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Abstract

Evidence-based medicine (EBM) is a science in itself which paves way for effec-
tive utilization of healthcare literature in medical practice. EBM is not only about
overcoming subjective judgment, tradition, and authority in medical practice, but
to impart other values such as patient preferences and choices along with best-
available evidence. Hence, EBM can be considered as a ‘“patient-centred”
approach to clinical decision-making. Currently, EBM lies at the core of clinical
practice. EBM tends to integrate “clinical epidemiology” and ‘“biomedical
research” — by imbibing and applying their concepts, “statistical analysis” and
“scientific methodology”, respectively. The real purpose of EBM was to harness
the incremental increase in biomedical data and ever-expanding medical knowl-
edge — with far few “real” breakthroughs — and make the “busy” clinicians to
adopt and implement the “best” available evidence efficiently in day-to-day clin-
ical practice. Initially, EBM was essentially focused on three major domains,
namely, critical appraisal of available literature, development of systematic
reviews, and clinical practice guidelines. All along these years, it is observed that
EBM had contributed heavily to clinical medicine in the following ways, as
quoted by Guyatt (the scientist who had introduced the term “Evidence-Based
Medicine”, 35 years ago) himself, shifting the practice of medicine on the base
of scientific judgement, delineating the complex evidence hierarchies, prioritiz-
ing the patient values and preferences in clinical decision-making, and in the
development of more robust methodologies for producing trustworthy guidelines
and recommendations. In this chapter, the definitions, evolution, current status,
progress, and future of EBM are deliberated extensively.

G. M. Raj (X)

Department of Pharmacology, All India Institute of Medical Sciences (AIIMS) Bibinagar,
Hyderabad, Telangana, India

e-mail: gerard.pharma@aiimsbibinagar.edu.in

© The Editor(s) (if applicable) and The Author(s), under exclusive license to 63
Springer Nature Singapore Pte Ltd. 2025

A. Arivazhahan et al. (eds.), Introduction to Basics of Pharmacology and Toxicology,
https://doi.org/10.1007/978-981-95-1920-0_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-95-1920-0_4&domain=pdf
https://doi.org/10.1007/978-981-95-1920-0_4#DOI
mailto:gerard.pharma@aiimsbibinagar.edu.in

64 G. M. Raj

Keywords

Evidence-Based Medicine (EBM) - Evidence-Based Practice (EBP) - Critical
appraisal - Evidence pyramid - GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation system) approach - Evidence-Based
Clinical Practice (EBCP) - PICO - Shared-Decision-Making (SDM) - Cochrane
collaboration

The first two years of medical school have got to be changed. Students are spending more
and more time understanding the difficult aspects of molecular biology, but we are kidding
ourselves to think they use their knowledge of DNA — in my day it was the Krebs cycle — in
making clinical decisions at the bedside. They do not. They make clinical decisions based
on how the last patient did, how their friends are treating patients and what the latest article
by an authority says they should do. And we have got repeated evidence now that authori-
ties are way behind with regard to the data in clinical trials — Dr. Tom Chalmers (1993)

Half of what you’ll learn in medical school will be shown to be either dead wrong or out of
date within five years of your graduation; the trouble is that nobody can tell you which
half—so the most important thing to learn is how to learn on your own — Dr. David
Sackett (2003)

Evidence-Based Medicine was ranked 7" among the top 15 most important medical
advances (innovations) in healthcare since the journal’s inception in 1840 — BMJ (2007)

Research that leads to neither new insights nor new applications is wasted. Research that is
poorly done is wasted. Research that nobody reads is wasted. Research that has been done
before is wasted — Sir Iain Chalmers (2009)

4.1 Introduction

Evidence-Based Medicine (EBM) is rightfully placed alongside the discovery of
antibiotics and vaccines as one of the most significant medical advances in the past
150 years. It can be considered as a strategic alliance between medical science and
clinical experience for a more modern and ideal application of clinical practice. The
basis behind EBM is to guide clinical practice by systematic biomedical research.
In literal parlance, EBM can be considered as “medicine practiced on the basis of
evidence”.

The term EBM is sometimes referred to as “evidence-based practice (EBP)”,
“evidence-based clinical practice (EBCP)”, or “‘evidence-based healthcare (EBHC)”.

4.1.1 Evidence-Based Medicine—The Definitions

Evidence-Based Medicine can be defined as “the conscientious, explicit, and judi-
cious use of current best evidence from healthcare research in making decisions
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about the care of individual patients and populations”. Here, “evidence” (scientific)
is “the evidence that serves to either support or counter a scientific theorem or
hypothesis” [Encyclopedia of Public Health].

