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Information and clinical examples provided

in this presentation are solely for educational purposes, and
should not be substituted for clinical guidelines or up-to-date
medical information.




Outline

1. Clinical decision making and role of test

2. Two x two classification table notation

3. Likelihood ratios and calculation of post-test probability
4. Receiver operating characteristic (ROC) curve

5. Evaluation of diagnostic test article

Clinical Decision Making Steps

1. Clinical assessment of symptoms, signs, risk factors of

disease

2. Estimation of disease probability...pre-test probability

3. If reasonable probability - order test

4. Test may increase or decrease post-test probability




Accounting for New Information

Positive Test Resualt

Pretest Postiest
Probability Probability

| ] i
] 1 i
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Probability of Disease

Negative Test Result

Postiest Pretest
Probability Probability

| A | }
| I i

O 0.5 1O

Probability of Discase

Case Vignette

An otherwise healthy 51 year-old woman presents to her
physician with pleuritic right posterior chest pain, without
dyspnea or hemoptysis.

Her temperature is 38.2° and her pulse is 102 bpm. Physical
exam discloses a pleural friction rub over the posterior right
hemithorax but is otherwise unremarkable. Chest radiograph
is normal.

She is treated with an anti-inflammatory agent for presumed
viral pleurisy. Three days later, she returns reporting dyspnea
and slight hemoptysis. How should she be evaluated?




Question?

What is the probability of pulmonary embolism (PE)
in patient:

low (0-20%);

intermediate (20-80%); or

high (80% or higher)

Clinical Assessment of Symptoms, Signs, Risk
Factors for PE:

Cancer actively treated within last 6 months

g

Findings Score*
Clinical signs and symptoms of deep venous thrombosis (minimum of leg swelling | 3.0
and pain with palpation of the deep veins of the leg)
No alternate diagnosis likely or more likely than PE 3.0
Heart rate > 100 beats/mins 1.5
Immobilization or surgery in last 4 weeks 1.5
Previous history of deep venous thrombosis or PE k5
Hemoptysis 1.0
1.0




Designing a Diagnostic Test Study

1. Enrollment of patients with a clinically suspected

diagnosis — inclusion and exclusion criteria

2. Adoption of gold standard to verify disease status —
determines actual probability of disease in study

population

3. Actual probability = prevalence = pretest probability

of all participants

Designing a Diagnostic Test Study

4. Study test compared to gold in determining accuracy
of study test.

5. Accuracy is total number of true positives and
true negatives for test, divided by total
number of tests.

6. A 100% accurate test would contain no false
positives or false negatives:

TP + TN TP + TN

TP+ (O)FP+ TN+ (O)FN TP+ TN =
100%




PULMONARY EM

BOLISM

Table Accuracy of Pratest Probability Assessment for Pu
Prevalence of

No. of Putmonary

Source Patients  Embolism, %

Prabability No. of
Category Estimate, %  Patients

PIOPED Study (1990)"

Purpose to evaluate usefulness of V/Q scan for PE
Actual probability of PE = 28%
Scans read as:

High probability V/Q scan
Intermediate probability V/Q scan

Low probability V/Q scan

Normal/near normal V/Q scan

m Using Clinical Gestalt




Outline

1. Clinical decision making and role of test
2. Two x two table notation — 4 test properties

3. Likelihood ratios and calculation of post test

probabilities
4. Receiver operating characteristic (ROC) curve

5. Evaluating an article on a diagnostic test

Two x Two (2 x 2) Table Notation

Defined by
“Gold Standard”

Disease + Disease -

+ True Positive False Positive

Study Test

False Negative | True Negative




2 X 2 Table Notation: Sensitivity

Study Test

Disease + Disease -

+ True Positive False Positive

~ | False Negative |True Negative

v

Sensitivity = True positive rate or proportion of those with

disease who test positive

= i
TP + N

Table — —Comparison of the Resuits of Diagnostic
Test (Ventilation-Perfusion Scan) With the Result
f Reference Standard (Pulmonary Angiogram)
Assuming Only High-Probability Scans Are Positive
(Truly Abnormat)*

Angigm '

J 1
Pulmonary Pulmonary
Embolus - Embolus
Scan Category Present Absent
High probability 102 14
Others 149 616
Total 251 630




