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Evidence-based Medicine:
An overview
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ABSTRACT. Evidence-based Medicine (EBM) has been proposed as the most significant intellectual advance in the process of clinical
decision-making in the past decade. With more than 25,000 medical journals publishing 4 million articles a year, doctors are unable to cope
with the information overload. The principles and practice of EBM show the way to bridge the gap between research and practice. Reac-
tions evoked in the medical profession towards this new discipline have been in extremes, from outright rejection to enthusiastic accept-
ance. The goal of this paper is to familiarise the readers with the ideas and concepts associated with the phrase Evidence-based Medicine.
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HE TERM EVIDENCE-BASED MEDICINE (EBM) FIRST
appeared in an information document for prospec-
tive residents in internal medicine at McMaster
University, Canada, in 1990. The relevant passage declared:

Residents are taught to develop an attitude of “enlightened
scepticism” towards the application of diagnostic, therapeutic,
and prognostic technologies in their day-to-day management of
patients. This approach, which has been called “Evidence-Based
Medicine,” is based on principles outlined in the text Clinical
Epidemiology.' The goal is to be aware of the evidence on which
one’s practice is based, the soundness of the evidence, and
the strength of inference the evidence permits. The strategy
employed requires a clear delineation of the relevant question(s);
a thorough search for the relevant information (information in
the form of primary evidence and/or in the form of synopsis or
summary of such evidence, see further); a critical appraisal of the
evidence, and its applicability to the clinical situation; a balanced
application of the conclusions to the clinical problem.

The fact that the term EBM was coined in 1990 does not
mean that its ideas were absent prior to that time. Some of

EBM'’s proponents trace its origins to post-revolutionary
Paris. The first step in modern clinical trials was the advent
of the randomised trial as a methodology for resolving
therapeutic dilemmas. Subsequent events included the
development of the methodology of systematic over-
views culminating in the Cochrane Collaboration, the
introduction of informative abstracts specifying the key
components of study design and results, and the advent
of secondary journals that selectively present results of
methodologically sound and clinically relevant articles
previously published in primary journals. As practition-
ers realized that the principles of EBM are as applicable to
nursing, podiatry, physiotherapy, occupational therapy and
all other fields of healthcare as they are to medicine, the
term Evidence-based Health Care (EBHC) has emerged.

In the remainder of this article we will address the need
for EBM, the principles of evidence-based practice,and the
electronic resources to practice EBM. Our comments will
draw extensively from previous publications.
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IS THERE A NEED FOR EVIDENCE-BASED
MEDICINE/HEALTH CARE?

Historically, physiological rationale is the basis for treat-
ment recommendations, but it has repeatedly failed to
predict the results of randomized trials as the following
examples illustrate. In patients with heart failure, angi-
otensin-converting enzyme inhibitors have been proved
to reduce mortality, whereas other promising vasodila-
tors have had marginal or no effect” and some agents with
vasodilator and ionotropic properties actually increase
mortality.>* While equally promising cerebrovascular
surgical procedures have had no effect or have increased
stroke morbidity,” others have proved dramatically effec-
tive in reducing stroke.® Antiarrhythmic agents can oblit-
erate non-lethal cardiac arrhythmias while increasing
mortality’ and plasmapheresis confers benefit in some
inflammatory conditions, but not others.** Chalmers and
colleagues conducted meta-analyses of randomized trials
of interventions in pregnancy and childbirth and found
that 61 interventions should have been abandoned."

A second impetus to the rise of evidence-based health
care was provided by studies demonstrating that physi-
cians manage similar patients very differently. In results
unexplained by differences in patient characteristics or
geographical variations, surgeons have chosen widely
varying rates of breast-conserving surgical procedures in
women with breast cancer," the rates of common surgical
procedures have varied up to seven-fold among coun-
tries,”? the rates of coronary artery bypass surgery have
varied more than three-fold among Canadian provinces,"
the odds of tonsillectomy during childhood have ranged
8-70%, and those of hysterectomy, 20-80%.'*"> A study of
procedure rates for medicare patients in 13 large metro-
politan areas in North America showed variations of more
than 300% for more than half the procedures.'¢

Such wide variations raise questions about whether the
differences might be reduced by appropriate application of
research evidence. That some of these variations might lead
to additional costs without additional benefit has made the
dilemma more intense. This intensity has been further
enhanced by the third major stimulus to evidence-based
health care: reduced resources for health care delivery.