The above definition of EBM was put forth by Sackett et al in 1996. In this paper,
Sackett et al state that practising EBM entails the integration of “individual clinical
expertise” with the “best available external clinical evidence (from systematic
research)”’—what they refer to as the “bottom-up” approach. And both these tenets
are not mutually exclusive—i.e., a good doctor needs to use both. Hence, Sackett
wanted integration of systematic research with expert judgement.

As per the above definition, the practicing physician must keep himself abreast
with the current relevant research and should continuously seek for the optimal
course of care for the patients under his treatment. Hence, EBM can be considered
to possess the following characteristics: “explicit search for the best evidence”, “fair
judgment for the benefit of the patient”, “complementary participation of patient in
the decision-making process”, and “gradual practice-based fine-tuning of clinical
experience”). By this way, EBM keeps the stakes of all participants of healthcare
delivery at ideal levels—for the physicians, EBM reduces the chances of commit-
ting errors; for the patients, EBM provides opportunity to self-contribute in the
process that deals with their own life; and for the payers, EBM instills a sense of
certainty and surety. Hence, the practice of EBM demands the integration of indi-
vidual clinical expertise with the best available external clinical evidence generated
from systematic research along with the patients’ values and preferences (Fig. 4.1).

And the BMJ Best Practice defines EBM as, “the application of the best available
research to clinical care, which requires the integration of evidence with clinical
expertise and patient values”. The best available research refers to clinically rele-
vant (i.e., patient oriented) research that: illuminates the accuracy and precision of
diagnostic tests; highlights the importance of prognostic markers; establishes the
efficacy and safety of therapeutic, rehabilitative, or preventive healthcare strategies;
or seeks to understand the patient experience. Hence, it is the physician-patients’
values, preferences, concerns, expectations, circumstances, and settings that dictate
the administration of the best available care—hence, EBM is not so-rigid as it is
construed and always looks for the “best-tailored fit” in therapy for the individual
patient.

And sometimes, EBM is considered as a combination of three components,
namely, “clinical state and circumstances”, “patients’ preferences and actions”, and
“research evidence”—in that order; and the integration of the “physician’s clinical
expertise” with all of the above three components—as the fourth element.

The basic elements of EBM include (i) framing (defining) a clinical question—
the four components of which are the “PICO: patient (or population), intervention
(or exposure), comparison (or control), outcomes”; (ii) finding (searching) the best
available evidence—MEDLINE (accessed through PubMed), Embase, and
CINAHL are some of the notable medical research databases comprising millions
of references to journal articles; (iii) assessing the certainty (quality) of the evi-
dence—which includes ascertaining both internal validity (bias or “systematic”
error and chance or “random” error) and external validity (generalizability); and (iv)
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Fig. 4.1 Components of evidence-based medicine (EBM)

applying the evidence in practice, along with complementary clinical expertise and
patient preferences—acting on the evidence to make a clinical decision. By follow-
ing this framework in a sequential order, the EBM cycle comprises the following
steps, namely, (i) “Asking” the question, (ii) “Acquiring” the evidence, (iii)
“Appraising” the evidence, (iv) Incorporating “patient values and preferences”, and
(v) “Applying” to the patient. And this practice framework was put forth by Sackett
himself in 1997. He also added that “the practice of EBM is a “process of life-long,
self-directed learning” in which caring for our own patients creates the need for
clinically important information about diagnosis, prognosis, therapy, and other clin-
ical and healthcare issues”. The above discussed “Sackett process” involves the
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following steps, namely, (1) structure a researchable question, (2) select the most
likely resource, (3) design an effective search strategy, (4) summarize and critique
the evidence, (5) apply the evidence to the patient of interest, and (6) evaluate the
process and outcome.

UpToDate® (Wolters Kluwer), DynaMed® (EBSCO), ClinicalKey® (Elsevier),
and Essential Evidence Plus (Wiley) are some of the notable point-of-care EBM
tools which support in clinical decision-making for healthcare professionals.

The application of EBM in actual clinical practice requires a series of focused
efforts and the “scientific study of methods to promote the systematic uptake of
research findings and other evidence-based practices into routine practice, and,
hence, to improve the quality and effectiveness of health services and care” is
referred to as the “implementation research”. Sometimes, also denoted as “imple-
mentation science”—which “aims to accelerate the adoption and integration of
evidence-based practices, interventions, and policies into routine healthcare and
public health practice to improve the impact on population health”. Hence, through
implementation science the gap between research and practice can be abridged.

Ultimately, by application of EBM, the healthcare delivery becomes better, safer,
and cost-effective. And EBM can also be considered as “an evolutionary progres-
sion of knowledge based on the basic and clinical sciences and facilitated by the age
of information technology”.

