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Outline

 How do GPs make a diagnosis?
« What are diagnostic tests?

* Interpreting tests — the theory

* Interpreting tests — the reality

U

niversity of
RISTOL

r Academic
are

h‘é

1B
ntre fo
ar

o0
:‘.(D



How do GPs make a diagnosis?

Stage

Initiation of
the diagnosis

Refinement

Defining the
final diagnosis

C Heneghan et al. BMJ 2009;338:bmj.b946

Strategy

® Spot diagnoses

* Self labelling

® Presenting complaint

® Pattern recognition trigger

® Restricted rule-outs

® Stepwise refinement

* Probabilistic reasoning
* Pattern recognition fit
e Clinical prediction rule

* Known diagnosis

® Further tests ordered
® Test of treatment

® Test of time thebmj
* No label applied

©2009 by British Medical Journal Publishing Group



What is a diagnostic test?
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* Includes laboratory tests, point of care tests,
. Imaging, invasive procedures, patient history,
physical examination, questionnaires, test of

time, test of treatment

“any procedure, or test, that tries to confirm or
identify the presence or absence of a target
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Table 11.The CAGE Questionnaire.

+ Have you ever felt the need to Cut down on your
drinking?

« Have you ever felt Annoyed by criticism of your drinking?

+ Have you ever felt Guilty about your drinking?

+ Have you ever felt the need to drink a morning
Eye-opener?




What do tests do?

Tests determine if you have a disease




What do tests do?
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Tests determine your chances of having a disease




What do tests do?
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Tests update your chances of having a disease







Could Mary have coeliac disease?

SURE IT’S IBS?
IS IT GOELIAG DISEASE?

DO SOMETHING.
BE SURE. CHECK YOUR SYMPTOMS:.

coeliac

live well




How do we calculate coeliac disease test accuracy?

True disease state

True disease state
Index test result @ @ Duodenal biopsy

Blood test (tissue (reference standard)
@ True
positive

transglutaminase)

e

True
negative

Index test result

Sensitivity = TP/(TP + FN)

Specificity = TN/(TN + FP)



Interpreting diagnostic tests
— the theory

Sensitivity: Proportion of individuals with the condition
who test positive

Sensitivity = TP/(TP + FN)

Specificity: Proportion of individuals without the
condition who test negative

Specificity = TN/(TN + FP)



Mary’s story - continued

« Mary’s blood test result
IS positive

« Sensitivity of IQATTG is
estimated at 90.7%,
specificity 87.4%9*

« What is the likelihood

that she has coeliac
disease?

* Does she need a biopsy
to confirm?

*Elwenspoek, et al. Identifying the optimum strategy for identifying adults and children
with coeliac disease: systematic review and economic modelling. NIHR Journals Library.



Conditional probabillities

« Sensitivity: Proportion of individuals with the condition who test
positive

P(Test positive|disease)

» Positive Predictive Value (PPV): Probability of having the disease in a
patient with a positive result

P(Disease|Test positive)

P(Disease) X P(Test positive|Disease)
P(Test positive)

P(Disease|Test positive) =



Predictive values

True disease state

D O

True
positive

I::> Positive predictive value = TP/(TP+FP)

SP

True
negative

|:> Negative predictive value = TN/(FN+TN)

Index test result

D

PPV is mathematically dependent on pre-test probability (for
an individual) or prevalence (at a population level)



Estimating pre-test probabillity

* Prevalence coeliac disease: roughly 1%

« History and examination used to update pre-test probability:
— Symptoms? Family history? Past medical history?

Testing Wisely
Disease Risk Calculator

Playground Calculator

@] 3] httpsy//calculator.testingwisely.com A e E 3 = 3

CHANCE OF
Celiac disease

TR o What disease are you Testing for? ~
2.1% I
o What is the pre-test probability? A
IIIIIIIII SYMPTOMS
General US population Malabsorption
EXPOSURE RISK Short stature/failure to thrive
Type 1 DM Unexplained anemia
1st degree relative Neuropathy
ype 1 DM and 1st degree relati hralgia
Unexplained transaminitis
21 | pre-test probability




Sensitivity = 90.7%, specificity = 87.4%
Mary has a pre-test probability of coeliac of 2.1%

19 test positive
21 have / (TPs)

/ coeliac TT——__ 2test negative

1000 people like (FNs)
Mary
\ 123 test positive
/ (FPs)
979 don’t have

coeliac 856 test negative

(TNs)

Calculating predictive values:

If Mary tests positive, the probability she
has coeliac is:

19 (19 + 123)

