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a b s t r a c t 

The Evidence-Based Medicine (EBM) movement, undoubtably one of the most successful movements in 

medicine, questions dogma and “clinical authority” and combines the “best available evidence” with clin- 

ical expertise and patient values in order to provide the best care for the individual patient. Although 

since its inception in the 1990s its strong theoretical foundations remain unaltered, a lot has changed 

in its practical implementation due to the electronic explosion of information and the unprecedented 

COVID-19 crisis. The purpose of this article is to succinctly provide the reader with an update on the 

major changes in EBM, including the important most recent ones that were “fast-tracked” due to the 

COVID-19 challenge. 

© 2022 Elsevier Ltd. All rights reserved. 
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Uncertainty has been, is, and always will be an inherent 

haracteristic of medicine [ 1 , 2 ], and still, in the 1960s and 1970s,

emained an integral part of the bedside medical practice and 

ometimes, diagnosis was based on “clinical authority”, personal 

bservation and intuition, rather than standard scientific criteria 

3] . Also, by the late 1970s, people recognized that clinical re- 

earch has been rapidly expanding and therefore there is a need 

or its more efficient handling [4] . The term “Evidence-Based 

edicine” (EBM) has its roots at McMaster University in Canada 

n the 1990s and is the first organized attempt to question dogma 

nd “clinical authority” and factor in the best available evidence 

BAE) into clinical judgement and patient factors to guide clinical 

ecisions [ 5 , 6 ]. 

This EBM-movement better articulated that the medical teach- 

ng and practice needs to shift its paradigm in order to adapt to 

etter handle and translate in an objective way the ever-growing 

mount of clinical research produced. Since its inception, it has 

eveloped into one of the most successful campaigns/concepts in 

edicine, but at the same time, it is constantly adapting an ever- 

hanging environment. The purpose of this manuscript is to review 

hat has changed in the practice of EBM and reveal some future 

irections stemming from the COVID-19 challenge. 
∗ Corresponding author. 
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hanges in EBM 

ave we changed how we define EBM? 

The two most widely quoted definitions of EBM come from its 

ioneer, the late Dr. David Sackett, being: “the conscientious, ex- 

licit and judicious use of current best evidence in making decisions 

bout the care of the individual patients ” [7] , which was later re- 

ned to “EBM is a systematic approach to clinical problem solving 

hich allows the integration of the best available research evidence 

ith clinical expertise and patient values ” [8] . But, for example, in 

he above definition, how can we define “judicious” within that 

efinition and whatever this definition might be, it is not some- 

hing “measurable”? 

Therefore, not everything is well defined, and several more re- 

ent definitions of what EBM represents have emerged through- 

ut the years, most of these are very close to the original EBM 

efinition outlined above and loosely encompass all three as- 

ects of the EBM “tripod”: Decisions to treat should be based on: 

1) patient expectations/values; (2) physician skills/expertise and 

3) BAE. A current working definition might therefore be: “EBM 

s the integration of the best available evidence with clinical ex- 

ertise and the individual patient’s values, preferences, and unique 

ircumstances” [9] . A detailed list of those several interpretations 

s beyond the scope of this article, however, why are all these 

omewhat definitions constantly emerging? One therefore may 

ause the question: Has EBM changed to require new definitions? 

he answer is that definitions slightly change due to lack of an 

00% applicable definition, there is considerable uncertainty as to 
oudis, Has anything changed in Evidence-Based Medicine? Injury, 

https://doi.org/10.1016/j.injury.2022.04.012
http://www.ScienceDirect.com
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Fig. 1. The pyramid of evidence (or evidence hierarchy). 
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hether everyone is on the same page when talking about EBM, 

nd each definition aims at incorporating additional insight origi- 

ating from the thought process of its inventor. 

hanges in how the term “Evidence-based” is employed? 