EBM VERSUS TRADITIONAL APPROACHES

How does EBM differ from the traditional approaches
to health care? One can view these differences as funda-
mental or revolutionary, or evolutionary. The former view
contends that evidence-based practice represents a shift in
the underlying paradigm of healthcare delivery and notes
changes in the associated assumptions, while the latter sees

EBM as a fine-tuning of approaches and ideas already in
wide use.

In the old paradigm, healthcare practitioners assumed
that (i) observations from day-to-day clinical experience
are a valid way of building and maintaining knowledge
about patient prognosis, the value of diagnostic tests and
the efficacy of treatment, (ii) the study and understand-
ing of basic mechanisms of disease and pathophysiologic
principles are an adequate guide for clinical practice, (iii)
a combination of traditional medical training and com-
mon sense is sufficient to allow evaluation of new tests and
treatments, and (iv) content expertise and clinical experi-
ence are a sufficient base from where to generate guidelines
for clinical practice.

According to the old paradigm, clinicians sort out clini-
cal problems by reflecting on their own clinical experience,
reflecting on the underlying biology, referring to a text-
book, or asking a local expert. Reading the introduction
and discussion sections is considered adequate for gaining
relevant information from a journal article. The old para-
digm puts a high value on traditional scientific authority
and adherence to standard approaches."”

The evidence-based healthcare paradigm also suggests
that clinical experiences, and the development of clinical
instincts (particularly with respect to diagnosis) are crucial
parts of becoming a competent physician. Many aspects
of clinical practice cannot be adequately tested because of
ethical or practical considerations. Clinical experience is
particularly important in these situations. In the absence
of systematic observation, clinicians must be, however,
cautious in interpreting information derived from clinical
experience and intuition, for it may be misleading. Second,
evidence-based healthcare practitioners believe that
study and understanding of basic mechanisms of disease
are necessary but insufficient guides for practice. Third,
understanding rules of evidence is necessary to correctly
interpret literature on prognosis, diagnostic tests, and
treatment and potentially harmful exposures. Finally, when
pronouncing their recommendations, clinical experts must
refer to the evidence, whether from research studies in the
published literature or other sources.

An alternative conceptualisation of evidence-based
health care sees it as an evolutionary process. While clini-
cians have always used the healthcare literature to solve
patient problems, evidence-based practitioners acknowl-
edge an explicit hierarchy of evidence. For example, in
making treatment decisions they may conduct an N of 1
randomised trial in determining the optimal treatment for
an individual patient or seek a systematic review of ran-
domised trials of treatment alternatives.”® If a systematic



review is not available, they will look for individual ran-
domised trials of relevant management strategies. Failing
that, they will seek high quality observational studies. If
unable to get the desired evidence from the above searches,
they will fall back on the underlying biology, and on their
own and their colleagues’ clinical experience.

EBM emphasizes that the ultimate decision that clini-
cians make will not flow only from the evidence.” Since
all clinical decisions involve tradeoffs, preference or value
judgements about the alternatives will always be involved.?
Ideally, the values and preferences for decisions about indi-
vidual patient care will come from the patients themselves.
Some patients may prefer the traditional parental model of
care in which the health worker makes decisions, and the
patient’s role is to trust the practitioner and follow instruc-
tions. Others may insist on a more active role. Ideally, we
should be striving for evidence-based patient choice; a
concept that involves shared decision-making between
clinician and patient.”!

Whether one finds the revolutionary or evolution-
ary conceptualisation of Evidence-based Medicine more
appealing, they both imply a number of steps in the devel-
opment of clinical decisions, including clinical policies.
These steps include identifying the relevant research, mak-
ing an accurate assessment of the validity and the results,
developing clinical policies with the best match between
the research evidence and the clinical circumstances, and
applying the research evidence to individual patients in the
right way, place and time.?* The ultimate goal is to provide
the practice consistent with the current best evidence.
Clinicians can achieve evidence based practice in a variety
of ways, as we shall describe below.

