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The Evidence-based Medicine Paradigm:
Where are We 20 Years Later? Part 2

Shashi S. Seshia, G. Bryan Young

ABSTRACT: In Part 2, we discuss the challenges of keeping up with the ‘literature,” evidence-based medicine (EBM) in emerging
economies and the Neurosciences, and two recent approaches to classifying evidence. We conclude by summarizing information from
Parts 1 and 2 which suggest the need to critically re-appraise core elements of the EBM paradigm: (1) the hierarchical ranking of
evidence, (2) randomized controlled trials or systematic reviews as the gold standard for all clinical questions or situations, (3) the
statistical tests that have become integral to the ‘measurements’ for analyzing evidence, and (4) re-incorporating a role for evidence from
basic sciences and pathophysiology. An understanding of how cognitive processes influence clinical decisions is also necessary to
improve evidence-based practice. Emerging economies may have to modify the design and conduct of clinical research to their settings.
Like all paradigms, EBM must keep improving with input from the grassroots to remain beneficial.

RESUME: Paradigme de la médecine fondée sur des preuves : ol en sommes-nous 20 ans plus tard? Deuxiéme partie. Dans cette deuxidme
partie, nous discutons des défis que présentent le suivi de la littérature, la médecine fondée sur des données probantes (MFDP) dans les économies
émergentes et les neurosciences ainsi que deux approches novatrices de classification des données. Nous concluons par un sommaire de l'information
contenue dans les parties 1 et 2 qui suggére que nous devons réévaluer de fagon critique des éléments fondamentaux du paradigme de la MFDP : 1) le
classement hiérarchique des données ; 2) les études randomisées contrdlées ou les revues systématiques comme étalon or en ce qui concerne toutes les
questions ou situations cliniques ; 3) les tests statistiques qui sont devenus une partie fondamentale des « mesures » utilisées pour analyser les données
et4)lerole des données des sciences de base et de la physiopathologie qui devrait étre rétabli. La compréhension de la fagon dont les processus cognitifs
influencent les décisions cliniques est également nécessaire pour améliorer la pratique médicale fondée sur des preuves. Les économies émergentes
pourraient devoir modifier la conception et la réalisation de la recherche clinique dans leur contexte. Comme tout paradigme, la MFDP doit s'améliorer
constamment en tenant compte des contributions du milieu pour demeurer bénéfique.
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How do we keep up with the literature? inadequacies,””’ they have. Deficiencies occur in the text, and in
abstracts from which most readers obtain their information.? 2

The reporting of studies assessing diagnostic tests, are subject
to shortcomings similar to those for randomized controlled trials
(RCTs)."3 The STARD (Standards for Reporting of Diagnostic
Accuracy) guidelines were meant to rectify such deficiencies,'*
but improvements have been slow.'> The GRADE (Grading of
Recommendations Assessment, Development, and Evaluation)
working group has developed recommendations for grading
evidence for diagnostic tests.'® However, these provide limited
advice on biostatistical aspects.!” Also, guidance is almost
exclusively for “dichotomotous diagnostic tests,” failing to
address the grey zones for radiological and electrophysiological
tests, so commonly used in practice.

The era of formalized evidence-based medicine (EBM)
coincided with the widespread use of computers, development of
software, and computerised medical informatics. There has also
been an exponential increase in the literature. In their paper
titled,” Seventy-five trials and eleven systematic reviews a day:
how will we ever keep up?,”! the authors draw attention to the
flood of information that deluges us daily. Their solution and that
of others,? is “systematic reviews,” (SRs) and ‘“‘pre-appraised”
information bases and summaries; in addition they exhort us to
“burn your traditional textbooks,” for “a new breed...evidence-
based...services,” so that “clinicians will enjoy a set of
increasingly accessible sources of evidence...that acknowledge
the most current EBM thinking...”.>* In 1997, Feinstein and
Horwitz lauded the suggestions to have sources of authority such
as the Cochrane Collaboration develop authoritative appraisals;
at the same time, they presciently listed the biases that could
compromise quality of these appraisals.* Their cautionary note is
justified by the potential and actual errors and limitations in the
literature (including Cochrane reviews), discussed in Part 1. From the Department of Pediatrics, Division of Pediatric Neurology (SSS), University

. . of Saskatchewan, Royal University Hospital, Saskatoon, Saskatchewan; Department of
Desplte the CONSORT (Consohdated Standards of Clinical Neurological Sciences (GBY), Western University, London, Ontario, Canada.