EBM is no longer “one thing, but encompasses several ar- 

as in medicine. There are also related “evidence” terms such 

s “Evidenced-based practice”, “Evidence-based policy”, “Evidence- 

ased nursing”, “Evidence-based health care”, “comparative effec- 

iveness research”, “health technology assessment”, “Medicina ex 

estimoniis”, which seem like to be “à la mode” and further con- 

use matters [10] . Of note, “alternatives” to EBM have been the 

o called “narrative-based medicine”, in which a patient’s narra- 

ive (story) is a requisite in decision-making [11] , and variations 

f the “person-centered health care” [12] . However, still, EBM is 

eeded as both of these approaches should be based on the BAE, 

nd therefore should be seen as complements instead of rivalries 

f EBM [ 10 , 13 ]. 

In addition, EBM has been expanded to include two different 

reas:[10, 14] “Evidence-based research” (EBR) (population-level) 

ersus “Evidence-based practice” (EBP) (individual-level), which 

re clearly separate but act in concert [10] . EBR is “the use of

rior research in a systematic and transparent way to inform a new 

tudy so that it is answering questions that matter in a valid, ef- 

cient, and accessible manner ” and aims at eliminating redundant 

nd/or unnecessary research which might jeopardize patient well- 

eing [14] . Following the principles of the EBR, will also help re- 

uce the “avoidable waste of research” [15] , which in 2009 has 

een estimated to be 85% of the $100 billion of investment for 

esearch per year [16] . The so-called “metaresearch” field (i.e. re- 

earch that evaluates research), has emerged to “study research” in 

 particular domain, diminish research waste and unethical use of 

atients in unnecessary research studies, optimize research fund- 

ng resource allocation, and in general avoid randomness, errors 

nd fraud in research practices and methods [ 14 , 17 , 18 ]. Although

 detailed description of EBR is beyond the scope of this article, its 

urrent state, usefulness and intricacies could be found elsewhere 

or the readers who are interested [ 14 , 17 , 19 , 20 ]. 
2 
as the “best available evidence” changed? 

Given the definitions of EBM stated above, at first glance why 

ould anyone contest its intentions? After all, if “evidence” con- 

ludes that “something”, is “good”, then by not following it, this 

ould be harming our patients. However, as alluded to earlier, the 

roblem with those definitions is that are qualitative, more theo- 

etical than practical and do not specify nor guide as to what is the 

current best evidence”. How does a physician prioritize what is 

best evidence, especially in the era of information overload? What 

re the tools to identify the best evidence and filter it from “junk”? 

ow to separate quality from quantity? 

To answer these questions, the EBM movement introduced the 

oncept of “pyramid of evidence” (aka “EBM hierarchy”), which is 

ehind the basis of the levels of evidence for research and clinical 

ractice, and which is getting fine-tuned periodically [21] . In this 

ystem, evidence methodologies residing on the top of the pyra- 

id are considered superior: At its summit are the meta-analyses 

nd systematic reviews, followed by randomized controlled trials 

RCTs), cohorts, case-control studies, case series and case reports, 

nd at the very bottom expert opinion. An example of a typical 

yramid is shown in Fig. 1 , however although almost all look the 

ame at the top, the bottom may be modified for example to in- 

lude some laboratory and animal research next to expert opinion, 

r in some other instances have a breakdown of the different types 

f observational studies [10] . The common theme is that whatever 

he variation, studies are separated into “robust” evidence (levels 1 

nd 2), versus “less robust” evidence below it. 

However, this stratification based on solely methodological 

rounds is an oversimplification and may be dangerous to the 

naïve”. Certainly, a badly conducted RCT will provide bad results, 

nd an appropriately conducted observational study may provide 

ore robust results. Therefore, there has been a change in how 

his pyramid of evidence is perceived and several authors now 

gree that the hierarchy of evidence is basically a hierarchy of 

ethodologies [ 10 , 22 ], and each methodology may produce good or 

ad results according to its use. In a similar manner, not all research 

uestions may be answered by an RCT. The aim of a RCT, is to 

liminate, if at all possible, the risk of a bias and confounding fac- 

ors. Two groups of patients randomly selected, with one chosen 
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Fig. 2. The “new” pyramid of evidence [26] . 
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o receive the investigative treatment, whereas the other is chosen 

o receive a placebo or the currently accepted standard treatment. 