EBM AND CLINICAL PRACTICE

The idea of clinical practice consistent with the current
best evidence has become an important characteristic of
high quality healthcare. Providing individual clinicians
with the skills required to independently find from pri-
mary sources such as Medline, Embase or hand searching
journals, appraise and apply the best evidence (i.e., training
evidence-based practitioners), became one way of achiev-
ing this goal. A complementary approach creates a practice
milieu that facilitates evidence-based care.

The skills that an evidence-based practitioner brings
to resolving a clinical dilemma include all the above steps
(defining the problem; searching for evidence; appraising
it; considering that evidence and its implications in the
context of patients, circumstances and values). Attaining
this set of EBM skills requires intensive study and time-
consuming application.
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Thus, in a McMaster training program explicitly com-
mitted to creating evidence-based practitioners, we have
found that only a minority of trainees are interested in
attaining advanced EBM skills.”® Our trainees’ responses
mirror those of UK general practitioners who, despite
using evidence-based summaries generated by others
(72%) and evidence-based practice guidelines or protocols
(84%), overwhelmingly (95%) felt that learning the skills
of evidence-based medicine was not the most appropriate
method for moving from opinion-based to evidence-based
medicine.** At the same time, our residency programme
trainees all appear to develop a respect for, and ability to
track down, recognise, and use evidence-based sources of
information that provide immediately applicable conclu-
sions. Having mastered this more restricted set of EBM
skills, these trainees (whom we might call evidence users)
could become highly competent, up-to-date practitioners
capable of delivering evidence-based care.

The recognition that trying to train all clinicians to
become evidence-based practitioners is not feasible, and
that evidence-based practitioners require tools to optimise
their efficiency, has led to the development of sources of
pre-appraised evidence. These sources serve the needs of
both evidence-based practitioners and clinicians who do
not routinely read the methods and results sections of
journal articles, yet seek and use evidence-based sources of
information. These evidence-based users may also, when
seeking expert advice, confine their attention to opin-
ion leaders who undertake a systematic, explicit critical
appraisal of the available evidence before making recom-
mendations. As a result, evidence-using clinicians may
achieve evidence-based care with nearly as much consist-
ency, and considerably less effort, than those who spend
time searching for and critiquing research evidence.

RESOURCES

New resources for practising EBM are developing every
day; so are the individuals and organizations critically
appraising and assimilating best evidence and develop-
ments in information technology. Brian Haines has pro-
posed the 4S Resources (Systems, Synopses, Syntheses and
Studies), which redefine the earlier Primary and Secondary
Resources.”” These are available as paper journals, CD
ROMs, and on websites. [Table 1.]

SYSTEMS (TERTIARY)

The ideal computerised decision support system (CDSS),
now in development, would link the patients’ problems
to the best available evidence incorporating electronic
medical records. Trials conducted with limited conditions
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have shown that such systems may improve patient care.
This, however, is mostly an issue for the future. Available at
present are electronic textbooks such as Clinical Evidence,
UpToDate and Scientific American Medicine. Though not
integrated with the electronic medical records, these can
be used on the same computer. These databases are focused
more on internal medicine and subspecialties, and primary
care.
Clinical Evidence precise aims: to provide evidence
to assist clinicians in answering the questions most rel-
evant to clinical practice and to highlight areas where
such evidence is lacking. The ‘book’ does not aim to make
recommendations, nor does it judge effectiveness or
cost-effectiveness. Both beneficial and harmful effects of
therapy are presented, leaving clinicians to translate these
effects into an estimate of effectiveness for the individual
patient.”
UpToDate
information that is comprehensive, accurate, verifiable

(www.uptodate.com) aims to provide
(well-referenced), easy to access, and updated regularly. It
encompasses all areas of internal medicine, but the der-
matology, oncology, and neurology sections are still under
development. It describes most important studies briefly
reviews quantitative data. Even though UpToDate does not
give explicit criteria for seeking and appraising evidence,
most clinicians have found it relevant and easy to use.