4.2 Evidence-Based Medicine—The History and Evolution

The term Evidence-Based Medicine first appeared in an editorial (1991) by Dr.
Gordon Guyatt. In that single-author paper, he describes that EBM requires skills of
“literature retrieval”, “critical appraisal”, and “information synthesis”. Hence, addi-
tional strategies like quickly tracking down publications of studies that are directly
relevant to the clinical problem, critically appraising these studies, and applying the
results of the best studies to the clinical problem at hand are the crucial steps in
EBM. He also goes on to add that EBM requires judgement of the applicability of
evidence to the patient on focus and follow systematic approaches to make deci-
sions when direct evidence is not available.

And in “The Rational Clinical Examination” series in JAMA (1992), the
Evidence-Based Medicine Working Group discoursed that the EBM as a new
approach in teaching the practice of medicine. A paradigm shift from “purely”
expertise-based, content (knowledge)-oriented, or clinical experience-based medi-
cal practice to more systematic assumptions (observations)-based, critical review of
current medical literature, and application of rules of evidence before embarking on
diagnostic/therapeutic options on a case-to-case basis was proclaimed. It is also
stated that critical appraisal of literature is not merely an academic exercise rather it
forms the crux for practical implementation of EBM. And further, critical appraisal
would be the new way of doing medical practice by moving it to bedside.

Twenty years later, in an interview for JAMA Network, Dr. Guyatt fondly recol-
lects the initial name coined for “evidence-based medicine” as “scientific
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medicine”—which then (early 1990s) created a huge uproar among the basic medi-
cal scientists and was not received well.

And Dave Sackett recollects how the term “critical appraisal” was requiring the
much-needed rechristening to “evidence-based medicine”—as it involves science
and literature integrated with best clinical skills to get the diagnosis right. So, EBM
is a more broader term than critical appraisal—and it also involves evidence in the
context of patient values and preferences.

And often, alignment with patient priorities with regard to clinical decision-
making in care delivery has done wonders in improving healthcare outcomes. This
process of “Shared-Decision-Making (SDM)” is now considered as a distinct entity
in medical practice evolving from the roots of EBM. In SDM, the patient becomes
the centre of clinical activity and this recent transformative collaboration of patients
with doctors is referred to as the “patient revolution” in medical practice. The Mayo
Clinic has even released freely accessible tools in the public domain for ready
implementation of SDM; as actual implementation of SDM is generally considered
as tough and challenging.

4.2.1 The Cochrane Collaboration and Archie Cochrane

Ian Chalmers was the forerunner for the establishment of the Cochrane Centre in
Oxford (UK) in 1992 which was later transformed into The Cochrane Collaboration.
Cochrane is an international independent network of researchers and healthcare
professionals that perform systematic reviews of the evidence. These systematic
reviews are high-quality literature reviews (unlike the narrative reviews) performed
using systematic methods and are referred to as the “Cochrane Reviews”. The
Cochrane Reviews and the protocols for Cochrane Reviews (“Cochrane Protocols™)
can be retrieved through the Cochrane Database of Systematic Reviews (CDSR)
which is a key component of the Cochrane Library. As on date, the CDSR includes
more than 9000 Cochrane Reviews and stands as the leading database for system-
atic reviews in healthcare.

Cochrane recluses itself from commercial funding and is a not-for-profit organi-
zation with over 50 thousand collaborators (including patients, carers, and anyone
interested in improving health outcomes) originating from more than 190 countries.
And currently, the cochrane.org can be accessed in 20 different languages. The
flourishing of The Cochrane Collaboration is a testimony for the perceived need to
utilize EBM by healthcare professionals.

The stalwart epidemiologist Archie Cochrane was a fervent patron for conduct of
randomized controlled trials (RCTs) despite the then accusations that were raised
by medical ethicists against RCTs. He went on to reaffirm that good controlled
clinical trials should replace other pseudoscientific studies undertaken by drug
industry. Thanks to the positive influence from his mentor Sir Austin Bradford Hill
(the great biostatistician) at the London School of Hygiene and Tropical Medicine—
who had performed one of the first RCTs in medical history. He was also fully onto
maintaining 100% response rate in epidemiological studies and even coined the
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self-eponymous term, namely, the “Cochrane units”—one Cochrane unit refers to a
response rate of 91%, two Cochrane units refers to a response rate of 95%, and so on.

