Cochrane). However, it was not until the second half of the
last century that the Canadian School led by Gordon Guyatt
and Dave L. Sackett at McMaster University (Hamilton,
Ontario, Canada) promoted the tendency to guide clinical
practice using the best results—the evidence—produced by
scientific research [2–4]. This approach was subsequently
refined also by the Centre for Evidence-Based Medicine
(CEBM) at University of Oxford, England [1, 5].

Dave L. Sackett said that:

Evidence based medicine is the conscientious, explicit,
and judicious use of current best evidence in making
decisions about the care of individual patients. The
practice of evidence-based medicine means integrating
individual clinical expertise with the best available
external evidence from systematic research [6].

A highly attractive alternative but more technical defini-
tion, explicitly including diagnosis and investigation, has
been proposed by Anna Donald and Trisha Greenhalgh:

Evidence-based medicine is the use of mathematical
estimates of the risk of benefit and harm, derived from
high-quality research on population samples, to inform
clinical decision making in the diagnosis, investigation
or management of individual patients [4].

However, EBM is not only the combination of current
best available external evidence and individual clinical
expertise. A third factor must be included in EBM: the
patient’s values and choice [6]. “It cannot result in slavish,
cookbook approaches to individual patient care” [6]. Thus,
EBM needs to be the integration of: (i) research evidence,
(ii) clinical expertise and (iii) patient’s values and
preferences [6–8]. Clinical expertise “decides whether the
external evidence applies to the individual patient”,
evaluating “how it matches the patient’s clinical state,
predicament, and preferences” [6]. A synopsis of this
process is given in Fig. 1.

Two general approaches are usually proposed for
applying EBM [8–10] (Fig. 2):

– The top-down approach, when academic centres,
special groups of experts on behalf of medical bodies,
or specialized organizations (e.g. the Cochrane colla-
boration; http://www.cochrane.org) provide high-qual-
ity primary studies (original research), systematic
reviews and meta-analyses, applications of decision
analysis, or issue evidence-based guidelines and make
efforts for their integration into practice

– The bottom-up approach, when practitioners or other
physicians working in a day-by-day practice are able
“to ask a question, search and appraise the literature,
and then apply best current evidence in a local setting”

Both approaches can open a so-called audit cycle, when
one physician takes a standard and measure her/his own
practice against it. However, the top-down approach
involves a small number of people considered as experts
and does not involve physicians acting at the local level.
There is a difference between the production of systematic
reviews and meta-analyses (that are welcome as an
important source of information by local physicians who
want to practice the bottom-up model) and the production

Fig. 1 The general scheme of evidence-based medicine (from ref.
[68], p. 3). See Fig. 2 for the top-down and bottom-up approaches to
the best external evidence
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of guidelines which could be considered as an external
cookbook (confused as mandatory standard of practice) by
physicians who feel themselves removed from the decision
process [10]. On the other hand, the bottom-up approach
(which was thought of as the EBM method before the top-
down approach [11]) implies a higher level of knowledge
of medical research methodology and EBM techniques by
local physicians than that demanded by the top-down
approach. In either case, a qualitative improvement in
patient care is expected. At any rate, clinical expertise must
play the pivotal role of integrator of external evidence and
patient’s values and choice. When decision analyses, meta-
analyses and guidelines provide only part of the external
evidence found by the local physicians, the two models act
together, as hopefully should happen in practice. Moreover,
a particular aim of the top-down approach is the identifi-
cation of knowledge gaps to be filled in by future research.
In this way, EBM becomes a method to redirect medical
research towards purposes for an improved medical

practice [11]. In fact, one outcome of the production of
guidelines should be the identification of the questions still
to be answered.

However, EBM is burdened by limitations and beset by
criticisms. It has been judged as unproven, very time-
consuming (and therefore expensive), narrowing the
research agenda and patients’ options, facilitating cost
cutting, threatening professional autonomy and clinical
freedom [6, 8, 12]. On objective evaluation, these
criticisms seem to be substantially weak due to the pivotal
role attributed to the “individual clinical expertise” by
EBM and to the general EBM aim “to maximize the quality
and quantity of life for individual patients” which “may
raise rather than lower the cost of their care” as pointed out
by Sackett in 1996 [6].

Other limitations seem to be more relevant. On the one
hand, large clinical areas—radiology being one of them—
have not been sufficiently explored by studies according to
EBM criteria. On the other hand, real patients can be totally
different from those described in the literature, especially
due to the presence of comorbidities, making the conclu-
sions of clinical trials not directly applicable. This event is
the day-by-day reality in geriatric medicine. The ageing
population in Western countries has created a hard
benchmark for EBM. These EBM limitations could be
related to a general criticism which considers that in the
EBM perspective the central feature would be the patient
population and not the individual patient [13, 14]. Finally,
we should avoid an unbridled enthusiasm for clinical
guidelines, especially if they are issued without clarity as to
how they were reached or if questionable methods were
used [15].

However, all these limitations are due to a still limited
EBM development and application rather than as a result of
intrinsic problems with EBM. Basically, the value of EBM
should be borne in mind, as EBM aims to provide the best
choice for the individual patient with the use of
probabilistic reasoning. The proponents of EBM are
investing significant effort in improving contemporary
medicine.

The application of EBM presents a fundamental
difficulty. Not only producing scientific evidence but also
reading and correctly understanding the medical literature,
in particular, syntheses of the best results such as system-
atic reviews and meta-analyses, requires a basic knowledge
of and confidence with the principles and techniques of
descriptive and inferential statistics applied in medical
research. In fact, this is the only way to quantify the
uncertainty associated with biological variability and the
changes brought about by the patient’s disease. It also
allows one to manage with the indices and parameters
involved in these studies and it is the only mean to judge
their quality level. This theoretical background is now
emerging as a very important expertise required by any
physician of the new millennium.