SYNOPSES (SECONDARY)

Resources for busy clinicians who do not have the time
to read lengthy articles and digest them are available. One
such resource for internal medicine and primary care is

2} UpToDate® Search - Microsoft Intemet Explores =10 =]
Immv.w Favoites Tock Hebp

[tk - > - @2 4] Dseaen FalFavons PHivoy | B @ B~ 2 |
| Address [ €] hitps: /v utdol com/appicalion/seaich asg Paccepl=hccept x| @Ge
| Gocgle-[— ] BhSeachWeb @ GeochSee | Pk G0 - Byup - »

Did you know?
UpToDate™ now includes Family Practice, and Obstetrics,
Gynecology and Women's Health.

- UpToDate

ONLINE 9.3

Aboutus  Help  Lag Out

SPECIALTIES
To begin a search, enter a search term in the field above:
» Disease name (eg, heart failure)
= Drug

= Class of drugs (eq, beta blockers)

UpToDate recognizes common synonyms and abbreviations (e.g.
GERD)

©2002 UpToDate® » www uptodate.com » Contact Us =l
& o [

ol

B G e Fgte o e

|tk -+ - @3 A Dgeech ilfworts Py |- S - orte ®
[ IR Mesh  Hitery | G S
e s —— The Cochrane Library

R The Cochwane Database of Systematic
eviews (194€)

S Dotabase ol Abstracts af Revicws of
EMectiveness (2793

R The Coctwane Controlied Trials Register
(CENTRAL/CLTR) {307875)

& The Cochrane Database of Methodslogy

r_>1

Reviews

Issue 2, 2001
ISSN 1464-780X

1n this izssue;

2 The Cexhrane Methodalogy Register Vigwing - the
EPR) (3407 pe
S Aot the Cocheane Collabor ation)
R Health techeology assessment da
DHTA) {1000)

Subject Search

Enter a singhe search term or phrase. Clear. Setup.eto)

@ S Economic evaluation dakabas Clicking GO performs the search. critigigms
B e Records Containing the search term or
phrase are returned and to you.
Databases that return hits are highlighted
In blue.
itens I =

Best Evidence, annually produced on CD-ROM by the
American College of Physicians and American Society of
Internal Medicine Best Evidence finds good studies from
the top 150 journals, critically appraises them and gives a
one-page synopsis for each, along with a commentary by
an expert. The Best Evidence CD-ROM also features the
entire contents of ACP Journal Club (ACPJC), Evidence-
Based Medicine (EBM), and the textbook Diagnostic
Strategies for Common Medical Problems (DS). Most of its
references are relevant to internal medicine: a reflection of
the preponderance of ACPJC articles.”

SYNTHESES (SECONDARY)

These resources include systematic reviews that are sum-
maries of medical literature. They perform literature
searches, critically appraise individual studies and statisti-
cally combine the studies, and are available as databases
on CD-ROMs such as Cochrane Library. The Cochrane
Collaboration (www.updateusa.com/clibip/clib.htm) was
established in 1992 to facilitate systematic reviews of ran-
domised controlled trials across all areas of health care.®*
This international organization aims to help people make
well-informed decisions about health care by preparing,
maintaining and ensuring the accessibility of systematic
reviews of the effects of healthcare interventions. The
Cochrane Library includes (i) The Cochrane Database
of Systematic Reviews—regularly updated reviews of
the effects of health care, (ii) Database of Abstracts of
Reviews of Effectiveness—critical assessments and struc-
tured abstracts of good systematic reviews published
elsewhere; (iii) The Cochrane Controlled Trials Register
—bibliographic information on controlled trials and (iv)
Other sources of information—the science of reviewing,
research and evidence-based health care. The abstracts of
the Cochrane Reviews can be browsed free at www.update-
software.com/abstracts/titlelist.htm.



Practice guidelines are also being developed by various
organizations, some based on the principles of EBM, others
not so explicit. These can be found on the web at sites such
as the National Guideline Clearinghouse and Medline.

