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SUMMARY

Sir Arthur Conan Doyle, the creator of the fictional detective Sherlock Hol-
mes, studied medicine at the University of Edinburgh between 1876 and
1881 under Doctor Joseph Bell who emphasised in his teaching the im-
portance of observation, deduction and evidence. Sherlock Holmes was
modelled on Joseph Bell. The modern notions of Evidence Based Medici-
ne (EBM) are not new. A very brief indication of some of the history of
EBM is presented including a discussion of the important and usually
overlooked contribution of statisticians to the Popperian philosophy of
EBM.

Introduction
If one were to go by the explosion of interest in evidence based
clinical practice in the last decade of the second millenium, one
could be forgiven for thinking that the idea were new. It is clai-
med' that the origins of EBM date back to mid 19" century Pa-
ris or earlier, although the name EBM was coined in 1992. The
inventor of the randomised controlled clinical trial and founder
of the modern ideas of medical statistics, Sir Austin Bradford
Hill, in the 1950s set out the statistical foundations of Evidence
Based Medicine (EBM).

In an important editorial® entitled “Evidence Based Medicine:
What it is and what it isn't”, David Sackett, one of the pioneers
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of the new movement for the i i
) practice of EBM, and his collea-
gues emphasise that EBM has two components 1o collea

; lzez ]7T’acz‘zc§ of EBM means integrating individual clinical expertise with
te best available external clinical evidence from systematic research

Individual clinical expertise is acquired as a result of clinical
practice an.d means that a clinician is not expected to slavishly fol-
low rules dlictated by others when it comes to the treatment a par-
ticular patient. The clinician is likely to know much more ;lfout
the medical history and needs of an individual patient, about the
hlsto_ry of the condition, about the social context of the,patient in-
cluding his way of life, his family background, employment situa-
tion ete, than can be found by reading and learning from resear-
ch reports, \‘)Jvhose main objective is to reach generalised conclu-
sions abopt patients of this type”. As Sherlock Holmes said, “Tte-
re is nothing like first hand evidence™. On the other hand {he re-
sul?:s of excellent relevant clinical research provide a scien’tiﬁcaﬂ
valid framework for patient care. According to Sackett et al’ Y

;E];l‘em(ig clinical evidence both invalidates previously accepted diagnostic
ests s £ o - ] : : by

sts and treatments and replaces them with new ones that are move
powerful, more accurate, more efficacious and safer,

Or in the words of Holmes,

l10 12700 Yy, I
T/z.c mystery gradually clears away as eacl new discovery fumishes-a step
which leads 1o the complete trurh’. )

. Clearly both Lcomponents are necessary; clinical expertise
without the application of the results of new research is likely to
stagnate and cannot be expected to progress without the conti-
nuing education provided by good clinical publications.

Eduéazl()n never er 3 oLl s 2 SSONS il th gf arest jov
1as VV(Z{SO 7. 1 LS a series Z
5 Of 1eS501S W
/ f / ]e [ SLTG

The nature of external evidence

. Evzde"nce\is :the ultimate product of the analysis of a series of
observations. Such a statement may appear banal, but in fact
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precise observations are a necessary ingredient for the improve-
ment of clinical expertise and the production of good research.
There is a great tendency for all of us to observe what we expect
to see rather than what actually occurs. Sometimes this problem
can be ameliorated in clinical research by blinding the patient
and the clinical observer (perhaps using a double-dummy), and
even blinding the statistician. Sir Arthur Conan Doyle was a me-
dical practitioner and it is said that he modelled his fictional de-
tective, Sherlock Holmes, on one of his professors at Edinburgh
Medical School, Dr Joseph Bell (1837-1911). Bell, who was fa-
med for being able to diagnose patients before they even told
him their symptoms, was thought by his students to be a magi-
cian. In Doyle’s words,

Dr Bell would sit in a receiving room, with a face like a Red Indian, and
diagnose people as they came in, before they even opened their mouths. He
would tell them their symptoms and even give them details of their past li-
fe and hardly ever would make a mistake.