Cochrane’s 50-year-old treatise titled “Effectiveness and Efficiency: Random
Reflections on Health Services (1972)” discourses about “effectiveness” (“‘con-
firmed benefits of healthcare interventions — preferably by RCTs”), “efficiency”
(“optimal delivery and utilization of available health resources for achieving posi-
tive outcomes”), and also about “equity/equality” (“assessment of the variation in
healthcare delivery”) in healthcare services. The book had a resounding reception
and was later translated to eight languages. He also emphasized the need for sys-
tematic and scientific collation of all available RCTs (“critical summary”). He had
assumptions on the concepts of cost-effectiveness and cost-benefit too (extension of
the “effectiveness” component). And the setting up of The Cochrane Collaboration
by Iain Chalmers and his colleagues in 1993 was a fitting tribute to the scientific
envisions of Cochrane. And the Cochrane Collaboration was perceived on par to the
Human Genome Project in its potential implications for modern medicine.

Medicine continues to be an undiscernible mixture of “science” and “art”. EBM,
in a way, helped in transcending the branch of Medicine away from its “uncertainty”
and “probability” qualms—as Sir Willian Osler quoted medicine as a science of
uncertainty and an art of probability.

However, there are some arguments speculating against the evolution of EBM
like—EBM is not only about the RCTs as deciphered through the Cochrane’s book
and the confines of EBM should not be as narrow and restrictive as it is construed.
Moreover, the reliance on the RCTs and the database of systematic reviews (includ-
ing that of the Cochrane Collaboration) should not override the facets of clinical
intuition and care dimension of clinical work including to bank on more humanistic
doctor-patient relationship [“no RCTs, no real scientific evidence”—is false]. And
RCTs should not only be considered as the universal gold standard of medical evi-
dence but rather as means of detecting ineffective treatments; and consequently,
redirecting the cost-saved to improve the healthcare system as a whole. It is empha-
sized that the “quality of care (living)” is equally important as that of the “quality of
treatment” if not more. And also, the “recuperative power of the human body”
should never be underestimated compared to the existing “therapies”. This reverting
back to “traditional” aspects of healthcare was even referred to as the “renaissance”
movement of clinical practice—by the critics of EBM. The critics also go on to add
that EBM is trying to “purify” medicine by letting out the “care” aspect of medicine
and rather focusing more on the “scientific cure” part of medicine (“curative
medicine”).

In line with the motto of “critical appraisal” or rather forthright “criticisms” of
scientific evidence and also doubled up with direct onslaught on some of the lacu-
nae of the Cochrane Collaboration, the Collaboration itself came up with an innova-
tive award, namely, the “Bill Silverman Prize”. The award is given annually to the
individual with the best critique “either through evaluating any aspect of the prepa-
ration, maintenance or dissemination of Cochrane Reviews or about the work of
Cochrane more generally”. Bill Silverman was a paediatrician who always asserted
that, “criticism (including self-criticism) is a form of troublemaking that can help to
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drive progress”—hence, it is implied that, “all criticisms are helpful, and there are
no such thing called ‘negative’ criticisms”.

Like some philosophers who state that “evidence” in EBM (medical practice)
should be viewed differently to that of the “evidence” in medical sciences—as the
former is an exercise of identifying “something meaningful for someone” (e.g., in
clinical decision-making) and the latter is an exercise of identifying “a sign of
something” (e.g., in a scientific inquiry).

And even after two decades of its inception, there is wide variation in the imple-
mentation of EBM. Even now, it is sometimes emphasized that evidence that led to
EBM should be considered only in the context of the patients—and not as a sole
approach. This context is derived from the experience of practitioners—both indi-
vidually and collectively. Hence, it is stated that EBM needs to complement experi-
ence-based medicine (ExBM) and can be more appropriately called as
“Evidence-Informed Care”.

Nevertheless, EBM is built on the base of conventional medical training and
skills which includes a strong background of understanding of pathophysiological
principles, meticulous history taking and physical examination, and also the need
for compassionate attitude of the physician towards his/her patients.

4.3 Progress and Current Status
of Evidence-Based Medicine

The proponents of EBM faced the brutal backlash from The Lancet anonymous
editorial (1995) which scathingly stated, “...we deplore attempts to foist evidence-
based medicine on the profession as a discipline in itself...”. The editorial also
rebuked the statement proclaimed by the EBM-group during the launch of the new
Evidence-Based Medicine journal — “publish the gold that intellectually intense pro-
cesses will mine from the ore of about 100 of the world’s top journals”. Of the many
responses to this editorial, the notable ones are, how “one-way” consultant rounds
would be transformed with “two-way” learning-cum-teaching at the bedside; com-
pensate for the lack of time by busy clinicians in critically searching and appraising
medical literature (“a general physician would need to examine 19 articles a day,
365 days a year, just to keep abreast of that specialty”); medical knowledge (evi-
dence) should be based on scientific discourse and not on expertise—the former is
“democratic and open to debate” and the latter would be “oligarchic and closed”;
deficient scientific reasoning by the exponents of EBM—it is not about “choosing
adjectives” or “prophesizing”’; the advocates of EBM tend to be arrogant and deni-
grate the alternate views of others; “systematic observation” is not new to medical
training, the same was existent since the times of Osler, Virchow, and Koch; in line
with Godel’s incompleteness theorem, EBM is “built on some shaky logical founda-
tions: it will always be incomplete”. Truth will not be contained in a recipe book;
and unlike Archie Cochrane himself, “the Cochrane collaborators sit comfortably at
their desk reviewing endless studies”. All these views revealed the then prevailing
ambiguity around EBM.
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EBM was initially considered as a threat to “physician’s autonomy” and was
even adjudged as a new way of “dogmatic authoritarianism” originating from the
Cochranian Oxford (like in parlance from the erstwhile Galenic Rome). But later,
rather it disentangled the then plaguing “clinical freedom and democracy” for “evi-
dence-based clinical practice”—as yearned by Cochrane himself.