hese groups are homogenized as much as possible with regards 

o demographics and possible confounding factors, which gives 

 RCT good internal validity. The old saying “if all you have is a 

ammer, everything looks like a nail”, is very relevant to EBM: 

bvious interventions cannot and should not be validated through 

CT for ethical reasons; for example, the Heimlich manoeuvre to 

nblock the airway in a choking patient, or the use of cardiover- 

ion in a case of atrial fibrillation. Further from “the obvious”, 

ther treatments have not been established through RCTs, but 

ather through observation, as for example insulin treatment for 

iabetes, the deleterious effects of tobacco and other historical 

xamples [ 23 , 24 ]. Taking it even one step further, even results of

CTs have been overturned by smaller studies [25] . The latter is 

llustrated for example by the fact that several RCTs concluded 

hat the nasal spray flu vaccine (aka the live attenuated vaccine) 

as superior to flu shots, but in later years some case control 

tudies showed that the nasal spray was not effective which led 

ts withdrawal from the flu season [25] . Therefore, a new, revised 

orm of the evidence pyramid has been suggested highlighting the 

verlap in study quality ( Fig. 2 ) [26] . In this paradigm, straight

ines have been replaced by wavy lines, illustrating the overlap 

n study quality between different levels of evidence. In addition, 

he top level of the traditional pyramid pertaining to systematic 

eviews and meta-analyses, has been “chopped off” and replaced 

y a lens through which evidence is evaluated. 

In a similar manner, the GRADE system (Grades of Recommen- 

ation Assessment, Development and Evaluation) [27] has been de- 

eloped in which traditionally “less robust” levels of evidence may 

e upgraded and “more robust” levels may be downgraded accord- 

ng to quality of evidence, however since hierarchies are by default 

T

3 
nflexible, every attempt with tackling these, share the problems 

utlined above [ 10 , 28 ]. 

hat has changed in identifying the BAE? 

In the past, there was less medical literature, however it was 

 daunting logistical task to assemble it together fast due to the 

ack of electronic resources. Nowadays, information is at our fin- 

ertips, but the electronic revolution has stimulated an unprece- 

ented explosion of the amount of information available, equally 

f not more daunting when trying to answer a particular clinical 

uestion. To mitigate this, the EBM Working Group had originally 

ecommended a 4S model for sorting out this problem which later 

as upgraded to a 6S model [29–31] . As shown in Fig. 3 , the search

or an answer to a clinical question, must be first begin in the 

op layers and then proceed down to the next layer if that fails. 

Systems” refers to computerized clinical decision support systems 

CDSS), which are linked to the electronic health record of a partic- 

lar patient and into which data for that particular patient would 

e automatically inserted into computer algorithms coupled to im- 

ortant relevant research data which is used to generate patient- 

pecific recommendations to the physicians [32] . If available data 

s provided there, the physician needs to look no further, how- 

ver the problem is that these are not widely available yet [ 29 , 31 ].

ext layer is the “summaries” layer which for example may in- 

lude a clinical pathway, concise textbook summaries, or clinical 

ractice guidelines (CPG). Examples may include databases such 

s “Up to date” ( www.updtodate.com ), Dynamed ( www.ebscohost. 

om/dynamed/default.php ), etc. Interestingly, acute care hospitals 

ith access to Up to date versus the ones that did not, had sig- 

ificantly lower complication, mortality rate and hospital stay [33] . 

