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Generating pre-test probabilities: a neglected area in clinical

decision making

ACCURATE CLINICAL DECISION MAK-
ING requires, among many other fac-
tors, an ability to estimate probability of
disease or prognosis given a particular
history and findings of a physical exam-
ination. This estimate, termed the “pre-
test probability”, is modified by the
results of diagnostic tests to arrive at a
“post-test probability” of disease. There
is often sufficient information to help
clinicians interpret diagnostic tests —
their characteristics are described in
terms of sensitivity or specificity, posi-
tive or negative predictive values, or,
more recently, likelihood ratios.!> By
contrast, there is often little objective
guidance for clinicians estimating pre-
test probabilities.> Although a few clini-
cal-decision rules exist, they are rare,
and most discussions of this problem
end with some reassurance that clinical
experience will resolve this problem. A
prominent textbook in the area states:*

... we will close by reassuring you that

experienced clinicians generate far nar-

rower ranges for the pre-test probabili-
ties of disorders with which they are

familiar . . .

This assertion has not been rigorously
tested, and, if it is not correct, the
consequences for patient outcomes
would be serious. Falsely low pre-test
probabilities may lead to extra diagnos-
tic tests or lack of treatment, whereas
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ABSTRACT

Objective: To assess the accuracy and variability of clinicians’ estimates of pre-test
probability for three common clinical scenarios.

Design: Postal questionnaire survey conducted between April and October 2001
eliciting pre-test probability estimates from scenarios for risk of ischaemic heart
disease (IHD), deep vein thrombosis (DVT), and stroke.

Participants and setting: Physicians and general practitioners randomly drawn from
College membership lists for New South Wales and north-west England.

Main outcome measures: Agreement with the “correct” estimate (being within 10,
20, 30, or >30 percentage points of the “correct” estimate derived from validated
clinical-decision rules); variability in estimates (median and interquartile ranges of
estimates); and association of demographic, practice, or educational factors with
accuracy (using linear regression analysis).

Results: 819 doctors participated: 310 GPs and 288 physicians in Australia, and 106
GPs and 115 physicians in the UK. Accuracy varied from about 55% of respondents
being within 20% of the “correct” risk estimate for the IHD and stroke scenarios to 6.7%
for the DVT scenario. Although median estimates varied between the UK and
Australian participants, both were similar in accuracy and showed a similarly wide
spread of estimates. No demographic, practice, or educational variables substantially
predicted accuracy.

Conclusions: Experienced clinicians, in response to the same clinical scenarios,
gave a wide range of estimates for pre-test probability. The development and
dissemination of clinical decision rules is needed to support decision making by
practising clinicians.
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treat depends not only on the relative
risk reduction found in clinical trials,
but on the baseline risk of the outcome
in a particular patient (allowing abso-
lute risk reduction to be calculated),
which may be as difficult to estimate as

falsely high pre-test probabilities may

lead to unnecessary treatment.
Questions of prognosis raise similar

issues. The decision about whether to
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the pre-test probability.

Many studies have investigated clini-
cians’ estimates of diagnostic probabili-
ties. For example:
comparing predicted probability in
actual patients to a reference stand-
ard (eg, the probability of coronary
artery disease compared with diag-
nostic findings of coronary angiogra-
phy);’
= comparing predicted probability in

actual patients during examination

with a written scenario of the same
information;®
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1: Three clinical scenarios for assessing the accuracy and variability of
general practitioners’ and physicians’ estimates of pre-test probability

Scenario 1

A 65-year-old man presents to the emergency room of your local hospital having had two
episodes of retrosternal chest pain today, both precipitated by exertion, but lasting about
2 hours despite rest. Before obtaining the rest of the history or performing a physical
examination, what would you estimate his risk of true ischaemic heart disease to be?
“Correct” estimate: 67%

Scenario 2

A 55-year-old woman presents with a painful right calf. She was in hospital for 5 days 3 weeks
ago for major surgery (repair of a perforated appendix), and now has a mildly swollen right leg.
Her right calf circumference measures 27 cm (v 25 cm on the left), and she has pitting oedema
up to her right knee. There is no tenderness over the deep venous system and no dilated
superficial veins. What is her risk of having a clinically significant proximal deep-vein
thrombosis?