And some scientists consider “evidence” as a weaker definition of actual
“truth”—and as such evidence is only a reason or support for an opinion and not
based on actual knowledge-derived “proof”.

Further, EBM was assumed to concentrate only on the rationing of healthcare
and equitable distribution of available facilities thereby aiding in cost-cuttings—so
EBM had the negative monicker of “rationed medicine” rather than “rational medi-
cine”. One more argument is EBM is shifting focus “from the bedside to the medi-
cal libraries or computer terminals”. And as it always said that “statistical
significance” does not equate to “clinical significance”—similarly, EBM’s initial
“big” gains of the low hanging fruits have now been relegated to only “marginal”
benefits in clinical practice.

Then, it was also a general impression that most of available literature (evidence)
were for individuals with single isolated conditions and not for the complex comor-
bidities which are more prevalent. And the developed evidence-based guidelines are
often mapped poorly to complex multimorbid states. Additionally, as much of the
evidence is not disseminated through formal peer-reviewed publications, hence, we
are forced to rely on biased irrelevant evidence for complex disease states.

Even in the introductory paras of the JAMA (1992) EBM paper, it was empha-
sized that neither mere intuition, unsystematic clinical experience, nor sole patho-
physiological reasoning should be considered for clinical decision-making; rather,
EBM entails the evaluation of evidence from existing clinical research. The same
principle holds true even today and skillsets proclaimed then—Ilike efficient litera-
ture searching and application of predefined rules in evidence assessment—are
indispensable for any practicing clinician of today’s era.

Initially, the EBM Working Group had asserted that only two set of populations
(among healthcare providers) could take on application of EBM in clinical practice;
one would be those who are overtly convinced about the positive outcomes of EBM
on patient care and the other would be those who are quite sceptical about the
intended benefits of EBM but even then, they still believe that EBM would not
largely deteriorate patient health. The Working Group also concluded that the
implementation of EBM would also aid in countering the exploding barrage of med-
ical information, harnessing new technologies, controlling healthcare costings, and
ultimately improving quality of medical care.

The “quality seal” embossed on the evidence-based medicine is sometimes mis-
appropriated through vested interests—what is sometimes referred to as the “hijack-
ing of EBM”. Some arguments against the development of evidence-based practice
are that most of the evidence is generated through trials funded by for-profit phar-
maceutical companies. And the industry’s selective publication of positive results
over and above the negative results had been reported on multiple occasions [“pub-
lication bias” or “selective (non-) reporting bias”]. All these point towards a more of
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a “finance-based medicine” compromising the sanctity of EBM. Hence, the authen-
ticity of such studies is always questioned and the necessity for more academia-
funded studies are encouraged. In their pursuit to restrain the participation of the
money-minting pharma and maintaining utmost ethical rigor for conduct of clinical
trials, Sackett and Oxman satirically proposed (in the BMJ) for a company named
the “HARLOT plc”’—what they confess that would achieve positive results without
lying in the fields of biomedical research—by merging the oldest and the second-
oldest professions in the world. They wittingly state that through this company “we
can protect your worthless product (“drug”) as we shepherd it through the mine-
fields sewn by objective scientists, fussy ethics committees, conscientious journal
editors, writers of evidence-based guidelines, and licensing bodies”.

The practice of EBM in the surgical fields is even more difficult compared to that
in medical specialities. And the surgeons, in general, were all the more sceptical in
the practical feasibility of application of EBM in surgical practice. Previously, lack
of well-controlled trials in evaluating various surgical interventions and disinterest
from funding bodies (particularly from the for-profit agencies) were considered as
hurdles in generating hard evidence in the surgical specialties and hence, compro-
mising on the “quality” of the evidence generated. In the start of the twenty-first
century, only about 7% of the surgical interventions were found to be assessed in a
randomized study design. The “IDEAL recommendations” was one such approach
proposed to improve surgical evidence—which stand for Stage 1: innovation, Stage
2a: development, Stage 2b: exploration, Stage 3: assessment, and Stage 4: long-
term study. However, in the past two decades (i.e., 1999-2009 and 2009-19), the
number of surgical interventions being evaluated through RCTs has greatly
increased. Despite the increase in the quantity and quality, the ethical and logistic
issues surrounding the conduct of these (surgical) RCTs still exist. And the inherent
practice variability among the surgeons is another concern. Hence, the process and
application of “evidence-based surgery” are far more intricate than the prac-
tice of EBM.