STUDIES (PRIMARY)

Original studies form the last resource for finding evidence.
These can be accessed in several ways. For the beginner,
SUMSearch might be a good starting point. SUMSearch
is a ‘meta-searching service’ that searches the following
resources: (1) Merck Manual (which it uses as the default
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textbook), (ii) Medline (for original research, review
articles and editorials from general journals), (iii) National
Guideline Clearinghouse from the Agency for Health
Care Policy and Research (AHCPR), and (iv) Database
of Abstract of Reviews of Effectiveness (DARE). Depending
of the focus requested, SUMSearch will search PubMed
with the highest sensitivity filters developed by Haynes et
al. For example, if the search were about physical exami-
nation, SUMSearch would search the database Bedside
Diagnosis.*

Another option is to use ‘clinical queries’ in PubMed
followed by searching the Medline through PubMed.
Medline, the database maintained by the National Library
of Medicine in Bethesda, Maryland, USA, is the electronic
equivalent of Index Medicus. It includes more than 11 mil-
lion citations dating from 1966, from over 4,000 journals.
The strength of this database is its relatively comprehensive
coverage of medical journals and free accessibility via the
Internet at www.ncbi.nlm.nih.gov/entrez/query.fcgi.** The
downside is that Medlin€’s sheer size calls for skills and
time to retrieve information, and it mostly provides only
abstracts with links to full-text sites (2,588 as on January
2002) that often need paid subscription. Again, the studies
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Table 1. Useful EBM resources

Over the last several years the concepts and ideas

Source Site Yearly cost (US $)
Best Evidence www.acponline.org/catalog/electronic/best_evidence.htm 85
Cochrane Library www.updateusa.com/clibip/clib.ntm 235
Medline clinical.updateusa.edu/pubmed.htm Free
UpToDate www.uptodate.com 530
SumSearch SUMsearch.UTHSCSA.edu Free
TRIP www.Tripdatabase.com Free
Scientific American Medicine www.samed.com 299
Clinical Evidence www.evidence.org/index-welcome.htm 110
eMedicine www.emedicine.com Free
ScHARR Netting the Evidence www.shef.ac.uk/~scharr/ir/netting/ Free
ACP Journal Club www.acponline.org/journals/acpjc/jcmenu.htm/wni Free
BMJ www.bmj.com Free
JAMA jama.ama-assn.org 125
Lancet www.thelancet.com 50
Evidence-Based Medicine: How to practice and teach EBM  www.churchillmed.com 3
MD Consult www.mdconsult.com 219
Bandolier www.jr2.ox.ac.uk/Bandolier Free
Centre for Evidence-Based Medicine cebm.jr2.ox.ac.uk Free
McMaster Health Information hiru.mcmaster.ca Free
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attributed to and labelled collectively as EBM became part
of daily clinical lives. Clinicians hear about evidence-based
medicine, EB healthcare, EB guidelines, EB care paths, and
EB questions and solutions. The controversy has shifted
from whether to implement the new concepts to how to do
so sensibly and efficiently while avoiding numerous poten-
tial problems on the way.

There are many reasons why EBM-related skills and
solutions would allow us to function more rationally,
and with more satisfaction and fun, in our daily practice.
Even though original literature keeps spewing forth new
evidences that should influence the way we practice, our
access to such information is limited, and thereby we risk
obsolescence. EBM provides solutions here.*> However,
while adopting EBM strategies, clinicians must avoid a
series of misconceptions about EBM. Some critics have
mistakenly suggested that EBM equates evidence with
results of randomised trials, statistical significance with
clinical relevance, evidence (of whatever kind) with deci-
sions, and lack of evidence of efficacy with the evidence for
the lack of efficacy. A final mistaken notion is that EBM is
a cost-containment tool, rather than a tool for providing
optimal patient care®.

Each healthcare practitioner needs to decide to what
extent she would like to become an EBM practitioner.
Learning the advanced skills of locating and assessing
evidence from the original literature gives the practition-
ers the skills to judge competing recommendations and
alternative courses of action while making healthcare
practice more intellectually stimulating and rewarding.

EBM skills are very much essential for anyone whose goal
is to provide recommendations for optimal practice to
others by authoring reviews, editorials or practice guide-
lines, or as clinical teacher. The advent of EBM has meant
that traditional sources of authority such as age and expe-
rience must be supplemented by explicit reference to the
available valid and clinically relevant literature. Awareness
of such literature, and of rules that allow one to integrate
evidence from multiple sources to draw valid conclusions,
are rapidly becoming essential for all teachers. Those
without such skills risk missing an important tool for com-
municating with their learners.Becoming an accomplished
EBM practitioner comes at the cost of time, effort, and sac-
rificing other priorities. As pointed out earlier, an equally
legitimate alternative for clinicians is to actively seek
information from sources that explicitly use EBM tools in
their selection and presentation of evidence. Even here the
clinician requires specific EBM skills to be able to apply the
gleaned information to individual patients. For instance, in
helping patients weigh the risks and benefits of a treatment
they are considering, the clinician must understand the
best estimate of the magnitude of the treatment effect, and
the precision of that estimate.