Fig. 2 Top-down and bottom-up processes for evidence-based
medicine (EBM) (from ref. [68], p. 3). *Appropriateness criteria are
not included in the top-down EBM approach because they are
produced on the basis of experts’ opinion, even though formalized
procedures (such as the modified Delphi protocol) are frequently
used and experts commonly base their opinion on systematic
reviews and meta-analyses [39]
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Delayed diffusion of EBM in radiology and peculiar features
of evidence-based radiology

Radiology is not outside of EBM, as stated by Sackett in
1996: “EBM is not restricted to randomised trials and meta-
analyses.[...] To find out about the accuracy of a diagnostic
test, we need to find proper cross sectional studies of
patients clinically suspected of harbouring the relevant
disorder, not a randomised trial” [6]. Evidence-based
radiology (EBR), also called evidence-based imaging,
first appeared in the literature only in recent years. We
decided to adopt here the terminology evidence-based
radiology not to restrict the field of interest but to highlight
that radiologists are the main addressees of this article.
Radiologists are the interpreters of the images and are
required to understand the implications of their findings
and reports in the context of the available evidence from
the literature.

Until 2000, few papers on EBR were published in non-
radiological journals [16–20] and in one journal specialized
in dentomaxillofacial radiology [21]. From 2001 to 2005,
several papers introduced the EBM approach in radiology
[2, 22–37]. The first edition of the book Evidence-Based
Imaging by L. Santiago Medina and C. Craig Blackmore
was only published in 2006 [38]. The diffusion of EBM in
radiology was therefore delayed. From this viewpoint,
radiology is “behind other specialties” [39]. According to
Medina and Blackmore: “only around 30% of what
constitutes ‘imaging knowledge’ is substantiated by
reliable scientific inquiry” [38]. Other authors estimate
that less than 10% of standard imaging procedures is
supported by sufficient randomized controlled trials, meta-
analyses or systematic reviews” [19, 26, 40].

The ‘EBR delay’ is also due to several particular traits of
our discipline. The comparison between two diagnostic
imaging modalities is vastly different from the well-known
comparison between two treatments, typically between a
new drug and a placebo or standard care. Thus, the classical
design of randomized controlled trials is not the standard
for radiological studies. What are the peculiar features of
radiology to be considered?

First, the evaluation of the diagnostic performance of
imaging modalities must be based on knowledge of the
technologies used for image generation and postprocess-
ing. Technical expertise has to be combined with clinical
expertise in judging when and how the best available
external evidence can be applied in clinical practice. This
aspect is as important as the “clinical expertise” (knowl-
edge of indications for an imaging procedure, imaging
interpretation and reporting, etc.). Dodd et al. [33] showed
the consequences of ignoring a technical detail such as the
slice thickness in evaluating the diagnostic performance of
magnetic resonance (MR) cholangiopancreatography.
Using a 5-mm instead of a 3-mm thickness, the diagnostic
performance for the detection of choledocholithiasis
changed from 0.57 sensitivity and 1.0 specificity to 0.92

sensitivity and 0.97 specificity [33]. If the results of
technically inadequate imaging protocols are included in a
meta-analysis, the consequence will be underestimation of
the diagnostic performance. Technical expertise is crucial
for EBR.

At times progress in clinical imaging is essentially
driven by the development of new technology, as was the
case for MR imaging at the beginning of the 1980s.
However, more frequently, an important gain in spatial or
temporal resolution, in signal-to-noise or contrast-to-noise
ratio are attained through hardware and/or software
innovations in pre-existing technology. This new step
broadens the clinical applicability of the technology, as was
the case for computed tomography (CT) which evolved
from helical single-slice to multidetector row scanners,
thus opening the way to cardiac CT and CT angiography of
the coronary arteries. To be updated with technological
development is a hard task for radiologists and a relevant
part of the time not spent with imaging interpretation
should be dedicated to the study of new imaging modalities
or techniques. In radiological research, each new technol-
ogy appearing on the market should be tested with studies
on its technical performance (image resolution, etc.).

Second, the increasing availability of multiple options in
diagnostic imaging should be taken into consideration
along with their continuous and sometimes unexpected
technological development and sophistication. Thus, the
high speed of technological evolution created not only the
need to study theory and practical applications of new
tools, but also to start again and again with studies on
technical performance, reproducibility and diagnostic
performance. The faster the advances in technical devel-
opment, the more difficult it is to do the job in time. This
development is often much more rapid than the time
required for performing clinical studies for the basic
evaluation of diagnostic performance. From this viewpoint,
we are often too late with our assessment studies.

However, the most important problem to be considered
with a new diagnostic technology is that “a balance must be
struck between apparent (e.g. diagnostic) benefit and real
benefit to the patient” [19]. In fact, a qualitative leap in
radiologic research is now expected: from the demonstra-
tion of the increasing ability to see more and better, to the
demonstration of a significant change in treatment planning
or, at best, a significant gain in patient health and/or quality
of life—the patient outcome.

Third, we need to perform studies on the reproducibility
of the results of imaging modalities (intraobserver,
interobserver and interstudy variability), an emergent
research area which requires dedicated study design and
statistical methods (e.g. Cohen’s kappa statistics, Bland–
Altman plots and intraclass correlation coefficients). In
fact, if a test shows poor reproducibility, it will never
provide good diagnostic performance. Good reproduci-
bility is a necessary (but not sufficient) condition for a test
to be useful.
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Lastly, we should specifically integrate a new aspect into
EBR, the need to avoid unnecessary exposure to ionizing
radiation, according to the as low as reasonably achievable
(ALARA) principle [41–43] and government regulations
[44–46]. The ALARA principle might be considered as
embedded in radiological technical and clinical expertise.
However, in our opinion, it should be regarded as a fourth
dimension of EBR, due to the increasing relevance of
radioprotection issues in radiological thinking. The best
external evidence (first dimension) has to be integrated
with patient’s values (second dimension) by the radiolo-
gist’s technical and clinical expertise (third dimension)
taking into the highest consideration the ALARA principle
(fourth dimension). A graphical representation of the EBR
process, including the ALARA principle, is provided in
Fig. 3.