2 X 2 Table Notation: Specificity

Study Test

Disease + Disease -

+ True Positive False Positive

False Negative True Negative

v

Specificity = True negative rate or proportion of those without

disease who test negative

B ™
TN + FP

A very specific test has a very low false positive rate

Table  ~Comparison of the Results of Diagnostic
Test (Ventilation-Perfusion Scan) With the Resuit
of Reference Standard (Pulmonary Angiogram)
Assuming Only High-Probability Scans Are Positive
(Truly Abnormal)*

Angiogram

I [
Pulmonary Pulmonary
Embolus - Embolus
Scan Category Present Absent
High probability 102 14
Others 149 616
Total 251 630

R S B o sy,




2 X 2 Notation: Positive Predictive Value

Disease + Disease -

True Positive False Positive

> PPV =

Study Test

False Negative [True Negative

« PPV = probability patient has disease if test is positive

 If there are O false positives, a test has a positive
predictive value of 100%

* Increased specificity (lower false positive rate) increases PPV

TP

TP + FP

Table |—Comparison of the Results of Diagnostic
Test (Ventilation-Perfusion Scan) With the Resuit
of Reference Standard (Pulmonary Angiogram)
Assuming Only High-Probability Scans Are Positive
(Truly Abnormal)*

Angiogram
{ [
Pulmonary Pulmonary
Embolus - Embolus

Scan Category Present Absent
High probability 102 14
Others 149 616
Total 251 630
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What Can We Conclude About High Probability V/Q Scan?

* Not very sensitive for PE

* If positive has high PPV (because specificity is high)

== What can we conclude about a normal V/Q Scan?

Two x Two Notation: Negative Predictive Value

Disease + Disease -

+ True Positive False Positive

Study Test

False Negative |True Negative > NPV = TN

* NPV = probability patient does not have disease if test is negative

* If there are O false negatives, a test has a negative
predictive value of 100%

TN + FN

11



Table  -Comparison of the Resuits of Diagnostic
Test (Ventilation-Perfusion Scan) With the Result
of Reference Standard (Pulmonary Angiogram)
Assuming Only Normal/Near-Nomal Scans Are
Negative (Truly Normal)*

T T O S S

Anglogram
f 1
Pulmonary  Pulmonary
Embolus Embolus
Scan Category Present Absent
High, intermediate, and
fow probability 246 504
"Near normal/normal 5 126
Total 251 630

Test

Disease Status

+
g P e
FN N [T
v
Sensitivity Specificity

TP / (TP + FN)

TN/ (TN + FP)

Positive Predictive
Value = TP / (TP + FP)

» Negative Predictive
Value = TN/ (TN + FN)

12



Examples

(Low False Positive) (Iﬂow False Negative)

High PPV High NPV
High Specificity High Sensitivity
Disorder Test
SLE ds DNA ( ) ( )
SLE ANA ( ) ( )
Questions

* Elevator problem...

HOLY SHT, MAN!!
LOOK AT THIS!

"STUDY FINDS 50% OF
PEOPLE BORED BY
STATISTICS "

Cyanide and Happiness € Explosm.net |
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1. Clinical decision making and the role of a test
2. Two x two table notation — 4 test properties

3. Likelihood ratios and calculation of post test

probabilities
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5. Evaluating an article on a diagnostic test

Likelihood Ratio of a Positive Test

What are the odds that a positive test would be found in a person with the
condition compared to a person without the condition?

True positive rate o
LR(+) = Sensitivity

1 - Specificity
False positive rate

14



Table  —Test Properties of Ventilation-Perfusion (V/Q) Scanning

Puimcnary Embolism
a
Present Absent
I 1 I ] Likelihood
V/Q Scan Result No. Proportion Ne, Proportion Ratio

High probability 102 102/251 @40§ 14 14/630{ 00@ 18.3
Intefmediate probability 105 - 105251 =0418 27 2171630 = 0.334 12
Low.probébﬂity | 3 29/251=0.155 273 273/830 = 0433 0.38
Normal/near nomal 5 §251=0.020 126 126/630 =0.200 0,10
Total 251 630

Interpreting a Likelihood Ratio:

LR

>10
5-10

0.5-2

0.2-0.5
0.1-0.2
<0.1

Interpretation

Strong evidence to rule in disease

Moderate evidence to rule in disease

Weak evidence to rule in disease

No significant change in likelihood of disease

Weak evidence to rule out disease

Moderate evidence to rule out disease

Strong evidence to rule out disease

18.3 (95% Confidence Interval: 10.7, 31.4)

15
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Post-Test Probability = PPV

What is the probability of the condition given a positive test?
Can be answered in two equivalent ways:

1. Post-test probability using LR and pre-test

probability or using Bayes’ Theorem

2. Positive predictive value (PPV) using

2 x 2 table notation

16



Likelihood Ratio of a Negative Test

What are the odds that a negative test would be found in a person with the
condition compared to a person without the condition?

LR(-) = False negative rate _ 1-Sensitivity
True negative rate - Specificity

TabieD—Test Properies of Ventition-Perfusion (V/C) Scanning

Pulmonary Embolism

Present Absent

VIQ Scan Resutt l&o Proportion I ,No. Pmpc}rtian_E Ukéggzcd
High probabiy 02 1022510406 14 14630=0022 183
Intefmediate probabiity 105 105/251 = 0,416 217 2171630 = 0,344 | 12
Low probabiiy N w015 ' 036
Nomdhestromal o) s 010
Total » . 630

W. . ,“‘




Hoemal Team ™

~ Post dest Vrabadn by Wocmat
Sema T o4

R
Neaative Dredichive Volue © 967

Limitations of V/Q scan for diagnosis PE:
High probability (116) or normal scan (131) = useful in 247 patients
Intermediate (332) or low probability scan (312) = indeterminate in 634 patients

Table  ~Test Properties of Ventilation-Perfusion (V/Q) Scanning

Pulmonary Embolism
; Present Absent I
VIQ Scan Result ;No Proportion z [No Pl'apm'tion”W Lik;gg:od

High probabllty 102 102251=0406 1 146302002 183
Intefrnediate probability 105 105/251 = 0.418 207 217/630 =0.344 12
Low probebily N WE=0185 7B 270=040 036
Nomalinear nomal 5 5251 =0.020 126 126/630 =0.200 0.10
Total 251 ‘ - 630
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Evaluation of Pulmonary Embolism

High PPV | High NPV

V/Q Scan High probability J

V/Q Scan Normal J

Pulmonary Angiogram v J

Spiral CT Scan ( ) (

D-Dimer

Leg Vein Ultrasonogram| ( ) (

Measuring Diagnostic Procedures

Definitions

Senxitivity

¢ eate. SnNout: If & highly sensitiv
disease is ruled out

Spesificity

the ¢ M. 1t is
plin: 11 a highly specific (Sp)

Positive Predietive
Value

Negative Predivtive
Ve

Aconyary vaies hor o test, drvided by

Likelibosd Ratio
% The likelihood ra

ate {sensitivity ) divided by the false-positive rate (1 - specifiviey

The likelibond ratio for s wegative test is the falscnegative rate {f

i

positiv

sensitivity  divided by trae-negative rate (specificiny
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1. Clinical decision making and the role of a test
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5. Evaluating an article on a diagnostic test

Receiver Operating Characteristic (ROC)
Curve

ROC Curve

* Area Under the Curve (AUC)
* C-Statistic (C: concordance)
* C-Index

¢ Discrimination

20



ROC Curve

Graph that correlates true positives (sensitivity) and

false positive rates (1 - specificity)

Used in an individual study when dealing with a test that is
quantitative

* Used when pooling a number of studies in a meta-analysis
* Greater area under the curve, the more accurate the test

* Provides accuracy

ROC Curve:
Exercise Electrocardiography for
Angiographic Coronary Artery Disease

/ BT LEGmENT DEPRESS oM
4 !v 1.5-499

|
|
2.6-2.49 j
201
|
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Which diagnostic test? — anti-CCP antibodies or RF—is more
accurate in the diagnosis of rheumatoid arthritis?