“Correct” estimate: 17%

Scenario 3

A 65-year-old man presents to his family doctor with new-onset atrial fibrillation, which persists
over the next month. He is being treated for hypertension with 25 mg hydrochlorothiazide daily
(current systolic blood pressure, 140 mmHg), and his electrocardiogram shows voltage criteria
for left ventricular hypertrophy. He has no history of diabetes or cardiovascular disease, and
is not a smoker. Before prescribing warfarin, what is your estimate of his baseline risk of having

a stroke over the next 10 years?
“Correct” estimate: 35%

= exploring healthcare professionals’
intuitive ability to increase or
decrease the pre-test probability
given a positive or negative test
result, compared with a formal calcu-
lation using Bayes’ nomogram;’
= comparing predicted pre-test proba-
bilities in actual patients to a refer-
ence standard.®
By and large these studies all indicate
a poor degree of accuracy and wide
variability. In many cases, however,
these studies are small, use a conven-
ience sample, and relate accuracy to
patient, rather than clinician, variables.
We assessed the accuracy and varia-
bility of clinicians’ estimates of pre-test
probabilities, compared with estimates
derived from clinical-decision rules, in a
large random sample of general practi-
tioners and physicians (both generalists
and specialists), and related the results
to clinicians’ characteristics.

METHODS

Scenarios

We chose three clinical scenarios which
were common enough to be familiar to
GPs and physicians, and for which
there were validated clinical-decision
rules for generating pre-test probabili-
ties: the first two were diagnostic ques-
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tions — risk of ischaemic heart disease
(IHD),® and risk of deep vein throm-
bosis (DVT),!° respectively — and the
third was a prognosis question regard-
ing baseline risk of future stroke in
atrial fibrillation!! (Box 1). Partici-
pants were asked to judge pre-test
probabilities as a continuous variable
(0-100%). We also collected demo-
graphic and educational factors,
including age, sex, practice profile,
specialty, and postgraduate study.

Sampling

Australia: The questionnaire was
mailed to 500 physicians (randomly
chosen from the membership list of the
Royal Australasian College of Physi-
cians) and 500 general practitioners
(randomly chosen from the roster of
the Royal Australian College of Gen-
eral Practitioners) all residing in New
South Wales. A reminder was sent to
non-respondents after 2 months.
There was no financial incentive for
participating, but the physicians were
able to claim continuing medical edu-
cation points from their College. All
clinicians were provided with feedback
on the scenarios, with a short synopsis,
the clinical-decision rule, and the ref-
erence to the article in which the clini-
cal-decision rule appeared (see, as an

example, feedback on Scenario 1
[Appendix, page 453]).

UK: Questionnaires with the same sce-
narios were sent to 205 physicians (ran-
domly selected from members and
fellows of the Royal College of Physi-
cians in north-west England) and 202
GPs (randomly chosen from the prac-
tice lists held by the Manchester Health
Authority). One reminder was sent to
non-respondents 2 weeks later, and
respondents received the same feedback
as in Australia.

In both countries the study was con-
ducted between April and October
2001.

Analyses

We analysed accuracy by determining
the frequency of clinicians’ estimates
within 10, 20, or 30 percentage points
of, and more than 30 percentage points
away from, the “correct” estimate (ie,
the one predicted by the clinical-deci-
sion rule). Descriptive statistics (“box-
and-whisker plots”) were used to

2: Demographic and educational
characteristics of the study

respondents
Australia UK
(n=598) (n=221)
GPs 310 (52%) 106 (48%)
Physicians 288 (48%) 115 (52%)
Cardiologists 42 (15%) 12 (10%)
Generalists 22 (8%) 14 (12%)
Other sub- 224 (78%) 89 (77%)
specialties
Australian medical 494 (83%) na
school
Overseas medical 98 (17%) na
school
Problem-based 27 (5%) na
learning
Postgraduate 244 (41%) 105 (48%)
degree
Years since 226,10, 226,87,
graduation (mean, 3-62 7-51
SD, range)
Age (years) (mean, 47.2, 10, na
SD, range) 25-83
Males 452 (76%) 181 (82%)

Urban practice 417 (70%) na

Academic practice 177 (30%) na

Na = not available.