EBR should be considered as part of the core curriculum
of radiology residency. Efforts in this direction were made
in the USA by the Radiology Residency Review
Committee, the American Board of Radiology and the
Association of Program Directors in Radiology [39].

Health technology assessment in radiology
and hierarchy of studies on diagnostic tests

In the framework described above, EBM and EBR are
based on the possibility of getting the best external
evidence for a specific clinical question. Now the problem
is: how is this evidence produced? In other words, which
methods should be used to demonstrate the value of a
diagnostic imaging technology? This field is what we name
health technology assessment (HTA) and particular
features of HTA are important in radiology. Thus, EBR

may exist only if a good radiological HTA is available. As
said by William Hollingworth and Jeffery J. Jarvik, “the
tricky part, as with boring a tunnel through a mountain, is
making sure that the two ends meet in the middle” [11].

According to the UK HTA programme, HTA should
answer four fundamental questions on a given technology
[11, 47]:

1. Does it work?
2. For whom?
3. At what cost?
4. How does it compare with alternatives?

In this context, an increasing importance has been
gained by the use of three different terms. While efficacy
reflects the performance of medical technology under ideal
conditions, effectiveness evaluates the same performance
under ordinary conditions and efficiencymeasures the cost-
effectiveness [48]. In this way the development of a
procedure in specialized or academic centres is distin-
guished by its application to routine clinical practice and
from the inevitable role played by the economic costs
associated with implementation of a procedure.

To evaluate the impact of the results of studies, i.e. the
level at which the HTAwas performed, we need a hierarchy
of values. Such a hierarchy has been proposed for
diagnostic tests and also accepted for diagnostic imaging
investigations. During the 1970s, the first classification
proposed five levels for the analysis of the diagnostic and
therapeutic impact of cranial CT [49]. By the 1990s [50],
this classification had evolved into a six-level scale, thanks
to the addition of a top level called societal impact [51–53].
A description of this scale was more recently presented in
the radiologic literature [2, 54].

This six-level scale (Table 1) is currently widely
accepted as a foundation for HTA of diagnostic tools.
This framework provides an opportunity to assess a
technology from differing viewpoints. Studies on technical
performance (level 1) are of key importance to the imaging
community, and the evaluation of diagnostic performance
and reproducibility (level 2) are the basis for adopting a
new technique by the radiologists and clinicians. However,
radiologists and clinicians are also interested in how an
imaging technique impacts patient management (levels 3
and 4) and patient outcomes (level 5), while healthcare
providers wish to ascertain the costs and benefits of
reimbursing a new technique, from a societal perspective
(level 6). Governments are mainly concerned about the
societal impact of new technology in comparison with that
of other initiatives they may be considering.

Note that this hierarchical order is a one-way logical
chain. A positive effect at any level generally implies a
positive effect at lower levels but not vice versa [11]. In
fact, while a new diagnostic technology with a positive
impact on patient’s outcome probably has better technical
performance, higher diagnostic accuracy, etc. compared
with the standard technology, there is no certainty that a

Fig. 3 The process of evidence-based radiology (from ref. [68],
p. 7). ALARA “as low as reasonably achievable”, refers to ionizing
radiation exposure
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radiologic test with a higher diagnostic accuracy results in
better patient outcomes. If we have demonstrated an
effective diagnostic performance of a new test (level 2), the
impact on a higher level depends on the clinical setting and
frequently on conditions external to radiology. It must be
demonstrated with specifically designed studies. We might
have a very accurate test for the early diagnosis of the
disease X. However, if no therapy exists for the disease X,
no impact on patient outcomes can be obtained. Alter-
natively, we may have a new test for the diagnosis of
disease Y, but if there is uncertainty on the effectiveness of
different treatments of disease Y it may be difficult to prove
that the new test is better than the old one. HTA should
examine the link between each level and the next in the
chain of this hierarchy to establish the clinical value of a
radiological test.

Cost-effectiveness can be included in HTA at any level
of the hierarchic scale, as cost per examination (level 1),
per correct diagnosis (level 2), per invasive test avoided
(level 3), per changed therapeutic plan (level 4) and per
gained quality-adjusted life expectancy or per saved life
(levels 5 and 6) [11]. Recommendations for the perfor-
mance of cost-effectiveness analyses, however, advocate
calculating incremental costs per quality-adjusted life year
gained and doing this from the healthcare or societal
perspective. Only then are the results comparable and
meaningful in setting priorities.

New equipment or a new imaging procedure should
have extensive HTA assessment before it is adopted in day-
to-day practice. Thereafter follows a period of clinical
evaluation where diagnostic accuracy is assessed against a
known gold standard. Indeed, the radiological literature is
mainly composed of level 1 (technical performance) and
level 2 (diagnostic performance) studies. This is partly
inevitable. The evaluation of the technical and diagnostic
performance of medical imaging is a typical function of

radiologic research. However, radiologists less frequently
study the diagnostic impact (level 3) or therapeutic impact
(level 4) of medical imaging, while outcome (level 5) and
societal impact (level 6) analysis is positively rare in
radiologic research. There is a “shortage of coherent and
consistent scientific evidence in the radiology literature” to
be used for a wide application of EBR [2]. Several papers
have recently appeared exploring levels higher than those
concerning technical and diagnostic performance, such as
the Scottish Low Back Pain Trial, the DAMASK study and
others [35, 55–57].

This lack of evidence on patient outcomes is a void also
for well-established technologies. This is the case for
cranial CT for head injuries, even though in this case the
diagnostic information yielded by CT was “obviously so
much better than that of alternative strategies that equipoise
(genuine uncertainty about the efficacy of a new medical
technology) was never present” and “there was an effective
treatment for patients with subdural or epidural haemato-
mas—i.e. neurosurgical evacuation” [11]. However, cases
like this are very rare, and “in general, new imaging
modalities and interventional procedures should be viewed
with a degree of healthy skepticism to preserve equipoise
until evidence dictates otherwise” [11].