Reporting Trials) group’s hope that “investigators who conduct RECEIVED OCTOBER 5, 2012. FINAL REVISIONS SUBMITTED JANUARY 3, 2013.
inadequate trials...should not be able to pass through the Correspondence to: Shashi S. Sechia, Department of Pediatrics, Division of Pediatric

. . . . . . s Neurology, University of Saskatchewan, Royal University Hospital, 108 Hospital
pUbhcatlon process without revelation of their trials Drive, Saskatoon, Saskatchewan, STN 0W8, Canada. Email: sseshia@yahoo.ca.
THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 475

https://doi.org/10.1017/S0317167100014554 Published online by Cambridge University Press


https://doi.org/10.1017/S0317167100014554

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Montori and Guyatt have drawn attention to “corrupted
reports,” and advise “users” of medical literature to strengthen
the art of critical appraisal and exercise healthy skepticism,’
however vaunted the source of information.

Recent approaches to assessing evidence

Two groups, GRADE and the Oxford Centre for Evidence
Based Medicine (OCEBM) have attempted to improve upon
earlier classifications of levels and recommendations for
evidence. There are similarities in, and some differences
between their approaches.

The GRADE working group was formed around 2004 to
address shortcomings in the then systems for grading evidence
and recommendations,'® which were discussed in Part 1. Some
of the major principles of GRADE are out-lined in Table 1 (Part
2). Detailed discussion is beyond the scope of this review.
Clinicians are directed to a series of papers;'®'82* another series
for SRs, health technology assessments, and clinical practice
guidelines is published in the Journal of Clinical
Epidemiology.”> GRADE has been adopted widely,?'?¢ and is
being used in the Neurosciences.?’?® At least three authors have
expressed reservations about aspects of GRADE; their critiques
include, (i) the hierarchy (ranking) of evidence is maintained; (ii)
as with the earlier EBM paradigm, GRADE is still opinion, not
scientific based, and (iii) GRADE is complex to use with inter-
observer agreement even between those trained or experienced
in SRs being variable across several GRADE domains.?*-!

The 2011 OCEBM levels and methods are comprehensive
(Part 2, Table 2),% and takes a stepwise (Steps 1 through 5) and
hierarchical (Levels 1 through 5) approach that is specific for the
clinical question. Systematic reviews are rated Step 1 (Level 1)
for most questions; GRADE also advocates SRs as the basis for
judging evidence, but discourages the incorporation of SRs in
levels of evidence (see Table 1 Part 2). The OCEBM uses similar
criteria as GRADE to upgrade or downgrade evidence. The
information in Table 2 (Part 2) also provides a succinct list of the
various methods for seeking evidence for several clinical
questions. To our knowledge, information from the basic
sciences and pathophysiology are not incorporated in either
method. The 2011 OCEBM levels of evidence should not be

used without the introductory document, both freely
downloadable from the website.??

Neither GRADE nor the 2011 OCEBM levels of evidence
have been subject to critical review for their ‘effectiveness,” but
both incorporate a philosophy of continuous improvement.

EBM, treatment trials, and developing economies

The core principles of ethical authoritative clinical practice
are universal. However, there are unique challenges for
developing economies. These include:

1. EBM texts strongly suggest the use of concepts of p values
confidence intervals (CIs), Number needed to treat (NNT)
etc from RCTs when discussing treatment of specific
disorders with our patients.” This is difficult to do when
patients and families are not well educated.

2. The ethical challenges of applying EBM practices and
conducting trials in Sub-Saharan Africa have been discussed
by Oricha and Yauri.>® Their experience will reflect that in
many countries. The uncertainty principle can be
challenging or impossible to apply, and randomization
difficult to implement; the authors suggested that other
methods such as sequential trials, may be better
alternatives.®

3. The risk of exploitation in the conduct of trials is greater for
vulnerable populations, such as those in developing
economies.**

Therefore, developing economies need to develop EBM
models specific for their respective populations.