he next layer is “synopsis of syntheses”, which are comprehen- 

http://www.updtodate.com
http://www.ebscohost.com/dynamed/default.php
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Fig. 3. The EBM Working Group 6S system [29] . 
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ive concise answers to a particular clinical query based on high- 

uality evidence (eg. Systematic reviews) which can be found for 

xample in evidence-based abstraction journals, such as the British 

edical Journal (ebm.bmj.com) or the Database of Abstracts of Re- 

iews of Effects (DARE) ( https://www.york.ac.uk/crd/ ). The “syn- 

heses” are usually systematic reviews, including the Cochrane li- 

rary ( www.thecochranelibrary.com ), and if there is none, then the 

ext stage would be to look at “synopses of single studies”. These 

re pre-appraised, brief summaries of a single study again found 

n evidence-based abstraction journals. The final stop would be a 

ingle original study. If all these measures fail, then a more tra- 

itional approach would be to search in non-appraised evidence 

atabases, for example in PubMed ( www.pubmed.org ), Embase 

 www.embase.com ), etc. Detailed lists of all the resources is out- 

ide the scope of this paper and the reader may consult the article 

y Windish for further information [31] . 

as the clinical implementation of EBM changed? 

Frequently and contrary to its definitions, EBM is mistaken to 

e synonymous with only the “medical knowledge” aspect of the 

ractice (i.e. the “evidence”) leaving out the physician and pa- 

ient. The concept of “shared decision making”, which is one of the 

ey aspects of patient-centered care, further enhances evidence- 

ased practice [34] . Shared understanding is the first step which 

lso helps establish a partnership between patient and clinician 

hrough a process of “collaborative deliberation” which concludes 

hen the best course of action for that particular patient has been 

eached [34] . Shared decision making is particularly pertinent when 

he evidence backing up the different options is of lower quality, 

eing less than ideal, and if happens, then the patient’s expec- 

ations, values and circumstances may weigh towards the physi- 

ian’s suggestion [34] . For these reasons, patient decision aids (Pt- 

As) have been created, and defined as “interventions that sup- 

ort patients by making their decisions explicit, providing infor- 
4

ation about options and associated benefits/harms, and helping 

larify congruence between decisions and personal values” [35] . 

hey are not patient education tools for a particular condition; 

hey rather include a concise but precise presentation of the cur- 

ent (pre-appraised) high-quality evidence in a way that can be 

eadily communicated so that patients can understand it, have a 

lear picture about what matters to them, what to expect, and be- 

ome more involved in the decision-making [35] . Despite the fact 

hat their benefits have been shown [36] , their implementation is 

onsiderably lacking behind in some disciplines, for example in or- 

hopaedic surgery, with only 7 studies in a 2008 review [37] . 

as the teaching of EBM changed? 

The ability to appropriately identifying and critically apprais- 

ng the evidence is a sine qua non skill for the effective practice 

f EBM. As with every skill, it takes time and effort to develop 

t and teaching is essential and can be acquired at any stage of 

ne’s career [38] . Therefore, several initiatives as for example the 

uropean Union Evidence-Based Medicine project [39] , the teach- 

ng programs of the Oxford Centre for EBM and McMaster Univer- 

ity to disseminate EBM teaching, the uptake of teaching resources 

s low [ 40 , 41 ]. Several strategies both face-to-face and virtual have

eing implemented to more effectively teach EBM including jour- 

al clubs, lectures, workshops, group work, seminars, collaboration 

ith librarians and newer methods as well including simulations, 

aming and the use of mobile phones [40] . Sadly, the bedside prac- 

ice of EBM by is “irregular” at best, and even those “trained”, do 

ot exhibit a change of behaviour giving a reason of “lack of skills”

42] . Talking about change , over 300 articles have been published 

n the teaching of EBM [43] , and despite the vast amount of liter- 

ture, the teaching of EBM remains problematic [ 40-42 , 44 ]. There 

s ongoing discussion and debate with no universal consensus re- 

arding the best approach as the acquisition of skills in EBM is 

airly complex, related to contextual factors, needs clinical integra- 

https://www.york.ac.uk/crd/
http://www.thecochranelibrary.com
http://www.pubmed.org
http://www.embase.com
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ion and positive role models [42] . It looks like the change from 

heory to effective practice in the teaching of EBM has not been 

ccomplished. 

he COVID-19 “stress-test”–How EBM has changed? 