This urgent problem has been recently highlighted by
Kuhl et al. for the clinical value of 3.0-T MR imaging.
They say: “Although for most neurologic and angiographic
applications 3.0 T yields technical advantages compared to
1.5 T, the evidence regarding the added clinical value of
high-field strength MR is very limited. There is no paucity
of articles that focus on the technical evaluation of
neurologic and angiographic applications at 3.0 T. This
technology-driven science absorbs a lot of time and
energy—energy that is not available for research on the
actual clinical utility of high-field MR imaging” [58]. The
same can be said for MR spectroscopy of brain tumours

Table 1 Hierarchy of studies on diagnostic tests

Level Parameters under investigation

6. Societal impact Benefit–cost and cost-effectiveness analysis from a social perspective

5. Patient outcomes Fraction of patients improved with the test compared with that of those improved without the test; difference in
morbidity between the patients with the test and those without the test; gain in quality-adjusted life years
(QALYs) obtained by the patients with the test compared with those without the test

4. Therapeutic impact Fraction of patients for whom the test is judged useful for treatment planning or for whom the treatment planning
is modified on the basis of the information supplied by the test

3. Diagnostic impact Fraction of patients for whom the test is judged useful for rendering the diagnosis or for whom the diagnosis is
substantially modified after the test; positive and negative likelihood ratios

2. Diagnostic performance Sensitivity, specificity, accuracy, positive predictive value, negative predictive value and receiver operator
characteristic (ROC) analysis; intraobserver, interobserver and interstudy reproducibility

1. Technical performance Grey-scale range; modulation transfer function; sharpness; spatial resolution, in-plane (line pairs per mm, pixel
size) and through-the-plane (slice thickness), integrated in voxel size; signal-to-noise ratio; contrast resolution
(contrast-to-noise ratio); time resolution (images/s) etc.

From ref. [68], p. 9
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[11, 59], with only one of 96 reviewed articles evaluating
the additional value of this technology compared with MR
imaging alone [60].

There are genuine reasons for rarely attaining the highest
impact levels of efficacy by radiological research. On the
one hand, increasingly rapid technologic development
forces an endless return to low impact levels. Radiology
was judged as the most rapidly evolving specialty in
medicine [19]. On the other hand, level 5 and 6 studies
entail long performance times, huge economic costs, a high
degree of organization and management for longitudinal
data gathering on patient outcomes, and often require a
randomized study design (the average time for 59 studies in
radiation oncology was about 11 years [61]). In this setting,
there are two essential needs: full cooperation with
clinicians who manage the patient before and after a
diagnostic examination and methodological/statistical ex-
pertise regarding randomized controlled trials. Radiologists
should not be afraid of this, as it is not unfamiliar territory
for radiology. More than three decades ago, mammogra-
phic screening created a scenario in which the early
diagnosis by imaging contributed to a worldwide reduction
in mortality from breast cancer, with a high societal impact.

Lastly, alternatives to clinical trials and meta-analyses
exist. They are the so-called pragmatic or quasi-experi-
mental studies and decision analysis.

A pragmatic study proposes the concurrent develop-
ment, assessment and implementation of new diagnostic
technologies [62]. An empirically based study, preferably
using controlled randomization, integrates research aims
into clinical practice, using outcome measures reflecting
the clinical decision-making process and acceptance of the
new test. Outcome measures include: additional imaging
studies requested; costs of diagnostic work-up and
treatments; confidence in therapeutic decision making;
recruitment rate; and patient’s outcome measures. Import-
antly, time is used as the fundamental dimension, e.g. as an
explanatory variable in data analysis to model the learning
curve, technical developments and interpretation skill.
Limitations of this approach can be the need for dedicated
and specifically trained personnel and the related economic
costs to be covered presumably by governmental agencies
[63]. However, this proposal seems to show the potential to
answer the dual demand from the faster and faster
technology evolution of radiology and the need to attain
higher levels of radiological studies, obtaining in a unique
approach data on diagnostic confidence, effect on therapy
planning, patient outcome measures and cost-effectiveness
analysis.

Decision analysis integrates the best available evidence
and patient values into a mathematical model of possible
strategies, their consequences and the associated outcomes.
Through analysis of the sensitivity of model results to
varying assumptions it can explore the effect of the limited
external validity associated with clinical trials [7, 64]. It is a
particularly useful tool for evaluating diagnostic tests by

combining intermediate outcome measures such as sensi-
tivity and specificity obtained from published studies and
meta-analyses with long-term consequences of true and
false, positive and negative outcomes. Different diagnostic
or therapeutic alternatives are visually represented by
means of a decision tree and dedicated statistical methods
are used (e.g. Markov model, Monte Carlo simulation) [7,
65]. This method is typically used for cost-effectiveness
analysis.

This approach has been evaluated over a 20-year period
from 1985, when the first article concerning cost-effective-
ness analysis inmedical imagingwas published and included
111 radiology-related articles [66]. The average number of
studies increased from 1.6 per year (1985–1995) to 9.4 per
year (1996–2005). Eighty-six studies were performed to
evaluate diagnostic imaging technologies and 25 were
performed to evaluate interventional imaging technologies.
Ultrasonography (35%), angiography (32%), MR imaging
(23%) and CT (20%) were evaluated most frequently. Using
a seven-point scale, from 1=low to 7=high, the mean quality
score was 4.2±1.1 (mean ± standard deviation), without
significant improvement over time. Note that quality was
measured according to US recommendations for cost-
effectiveness analyses, which are not identical to European
standards, and the power to demonstrate an improvement
was limited [67]. The authors concluded that “improvement
in the quality of analyses is needed” [66].