From the 1988 Commentary in JAMA (the year of passing of Cochrane) which
envisaged the advent of “new Cochranes” in the field of medical practice (in the
Americas)—echoing the need for well-tested and validated health services interven-
tions, EBM as a whole has metamorphosed to such an extent that clinical practice
without evidence is futile.

In the pre-EBM period, it is a usual assertion that the physicians practice only
10% of what they know. This sentence underlines the difficulty of putting EBM into
actual practice. In the initial period of EBM establishment, there was an outcry that
the contents in the drug label—particularly the so-called “contraindications” were
given more weightage despite the inherent lack of strong evidence based on which
they are brought out. Further, the practicing physicians were in a way coerced to
strictly adhere to these label “contraindications” rather than on best-available evi-
dence and/or patient preferences. All the more there is lack of publications of stud-
ies with the so-called “negative” results/conclusions—therefore the available
evidence becomes biased. Hence, from the above discussion, it is pertinent that
systematic reviewers are at the mercy of researchers of primary studies (RCTs and
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others). Therefore, it is the sole responsibility of the primary researchers to under-
take trials with utmost care and make systematic reviews and meta-analyses more
credible; otherwise, we may land up in the infamous “garbage-in, garbage-out
(GIGO)” phenomenon.

“Drugs don’t work in patients who don’t take them”, as opined by Everett Koop
in the 1980s, was troubling the implementation of EBM. Nearly 30 to 50% of the
patients do not take their prescribed medications and as such even with availability
of hard evidence the delivery of appropriate healthcare is at abeyance. And what is
even more disheartening is that clinical trials (including RCTs) are marred with
compromised medication adherence—i.e., nearly 50% of trial participants do not
comply with the dosing regimens specified in the study protocol. Consequently, the
evidence generated is also at stake.

The process of making scientific peer review (of biomedical publications) more
robust and credible and more so the registering of clinical trials prior to their com-
mencement would make the evidence garnered more accountable. Peer reviewing
system is the backbone of medical advances and registries would aid in reducing
publication bias (“non-reporting of negative studies”). The “International Peer
Review Congress”—which is held every 4 years and the “International Clinical
Trials Registry Platform (ICTRP)”—which is maintained by the WHO, are testa-
ment for this affirmation.

Not all evidence that is being generated are equal and there are different levels of
evidence. Fig. 4.2 illustrates the evidence hierarchy pyramid—wherein controlled
biomedical research is placed at a higher level of evidence and compared to infor-
mation generated from other sources. And some critics say that, in contrast to EBM,
for achieving the goals of “precision medicine” the hierarchy of evidence pyramid
must yield to a “more horizontal conception of medical knowledge”. In precision
medicine, the “individual treatment effect” (patient-centred) is considered to be
more important compared to EBM which relies on the “average treatment effect”
(population-level). Whereas some state that “precision medicine” itself is a spinoff
of EBM—and the final healthcare model should be rather a unified pluralistic
approach with “evidence-based precision medicine”. And a novel “medicine-based
evidence (MBE)” approach was also proposed—wherein an archive of different
patient profiles would be built up and a treating physician could match his current
patient with those in the archive and contemplate managing on similar ways based
on the accumulated evidence base.

Further, a “6S Hierarchy of Evidence-Based Resources” is suggested for search-
ing and retrieving evidence for guiding clinical decision-making. The model recom-
mends six layers of evidence sources, namely, Systems (Computerized Decision
Support Systems), Summaries (Evidence-based clinical practice guidelines or text-
books), Synopses of Syntheses (Evidence-based abstraction journals, Database of
Abstracts of Reviews of Effects [DAREY]), Syntheses (Systematic reviews), Synopses
of Studies (Evidence-based abstraction journals), and Studies (Original journal arti-
cles)—and hence, to proceed from the top to the bottom. The 6S approach can be
considered under three broad categories, i.e., the “Systems” and the “Summaries”
can be considered under “Summaries and Guidelines”, the “Synopses of Syntheses”,
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Fig. 4.2 The evidence hierarchy pyramid

“Syntheses”, and “Synopses of Studies” can be considered under “Pre-Appraised
Resources”, and the “Studies” can be considered under “Non-Appraised Primary
Studies”. The TRIP (Turning Research into Practice) (www.tripdatabase.com),
Epistemonikos (https://www.epistemonikos.org/en/), and ACCESSSS—Access to
Evidence-based Summaries, Synopses, Syntheses, and Studies (https://www.
accessss.org/) are some of the metasearch engines available for retrieving evidence
from multiple levels of resources.