=13.4%

If Mary tests negative, the probability she
has coeliac is:

2/(2 + 856)

=0.02%
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P(A) x P(B|A)

P(A|B) = P (B)

where

* P(AIB) = how likely is A given B
* P(B|A) = how likely is B given A
* P(A) = how likely is A overall

* P(B) = how likely is B overall
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Calculating predictive values: tools

Bayes' nomogram

Pre-test probability is located on the first axis and joined

tothe approprate likelihood ratio on the second axis, The
post-test probability is then read off the third axis.
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Calculating predictive values: tools

Covid-19 antibody tests

Calculator for interpreting test results Adjust these values o
update graphic below

thebmj Interactive

Pre-test probability Test sensitivity

Likelihood had covid-19 . Proportion of people who [ %
based on symptems and have had covid-19 with a
background rates positive test

Test specificity

Proportion of people who  [ES il %
have not had covid-19

with a negative test

If 1000 people were tested with these values

21 have had covid-19 979 have not had covid-19

True positive False positive
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13.4%

Antibody Probability
test has had
. covid-19
pOSItIVE 1 9 people who test 1 23 people who test positive if testis
positive have covid-19 do not have covid-19 L.
posmve
May provide relief or reassurance. Risk that Risk of false reassurance, could assume that
they could assume they are immune they are immune and change behaviour
False negative True negative

H
H
H
H

0.2%

Antibody Probability
test has had
i covid-19
negatlve people who test negative people who test negative iftest i
have cowid-19 do not have covid-19 mtes .IS
negative
Unlikely to change clinical management No change to management or behaviour.
or behaviour Might improve adherence to social distancing
I - This! phic s not finlcal gectslon ald This Infarmation Is provided withowt any representations, condfions. or warranties that it Is acourate or

Up'to date. BNl and 1t5 |ICENS0rs 335Umme No responsibiity Tor any aspect of eatment sdministered with tha 3id of tis Informatian. Any rellance placed on this Information
Is stricty at the user's own sk For the full disclaimer wording see EM)'s tanms and condrtions: Rttpo/ www.bmLcom./campanylegal-information.’ © 2020 BM) Publishing Group Ltd.



Estimating the predictive values: the reality

« Heuristics (learned mental
short cut):

— Anchoring (the pre-test
probability)

— Adjusting (based on the test
result)
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Does Mary need a biopsy?

« How sure would you like to be before starting a gluten free diet?




Martin’'s story

artin has the same symptoms as
ary

His coeliac serology tests were
negative

 All other blood tests were normal apart
from a raised CRP test result (non-
specific marker of inflammation)




Testing Is a series of Bayesian steps

Untested (n=29.131)

Cancer incidence 0.97%
{95% C1 0.87-1.07)

CRP negative (n-3.420) Repeat CRP normal (= asao)

Cancer incidence 1.51% : =
{95% CI 1.43-159) g&"‘gﬁf ‘om_g‘“;)eﬂoe 1.98%

CRP tested (n«~ 111,440

Cancer incidence 2.10%
{95% C1 2.01-2.18)

No repeat CRP test n= 19,53)

Cancer incidence 3.77%
MGWM




The paradox of the normal test result

he mere fact that a test result Male Ee

as been performed increases j

the risk of cancer
<3O 30- 39 40- 49 50- 59 60- 69 70- 79 >80 <30 30- 39 40- 49 50- 59 60- 69 70- 79 >80

 This additional risk is only
Age

8

6
1

4
|

partly eliminated by a negative
test result

1-year cancer incidence (%)
2
|

—@&—— no inflammatory markers
—@&—— normal inflammatory markers
—@—— raised inflammatory markers

Graphs by Patient's gender



Cognitive biases — base rate neglect

« Anchoring and adjustment heuristics can be prone
to bias

« Base rate neglect - the tendency to trust results of
an ‘objective’ test more than ones own ‘subjective’
clinical judgement.

A strong intuition is much more powerful than a e

weak test” FIELD NOTES FROM AN UNCERTAIN SCIENCE

deh rtha Mukherj
— Siddhartha Mukherjee’s first ‘Law of Medicine’ (oeharing MuTalc




Take home messages

_ , Good news! Your lab results look great-.
ests update your chance of having disease Everything is normal; you are the picture of health.

0 understand a test result you need to know
the test accuracy and the pre-test probability

» Doctors use mental shortcuts (heuristics) called |
anchoring and adjusting

« This can be prone to cognitive biases

« More tools to help interpret test results could
help diagnostic decision making




Thank you
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