According to one of Doyle’s classmates, Dr Harold Emery Jo-
nes’, Bell was as full of dry humour and satire, and he was as
jealous of his reputation as the detective Sherlock Holmes ever
thought of being. One day, in the lecture theatre, Bell gave the
students a long talk on the necessity for members of the medical
profession to cultivate their senses, sight, smell, taste and hea-
ring. Before him on the table stood a large tumbler filled with a

dark, amber coloured liquid.

This, gentlemen - announced the professor - contains a very potent drug.
1o the taste it is very bitter. It is most offensive to the sense of smell. Yet as
far as the sense of sight is concerned, that is its colour, it is no different to
dozens of other liquids. Now I want to see how many of you gentlemen ha-
ve educated your powers of perception. Of course we might easily analyse
this chemically and find out what it is. But I want you to test it by smell
and taste; and, as I don't ask anything of my students that I wouldn't be
willing to do myself, I will taste it before passing it round.

He dipped his finger in the liquid, and placed it in his mouth.

The tumbler was passed round. With wry and sour faces the stu-
dents followed the professor’s lead. One after another tasted the
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vile concoctipn; varied and amusing were the grimaces made. The
tumbler;, having gone the round, was returned to the professor.

Ge;ztl@men - said he, with a laugh - I am deeply grieved to find that not
one of you l?as developed this power of perception, which I so often speak
about; for if you had watched me closely, you would fqve found tizar\ whi-
Z? I placed my forefinger in the medicine, it was the middle finger ;v/zich
found its way to my mouth.

 Variations on this story substitute urine for the drug, which
1s tasted for its sweetness in order to diagnose diabetes.

IfJ osep_h Bell, by his teaching of what was essentially eviden-
ce based diagnosis, was the model for Doyle's character Holmes
1t was another of his teachers at Edinburgh, Sir Henry Littlejohr;
who gave Doyle the idea to cast his new character as a meticu-
lous detective. Littlejohn was the Police Surgeon and the Medi-

Surgeox}s. As Police Surgeon, he had unequalled facilities for the
ztuciy of crime and criminals and while Bell was lecturing on de-
hiusc dl;{; ;I;\i ;ﬁ(r)&;;it.lon, Littlejohn was giving Doyle material for

Evidence Based Medicine, however, did not originate in Edin-
burgh. Ope of the earlier debates on the merits of evidence for
the practice of clinical medicine arose as a result of the analysis
byAJean Civiale (born 1792, died 1867) of a large body of data re-
1a‘t1ng to two methods of treating patients suffering from calculi
of the blgdder. The results of his analyses were reviewed by a
Comm;ssmn vyhose report was presented to the Paris Academy
of Scslenca This report has recently been translated and republi-
shed” and all the modern day arguments for and against the

practice of EBM can be seen. On the etiolo g
issi : of calcu .
mission comments gy li the Com

vy (ze detailed St_udy of the causes likely to produce calculi disprove a cer-
lain number of statements issued in relation to different foods and soﬁze
beverages that were too hastily declared to be likely 1o cause the disease
Whatever the research taken into consideration, e/verything remaz'r;s ob—.
scure, there is nothing but uncertainty on this point.
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On the criticism of the application of statistics in clinical
practice, one finds comments not much different to those one
hears now-a-days from some clinicians who harbour reserva-
tions about EBM:

In the field of statistics.....the first task is to lose sight of the individual

seen in isolation, to consider him only as a fraction of the species. He mu-
st be stripped of his individuality so as to eliminate anything accidental
that this individuality might introduce into the issue at hand. In applied
medicine, on the contrary, the problem is always individual, facts to whi-
ch a solution must be found only present themselves one by one; it is
always the patient’s individual personality that is in question, and in the
end it is alvays a single man with all his idiosyncrasies that the physician
must treat. For us, the masses are quite irrelevant to the issue.

However, on the merits of thc new method of extracting cal-
culi via the urethra without any incision, instead of the old
method of extraction after surgical incision, the Commission
has little doubt:

Today, we must say that his new work, as it stands, will have provided
new evidence for the advantages of the substitution.... .. of a simple opera-
tion presenting few dangers for another serious alarming and painful one
which until now constituted the only resource of medical art.