4.4 Future of Evidence-Based Medicine

The concept of EBM is easily one of greatest revolution in clinical practice of mod-
ern medicine and the New York Times Magazine hailed EBM as one of the most
influential ideas of the year (2001). And for like any sudden shift in medical prac-
tice, EBM was initially fraught with scepticism among physicians, medical stu-
dents, patients, and others. The acrimonious sobriquet “cookbook medicine” was
tagged to EBM—where EBM was considered alike the recipe books and to be fol-
lowed verbatim in spirit and letter (“slavish”). And even some referred to it as “ego-
based medicine”.

Previously, time constraints and ready access to latest medical literature were
considered as some of the barriers to implementation of EBM in actual practice.
However, with the advent of cutting-edge information technology systems these
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impediments have been cut short. And real-world studies have categorically proven
that evidence-based practice improves patient outcomes and physician performance
compared to the conventional standard practice.

In the Americas, the incorporation of evidence-guided medical decisions (EBM)
was considered as the “fourth revolution” of healthcare following “introduction and
expansion of health insurance”, the “backlash of payers to reduce costs”, and “out-
comes-based research”.

Like when Guyatt in his seminal editorial paper on EBM mentioned that clini-
cians need to look beyond the expertise of an expert lecturer or a local senior physi-
cian, or a textbook (compiled sometime back) to resolve patient management
issues—hence, like the transition from “authoritative expertise-based medicine” to
“evidence-based medicine”, the onus lies with the clinicians to keep all the senses
wide-open to imbibe further rational transformations of this discipline.

The spread of EBM and its applications to multiple disciplines of medical sci-
ences showcases the broader impact of EBM. EBM, like discussed above, is a deci-
sive tool to bring in social justice and health policy making.

The overconcentration of EBM on drugs and devices has left the other areas of
healthcare in an “evidence vacuum”—and hence, more and equal evidence needs to
be generated in the areas of health policy, health management, and health reforms.

EBM has progressed by leaps and bounds although it be with some expected hic-
cups; similar to how Cochrane had to struggle in executing his first “randomized”
and “controlled” trial (1941) [what he states as his first, worst, and most successful
clinical trial], the successful accomplishment of the RCT on aspirin in secondary
prevention of mortality in post-MI patients, and ultimately, culminating in the
inception of the Cochrane Collaboration (1993).

As of now, though RCTs are considered as the “gold standard” of all clinical
study designs in assessing therapeutic effectiveness, we could expect a change of
views with inclusion of better type of trial methods—hopefully! And recently, it has
been noted that, “on average, the effect estimates of RCTs and observational studies
differ only very slightly”. Hence, it is not only about the study design, i.e., RCTs vs
other observational study designs (including retrospective and prospective cohort,
case-control and cross-sectional studies).

As Gordon Guyatt envisages the need for highest level of easily accessed, easily
understood, and preprocessed evidence is more than a basic requirement currently
considering the burgeoning medical literature. More than 23 million articles pub-
lished in over 5600 medical journals in the past 40 years; and around 25,000 to
30,000 randomized trials are being published every year in the last decade—what is
referred to as the “bibliometric explosion”. And a study in 2010, reported that 75
RCTs and 11 systematic reviews are being published every day. However, the good
news is that a clinician needs to be aware of only 20 new articles per year to keep
himself up to date in his area of expertise.

And Guyatt goes on to add that how succinct evident summaries (along with
underlying patient preferences and values) of Standard Treatment Guidelines (STG)
would come in handy for a busy primary care practitioner. The generated evidence
is translated to applicable recommendations. The introduction of the “Grading of
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Recommendations, Assessment, Development, and Evaluation (GRADE) system”
is one such approach (a science for guidelines-making) for developing and present-
ing summaries of evidence [“quality or certainty of evidence”] and providing a sys-
tematic approach for making clinical practice recommendations [“strength of
recommendations”]. This GRADE approach has been adopted by over 100 organi-
zations—including the WHO and the NICE (National Institute for Health and Care
Excellence, UK). And the Appraisal of Guidelines, Research and Evaluation
(AGREE) Instrument is another such tool to assess the process of guideline devel-
opment and reporting. Hence, a “trustworthy” clinical practice guideline should not
only show the direction (“for” or “against”) but also needs to quantify the strength
(“strong” or “weak’) of the provided recommendations.