EBM and the Neurosciences

The cornerstones of EBM are as firmly entrenched in the
Clinical Neurosciences as in all other disciplines, directly and
indirectly, impacting treatment, investigations and management
of both neurological conditions and frequently associated co-
morbidity.3>-38

Brigo suggested that the use of placebo or a clearly inferior
anti-epileptic drug (AED) in RCTs testing new AEDs was
neither scientifically nor ethically acceptable, head to head
comparison with the best possible treatment being the ideal >

Table 1: Key points in the GRADE system

1. Judgments about evidence and recommendations are complex.

2.”Expert opinion” should not be classified as a category of evidence, because judgment (“expert opinion™) is necessary for interpretation of all evidence.

3. The GRADE system does not eliminate the “inevitable need for judgments” regarding quality of evidence and strength of recommendation, and acknowledges the

subjectivity in making these decisions.

4. GRADE classifies quality of evidence into one of four levels: high, moderate, low and very low, and recommendations as either strong or weak.
5. Judgments about the quality of evidence should be based on a systematic review of the relevant research.

6. Systematic reviews should not be included in a hierarchy of evidence i.e., as a level or category of evidence since even a well done review may include studies of varying quality.
7. Evidence based on RCTs without important limitations is considered high quality, that from observational studies with important limitations or without special strengths is
considered low quality, while expert reports of clinical experience and case reports are classified as very low quality. However, an RCT or any other study can be downgraded
because of study limitations, inconsistency of results, indirectness of evidence, imprecision, or publication bias. Conversely, large magnitude of effect, plausible confounding that
would reduce a demonstrated effect and dose-response gradient would increase the quality of a study.

8. Strength of recommendation is influenced by the quality of evidence, balance between desirable and undesirable effects, individual values and preferences, and cost.

9. GRADE defines quality of evidence differently for systematic reviews and guidelines.

10. For clinical guidelines: “judgments about the quality of evidence...should be made in the context of systematic reviews, such as Cochrane reviews.”
“However clinical guidelines are only as good as the evidence and judgments they are based on.”

Please see references,'®2° and text for details.
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Table 2: OCEBM 2011 levels of evidence
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OCEBM: Oxford Centre for Evidence-Based Medicine. Working group= Howick J, Chalmers I, Glasziou P, Greenhalgh T, Heneghan C, Liberati A,
Moschetti I, Phillips B, Thornton H, Goddard O, Hodgkinson M. *Level may be downgraded or upgraded, depending upon several factors.

** Systematic review is generally better than an individual study. Mechanism-based reasoning (Step and level 5): “Involves an inference from mech-
anisms to claims that an intervention produces a patient-relevant outcome. Such reasoning will involve an inferential chain linking the intervention
(such as antiarrhythmic drugs) with a clinical outcome (such as mortality). (Howick)” Please see information on website for details.’> Reproduced
with the kind permission of OCEBM.

The principles for testing AEDs suggested by Mattson et al. in
1983 are still valid,** and the double blind comparative RCT on
AEDs published in 1985 remains a reference standard in adults.*!
The comparative study between clobazam, carbamazepine and
phenytoin in children remains an example for well designed
pragmatic effectiveness comparative studies on AEDs in
children.** The RCT comparing surgery with medical treatment
for temporal lobe epilepsy may well be a reference standard for
studies comparing surgical and medical treatments.** The recent
paper by Barnett highlights the principles for the conduct of
meaningful yet ethical (“intercultural and intercontinental”)
trials, a model not just for clinical research in the Neurosciences,
but for health care in general;* His key points (which
complement the discussion in Part 1) are worthy of reproduction
almost verbatim:

1.
2.

There must be a “burning” unsolved therapeutic question.
“Genuine and guarded randomization”is necessary to
provide definitive answers; anecdotes are of no value and
historical controls may mislead.

Informed consent must be taken ethically. Patients (whether
in the active treatment or control group) must never be
knowingly exposed to risks.

The natural history of the illness under question and
preceding pilot observations should be incorporated in
sample size calculations.

The treated and control groups must have identical baseline
characteristics.