Although the philosophical origins of EBM date back to mid-
19" century, or before, its legal status in Britain was implied by
the Apothecaries Act of 1815, which licensed apothecaries in or-
der to protect the public from the growing number of unquali-
fied druggists and herbalists. The Medical Act of 1858 lead to the
creation of the medical register which contained the names of
all doctors with recognised medical qualifications. The 1858 Act
restricted the practice of medicine to those doctors included in
the register. There was also the implication that these doctors
should practice “real” medicine, that is, the medicine taught and
learned in medical schools, and the public would be protected
against charlatans. The Act was not successful in eliminating
complementary or alternative medicine, and indeed, apart from
a short period in the middle of the 20" century, the number of
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people who seek medical help outside the official medical pro-
fession, partlcularly from herbalists, has continued to increase
(Raradoxmally, alternative medicine is still promoted and sup-
plied by chemist’s shops, the very place where a patient havirllg
cor}su'hed a regular doctor, is required to go to collect ,hlS pre%[
scnptlon!9 Boots, the chemists, even publish and distribute free
a bookl.et _in which complementary medicine is stated to be sa-
fe, and it is implied that orthodox medical help need be sought
iny .where symptoms are severe and persistent). The 1858 Act
implied that' the medicine practised by registered doctors was
based' on evidence while the alternative was based on hearsa

old-wives-tales, grannies’ remedies etc. If this distinction wa};
one of the objectives of the 1858 Act, it most certainly was not
very successful; there are many examples, in all Medical specia-
mles, of practice, which either for lack of evidence or ignorance
is not based on evidence. Bandolier'? is provocative by asking,

7 ) .

;dl?a? céo you do when there is no evidence? Carry on with what vou are

bomg ecause you have no evidence to stop, or stop what you are doing
ecause there is no evidence to carry on?

The welght of the evidence derived from a clinical study will
depend on its design and how well it has been conducted. A sim-
ple case Series reporting a new treatment may not provide very
strong eV1dence of the effect of the treatment unless the obser-
ved e.ffect is exceedingly different from the natural progress of
the §i1§ease or condition. On the other hand a case series may be
sufficient to generate a hypothesis, which might be investigated
by more rigorous studies. A control group will always increase
the vahdlty'of a study based on a case series.

Randomisation of the patients to the treatment groups has
the great advantage that it will tend to remove the effect of
confounding fgctors especially if the trial is not too small. Thus
In terms of a single study, the randomised controlled trial kRCT)
proyldes the best evidence that a treatment has an effect in com-
parison with the control group. This evidence is usually presen-
ted' in the form of a statistical significance test, and a confiden-
ce interval, which is the associated estimate of the treatment ef-
fect. When there are several studies of the effect of a treatment,
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the results may be aggregated using the techniques of meta-
analysis, another new name for an old idea. “There is nothing
new under the sun, it has all been done before.”’!. To learn of the
pitfalls of combining evidence in a meta analysis, there is no bet-
ter starting point than the article by Daniels and Bradford Hill'?
published as long ago as 1952. A good meta analysis should take
account of the study designs, involve a well defined strategy for
literature searches, assessment of quality, inclusion and exclu-
sion criteria, tests of homogeneity etc., although in 1991, Thom-
pson and Pocock! felt that it was necessary to pose the que-
stion, can meta analysis be trusted? In the true spirit of meta
analysis, Holmes pleads, “Any rruth is better than infinite
doubt”"*. The inclusion and exclusion criteria are vital to the va-
lidity and the interpretation of the summary result.

Some facts should be suppressed, or at least a sense of proportion should
be observed in treating them. The only point in the case which deserved
miention was the curious analytic reasoning from effects to causes...”

A review should bring together all the evidence for and again-
st the effectiveness of a treatment, and there may be no simple
clear-cut result. Further, there may be more than one review, and
what to do if the reviews differ in their conclusions? For a given
patient, the clinician must make a decision and may not have
the luxury Holmes enjoved when he said in honesty to Watson,
“No, no, I never guess. It is a shocking habit - destructive to the lo-
gical faculty” *°.

