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Abstract Medical decisionmaking is becom
ingmore andmore important.Ardent admirers
plead notonly for its use in making standards
but also in daily practice. With more knowl
edge about test characteristics GPs would
become more rational inrequesting diagnostic
tests.Butthere aresome major methodological
and cognitive psychological problems. First:
thediagnosis isoften nota well defined reality,
but is often only a statement about prognosis.
A golden standard is therefore almost always
lacking, so calculations with sensitivity and
specificity are rather hazardous. Logistic re
gression analysis is one of the more sophisti
cated techniques tomakeprognostic scales,but
theresultscanoften notbereproduced inslight
1y different populations. Calculations in indi
vidual cases are therefor quite risky. Second:
human beings do not use prior and posterior
probabilities in reasoning. This is notonly an
understandable aversion but mainly a basic
psychological fact. Nobody can calculate
Bayes theorem or usecomplex scoringsystems
by head. Clinical epidemiology is very useful
asbasicscience ingeneral practice butyou can
notuse its principles in detail when MrJones
issitting infront ofyou. Scientistsshould real
ize that they only look through a narrow hole
and that thereality is often more complexthan
their most sophisticated statistical technique.
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Introduction

Diagnostic tests are more and more fre
quently the topic of publications,includ
ing articles published in Huisarts en We
tenschap. This concernsnot only tests that
are considered 'classical', but also tests
that use patient characteristicsfor making
predictions about the presence or absence
of a disease.The techniquesand measures
thatare being usedbecomemoreand more
sophisticated: only a few years ago it was
considered highly proper if sensitivity,
specificity and predictive value of the test
studied were reported;' nowadays likeli
hood ratios, odds ratios and ROC curves
appear to be the minimum that should be
available." Publicationof the Dutch Col
legeof GeneralPractitionersstandards for
sore throat and urinary infections elicited
letters in the correspondence section of
Huisarts en Wetenschap that described
various ways of calculating a predictive
value.' 6 This journal must naturally pro
vide a forum for methodological disputes
between scientists, but as far as the aver
age general practitioner is concerned,
these discussions are beginning to re
semble the sixteenth century polemic
about the number of angels that can dance
on the head of a pin,

There is a steady flow of publications
advocating training in clinical epidemio
logyfor medical(general)practitioners, so
that they may become more rational deci
sion makers. " The training of general
practitioners almost universally includes
separate 'medical decision analysis' mo
dules and general practitioners are taught
in several postgraduate training courses
that thinkingalong decision analysis lines
also has a usefulplace in the daily care for
individual patients. It even appears from
discussions with researchers that a lot of
confidenceis placed in the possibility that
diagnosticand therapeuticdecisionscould
be rationalised, should physicians use
medical decision analysis in the office.
However, I feel more and more that the
applicationof medicaldecisionanalysis in
the daily practice of medicine - the direct
doctor-patient contact - is hardly reason
able or even possible. In this contribution

to the discussion I shall indicate where
difficultiesarise in daily practice if medi
cal decision analysis were to be used for
solving diagnostic problems, first using a
methodological, then a cognitive-psycho
logical approach.

What is wrong?

A diagnosis is not always a given, well
defined reality.This is the most important
problem with many diagnostic investiga
tions. Diseases are not evil spirits that at
tack us, but man-made concepts, as Wulff
so aptly formulated." Physicians do not
discover facts through digging with per
severance, but instead they arrive grad
ually at a concept of reality.10 Many 'diag
noses' are not much more than conven
tions among physicians. For example, to
satisfy the diagnosis of rheumatoid arth
ritis, the patient must meet the criteria of
the American Rheumatism Association.
Preference for certain diagnoses is cultu
rally determined: in Germany one can die
of cardiac diseases that do not exist in
other EC countries ." At least in general
practice a diagnosis is no more than a
starting point for thoughts about therapy
or a basisfor statements about prognosis.12

The lack of objective reality, the true
gold standard, makes it rather hazardous
to carry out calculations based on test
characteristicssuch as sensitivityand spe
cificity. Even using the courseof an illness
episode as gold-plated standard, for lack
of a solidgoldstandard, does not solvethis
problem:in final analysisone is faced with
the sameproblemof definition.Obviously
this does not hold for all disorders: Chla
mydia can be cultured, so that a culture
appears to be a reasonable gold standard 
until it appears that a Chlamydiazymesti
mation reveals more Chlamydias than a
culture does." Even the result of coronary
angiography, considered a gold standard
in clinical investigation, proves to show
considerable variation between different
radiologists. In short, there is a vast dif
ference between our diagnoses and the
diseases that are actually present."