/ RE
- -

80 /

ity

Se

: iod i1
0 20 40 60

100-Specitivity

B0 100

A test with an 85% specificity means:

(A) 85% of patients testing positive have the disease
(B) 15% of normal subjects test falsely positive

(C) 85% of normal subjects test negative

(D) B & C are both correct

A test which is 100% accurate means that area under the ROC curve is 100%:
(A) True

(B) False

If a test is 95% sensitive it would contain which of the following:
(A) 5% False positives
(B) 5% True positives
(C) 95% True positives
(D) 5% True Negatives

22



Outline
1. Clinical decision making and the role of a test

2. Two x two table notation — 4 test properties

3. Likelihood ratios and calculation of post test

probabilities
4. Receiver operating characteristic (ROC) curve

5. Evaluating an article on a diagnostic test

Evaluating an Article on a Diagnostic Test

Important questions about validity of a study:

1. Has the test been compared with a true gold standard?

2. What is the actual probability or prevalence of the
disease in the study?

3.  What are the properties of the test as derived from
the study?

4. Are there potential sources of bias and variation?

5. s the test potentially relevant to my practice or are
more validation studies necessary?

23



Sources of Bias and Variation?

Population: Demographic features
Disease severity
Disease prevalence

Test Protocol: Test technology variation

Reference Standard: Partial verification bias

Interpretation: Clinical review bias

Observer variability

*Confident about internal and external validity

Importance of Prevalence

* Very low or high prevalence will affect test performance; i.e.,
more false positives and false negatives

¢ Knowledge or awareness of prevalence of a disease in your
clinical setting is important in application of test(s)

 Prevalence or pretest probabilities in 20-80% range can
generate reasonable shifts in post-test probabilities

24



Knowledge Gained*

* Example: CT and US to

Post-Test Probability after CT or US. %

“] P S it
s _gu® 2]
- » = .
EVR . - il
| » - 4
{ » = 7
[ e T 4
@ $ = -®-Positive CT resuits '
- S
™ 4 Negative CT results A p
/ ® Positive US results Fav
™ 1 'v* - A- Negative US results » *
| &
‘ /u r »
&y i i A - »
V17 ak _
i e
P
P i
i ¥ v Y ¢ . - y
o n a0 50 %0 00

Pretest Probatility, %

detect acute appendicitis in adults and adolescents.

Limitations of EBM

* Studies looks at a test within a specific context

* Generalizing findings related to a diagnostic test beyond the
specific context of a study is problematic

* Need to take into account how much variation exists
between your patients and study population

* Estimating pre-test probability takes practice and experience

25
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Evidence-Based Medicine Requires
Appropriate Clinical Context

Robest 4. MeNeot, M4, Pt
I visgstnn, S

Key Points

Actual Probability = prevalence = pretest probability

* Multiple test properties can be confusing

ROC and area under the curve (AUC) = accuracy

Prevalence or pretest probability range of 20-80%
(intermediate) is where tests best applied

Limitations of EBM
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Identifying depression in primary care: a comparison of
different methods in a prospective cohort study
Vereria Henkel, Roland Mergl, Ralf Kohnen, Wolfgang Maier, Hans-Jirgen Mller, Ulrich Heger!
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are a major hulth pmble.m in
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trained psychologist blind w the screcning resulis. We

Dep
wmury care, and at least half of th
remain undetecied.” There are two

chose the composite international di inters
view as the refe standard because s veliability

approaches to diagnosing depression in primary
cares one & to perform routine screening, and the
other i3 to evaluate patients only when the dlinicat

triggers the suspi of depression. Our
nm was 1o compare these two xppmzchcs and o
compare three different scresning wols in order o
evaluate which would be most appropriate for use in
primary care. From among the many available screen-
g tools, we selecied three brief, seif xznng

ane disorder-specific {the dep
mudule of the brief patient heali questommaine
(B-PHQ, 9 jems))” ore broad based (the generat
health questionnaire (GRQ-12, 12 items)), and one
that 15 less restricted to both issues (WHO-5 wellbeing
indes (WHO-S, § items)).!