The ongoing COVID-19 pandemic has provided an unprece- 

ented challenge for EBM, in both the research and clinical ap- 

lication level [45–48] . Why? Because per EBM, the most robust 

vidence comes from RCTs and meta-analyses, followed by less ro- 

ust evidence according to the evidence pyramids described above. 

lthough the number of patients eligible to participate in studies, 

s well as the number of publications is increasing at a staggering 

evel [46] , is that commensurate with the quality of research? That 

eems not to be the case as the majority of the 3,0 0 0 COVID-19-

elated registered clinical trials have either very small numbers or 

uffer severe methodological flaws or constitute duplicate research 

48] . 

One may argue that what was needed was urgent research, 

ast-track results, urgently applied in a setting of acute public 

ealth threat where time equals lives and when decisions have to 

e made on a moment-to-moment basis to serve public safety [49] . 

CTs cannot provide answers in this setting, and the usual “red- 

ape” must be quickly set aside in order to obtain high quality evi- 

ence fast. On the other hand, the combination of uncertainty with 

rgency should not allow erroneous/methodologically unsound re- 

earch to spread faster than the disease through media, such as in 

he case of hydroxychloroquine [50] , and other “miraculous” treat- 

ents. 

This is where proper using and not dangerously “misusing” tra- 

itional EBM requires practitioners to have the essential skills to 

nderstand, critically appraise, implement and evaluate the new 

ndings, however this is becoming challenging as alluded to ear- 

ier [51] . As far as EBM, therefore, should there be a change to shift

rom RCTs towards well conducted but “less robust” (i.e. observa- 

ional) studies? Hopefully not, and there have been good exam- 

les of trials that have been exemplary (quality and speed) such as 

he trials for vaccines or the RECOVERY trial performed in the U.K 

48] . Therefore, in such extreme circumstances, well-coordinated, 

oined, large-scale national and international effort s should aim 

t producing high-quality evidence and minimize research waste 

48] . Of note, the Cochrane collaboration has significantly cut down 

ts median turnover time for review production from 2 years to 

-6 months [48] . Large organizations, such as professional bod- 

es and governments sought to provide urgent “syntheses of ev- 

dences” during the pandemic, in a desperate effort to appraise 

he huge amount of information, filter the junk and provide high- 

uality insight on what is really happening [48] . Examples in- 

lude the COVID-19 Living Overview of Evidence (L-OVE), COVID- 

ND (COVID-19 Evidence Network to support Decision-making), 

he COVID-NMA initiative, etc. [48] . 

Lastly, “common sense” should not be sacrificed in anticipation 

f “bullet-proof” RCTs. Obvious interventions cannot and should 

ot be validated through RCT for ethical reasons; for example, the 

eimlich manoeuvre to unblock the airway in a choking patient, 

r the use of cardioversion in a case of atrial fibrillation. Similarly, 

uring the pandemic, and despite the presence of “less robust” evi- 

ence, widespread mask use was significantly delayed with delete- 

ious consequences. Therefore, the COVID-19 crisis lesson is that 

lthough the theoretical principles of EBM remain sound, their 

ractical implementation has rapidly changed. 

onclusion 

During the past three decades, EBM has revolutionized the way 

edicine is practiced. Its theoretical fundamental tenet which in- 
5 
ludes management using the BAE, the patient’s values and ex- 

ectations and physician’s skills and expertise remains unaltered. 

owever, as presented herein, its practical implementation in the 

orld of information explosion has significantly changed includ- 

ng definitions, newer expansions of the term EBM, better ways in 

dentifying the BAE, improvements in research and clinical imple- 

entation, and EBM teaching. None of these are perfect, and the 

ecent COVID-19 pandemic was an opportunity to identify several 

eaknesses, but also to accelerate many positive changes. The fu- 

ure will still be challenging for as EBM, and as the world is now 

ore rapidly changing than ever before, EBM will have to catch up 

ith the ever-growing demands for higher level patient care. 
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