Application of medical decision ana
lysis to daily practice is limited by the
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frequent lack ofnecessary data, such as the
sensitivity and specificity of many of the
diagnostic tests ." Even if these should be
available, the physicians ' life would not
become any easier. Dekker et al. have, for
instance, considered the diagnostic values
of several of the characteristics of a diag
nosis of Chlamydia.13Applying a multiple
logistic regression analysis, they produced
a 'Chlamydia scale': intercourse without
condoms, 19 points; age under 28 years,
II points ; no itch, 11 points ; intercourse
with more than two men, 10 points; either
Surinam or the Antilles as country of
origin 10 points; vaginal irrigation 10
points . A score of 37 points or more indi
cates a chance ofover 10 percent that there
is a Chlamydia infection, therefore a test
should be performed. These charac
teristics were compiled from a large group
of women in Amsterdam. The scale, how
ever, has not (yet) been validated for other
groups, so that it would be difficult for a
general practitioner in The Hague whose
practice includes, for example, many pa
tients from other parts of the world, to
assess the value of this instrument. Even
without considering the practical difficul
ties, would anyone be prepared to quickly
add all these items, during a consultation,
and then, should their sum exceed 37, re
member to ask for a Chlamydiazym test?
Also, the reproducibility of these 'predic
tive rules' is somewhat unclear. Areprodu
cibility study has shown that the results of
logistic regres sion analysis are only sel
dom identical ."

Small errors in the assessment of a priori
chances are of great consequence for the
results of the decision tree and thus for
reaching the 'correct' decision.' ? More
over, these small errors at the beginning of
the diagnostic process cannot be elimi
nated, even by using better techniques.
Meteorologists have long thought that ,
given more refined software and better
computers, they would produce longer
range forecasts. Meanwhile, they have had
to accept the idea that they cannot forecast
the weather to any extent for longer than a
few days . Small deviations that appear at
the beginning of all calculations about the
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course of a depression eventually, after
many calculations, appear to lead to con
siderable uncertainty.ISIt is much the same
with the diagnostic process in general
practice. The level of the probability that
a patient suffers from a particular disease
is the threshold value which the physician
will apply when deciding to test, to treat,
or to do neither. There are advanced meth
ods to calculate these thresholds," but it
appears that there are few investigations
regarding the threshold values actually
used by physicians." If physicians assess
threshold values differently, due to their
own experience or willingness to take
risks, the result will immediately be quite
different. Training as to how to deal with
exact numbers will not help many of us.
As the individual patient does not offer
exact a priori values, physicians use as
sorted terms such as 'possible', 'perhaps',
' almost certain', etc. Asking physicians to
quantify these terms is not a solution, be
cause translations into exact numbers will
differ for different people." 22 A study of
this 'translation' showed that the concept
'never' had a dispersion of 0 to 72 per
cent ." These findings were confirmed by
recent Dutch research ." It is not only the
descriptions or translations of prob 
abilities that differ between physicians,
but the probability estimates themselves
vary for any given well-known problem.
In the case of one problem, the estimate of
the chance that a particular disorder would
occur varied from 2 percent to 90 per
cent." Decis ion analysis and research pro
duce statements concerning group s (the
'objective probability'), but the general
practitioner faces a patient with a 'subjec
tive probability' ; the patient either is or is
not ill. This difference between group and
individual can hardly ever be reconciled.

Why does it not work?

One of the assumptions of the 'Expected
Utility Theory' common in medical deci
sion analysis is that people are prepared to
make the most rational choice. In reality,
however, people frequently choose
strategies that do not yield maximal gain
(or ensure minimal loss) , as supposed by

the theory . This aspect has been reviewed
excellently by Yates.26 Even if the theory
did apply, it still remains difficult, if not
impossible, for ordinary physicians to
work with this theory . There is an abun
dant , often controversial, literature about
diagnostic thinking by physicians. This
will not be reviewed in detail, but some
relevant points will be selected.

