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What is Evidenc8asedViedicine?

Formulate Clinical Questions
Searchthe Evidence
Appraisal of research

Apply to clinical problem




Diagnostic tests: Introduction

Tests are used in medical diagnosis,
screening & research.

Diagnostiaccuracy has been greatly
enhanced by the sensitive specific
lab test & advancem clinical imaging.

Proper use of thelab & imaging is
dependent upon accurate clinicsiills.

Diagnostic test caprovide &
answers tavell-formulated
clinicalguestions/diagnosis.

“Off hand, I'd say you're suffering from an
arrow through your head, but just to piay
it safe, I'm ordering a bunch of tests.”



Diagnostic tests: Definitions

_
A Validity:
|Isthe extent to which a test measures what it is
supposed taneasure.
A Reproducibility, Repeatability, Reliability :
Theresults of a test or measure are identical or
closely similar each time it ec®nducted.

test may not consistently yield the same result
whenrepeated ??



Diagnostic tests: Definitions
1

Test results
Valid but not reliable ‘

Test results
Valid and reliable

Test results
Reliable but not valid

True value



Diagnostic Test and Screening Test

A used to determine the presence or
absence of a disease when a subject shows signs
symptoms of the disease

A identifiesasymptomatic individuals
who may have the disease

A Thediagnostic test is performedfter apositive
screening test to establish a definitideagnosis.



Some Common Screening Tests

]
A Papsmear for cervical dysplasia or cervicahcer

A Fasting blood sugar faliabetes
A Mammography for breastancer
A Fecaloccult blood for colorwancer

& Ocular pressure foglaucoma -5! ﬂ%
ik l

.
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Screening Test
—

o Easyto perform & interpret
a Acceptable

a Accurate

i Reliable

i FEnsitive & Specific



Some Common Diagnostic Tests

]
A Anti- ccpfor RA

A Tumor markers

A Tissue biopsy

A Endoscopy / colonoscopy
A MRI for multiple sclerosis




Important Definitions

A Sensitivity:

The ability of the test to identify correctly those who
have the disease

A Specificity:

The ability of the test to identify correctly those who
do not have the disease

A They are fixeaharacteristic of theest

A Highly sensitive test ideal forsaCREENINGNVile,
highlySPECIFItests are best in a confirmatory role.



Cont.

]
A SnNout

Test with high sensitivit{sn)
Negative resul{N)
RulesOUT diagnosis

A SpPin
Test with high specificit{sp)
Positive resul{P)
RulesIN diagnhosis



Important Definitions

]
A Positive predictive value (PPV)

Theproportion of patients who test positive who
actually have the disease

A Negative predictive value (NPV)

Theproportion of patients who test negative who are
actually free of thalisease



Another Interpretation of Predictive values

¢ If a person tests positive, what is the probabillity
that he / shehas the disease?

¢ If that person tests negative, what Is the
probabilitythat he / shedoes not have the
diseasé

¢ They are not fixed characteristics of the test.



Cont.

A UselLikelihood Ratio - does not depend on
prevalence.
Probability of clinical finding 1n patients with disease

IR =

Probabﬂity of same ﬂnding n pﬂti&lltS without disease

A Example: If 80% of people with a cold have a runny
nose And 10% of people without a cold have a runn
nose.

A LRfor runny nose is: 8% / 106 = 8




Determining the Sensitivity, Specificity of a
New Test

A Must know the correct disease status prior to
calculation

- test isthe best test available
A It s often invasive oexpensive.

A Anew test isfor example, a new screening test or a
less expensive diagnostiest.

A Usea2 x 2 table to compare the performance of the
new test to the goldtandard test.



Disease

- —
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(All people with wif::ft €
disease) )

disease)




Comparison of Disease Status:
Gold Standard Test and New Test

1
Disease
=+ —
L
a b
(True positives)
New test

C d

(True negatives)




Calculations

NPY =

TN +FN

The Truth
Test Has the disease Does not have the disease
Score:
Positive True Positives False Positives
(TP) (FP)
a b
C d
Nedaative False Negatives True Negatives
? (FN) (TN)
Sensitivity Specificity
L TN
TP + FN TN + FP
a d
o,
a+c d+b




Concept of Sensitivity & Specificity

Diabetics Non-diabetics

20 diabetics
& 20 non-diabetics




Concept of Sensitivity & Specificity

Low

Diabetics

Subjects are
screened using
fasting plasma

glucose with a low
(blood sugar) cut-

point

Diabetics

Non-Diabetics

17 14
3 6
20 20
Sens=85% Spec=30%




Concept of Sensitivity & Specificity

High

Blood
sugar

Low

Diabetics

Non-diabetics

Subjects are
screened using
fasting plasma

cut-point

e°e
@
®

Diabetics

- 5 2

| - 15 18

| 20 20
Sens=25%  Spec=90%

glucose with a high

Non-Diabetics




Applying Concept of Sensitivity and Specificity

to a Screening Test
]

Assumea population ofl,000 people ,100 have a
disease’00 do not have thedisease. Acreening test
IS used to identify the 100 people with tliesease

A The results of the screening appears in thisle:

True Characteristics in Population Total
el

Positive 80 100 180

Negative 20 800 820

Total 100 900 1,000



Applying Concept of Sensitivity and Specificity to a
Screening Test
1

Screening
Results

Positive @

Negative 20

Total

Sensitivity =80/100 = 80%
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Type of Study

]

Type of Question |deal Type of Study
Therapy RCT
Pravention RCT > Cohort Study > Case Control
Diagnosis | Prospective, blind controlled trial comparisen to gold standard |
Prognosis Cohort Study > Case Control > Case Series/Case Report
Etiology/Harm RCT > Cohort Study > Case Control
Cost analysis aconomic analysis

Note: Meta-analyses and systematic reviews, when available, often provide the best answers

to clinical questions.