The description of the patients to be randomized must be
clearly stated.
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10.

11.

12.

13.

If there are any subgroups to be analyzed, they must be
clearly described in the protocol.

All outcome events must be reported to the Central Office of
the Trial without delay. These outcomes must be described
in prose and by check-offs in the follow-up papers, assuring
the reader of consistency. Failure to comply with these
“cannot be tolerated”.

The outcome details must be sent promptly to the Central
Office. They will be needed to cope with the “Stopping
Rules.” The clinical coordinator of the Central Office must
scrutinize each document from every collaborating centre,
looking for gaps in obligatory details, or failure to have all
reports corrected for English in each centre. Any ambiguities
must be reported and discussed immediately with the
participating physician in the centre; lack of conformity with
the protocol must be recognized and immediately discussed
with the investigators in the participating centre. Delays
diminish the likelihood of accuracy of recall.

The protocol must contain a listing of the patients who are
regarded as “Exclusions”.

The methods planned ahead for the data analysis must be
meticulously described in the Protocol. These analyses will
form the gold bricks of the trial conclusions.

It is mandatory that the protocol, including the Methods of
operation of the Trial and the methods of analyses be set out
and published before the Results paper.

The Principal investigators, once a results paper appears, are
ethically obliged to respond quickly to any queries about the
conduct and the analyses of the Trial. The final data-bank
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must be regarded as a transparent document available to all,
once the results have been peer-reviewed and published.

14. Patients can never be dropped once randomized, and with
care need never be lost.

15. Participants should be rejected who receive consulting fees
from industry connected to the subject of the trial.

16. Biostatistical experts have to be involved.

The hierarchical levels of evidence may be problematic for
assessing information on chronic conditions like multiple
sclerosis.#*#% The complexity of assessing the evidence in
neurocritical care, especially in the context of head injury, is
illustrated by the inability of a SR to establish “the isolated
benefit” of intracranial pressure monitoring in severe traumatic
brain injury;*” given the considerable between study
heterogeneity, a narrative or qualitative review may have
provided clinical insights from the authors’ labors (see Part 2,
Appendix #1). The complexity is further highlighted by the
debate surrounding the DECRA trial on decompression
craniectomy in diffuse traumatic brain injury (Part 2, Appendix
#2) #8-57 Lemcke provides two contrasting case examples (Part 2,
Appendix #3), that exemplify the challenges of generalizing
results from RCTs to the individual patient.”?

CONCLUSIONS

In this two part review, attention has been drawn to several
methodological biases, deficiencies and conflicts of interest
issues in papers dealing with treatment. To quote Hirst and
Altman: “Much published research across all medical specialties
is not useful, may be misleading, wasteful and even harmful;”
journals, publishers, and producers of SRs have a responsibility
to provide clinicians and the public with reliable information.
Investigators and oversight committees have an ethical
responsibility to ensure that the design, conduct and analyses of
trials are performed in a manner that contributes to beneficial,
useful and reliable information.

Readers must neither place blind faith in any source of
information nor adopt “slavish cookbook approaches;™* even
non-industry funded research may have biases.’® Critical
appraisal has always been a major “pragmatic and central”
feature of EBM;> studies have shown the importance of
continuous reinforcement and practice %

The EBM paradigm “embodies just one model or world
view.”%! Several authors have questioned the hierarchical
concept of evidence, opinions supported by “important
shortcomings” in commonly used levels of evidence.'” Their
views are best summed by complementary quotes from (i) some
of Sir Michael Rawlins’ concluding remarks in his Harveian
oration: “Hierarchies of evidence should be replaced by
accepting-indeed embracing-a diversity of approaches,”>%3 and
(ii) Jaddad and Enkin: “There is no best evidence except in
reference to particular types of problems, in particular
contexts,”?* remarks relevant to the Neurosciences.