Methods and results

Eighteen prisary care facilities participaced in our
prospective cohort swdy The swmdy prowcol was
approved by our kocal ethics committer. On one given
day, all pauents who presenied in one of the practices
were ashed (0 complew the three screening question-
naires before seeing 3 doctor, The doctors who treated
the patients remained blind xo the qucsummme

und validity huve been established” The interviewing
psychologists met a high sandard of inter-rater
reliabilivy.
The main outcome measures were, firstly, the fam-
iy doctors’ performance in detecting depression with-
out any tool to help guide diagnosis deasions and,
secomdly, the test accuracy of the screening question-
naires. Wee ealculated sensitivity, specificity, and predic-
tive values using two-by-two tables. We used two
statistical tests to conpare differences of characteristics
of test accuracy (table),
" For 431 patients, all screening questionnaires, the
oomposwc mxcmanaxm disgnostic interview, and the
form wese O these
padents, 17% sulfered from any depressive disorder
and 88% did not.

Comment

The sensitivity of the: family doctors” ueasded clinical
disgnoses was 65%. With standard cut-off points, the
briefest screening questionnaive (and therefore the
most practikal o use), the WHOS, produced
\igm&mdy greater sensitivity (93%) and a4 beuer
ummw prediciive value (98%) than the other

results untit they had pleted a brief “p
encounter form” o indicate their cinical of

(see table). However, the brief patient

their patient’s current diagnoses
Within s perind not exceeding six days after they
had completed the questionnaires, the patients were
contacted by telephose for a fully %mm‘m‘d,
K nterview inter-
ational m.«,;ms—m nterview {CIDD) Condu(uﬂ by @

health quest and unaided clinical diagnosis
produced beuer specificity. The brief patient health
Questionnaite also produced the best positive predic-
dve value. However, since screening 100ls are designed
w identify 2l patients at risk for u disorder, sensitivity
and negative predictive value are the most impartant
operating charactesistics,

6

Gomparison of test accuracy of screening questionnaires for depression and family doctors’ unaided clinical diagnosis. Vaiues are

means (5% confidence intervals) unless stated otherwise

Serexniog g Unsided clinieat  Signiticant ditterances {P40.65,

Measures ol test scquracy WHO-5° GHO-12f BPHOY diagaosts (LUCD) one sided tastel§

Sensitivity (%3 93 {85 to 98) 8 {24 to 92) 78 {68 10 87} 65 {53 to 75} WHO-5GHOA1E, B-PHULD

Negaties preictive valve (%} 98 (95 to 89} 35 {82 to 38) (92 t0 87 B (88 o 54) WHD-5o8-PHOACT,
GHUIBUGD

Bpecificity (%} 64 (59 t 69) B2 187 10 87} 5 (81 to 88} 74 (89 o 79} BPHOAUCT WHD-5,
UBDYGHO-12

Positive predichye value {%) 3428 w4y (@5 W 38y 51 (42 w81} 34 (26 to 42 B-PHWHG SH0HO-12,

$-PHOAUCO

CWRO-5 wellneing inviex (SCMing procadure as indicated in okt Mealth Crganization infs peckage)

tGeneral health quastionnaite (sCOnAY procedre #s indicated in Golsberg 1876%,

Brist palient heanh questioonaice (scening provedure s indicated in Sprtaer ot Al 1055
Ghichemar's tost o compare sansilivities and spesificities, analogue of McResiar's tst fo compare prediclive values.

Our results suggest that the use of WHO-5 could
unprove family doctors' ability 1o detect depression,
supporting the World Health Organization’s rec-
ommendation that every patient in primary care
should participate in a screening process with the
completion of WHO-5 as « standard first step, done in
the waiting room.' The questionnaire can easily be
scared by hand. Pauents who score positively for
depression should be examined by their doctor in
arder 1o confirm a diagnosis of depression or w rule
out normal distress or physical causes of depression. At
this stage, doctors could use the brief patient health
questionpaire as a checklist.

We hope that our resulis favouring such a simple,
WO Stagie screening process for depression in primary
care, startng with the questionmaire WHO-5, will
encourage further vesearch in other countries.
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Questions

Gold standard?

Prevalence?

Best screening questionnaire?

Limitations/Bias?

Applicable to your patients?
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Extra Information:
Post-Test Probability using Bayes

Probability of condition given a positive test:

Bayes’ Theorem: P(A | B) = P(A)P(B | A)
P(B)

Example:

P( A ) = probability of PE, prevalence 0.28

P(B | A) = probability of patient with PE getting a ‘High’ classification, sensitivity 0.40
P( B ) = probability of a “High” classification, 0.13

(0.28) (0.40) = 0.86, some rounding error included
(0.13)
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