A simple way to appraise the intrinsic difficulty in HTA
of radiological procedures is to compare radiological with
pharmacological research. After chemical discovery of an
active molecule, development, cell and animal testing,
phase I and phase II studies are carried out by the industry
and very few cooperating clinicians (for phase I and II
studies). In this long phase (commonly about 10 years), the
majority of academic institutions and large hospitals are not
involved. When clinicians are involved in phase III studies,
i.e. large randomized trials for registration, the aims are
already at level 5 (outcome impact). Radiologists have to
climb 4 levels of impact before reaching the outcome level.
We can imagine a world in which new radiologic
procedures are also tested for cost-effectiveness or patient
outcome endpoints before entering routine clinical prac-
tice, but the real world is different and we have much more
technology-driven research from radiologists than radiol-
ogist-driven research on technology.

Several countries have well-developed strategies for HTA.
In the UK the government funds a HTA programme where
topics are prioritised and work is commissioned in relevant
areas. In Italy, the Section of Economics in Radiology of the
Italian Society ofMedical Radiology has connections with the
Italian Society of HTA for dedicated research projects.
Research groups competitively bid to undertake this work
and closemonitoring is undertaken to ensure value for money.
Radiologists in the USA have formed the American College
of Radiologists Imaging Network (ACRIN) (www.ACRIN.
org) to perform such studies. In Europe, EIBIR (http://www.
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eibir.org) has formed EuroAIM to undertake such studies.
Since 2005, the RoyalAustralian andNewZealandCollege of
Radiologists developed a program focusing on implementing
evidence into practice in radiology: the Quality Use of
Diagnostic Imaging (QUDI) program (http://www.ranzcr.edu.
au/qualityprograms/qudi/index.cfm). The program is fully
funded by the Australian federal government and managed by
the College.

It is important that new technologies are appropriately
assessed before being adopted into practice. However,
with a new technology the problem of when to undertake
a formal HTA is difficult. Often the technology is still
being developed and refined. An early assessment which
can take several years might not be relevant if the
technology is still undergoing continuing improvement.
However, if we wait until a technology is mature then it
may already have been widely adopted into practice and
so clinicians and radiologists are very reluctant to
randomize patients into a study which might deprive
them of the new imaging test.

With increasingly expensive technology, new funding
mechanisms may be required to allow partnership between
industry, the research community and the healthcare system
to allow timely, planned introduction of these techniques
into practice so the benefit to patients and society can be
fully explored before widespread adoption in the healthcare
system takes place.

Sources of bias in studies on diagnostic performance

The quality of HTA studies is determined by the quality of
the information provided by the original primary studies on

which it is based. Thus, the quality of the original studies is
the key point for implementing EBR.

Which are the most important sources of bias for the
studies on diagnostic performance? We should distinguish
between biases influencing the external validity of a study,
that is the applicability of its results to clinical practice, and
biases influencing the internal validity of a study, that is its
inherent coherence. Biases influencing the external validity
are mainly due to selection of subjects and choice of
techniques leading to lack of generalizability. Biases
influencing the internal validity are due to errors in the
methods used in the study (Fig. 4). External and internal
validity are related concepts: the internal validity is a
necessary but not sufficient condition in order that a study
has external validity [68].

Thus, all kinds of bias influence the external validity of a
study. However, while lack of generalizability has a
negative effect on the external validity but the study can
retain its internal validity, errors in performing the study
have a negative effect primarily on internal validity and
secondarily on external validity. The lack of internal
validity makes the results themselves not reliable. In this
case the question about the external validity (i.e. the
application of the results to clinical practice) makes no
sense. As a consequence, only the results of a study not
flawed by errors in planning and performance can be
applied to clinical practice [69].

Several items are present in both planning and performing
a study. Consider the reference standard: an error in planning
is to choose an inadequate reference standard (imperfect
reference standard bias); an error in performing the study is
an incorrect use of the planned reference standard.We can go
the wrong way either choosing incorrect rules or applying

Fig. 4 Synopsis of the sources
of bias in the studies on diag-
nostic performance (from ref.
[68], p. 166). To apply the
results of a study to clinical
practice, it must have internal
validity (i.e. absence of sub-
stantial errors in the methods
used in the study) and external
validity (i.e. generalizability to
other settings). For more details
on each of the sources of bias,
see refs. [68–70]
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right rules incorrectly (but also adding errors in the
application of already incorrect rules). There is probably
only one right way to do a correct study but infinite ways to
introduce errors that make a study useless.

A bias in performing the study can be due to:

1. Defects in protocol application
2. Unforeseen events or events due to insufficient proto-

col specification
3. Methods defined in the study protocol which implied

errors in performing the study

For items 2 and 3, the defects in performing the study
depend in some way on error in planning. This does not
seem to be the case for item 1. However, if in a study we
have many protocol violations, the study protocol was
probably theoretically correct but only partially applicable.
In other words, biases in performing the study frequently
have their ultimate origin in planning error(s).

More details on each of the sources of bias can
be found in the articles by Kelly et al. [69] and Sica
et al. [70].

The STARD initiative

The need for an improved quality of studies on diagnostic
performance has been present for many years. In 1995 Reid
et al. [71] published the results of their analysis on 112
articles regarding diagnostic tests published from 1978 to

1993 in four important medical journals. Overall, over 80%
of the studies had relevant biases flawing their estimates of
diagnostic performance. In particular: only 27% of the
studies reported the disease spectrum of the patients; only
46% of the studies had no work-up bias; only 38% had no
review bias; only 11% reported the confidence intervals
associated with the point estimates of sensitivity, specific-
ity, predictive values etc.; only 22% reported the frequency
of indeterminate results and how they were managed; only
23% of the studies reported a reproducibility of the results.