MJA Vol 180 3 May 2004




3: Absolute percentage points
difference from the “correct”
pre-test probability for the
three scenarios, by country

Percentage

points Frequency (%)
difference Australia UK
Scenario 1

0-9 142 (23 8%) 53 (24.1%)
10-19 178 (29.9%) 53 (24.1%)
20-29 194 (32.5%) 73 (33.2%)
30+ 82 (13.8%) 41 (18.6%)
Total 596 (100.0%) 220 (100.0%)
Scenario 2

0-9 24 (4.0%) 14 (6.3%)
10-19 16 (2.7%) 12 (5.5%)
20-29 18 (3.0%) 6 (2.7%)
30+ 539 (90.3%) 189 (85.5%)
Total 597 (100.0%) 221 (100.0%)
Scenario 3

0-9 149 (25.1%) 61(27.9%)
10-19 189 (31.9%) 82 (37.4%)
20-29 127 (21.5%) 61(27.9%)
30+ 127 (21.5%) 15 (6.8%)
Total 592 (100.0%) 219 (100.0%)

Australian respondents v UK respondents.
Scenario 1: X3 =4.5; P=0.216.

Scenario 2: X3 =5.9; P=0.117.

Scenario 3: X3 =24.2; P<0.001.

describe the variability of estimates. To
explore which factors were related to
variability, statistical modelling was per-
formed using linear regression, with the
outcome variable being the difference
between the “correct” response and cli-
nicians’ estimates. Where appropriate,
x? tests were adjusted for multiple com-
parisons. Analyses, both univariate and
multivariate, were performed using the
statistical package JMP.!?

RESULTS

There were 598 respondents (60%) to
the Australian questionnaire, and 221
respondents (57%) to the UK question-
naire. The demographic, specialty and
educational characteristics of the
respondents are given in Box 2.

Accuracy

Box 3 shows the proportion of
responses within 10, 20, and 30 per-
MJA
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centage points of the correct response
for each scenario. Overall, Australian
respondents performed well on Sce-
nario 1 (chest pain and risk of IHD) and
Scenario 3 (atrial fibrillation and risk of
stroke), with 54% and 57% of responses
being within 20 percentage points of the
correct estimate. However, they did not
do well on Scenario 2 (DVT), with only
6.7% being within 20 percentage points
of the correct estimate.

UK respondents’ results were similar
to the Australian results for Scenarios 1
and 2, with 48% and 12%, respectively,
being within 20 percentage points of the
correct estimate. However, UK
respondents scored significantly better
than Australian respondents for Sce-
nario 3, with 65% being within 20
percentage points of the correct esti-
mate (x>=24.2; P<0.001).

In the Australian arm of the study,
cardiologists’ results were similar to
those of physicians in other subspecial-
ties (“other physicians™), who, in turn,
were significantly more accurate than
GPs across all three scenarios (X2 test,
P<0.001, P= 0.012, and P<0.001
for Scenarios 1, 2 and 3, respectively
[Box 4]).

Variability

There was a large spread of pre-test
probability estimates given for each sce-
nario. The spread of estimates, as meas-
ured by the interquartile ranges, was
similar between scenarios and between
the Australian and UK groups (Box 5).
Respondents’ estimates for all scenarios
ranged from about 5% to 100%. The
spread of estimates was as wide among
cardiologists as among the other two
groups — GPs and “other” physicians.

Factors associated with accuracy

Multiple linear regression was used to
provide predictive models for each of
the three scenarios (Box 6). Only two
factors were consistently found to
approach or reach statistical significance
across all three scenarios — postgradu-
ate training was associated with less
accuracy, and being a physician other
than a cardiologist with more accuracy.
We failed to find any statistically signifi-
cant predictors in the analysis of the UK
group, probably due to the smaller sam-
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ple size and to the fact that information
on fewer variables was collected.

However, the regression models for
each scenario were very poor, with R?
values ranging from 5% to 7% (Box 6).
This implies that there are other factors,
not assessed by the questionnaire, that
would better predict the likelihood of a
correct response.

There was no consistent pattern of
over- or underestimation by individual
respondents. They may have overesti-
mated on one scenario, and underesti-
mated on another.