The human brain is not structured particu
larly rationally." We need a great deal of
information to be able to solve compli
cated problems, but we can only store 5 to
7 bits of information in our short-term
memory. Only calculation fiends or 'idiots
savants' can do a mental calculation of the
result ofthe Bayes formula . Ifour working
memory is too limited for dealing with
somewhat more complicated decisions we
actually fall back on all sorts of rules of
thumb . Such rules are often prone to bias
of various typeS.2S29 Several of these rules
have been tested in medical situations. For
instance, if physicians have extra and ir
relevant information, they do not take a
priori chances into account. Because ofthe
'noise' in the information they wrongly
assess the similarity of the problem
presented with that of a classical anam
nesis." When they estimate the prob
ability of a disease physicians are in
fluenced to some extent by the possible
seriousness of the illness and they allow
information obtained later in the diagnos
tic process to be coloured by opinions
formed earlier," Also, they emphasize
positive findings more strongly than nega
tive ones and are inclined to ask for more
information than they are able to assimi
late ." Eddy & Clantonanalysed the diag
nostic process involved in solving a com
plicated case from the New England Jour
nal of Medicine." As is well known,
physicians appeared to gather up the data
into a few working hypotheses and then
select a key symptom. They produced a
listing of diagnostic possibilities around
this key symptom. They subsequently
used this key symptom to pair and weigh
the possibilities (the favorite diagnosis
against a possible other diagnosis) .Finally
they tried to place the entire clinical pic-
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ture within the framework of the one re
maining diagnosis. According to them, not
a single chance estimate is involved in the
entire process. By quickly selecting a key
symptom and thereafter reasoning by
paired analysis the physician is able to
oversee the whole process. Comparable
processes have been described by
others.34
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Conclusion

To use decision trees and a priori and a
posteriori probabilities in ordinary patient
care is not characteristic of general human
methods for problem solving. We shall
never be able to do this in the office or at
the bedside because of our cognitive limi
tations.Those whoareoptimisticaboutthe
benefit of decision analysis for the ration
alisation of medical functioning should
above all take note of the relevant lit
erature not directly related to decisionana
lysis. Agreat many factors influence diag
nostic performance. Knowledge about
tests is of only secondary importance."
With scientific approaches on all sides,
part of the medical act remains magic and
is based on 'pre-scientific thought'.3839

The eventual construction of a reality in
whichproblemsolving remains central in
cludes various patient characteristics, or
ganisation of care, possibilities for ther
apy, test characteristics, time, physician
characteristics, etc. To act as though an
understanding of test characteristics
would on its own, produce better, more
rational physicians is a grossoversimplifi
cation of reality." Investigators need to
simplify a given situation if they are to be
able to investigate it, but when relating
their results to the real situation they must
not forget that they have had only a small
look through a narrow keyhole.

Some time ago Vandenbroucke wrote
about a persistent misunderstanding." I
did not and do notagree with his reasoning
that in individual cases it is the obligation
of the physician to strive towards maximal
certainty, but I do agree with the conclu
sion: training in decision analysis is a
necessary mental discipline for general
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practitioners but is unusable as an instru
ment in their daily contact with patients.
When authors discuss their results con
cerning the predictive values of tests or
patient characteristics they should devote
a special discussion to the practical relev
ance of the results of their studies and
should take into account thecognitivepsy
chological (im)possibilities of normal
humanbeings.
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Samenvatting
In toenemende mate wordt er over diagnosti
sche waarde van tests gepubliceerd. Zowel
over laboratoriumbepalingen als over kenmer
ken van patienten of anamnestische vragen die
als voorspeller voor een bepaalde aandoening
worden gebruikt. Zowel bij beleidmakers als
wetenschappers Iijkt de neiging te bestaan om

een op klinisch epidemiologische principes ge
baseerde diagnostische strategie ook in het in
dividuele patienten contact te propageren . Er
zijn grote methodologische en cognitief psy
chologische bezwaren tegen het daadwerkelijk
toepassen van het theorema van Bayes in de
gewone huisartspraktijk. De klinische epide
miologie doet immers uitspraken over groepen
en niet over individuele patienten . Bovendien
is er in de huisartsgeneeskunde veelal geen
gouden standaard , waardoor uitspraken over
testkenmerken altijd een beetje twijfelachtig
blijven. Naast deze methodologische proble
men zijn er cognitief psychologische: dokters
kunnen eenvoudig in individuele gevallen geen
goede schatting maken van priorkansen, laat
staan dat ze die samen met de testkenmerken
snel kunnen omzetten in voorspellende waar
den. Gegevens uit de klinische epidemiologie
zijn zinvol voor het maken van standaarden,
voor het fundament van het medisch handelen
van huisartsen . Zittend tegen over mijnheer
Jansen moet en zal de dokter het toch zonder
deze hulpmiddelen doen. Het ware verstandig
als wetenschappers zich realiseren dat de wer
kelijkheid complexer is dan veelal uit hun on
derzoeksgegevens blijkt.
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