In this context, a detailed presentation of the rules to be
respected for a good-quality original article on diagnostic
performance was outlined in an important paper [72],
published in 2003 in Radiology and also in Annals of
Internal Medicine, British Medical Journal, Clinical
Chemistry, Journal of Clinical Microbiology, The Lancet
and Nederlands Tijdschrift voor Geneeskunde. It is a
practical short manual to check the quality of a manuscript
or published paper. An extremely useful checklist is
provided for authors in order to avoid omitting important
information. The paper is entitled “Towards complete and
accurate reporting of studies of diagnostic accuracy: the
STARD initiative”; STARD is an acronym for standards for
reporting of diagnostic accuracy. The authors evaluated 33
papers which proposed a checklist for studies on diagnostic
performance. From a list of 75 recommendations, 25 were
judged important. The gap to be filled in was testified by
Smidt et al. in a study published in 2005 [73]. They
evaluated 124 articles on diagnostic performance published

Table 2 Levels of evidence of studies on diagnostic performance

Level Study type

1a Systematic reviews with homogeneous meta-analyses of level-1 studies

Multicentre studies, in consecutive patients with a reliable and systematically applied reference standard, of diagnostic
criteria previously established by explorative studies

1b Single-centre studies, in consecutive patients with a reliable and systematically applied reference standard, of diagnostic
criteria previously established by explorative studies

1c Studies of diagnostic examinations with very high sensitivity (absolute snout) and of diagnostic examinations with very
high specificity (absolute spin)*

2a Systematic reviews with homogeneous meta-analyses of level-2 or higher studies

2b Explorative studies of diagnostic criteria in cohorts of patients with a reliable and systematically applied reference standard;
definition of diagnostic criteria on parts of cohorts or on databases

3a Systematic reviews with homogeneous meta-analyses of level-3 or higher studies

3b Studies of non-consecutive patients and/or without systematic application of the reference standard

4 Case-control studies

Studies with inadequate or non-independent reference standard

5 Experts’ opinions without critical evaluation of the literature

Source: Centre for Evidence-Based Medicine, Oxford, UK (http://www.cebm.net/index.aspx?o=1025; accessed 24 Feb 2008); Dodd et al.
[33]; with modifications
*An examination is snout when its negative result excludes the possibility of the presence of the disease (when a test has a very high
sensitivity, a negative result rules out the diagnosis); it is instead spin when its positive result definitely confirms the presence of the disease
(when a test has a very high specificity, a positive result rules in the diagnosis) [33]
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in 12 journals with impact factor of 4 or higher using the 25-
item STARD checklist. Only 41% of articles reported more
than 50% of STARD items, while no articles reported more
than 80%.A flow chart of the studywas presented in only two
articles. The mean number of reported STARD items was
11.9. Smidt et al. concluded: “Quality of reporting in
diagnostic accuracy articles published in 2000 is less than
optimal, even in journals with high impact factor” [73].

The relatively low quality of studies on diagnostic
performance is a relevant threat to the successful
implementation of EBR. Hopefully, the adoption of the
STARD requisites will improve the quality of radiological
studies but the process seems to be very slow [11], as
demonstrated also by the recent study by Wilczynski [74].

Other shared rules are available for articles reporting the
results of randomized controlled trials, the CONSORT
statement [75], recently extended to trials assessing non-
pharmacological treatments [76] or of meta-analyses, the
QUOROM statement [77].

In particular, systematic reviews and meta-analyses in
radiology should evaluate the study validity for specific
issues, as pointed out by Dodd et al. [33]: detailed imaging
methods; level of excellence of both imaging and reference
standard; adequacy of technology generation; level of ionizing
radiation; viewing conditions (hard versus soft copy).

Levels of evidence

The need to evaluate the relevance of the various studies in
relation to the reported level of evidence generated a hierarchy
of the levels of evidence based on study type and design.

According to the Centre for Evidence-Based Medicine
(Oxford, UK), studies on diagnostic performance can be
ranked on a five-level scale, from 1 to 5 (Table 2). Resting
on similar scales, four degrees of recommendations, from
A to D, can be distinguished (Table 3).

However, we should consider that we have today multiple
different classifications of the levels of evidence and of
degrees of recommendation. The same degree of recom-
mendation can be represented in different systems using
capital letters, Roman or Arabic numerals, etc., generating
confusion and possible errors in clinical practice.

A new approach to evidence classification has been
recently proposed by the GRADE working group [78] with
special attention paid to the definition of standardized
criteria for releasing and applying clinical guidelines. The
GRADE system states the need for an explicit declaration
of the methodological core of a guideline, with particular
regard to: quality of evidence, relative importance, risk–
benefit balance and value of the incremental benefit for
each outcome. This method, apparently complex, finally
provides four simple levels of evidence: high, when further
research is thought unlikely to modify the level of
confidence of the estimated effect; moderate, when further
research is thought likely to modify the level of confidence

of the estimated effect and the estimate itself of the effect;
low, when further research is thought very likely to modify
the level of confidence of the estimated effect and the
estimate itself of the effect; very low, when the estimate of
the effect is highly uncertain. Similarly, the risk–benefit
ratio is classified as follows: net benefit, when the treatment
clearly provides more benefits than risks; moderate, when,
even though the treatment provides important benefits,
there is a trade-off in terms of risks; uncertain, when we do
not know whether the treatment provides more benefits
than risks; lack of net benefit, when the treatment clearly
provides more risks than benefits. The procedure gives four
possible recommendations: do it or don’t do it, when we
think that the large majority of well-informed people would
make this decision; probably do it or probably don’t do it,
when we think that the majority of well-informed people
would make this decision but a substantial minority would
have an opposite opinion. The GRADE system finally
differentiates between strong recommendations and weak
recommendations, making the guidelines application to
clinical practice easier. Methods for applying the GRADE
system to diagnostic tests were recently issued [79]

Development of evidence-based guidelines in radiology

Clinical guidelines are defined by the Institute of Medicine
(Washington DC, USA) as “systematically developed
statements to assist practitioners and patient decisions
about appropriate health care for specific clinical circum-
stances” [15, 80, 81]. This purpose is reached by seeking
“to make the strengths, weaknesses, and relevance of
research findings transparent to clinicians” [82]. Guidelines
have potential benefits and harms [15], also from the legal
viewpoint [82], and only rigorously developed evidence-
based guidelines minimize the potential harms [15, 26].
However, rigorously developed evidence-based guidelines
are also not a pure objective product. They imply a decision