DISCUSSION

The accuracy of pre-test probability
estimates for these common clinical sce-
narios was fair to poor. About 55% of
doctors provided pre-test probability
estimates within 20 percentage points of
the “correct” estimate for two common
clinical scenarios (chest pain and risk of
IHD; and atrial fibrillation and risk of
stroke), but a substantially lower per-
centage (7% and 12%, respectively, for
the Australian and UK respondents)
were within this range for the DVT
scenario. The poorer performance on
the latter scenario is probably due to the
mention of some asymmetrical leg
swelling that did not meet the minimum
threshold specified by the clinical-deci-
sion rule (2cm v 3 cm), but which may
have led to an overestimation of the pre-
test probability.

We are aware of the limited number
and breadth of these scenarios. The
reasons for choosing these scenarios —
they were common enough to be famil-
iar to both GPs and physicians, and
well-validated clinical-decision rules
were available — have already been
mentioned; and we limited the number
to three to reduce the burden of com-
pleting the questionnaire and to maxim-
ise participation.

The strengths of our study are the
standardised methods, the large sample
size, and the random ascertainment of a
representative group of clinicians
(drawn from Royal College or area
health service lists rather than a conven-
ience sample).

The results of our study are sup-
ported by results of other, similar stud-
ies. For example, one study comparing
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physicians’ assessment of heart disease risk after exercise
stress tests versus various clinical-decision rules found the
clinical-decision rules consistently outperformed even
expert clinicians, although the magnitude of the differences,
despite being statistically significant, was smaller than in our
study.'® Another study of GPs’ and nurses’ classification of
patients’ risk of heart disease found poor accuracy.!* Medi-
cal students’ estimates of pre-test probabilities were also
found to be inaccurate when compared with estimates using
decision rules.!® In addition, although clinicians may know
the definitions of sensitivity and specificity, this may not
necessarily translate into an ability to apply that knowledge
(ie, to interpret diagnostic tests properly given a clinical
scenario).'®

A worrying observation was that a number of clinicians
indicated pre-test probabilities of 100%. This presumably
reflects a cautious attitude, assuming that all patients have
disease until proven otherwise. This method of operating
only works if the tests ordered have powerful negative
likelihood ratios, and if these tests indeed give negative
results. Overestimation of disease risk leaves clinicians
unable to judge false positive test results, and may result in
more intervention than necessary and indicate a lack of
appreciation for how diagnostic tests influence the proba-
bility of disease.

The striking and principal finding of our study is the wide
range of probabilities generated by this group of practising
clinicians in Australia and the UK. Our study is novel in
trying to relate this variability to clinician factors rather than
patient or scenario factors. In a multivariate analysis, only
two factors were somewhat associated with increasing accu-
racy: lack of postgraduate training, and being a physician
other than a cardiologist. However, the R? values for all
three models were very low, indicating that they explain little
of the variance, and are unlikely to be of any clinical
significance. Given that one should have at least 10 to 20
data points for each variable in a linear regression, we had
sufficient power to detect an effect if one existed.!” We
interpret this, as well as the notable lack of any association
with experience (as measured by age, years since gradua-
tion, or field of specialty — cardiologists did not perform
better than other physicians, and had as much variability as
other clinicians despite the related nature of these scenar-
i0s), as an indication that the factors determining variability
have not yet been identified. We speculate that the variability
in estimates may be due partly to the lack of “numeracy”
skills in previous medical curricula (when older clinicians
did their undergraduate training). Although there was a
trend towards more accurate responses from doctors with
problem-based learning experience (which presumably
emphasises “numeracy” more strongly), this was not con-
sistent across scenarios, and our study did not have suffi-
cient power to address this with any degree of confidence.
Problem-based learning has been shown to encourage life-
long learning.'® However, there are doubts about whether
critical-appraisal and evidence-based medicine (EBM) skills
(and perhaps “numeracy” skills) taught in undergraduate
courses can be sustained into residency and practice years.!’
The way in which clinical information is “framed” has also
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4: The proportion of subjects (95% Cls) in each
category of percentage points difference from the
“correct” estimate, for each scenario (Australian
study only)

Percentage Proportion (95% ClI)

points

difference GPs Cardiologists  Other physicians
Scenario 1

0-9 0.20 (0.15-0.24) 0.26 (0.13-0.40) 0.29 (0.23-0.35)
10-19 0.27 (0.22-0.32) 0.29 (0.15-0.42) 0.34 (0.28-0.40)
20-29 0.34 (0.29-0.40) 0.36 (0.21-0.50) 0.30 (0.24-0.36)
30+ 0.20 (0.15-0.24) 0.10 (0.01-0.18) 0.07 (0.04-0.10)
Scenario 2