Credible authors have also questioned the unqualified
proclamation of the RCT and SR as gold standards;*3*¢2 The
RCT is a powerful and often essential tool when conducted in a
scientifically sound and morally ethical manner; however, the
RCT is only one piece to help solve a clinical “puzzle.”*
Frequently, it has to be complemented by other types of studies
to get more reliable information about benefit and harm in the
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individual and population at large.3*3%2-% Rigorous post-
marketing surveillance (phase IV trials) should be a mandatory
requirement for the release of any new treatment.>*

The 2011 OCEBM levels of evidence (Part 2, Table 2)?
addresses some of the foregoing critiques. In addition, the
stepwise approach (Part 2, Table 2) also reflects the philosophy
articulated by Sackett et al: “if no randomised trial has been
carried out for our patient’s predicament, we must follow the
trail to the next best external evidence...”® Another feature of
the 2011 OCEBM system is the explicit avoidance of
“recommendations,” an integral component of most hierarchical
methods to assess evidence (Part 1, Table 1). Rather, as espoused
in the EBM paradigm, clinicians have to use clinical judgment to
ensure that the external evidence applies to the individual
patient.>%3

The OCEBM working group might wish to consider some
additional revisions for improvement: (i) drop any reference to a
perceived hierarchy as reflected by the Levels 1 to 4 in their
current table; this would not compromise their message, (ii)
incorporate information from the basic sciences and
pathophysiological principles,* and (iii) explicitly state that
“authoritarian” clinical expert opinion, either individual or
committee, without reference to the type of evidence on which it
is based, is of doubtful value and should be discouraged, a
principle espoused by the American Academy of Neurology.?’

The complexity of statistically presented medical information
is increasing. Statistics (‘measurement’), another cornerstone of
the EBM paradigm, can be and are misused.%% Greenhalgh
cautioned, “It is possible to be seriously misled by taking the
statistical competence (and/or the intellectual honesty) of
authors for granted.”®’” The ready availability of soft-ware,
developed to meet the needs of EBM, to perform complex
statistical tests, and SRs including Cochrane reviews, increases
the probability of misuse; the need for guidance has been
emphasized.”” Mills” and Greenhalgh’s remarks®®%’ apply even
more today than they did almost two decades ago. In addition,
several limitations and flaws have been identified in the
statistical and related methods that have become integral to the
conduct of and ‘measurements’ in clinical trials; therefore, a
critical re-appraisal of the methodological and statistical
methods in health care, treatment trials and tests included, is
urgently needed.%%7

The implementation of recent recommendations to improve
the credibility of industry-sponsored research,”' together with
laws such as The Trials and Experimental Studies Transparency
(TEST) Act in the United States, and access to unpublished
company data, should help rectify existing shortcomings in the
evaluation of treatments.”>’3 The inadequate disclosure of
conflict of interest by authors needs to be addressed.’

Cognitive biases can contribute to diagnostic errors,
inappropriate use of and interpretation of tests, and also
influence how we interpret and apply what we read.”>”® The
study and understanding of diagnostic reasoning and biases are
essential to evidence-based practice.

Evidence-based medicine has ancient origins, but some of its
more recent explicit concepts are new.®> The paradigm has
contributed to a more widely prevalent behavior of critical
appraisal and knowledge-based practice. Several RCTs and SRs
have had positive impacts on health care. Simultaneously and
inevitably, limitations and deficiencies have also been identified.
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The EBM paradigm must be held to the same high standards of
critical review and evidence, that EBM rightly set on the practice
of medicine in 1992.° An improved paradigm that addresses
deficiencies, misuses and abuses will be an even more positive
legacy.

Sir Austin Bradford Hill considered integrity and code of
honour to be “second nature to those qualified in medicine,”°
attributes not the prerogative of physicians alone. These virtues
remain central to the conduct of clinical research and practice.

ADDENDUM

A recent editorial (Heneghan C, Godlee F. "Where next for
evidence based healthcare?"BMJ.2013;346:f766) supports the
arguments made in our two part review.
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Appendix to Part 2

Please consider our views on the journal articles and topics (below)
as constituting a journal club critical appraisal discussion; yours may
differ. The numbering of references corresponds to their first citation in
the text. The three examples that follow are inter-linked. Readers will
need to access the references that form the basis for the discussions that
follow.

1. Discussion of “Intracranial pressure monitors in traumatic brain
injury: a systematic review.”*’

The authors conducted a systematic review “in accordance with the
Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
guidelines.” Six studies were ultimately included in the review.