Table 3 Degrees of recommendation

Degree of
recommendation

Study type

A Level 1 studies

B Consistent level 2 or 3 studies or extrapolations*
from level 1 studies

C Consistent level 4 studies or extrapolations* from
level 2 or 3 studies

D Level 5 studies or low-quality or inconclusive
studies of any level

Adapted from results reported by the Centre for Evidence-based
Medicine, Oxford, UK (http://www.cebm.net/index.aspx?o=1025;
accessed 24 Feb 2008)
*Extrapolation is the translation of a study to clinical situations
different from those of the original study
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process in which opinion is gathered and used, at least
because “conclusive evidence exists for relatively few
healthcare procedures” and “deriving recommendations
only in areas of strong evidence would lead to a guideline
of limited scope and applicability” [83]. Thus, a guideline
is a sum of evidence and experts’ opinion, taking into
account “resource implications and feasibility of interven-
tions” [83]. As a matter of fact, “strong evidence does not
always produce a strong recommendation” [83].

Application of a clinical guideline involves interpretation,
as is the case for the EBM principle where the best external
evidence from research has to be combined with clinical
expertise on each specific case and patient. As stated also by
the World Health Organization: “Guidelines should provide
extensive, critical, and well balanced information on benefits
and limitations of the various diagnostic and therapeutic
interventions so that the physicianmay exert the most careful
judgment in individual cases” [84].

For over 10 years, the UK Royal College of Radiologists
has produced guidance on making the best use of the
radiology department and most recently has published
MBUR6 [85]. In 2001 there was a fundamental shift in the
way these guidelines were developed by the adoption of a
more formal approach to the process of gathering and
synthesizing evidence. A template was provided to
individual radiologists tasked with providing an imaging
recommendation so that there was transparency as to how
literature was collected and distilled before a guideline was
produced. A detailed example of how this was done was
published on imaging recommendations on osteomyelitis
[36]. The more formal process of gathering evidence by
information scientists highlighted the deficiencies of the
imaging literature—there were relatively few outcome studies
on the impact on patient management or health outcome, a
number of studies where the reference standard had been
suboptimal andmany others where the study methodology had
been inadequately described. The requirement for more high-
quality imaging studies became apparent. Often new technol-
ogy becomes part of routine clinical practice prior to extensive
evaluation,making outcome studies impossible to perform: e.g.
although there is no good evidence of benefit of CT in lung
pathology it is inconceivable to attempt a randomized
controlled trial comparing CT versus no CT. Neither clinicians
nor patients would tolerate being randomized to a no-CT arm.
This is the situation for many commonly used imaging
procedures where the guidelines have been written by
consensus of a panel of experts rather than by evidence from
a randomized controlled trials or meta-analyses.

A number of bodies have produced guidelines for
imaging—examples include the American College of Radi-
ology [86], the Canadian Association of Radiologists [87],
the European Society of Radiology and the European
radiological subspecialty societies [88], as well as the
radiological societies of individual European countries.
While some of these guidelines are based on strong evidence
resulting from systematic reviews and meta-analyses, others

were formulated on the sole basis of consensus of expert
opinion. Where consensus is used the guidance can be
conflicting even when this has been developed in the same
country. While there may be cogent reasons why a particular
guideline varies from one country to another it is somewhat
surprising that there is so much variation when these are
supposedly based on evidence. There is a requirement for
international cooperation on the gathering and distillation of
information to give the imaging community improved
understanding of the basis of imaging recommendations.
Similarly, given the relative paucity of evidence in certain
areas, an international effort to identify and prioritize research
requires to be undertaken. This would provide funding bodies
the opportunity to collaborate and ensure that a broad range of
topics could be addressed across Europe and North America.

We should remember that, as was recently highlighted
by Kainberger et al. [26], guidelines are issued but they are
commonly accepted by very few clinicians [89] or
radiologists [90]. In fact, in the paper by Tigges et al.,
USA musculoskeletal radiologists, including those of the
Society of Skeletal Radiology, were surveyed in 1998
regarding their use of the musculoskeletal appropriateness
criteria issued by the American College of Radiology. The
response rate was 298/465 (64%) and only 30% of
respondents reported using the appropriateness criteria,
without difference among organizations or for private
practice compared with academic radiologists [90].

Methods to promote EBR in the European radiological
community

The relative delay in the introduction of EBM in radiology
underlines the need for actions aimed at promoting EBR in
Europe. This is not an easy task because a cultural change is
required. Probably only the new generations of radiologists
will fully adopt the new viewpoint in which the patient(s)
and the population take the centre stage rather than the
images and their quality. The introduction of EBR in the
day-by-day practice cannot be solved by a simple series of
instructions. A lot of education in research methodology,
EBM and HTA in radiology must be done. We suggest
several possible lines of action in this direction.

EBR European group

We propose creating a permanent group of European
radiologists dedicated to EBR under the control of the
Research Committee of the ESR, in order to coordinate all
the lines of action described below. This group could be
basically composed of radiologists expert in EBR nomi-
nated by ESR subspecialty societies (one for each society),
members of the ESR Research Committee and other
experts, radiologists and non-radiologists, nominated by
the Chairman of the ESR Research Committee.
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Promotion of EBR teaching in postgraduate education
in radiology at European universities

The current status of courses in biostatistics and methods
for EBR in teaching programs in postgraduate education in
diagnostic radiology in European universities should be
evaluated.

EBR should be introduced as part of the core curriculum of
the residency teaching programs, including the basics of
biostatistics applied to radiology, possibly organized as
follows:

– First year: sensitivity, specificity, predictive values,
overall accuracy and receiver operator characteristic
(ROC) analysis; pre-test and post-test probability,
Bayes theorem, likelihood ratios and graphs of
conditional probability; variables and scales of measure-
ment; normal distribution and confidence intervals; null
hypothesis and statistical significance, alpha and beta
errors, concept of study power; EBM and EBR
principles; self-directed learning: each resident should
perform one case-based self-directed bottom-up EBR
research project used as a problem-solving approach for
decision making related to clinical practice.