For the policy decision makers, including regulators and
payers, the evolution of EBM provides new opportunities
and challenges. The opportunities lie in the fact that, when
properly used, EBM tools help generate data to inform
and rationalize healthcare decisions. The challenges, even
dangers, lie in the superficial use of EBM concepts, hijack-
ing EBM labels to support preconceived ideas and using
labels of EBM without actually applying the concepts. For
example, in the recent assessment of the methodological
quality of 279 practice guidelines, Shaneyfelt et al found
that authors described the method of identifying evidence
in only 17%, indicated the methods of grading the evidence
in 15%, described the role and use of expert opinion in 8%,
indicated the role of value judgement in making recom-
mendations in 6%, and graded the strength of recommen-
dations according to the quality of evidence behind them
in 13%. Even more surprisingly, the purpose of the guide-
line was specified in only 75% of the publications, the back-
ground and expertise of authors described in only 25%, and
the process of external review revealed in only 32%.%* Not
surprisingly, one can find practice guidelines or care paths
supporting all kinds of questionable practices. The findings
of this survey are particularly distressing when one con-
siders that practice guidelines may, in some institutions
and organizations, acquire the status of practice directives.
Generating policies or recommendations intended for
wide use requires a detailed understanding of the way such



policies should be constructed, what constitutes ‘admissi-
ble’ evidence, how research evidence can be integrated with
patients and societal values, and how the strength of a rec-
ommendation relates to the quality of underlying evidence
and the tradeoffs between risks and benefits.

EBM IN OMAN

During 1999-2000, a survey of 227 doctors was conducted
in Oman to assess their knowledge, attitudes and practices
of EBM (unpublished data). It showed that 87% doctors
felt that the practice of EBM would improve the stand-
ards of care, and help put research findings into practice.
Even though 87% had access to computers, the Internet,
and were aware of Medline searches, they never used
critically appraised databases like Cochrane, Best Evidence,
UpToDate, Bandolier, Clinical evidence or National
Guideline Clearing House. The participants had limited
understanding of the basic EBM terms such as Numbers
Needed to Treat (NNT), Likelihood Ratios, Odds Ratio and
Relative Risk.

Table 2. Steps to practise EBM

1. Ask answerable questions

2.Translate them to effective searches for the best evidence
3. (ritically appraise

4. Apply the evidence

5. Evaluate performance

To promote the understanding and practice of EBM, yearly
workshops are being conducted in Oman. The three-
day workshop held in April 2000 involved small group
(10-12) teaching, with two facilitators in each group. The
participants were from various specialties and levels of
experience. The facilitators represented the major centres
of EBM including the McMaster, Canada, the Centre of
Evidence-based Medicine in Oxford, and a reviewer for the
Cochrane Collaboration. A manual was developed for self-
study. The focus was on covering the 5 steps of EBM [Table
2]. There were three plenary sessions, two hands-on com-
puter lab sessions, one for Medline searches, the other for
non-Medline searches using databases on CD ROMs such
as Best Evidence, Cochrane and UpToDate. Questionnaire
surveys before and after the workshop showed that the
participants had gained an understanding of EBM and
demonstrated that workshops are effective ways to learn
the practice of EBM. After the workshop the participants
have been trying to practice themselves and introduce the
concepts of EBM in their organizations.
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CONCLUSION

The purpose of EBM is to provide healthcare practitioners
and decision-makers (physicians, nurses, administrators,
regulators) with tools that allow them to gather, access,
interpret, and summarize evidence required to buttress
their decisions and to explicitly integrate this evidence
with patients’ and providers’ values. In this sense, EBM is
not an end in itself, but rather a set of principles and tools
that helps us distinguish evidence from unsubstantiated
opinions, ignorance of evidence from real scientific uncer-
tainty, and ultimately, serves to provide better patient care.
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