If the reviews do agree, a review of the reviews may evolve
into a clinical guideline. One might be forgiven for thinking
that at this point there would no longer be controversy, but not
so. Whether created locally or nationally or internationally, gui-
delines are generally an aggregation of research evidence, ex-
pert opinion and clinical experience. The existence of a clinical
guideline may intentionally have the effect of limiting the free-
dom of action of a clinician in the treatment of his patient, and
this could have legal consequences and ethical implications.
Holmes is mistaken when he says of Dr Grimesby Roylott
“When a doctor does go wrong, he is the first of criminals. He has
nerve and the knowledge.”’. Holmes is speaking of going wrong
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in a legal sense rather than making a mistaken clinical judge-
ment, but unfortunately a clinician rarely has all the knowled-
ge, and errors will occur. Hurwitz'® expounds a comprehensive
and highly readable account of the possible legal implications
of following or not following clinical guidelines in his book ap-
propriately titled Clinical Guidelines and the Law; Negligence,
Discretion and Judgment. These implications are important be-
cause the existence of guidelines neither implies that they will
be followed in practice nor that their effectiveness will be for-
mally evaluated. A survey'® on the use of clinical guidelines of
270 senior hospital staff in the UK produced 202 replies. Among
these, although 99% thought that clinical guidelines were a
good idea, only 19% had a clinical guidelines strategy, although
another 45% said that they had plans to develop one. In another
study®, in Australia, 92% thought that guidelines were good
educational tools, but 85% qualified that praise by agreeing
that guidelines “were developed by experts who don’t under-
stand general practice”!

Evidence and the philosophy of scientific progress

The title of this paragraph is nothing but presumptuous when
one thinks of the miles of shelves of books and other publica-
tions on this subject produced over the past 100 years, but Sta-
tistics has played an important, underrated and often over-
looked role in the theories propounded by professional philo-
sophers. Healy”' has recently published an entertaining but se-
rious discussion of the role of Statistics in the philosophy of
science, and the philosophy of science in the practice of Stati-
stics. In essence, the modern subject, Statistics has its origins at
University College, London around the start of the twentieth
century when Karl Pearson began studying the theory of distri-
butions and applying statistical methods to study biological pro-
blems, and for example, discovered the chi-squared distribution
and began thinking in terms of the significance test. Pearson’s
ideas were expanded and developed by Fisher and Gossett (the
ever famous “Student” who first described the t-test) in the
1920s and 1930s. The latter two, Fisher and Gossett, perfected
the idea of the statistical significance test, which has remained
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with us, virtually without change until today. Basically the logi-
cal procedure followed in a statistical significance test is:

1. A stimulus provokes the need to perform an experiment to
compare the effects of say, two treatments A and B on an out-
come. The origin and form of the stimulus is not important
and may come from a clinical observation, a hunch, hearsay,
complimentary medicine etc. If the stimulus is based on evi-
dence, this evidence cannot be used further in the experi-
ment, and the experiment to compare the two treatments will
be interpreted with a completely open mind, ignoring all that
is known before (unless a Bayesian approach is used).

2. A null hypothesis is formulated, which states that there is no
difference on average between the two treatments. This hy-
pothesis represents the state of knowledge at the start of the
experiment. ‘

3. The results of the experiment are analysed to discover if they
provide sufficient evidence to reject the hypothesis and thus
change the state of knowledge by concluding that one treat-
ment is better than the other.

It is a capital mistake to theorise before one has the data. Insensibly one
begins to twist the facts to suit the theories, instead of the theories to suit
the facts.*?

The decision to reject the null hypothesis however is based
on probabilistic reasoning. (Actually it is the frequency or re-
peated experiment approach to probability as opposed to
subjective probability or a priori probability reasoning); a sin-
gle patient cannot of him/herself disprove the null hypothesis.

We balance probabilities and choose the most likely. It is the scientific use
of the imagination®,

4. A confidence interval for the effect of interest, the average
difference between the treatments, is constructed. This
should enable the researcher to determine whether or not
there is sufficient evidence to conclude that the difference
between the treatments is of clinical importance.
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In fact, it was some decades later that the most influential
philosopher of science of the 20™ century, Sir Karl Popper, re-
proposed that science advances, a step at a time, by the refuta-
tion of hypotheses®**. When one hypothesis is rejected, the al-
ternative becomes the new state of knowledge. “One new truth
invariably suggests others” *°. However, Popper's reasoning was
based on the idea that even a single observation could lead to the
rejection of the hypothesis. Holmes concurs: “7 never make ex-
ceptions. An exception proves the rule”’. However, it seems that
the statisticians were expert Popperians long before Popper’s
theories became popular! In 1937 Fisher™, anticipating Popper
by almost twenty vears, stated ‘

Every experiment may be said to exist only in order to give the fucts a
chance of disproving the null hypothesis

and this assertion was based on a complex form of probabi-
listic reasoning.