– Second year: parametric and non-parametric statistical
tests; association and regression; intra- and interobser-
ver reproducibility; study design with particular
reference to randomization and randomized controlled
trials; study power and sample size calculation; sources
of bias in radiologic studies; systematic reviews/meta-
analyses; decision analysis and cost-effectiveness
analysis for radiological studies; levels of evidence
provided by radiological studies; hierarchy of efficacy
of radiologic studies; two case-based self-directed
bottom-up EBR assignments per resident.

– Third year: two case-based self-directed bottom-up
EBR assignments per resident.

– Fourth year: two case-based self-directed bottom-up
EBR assignments per resident.

– Introduction of a specific evaluation of the research
work, including EBR research and authorship of
radiological papers, in the resident’s curriculum and
for annual and final grading.

– Systematic evaluation of the level of involvement of
residents in radiology in radiological research (e.g.
number of papers published with one or more residents
as authors).

Intra- and interdepartmental EBR groups
in the EuroAIM context

We propose creating intra- and interdepartmental EBR
groups, starting with the departments of radiology of
academic institutions, teaching and research hospitals.
These radiological institutions should be connected in the

EuroAIM network [91] dedicated to EBR in the context of
the EIBIR. These groups should be dedicated to:

– Promotion of the adoption of local or international
guidelines concerning the use of imaging technology

– Monitoring the effect of the implementation of guide-
lines in clinical practice

– Day-to-day data collection (clinical data, imaging data,
follow-up data) in hospital information systems to
analyze the value of imaging technology

Subspecialty groups within EuroAIM and ESR subspe-
cialty societies should collaborate on writing evidence-
based guidelines for the appropriate use of imaging
technology.

Redirection of European radiological research

We propose elaborating a strategy to redirect the European
radiological research of primary studies (original research)
towards purposes defined on the basis of EBR methodology.
In particular:

– To change the priority interest of academic radiologists
from single-centre studies mainly aimed at estimating
diagnostic performance (frequently on relatively small
samples) to large multicentre studies, possibly pan-
European, including patient randomization and mea-
surement of patient outcomes

– To promote secondary studies (systematic reviews and
meta-analyses, decision analyses) on relevant topics
regarding the use of diagnostic imaging and interven-
tional radiology

– To collaborate within the context of EuroAIM in
performing such studies

EBR at the ECR

We propose to implement a more detailed grid for ECR
abstract rating with an enhanced role of methodology. A
model for this could be the process of abstract evaluation
adopted by the European Society of Gastrointestinal and
Abdominal Radiology in recent years. An explicit mandatory
declaration of the study design for each scientific abstract
submitted to the ECR could be considered in this context.

We suggest the organization of focused EBR courses
during future ECR congresses. Subspecialty committees
could propose sessions on particular topics, such as “Evi-
dence-based coronary CT”, “Evidence-based breast MR
imaging” and “Evidence-based CT-PET imaging”.

We propose to plan specific ECR sessions dedicated to
the presentation and discussion of European guidelines
worked out by the ESR subspecialty societies or EuroAIM
groups. These sessions could be included in the “profes-
sional challenges”.
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Shared rules for developing EBR-based ESR
guidelines (a guideline for guidelines)

We propose the adoption of new shared rules for issuing
guidelines based on EBR. Examples of these rules can be
found at the website of the AGREE Collaboration [92]. In
this perspective, a guideline should include:

– Selection and description of the objectives
– Methods for literature searching
– Methods for classification of the evidence extracted

from the literature
– Summary of the evidence extracted from the literature
– Practical recommendations, each of them validated by

one or more citations and tagged with the level of
evidence upon which it is based

– Instructions for application in clinical practice

Before the final release of a guideline, external reviewers
should validate its validity (experts in clinical content),
clarity (experts in systematic reviews or guidelines devel-
opment) and applicability (potential users) [83]. Moreover,
a date for updating the systematic review which underpins
the guideline should be specified [83].

Thus, the usual method consisting of experts’ opinions
combined with a non-systematic (narrative) review should be
overcome. Guidelines officially issued by ESR subspecialty
societies should be worked out according EBR-based formal
steps defined in a specific ESR document drafted by the ESR-
EBR group, discussed with the boards of the subspecialty
societies and finally approved by the ESR board.

Educational programs on EBR-based guidelines
by ESR subspecialty societies

We propose organizing courses, seminars and meetings
aimed at the diffusion of EBR-based guidelines by the ESR
subspecialty societies, as already done by the European
Society of Gastrointestinal Radiology, in order also to get
feedback on the degree of the theoretical acceptance (first
round) and practical acceptance (second round).

European meetings on EBR-based guidelines
with non-radiologists

We propose organizing, as with ESR subspecialty societies,
European meetings with other societies of specialists
involved in specific clinical fields to present EBR-based
rules for the correct request and use of imaging modalities
and interventional procedures. The documents offered as a
basis for discussion should be the guidelines described in
the preceding section.

Periodical control of the adoption of EBR-based
guidelines issued by ESR subspecialty societies

We propose to periodically check the level of adoption of
the EBR-based guidelines issued by ESR subspecialty
societies by means of surveys which could be conducted in
full cooperation with the national societies or their sections
or with subspecialty national societies.

Conclusions

European radiologists need to embrace EBM. Our specialty
will benefit greatly from the improvement in practice that
will result from this more rigorous approach to all aspects
of our work. Wherever radiologists are involved in
producing guidelines, refereeing manuscripts, publishing
work or undertaking research, cognizance of EBR
principles should be maintained. If we can make this
step-by-step change in our approach, we will improve
radiology for future generations and our patients. EBR
should be promoted by ESR and all the European
subspecialty societies.
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