Not unexpectedly, there was considerable between study
heterogeneity examining the role of intracranial pressure (ICP)
monitoring and outcome in traumatic brain injury (TBI). There were
differences within and between studies in definitions of severe TBI, and
selection of patients for monitoring, realities not unlike those faced in
many clinical settings. Clinicians often did not adhere to Brain Trauma
Foundation guidelines; this may have been due to personal bias or to
individual patient variables. The authors drew attention to the
complexities in the neurocritical care setting. They were unable to draw
conclusions about the isolated benefit of ICP monitoring in severe TBI.

Patients who have increased ICP and head injury often have other
confounding clinical variables that have to be treated in their own right.
The management of raised ICP does not occur in isolation in such
situations. We suggest that the complexity of critical care patients,
including the heterogeneity between patients, would preclude a
quantitative systematic review or make the results unreliable or
generalizable. A narrative review (or clinical audit) can provide valuable
practical information in such settings.

2. The DECRA trial #357

This randomized single blinded (outcome) controlled trial was done
to determine if decompression craniectomy (DC) in severe diffuse TBI
with intracranial hypertension improved outcome, comparing treated
group with standard-care group. The investigators found a greater risk of
a worse score on the extended Glasgow coma outcome scale at six
months and greater risk of an unfavorable outcome in the treated group.

Our objectives are not to reproduce the debate in the cited
literature #-° Rather, we address five methodological issues (please
refer to Part 1 for the background to these issues) that are important to
assess in trials, and affect generalizability of the results. We do not have
the expertise to discuss the complex statistical analyses:

(i) Enrollment bias. Of the 3478 subjects assessed for trial eligibility,
only 155 were enrolled (4.5%); The reasons for rejecting the others are
not clear; of the 155, 88% were from Australia or New Zealand, despite
the multi-centre nature of the study (could this have added another bias?)
Those who enrolled subjects and conducted the study were not blinded;
only those who analysed outcome were blinded. Biases in enrollment
will affect generalizability.

(ii) Sample size calculation. It is not clear what hypothesis was used
in study design (see discussion in Part 1), and sample size calculations.
An erroneous statistical method for the hypothesis and for any interim
changes to methodology (see below) can affect reliability.

(iii) Was the trial stopped too early? The authors conducted an
interim analysis, and made some changes in methodology to complete
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the trial in a “reasonable time frame.” They recalculated the sample size,
and met it. Although they achieved the recalculated the sample size,
comments from experts on the limitations of stopping trials early
(discussed in Part 1) would be of value.

(iv) Clinical methodological issues. Critiques have drawn attention
to selected subset of patients with TBI, unusual choice of DC procedure,
and the intracranial pressure level at which intervention was undertaken,
as reasons why the results cannot be generalized. The investigators of
DECRA agreed that their results could only apply to patients similar to
theirs.

(v) Differences in baseline characteristics (most important). The
investigators acknowledged important imbalances in baseline clinical
characteristics between treated and untreated group, with the treated
group having more severe signs: A violation of the fundamental
assumption of any study that the two groups be evenly matched for
baseline characteristics. The harmful effect of DC was not evident, once
this imbalance was factored in, although there was no evidence for
benefit. Given the difference between the baseline characteristics of the
groups (which could only have become apparent after study
completion), is it reasonable to suggest that the study design and
conduct would not have permitted an assessment of benefit?

3. The clinical dilemma-the individual patient.>

Lemcke discussed the DECRA trial, and used two personal cases to
illustrate the challenges of applying evidence from even a well designed
randomized controlled trial to an individual patient, in the context of the
use of DC for TBI. The cause of injury was being thrown from the fifth
floor in a 16-year-old girl and a lorry accident in an 18-year-old girl
respectively. Their baseline characteristics and treatments were similar.
The 16-year-old died two hours after the operation. The second is now
working as a hotel manager, and other than two operation scars has no
sequelac. How would ‘you’ act in ‘your’ next similar case?

The examples in this appendix reflect the challenges of conducting
trials and performing quantitative systematic reviews in critical care and
acute neurosurgical settings such as head injury, where subtle but
clinically important differences in baseline characteristics exist between
patients: no two are alike.
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