Further, it should be noted that the generated evidence-based guidelines are not
mere hard-fast directives and are not supposed to be overtly prescriptive—rather
they should be considered as “guidance” document to a practicing physician. All
guidelines and recommendations should only be considered in light of the relevant
local factors that were involved by the guideline panel. So, while we need to “glo-
balize the evidence”, we need to “localize the recommendations”. And the focus on
EBM is getting rightfully shifted from more of a sphere of academic excellence
yearning for the “ideal evidence” to implementation research, knowledge transla-
tion, and shared decision-making.

There are different critical appraisal tools for quality assessment of studies, such
as the JADAD scale or the Revised Cochrane risk-of-bias (RoB 2) tool for “random-
ized trials” and the Newcastle-Ottawa Scale (NOS), Risk Of Bias In Non-randomized
Studies - of Interventions (ROBINS-I), or the Methodological Index for Non-
Randomized Studies (MINORS) for “non-randomized studies”. And the AMSTAR
2 (A MeaSurement Tool to Assess systematic Reviews—2) critical appraisal tool
can be used for “systematic reviews” that include randomized or non-randomized
studies of healthcare interventions, or both. Additionally, critical appraisal check-
lists are being provided by the Critical Assessment Skills Programme (CASP)
which was started (1980s) with prime objective of getting research into actual
practice.

Currently, the “narrative reviews” are less relied upon and for obvious reasons
the “systematic reviews” (and in some cases, “scoping reviews”) have become more
credible for evidence generation—what is sometimes referred to as the transforma-
tion from “eminence-based medicine” to “EBM”. As the “narrative descriptive
reviews” are generally written by the so-called subject experts and hence, are largely
influenced by the expert’s perception, experience, and also bias. In the beginning, to
perform a systematic review it took nearly 2 years and now the same has been fast-
tracked and the execution time is cut-short to almost by 75% (6 months) and some-
times, even to 2 weeks (by using automation tools); and the pioneers of EBM are
quite confident that systematic reviews would be completed in a matter of 2 minutes
in the near future. The Systematic Review Accelerator (SRA) is one such tool devel-
oped for the same purpose by Paul Glasziou and his team from the Bond University.

As expected, EBM is becoming more complex with the proposals such as the
“next-generation ‘deep’ evidence-based medicine” which incorporates the various
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facets of advanced digital technologies (including machine learning and deep learn-
ing components), biomarkers, real-world data, and also out-of-the-box clinical trial
designs. Study designs such as basket (or bucket) trial, umbrella trial, platform trial
(e.g., the Recovery Platform Study), and master observational trial (MOT) [a com-
bination of the master interventional trial and prospective observational trial] are
being explored which could drastically cut short the time, efforts, and cost involved
in development of novel drugs. And recently, the large language models (LLMs)
such as ChatGPT have been found to accurately and consistently predict the RoB
assessment of RCTs.

Table 4.1 enlists the contributions made towards EBM by some of the stal-
warts of EBM.

4.5 Conclusion

Let us say no to “GOBSAT”— “Good Old Boys Sat Around the Table”—a process
by which many guidelines were in fact developed previously—wherein a set of self-
proclaimed subject experts discuss their often-subjective biased opinions and pon-
tificating the same which may boil down as “consensus statements” or “expert
opinions”.

Ever since EBM was taking foothold, the transition of centre stage from treating
physicians to care-receiving patients was highly perceptible. It is not only about
how “clinicians” access, evaluate, and interpret the existent medical literature but
also how this rigorous systematic exercise transforms “patient” lives. And it is a
known fact that not all medical queries are always answered leading to implied
uncertainty in clinical practice. In this context, EBM helps to maintain the much
needed equipoise in patient care by providing extra cushion in acknowledging the
dearth in current existing knowledge and how to tackle the same diligently. So,
EBM not only considers high-quality evidence but also gives equal weightage for
lack of robust evidence (low-quality evidence).

As it was discussed earlier, the healthcare of the twentieth century was more
from the “doctors” (physician-centric) whereas from the start of the twenty-first
century the attention has shifted towards the “patients” (patient-centric; “no deci-
sion about me without me”) and presently, the focus is on how to mutually consider
each other’s inputs so as to attain optimal therapeutic outcomes—‘participatory
medicine”.

Like how Cochrane admonished against “God complex” as a terrible affliction of
the then physicians—which is an absolutely overwhelming belief that their solu-
tions to complex medical conditions are infallibly right, we need to move from this
complex to a more “Human complex” (as the term indicates, humans are prone to
errors and less autonomous) but rather with a “divine touch” (the thirst for an “ideal”
state). Thanks to EBM—which rightfully embraces uncertainty with available evi-
dence on par with good quality evidence—and hence, pushes for accruing more
evidence!
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