Later, Popper’s theory was challenged by that of Thomas
Kuhn®, who argued that while science generally progresses
slowly and steadily, there were events of dramatic importance, or
revolutions: which totally change the state of knowledge. One
can easily think of examples of such revolutions which have tran-
sformed scientific thinking: the introduction into Europe of the
decimal number system by Leonardo di Pisa (Fibonacci) in 1202,
enabling complex arithmetic to be performed and providing the
trigger for the start of the renaissance, Galileo, Newton, Ein-
stein’s theory of relativity etc. However, revolutions also occur

within specialities and in medicine one can think of examples,
such as the discovery of effective anaesthetics, the discovery and
development of antibiotics. In Medical Statistics the introduction
of randomisation in clinical trials |

tion, and it 5CEIS
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nian revoiution in the form of the Bavesian approach to eviden-
ce from clinical studies. If ind e subject, Statistics, is tran-

stormed totally by the adeption of Bavesian techniques, it will be
necessary to re-think what is meant by evidence based on Pop-

perian inference in relation to medical practice. However, for the
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near or medium future, the validity and strength of evidence will
continue to be based on Fisher-Popper statistical significance te-
sts and their associated confidence intervals. Perhaps sadly, we
are likely to witness for many more years the spectacle of our
normally calm, serious, reserved research worker, suddenly
triumphant and exuberant as his computer prints out the long
awaited and much desired P<0.05 value.

Conclusion

It is well known that the number of research journals and re-
search papers increases at an alarming rate every year. It would
be hoped that the growth in the number of good research reports
is equally rapid. If this is in fact the case, in future it will be ever
more difficult to identify good research and maintain a register
of valid evidence. The Cochrane Foundation, the National Health
Service Centre for Reviews and Dissemination at the University
of York and others have taken an enormous step forward by
trying to filter out the valid evidence from the bulk of less worthy
research. Certainly individual clinicians cannot be expected to
read all the latest research reports in their field, let alone evalua-
te them and classify the results as good evidence or not.

I consider that a man's brain is like a little empty attic, and vou have 1o
stock it with such furniture as you choose. A fool takes in all the lumber
of every sort that he comes across, so that the knowledge which might be
useful to him gets crowded out, or at best is jumbled up with a lot of other
things, so that he has a difficulty in laying his hands upon it. Now the skil-
ful workman is very careful indeed as to what he takes into his brain-at-
tic. He will have nothing but the tools which may help him in doing his
work, but of these he has a large assortment, and all in the most perfect
order. It is a mistake to think that that little room has elastic walls and can
distend to any extent. Depend upon it - there comes a time when for every
addition of knowledge you forget something you knew before. It is of the
highest importance, therefore, not to have useless facts elbowing out the
useful ones®®.

A clinician therefore, either must become ever more specia-

lised and remember only the very important aspects of his nar-
row field, or he can remain a general practitioner but he has to
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accept that in many situations he will have to consult his “li-
brary”. Nowadays, it is almost essential to have a computer to
keep the lumber-room in an accessible order and enable easy
contact to be made with such organisations as the Cochrane
Foundation and the NHS Centre for Reviews and Dissemina-
tion.

Sir Arthur Conan Doyle and his mentors, Dr. Joseph Bell and
Sir Henry Littlejohn were acutely aware of the value of good evi-
dence in medical practice and for the detective work of Sherlock
Holmes. The 60 stories involving Holmes and his assistant Dr.
Watson were published between 1887 and 1927 in the Strand
Magazine, Colliers Weekly and other periodicals. They have gi-
ven pleasure to generations of avid readers eager to discover so-
mething of the extraordinary ability of Sherlock Holmes to de-
duce the truth from whatever evidence was available. Pearson,
Fisher, “Student”, Popper and others have formalised the idea of
the use of evidence to test hypotheses and enable science to pro-
gress. Bell, Sackett, his colleagues and others have sought to
identify from the mass of available research evidence what is va-
lid and can be realistically applied in the every day practice of
clinical medicine.
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