0-9 0.02 (0.01-0.04) 0.07 (0.00-0.15) 0.06 (0.03-0.09)
10-19 0.02 (0.01-0.04) 0.05 (0.00-0.11) 0.03 (0.01-0.05)
20-29 0.02 (0.00-0.03) 0.00 (0.00-0.00) 0.05 (0.03-0.08)
30+ 0.94 (0.91-0.97) 0.88(0.78-0.98) 0.86 (0.82-0.91)
Scenario 3

0-9 0.24 (0.19-0.28) 0.31(0.17-0.45) 0.26 (0.21-0.32)
10-19 0.29 (0.24-0.34) 0.45 (0.30-0.60) 0.33 (0.27-0.39)
20-29 0.18(0.13-0.22) 0.17 (0.05-0.28) 0.27 (0.22-0.33)
30+ 0.30 (0.25-0.35) 0.07 (0.00-0.15) 0.13 (0.09-0.17)

Scenario 1: GP v Cardiologist: X3 =3.01; P=0.39. GP v Other: x5 =24.50;
P<0.001. Cardiologist v Other: x3 =1.13; P=0.77.
Scenario 2: GP v Cardiologist: X3 =4.80; P=0.19. GP v Other: x5 = 11.00;
P=0.012. Cardiologist v Other: X3 =2.78; P=0.43.
Scenario 3: GP v Cardiologist: X3 = 11.09; P=0.01. GP v Other: X3 =23.96;
P<0.001. Cardiologist v Other: X3 = 4.33; P=0.23.

5: The spread of estimates given in the Australian and
UK studies, shown as quartile boxplots for each
scenario. Stars indicate the “correct” estimate
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The bottom of each box, the line drawn in the box and the top of the
box represent the 1st, 2nd, and 3rd quartiles, respectively (ie, 25%,
50%, and 75% of the data, respectively, lies below these values). The
bars (or “whiskers”) at the ends of each box represent the furthest
observation lying within 1.5 times the interquartile range (from the first
to the third quartile), and any points outside the whiskers are
considered outliers.
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6: Coefficients (95% Cls) from a linear
regression model to identify factors
associated with accurate estimation
of pre-test probability for all three
scenarios (Australian study)*

Coefficient (95% ClI)

Scenario 1
Age

Sex
Country
School
Years

Postgraduate degree
(yes v no)

Practice type
(academic v private)

Location (urban v rural)

Practice base
(hospital v.community)

Profession
(cardiologist v GP)

Profession
(other physician v GP)

-0.09 (-0.39, 0.20)
~1.49 (-3.98, 0.99)
1.15 (-1.68, 3.98)
0.19 (-4.90, 5.28)
0.23 (-0.07, 0.52)
1.74 (-0.08, 3.56)

-0.28 (-3.69, 3.13)

-0.71(-3.46, 2.05)
-1.06 (-3.57, 1.44)

-1.39 (-6.22, 3.44)

-4.01 (-6.74, —1.28)

Appendix: Example (using Scenario 1) of the feedback given

to the respondents

Scenario 1: A 65-year-old man presents to the emergency room of your local hospital
having had two episodes of retrosternal chest pain today, both precipitated by exertion,
but lasting about 2 hours despite rest. Before obtaining the rest of the history or
performing a physical examination, what would you estimate his risk of true ischaemic

heart disease to be?

The estimate, derived from the clinical decision rule, was 67%. Questionnaire responses
ranged from 10% to 100%, with 24% being within 10 percentage points (on either side) of
this estimate. The clinical decision rule is found in the following article:

Diamond GA, Forrester JS. Analysis of probability as an aid in the clinical diagnosis of
coronary artery disease. N Engl J Med 1979, 300: 1350-1358.

This study relates the clinical presentation of chest pain to the probability of ischaemic
heart disease (IHD) determined by angiography. A critical review of the article reveals
some caveats. The authors based their probabilities on a review of the literature, without
giving any details about how they searched for articles, what inclusion or exclusion
criteria they used, how they extracted and compiled the data, and how they calculated
their estimates. Nevertheless, the estimates have stood the test of time, and the study

remains one of the best presentations of

probabilities of IHD in the literature. The authors

classified chest pain according to responses to the following questions:

= |s the patient’s chest discomfort retrosternal?

= Are the patient’s symptoms brought on predictably by exertion?

= Are the symptoms relieved within 30 minutes, or more typically within 2-15 minutes, by

rest or nitroglycerine?

= “Asymptomatic” is characterised by no positive responses; “non-anginal chest pain” by
one positive response; “atypical angina” by two positive responses; and “typical angina”
by a positive response to all three questions.

The authors expressed the probabilities of IHD as given in the Table. It is important to

note that these estimates relate to hospital presentation and that estimates in primary

care may be lower.

Asymptomatic Non-anginal Atypical angina Typical angina
Age Men Women Men  Women Men Women Men  Women
30-39 1.9% 0.3% 5.2% 08% 218% 42% 69.7% 258%
40-49 5.5% 1.0% 141% 28% 46.1% 133% 87.3% 552%
50-59 9.7% 32% 215% 84% 589% 32.4% 92.0% 79.4%
60-69 12.3% 75% 28.1% 186% 67.1% 544% 94.3% 90.6%

Constant 20.09 (7.00, 33.18)
Scenario 2
Age 0.45 (-0.12,1.01)
Sex 0.65 (-4.09, 5.39)
Country 2.52 (-2.90, 7.94)
School -2.01 (-11.75,7.72)
Years -0.15(=0.72,0.41)
Postgraduate degree (yes) 4.42 (0.95, 7.89)
Practice type (academic) 1.34 (-5.18, 7.86)
Location (urban) 2.99 (-2.27, 8.24)
Practice base (hospital) 1.63 (-3.14, 6.39)
Profession (cardiologist) 0.80 (-8.43, 10.04)
Profession (other) -5.44 (-10.66, —-0.22)
Constant 22.55 (-2.50, 47.59)
Scenario 3
Age 0.21 (-0.23, 0.66)
Sex 3.51(-0.29, 7.31)
Country 2.25(-2.11,6.60)
School -2.40(-10.17,5.37)
Years -0.01(-0.46, 0.44)
Postgraduate degree (yes) —2.00 (-4.78, 0.78)
Practice type (academic) -2.84 (-8.07, 2.40)
Location (urban) 298 (-1.22,7.18)
Practice base (hospital) -1.65(-5.46, 2.17)
Profession (cardiologist) -2.78 (-10.15, 4.59)
Profession (other) -3.15(=7.31, 1.01)
(

Constant

14.04 (-6.03, 34.11)

* R? values for regression models for scenarios 1-3 were

7%, 7%, and 5%, respectively.
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been shown to affect interpreta-
tion,?° although in our study all
scenarios were presented similarly
to all participants.

We believe the greater part of
this variability is due to the lack of
information regarding pre-test
probabilities, and the general pau-
city of clinical-decision rules for
common clinical scenarios. Even
with our experience in teaching
EBM and performing literature
searches, it was time-consuming
for us to find the relevant clinical-
decision rules for the scenarios we
used. If EBM is to influence every
clinical decision and clinician, it
has to be easily available and acces-
sible.?! In addition, a quick review
of current journals indicates that
most clinical trials and observa-

tional studies express results in relative
terms, be they relative risks or odds
ratios. Even when absolute rates are
given, these are often given as means for
the entire study population; thus, there
is little information to enable a practis-
ing clinician to arrive at an absolute risk
estimate for a particular patient.

Our results highlight the lack of atten-
tion that has been paid to generating
pre-test probabilities. Rather than sim-
ply relying on “clinical experience”,
research results and data must be
expressed in a manner that allows more
direct applicability to individual
patients, whether in the form of deci-
sion rules, or point scores. Although
such clinical-decision rules are starting
to be published (eg, the Ottawa ankle
rules?? and the Canadian C-spine
rule?®), they are few and far between.
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We believe our results can be gen-
eralised, as they were consistent in two
countries with different healthcare sys-
tems and training programs. Our find-
ings indicate a need to develop better
methods of generating pre-test prob-
abilities for common clinical condi-
tions, and indeed a need to train clini-
cians in the appropriate use of pre-test
probabilities. This should enhance the
accuracy of clinical decision making
and lead to more rational use of diag-
nostic tests and therapies, and better
patient care.
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