Diagnostic Study

1
Series of patients I

Index test I

Reference (“gold”) standard

l

Compare the results of the index

test with the reference standard,
blinded




Diagnosis and Screening

]
A 3 questions to consider about tests

|s the evidence about accuracy of a tesl

Does evidence show test can distinguish patients
who do/don’t have di so

How can | apply test to a specific patient
A If the evidence is valid, iISINPORTANT
l.e: clinically worthwhile



Validity of evidence

]
A Measurement (most important)

Was there an independent, blind comparison with
a reference gold standard

A Representative
Appropriate spectrum of patients
A Ascertainment

Was reference standard ascertained regardless of
diagnostic test result



Critical Appraisal- Diagnosis

]
VALIDITY
A Clearly focused question?
AppropriateReference Standard?
Reference standard & test applied to all subjec¢ta?
Did results of standard influence interpreting test results?
Disease status reported and varie(?
Test method reported with sufficient detail to be replicated?

> > P Pt >t P

REUSLTS AND PRECISION

1. What are results?
2. Certainty & precision? (95% CIl ' s

APPLICABILITY
1. Can the results be applied to my patient?

2. Are Iltt)cgll resources (equipment, expertise, cost) sufficient to apply these
results”



Critical Appraisalo 3 Steps

* Appropriate spectrum of patients?

*Does everyone get the gold standard”
Are the results valid? *Is there an mndependent, blind or

objective comparison with the gold
standard?

What are the results? *Sensitivity, specificity
- ] ikelihood ratios

*Positive and Negative Predictive Values

*Can I do the test in my setting?

*Do results apply to the mix of patients I see?
*Will the result change my managementr
*Costs to patient/health service?




Appropriate Spectrum of patient?

A ldeally, test should be performed on a group of
patients in whom it will be applied in the real world

clinical setting
A Spectrum bias = study using only highly selected

patients..... per haps thos
suspect have thdiagnosis.



Do all patients have the gold standard?

A |deally all patients get the
gold /reference standartest

Series of patients I
A Verification (work-up) Bias:
Onlysome patients get the I_I_'”d,@‘LlLl_I
gol d st and &e

: Reference (“gold”)
ones in whom you really
. standard
suspect have thdisease.

Blinded cross-classification I




Independent, blind or objective comparison
with the gold standard?

]
i ldeally, the gold standard i Series of patients |
Independent, blind and 1

objective.
Index test
A Observer Bias: ﬁ_l
Testis very subjective, ordor | o (“aold”) standard

by person who knows
something about the patient l

samples. | Unblinded cross-classification I



Critical Appraisalo 3 Steps

* Appropriate spectrum of patients?

*Does everyone get the gold standard”
Are the results valid? *Is there an mndependent, blind or

objective comparison with the gold
standard?

What are the results? *Sensitivity, specificity
- ] ikelihood ratios

*Positive and Negative Predictive Values

*Can I do the test in my setting?

*Do results apply to the mix of patients I see?
*Will the result change my managementr
*Costs to patient/health service?




Results

The Truth
Test Has the disease Does not have the disease
Score:
Positive True Positives False Positives
(TP) (FP)
a b
C d
Neaative False Negatives True Megatives
? (FN) (TN)
Sensitivity Specificity
TP TN
TP + FN TN + FP
a d
Or,
a+c d+b

TP
PPV= —
TP + FP
NPV =_ 1N
TN + FN



Importance
_—

A Does evidence demonstrate abllity of test to
distinguish patients w and w/o disorder

A Sensitivity
Patientswith disorder who have positive test
A Specificity
Patientswithout disorder who have negative test



Importance
_—

A Likelihood ratio - LR(+)

Prob of positive test in presence of disorder

Prob of positive test in absence of disorder
LR+ = sensitivity /(1-specificity)
Positive test is more likely in pt w disorder
A LR(-) = (1-sensitivity) /specificity

Negative test more likely in absence of disord



Example
e

Primar}-' care
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Near patient testing for influenza in children in primary
care: comparison with laboratory test

Anthony Harnden, Angela Brueggemann, Sasha Shepperd, Judy White, Andrew C Hayward,

Maria Zambon, Derrick Crook, David Mant

Influenza 1s an important cause of acute respiratory 1ll-
ness 1 young children. Common comphcations
include febrile convulsions, otiis media, bronchiolitis,
and croup. In epidemic years attack rates among
preschool children often exceed 40%. During these
years children with mfluenza may account for up to
30% of the increase m antibiotic prescribing.'
Symptoms and signs of mfluenza i children are not
specific and can mimic a range of other common
respiratory viral pathogens. One quick way of reaching
a precise diagnosis n primary care is to use a near
patient test. Near patient testing for many conditions
has expanded widely m primary care, though many
tests have not been rigorously evaluated.®

Previous stucies in children have compared near
patient influenza tests with viral culture analysis using
throat or nasal swabs” However, a nasopharyngeal

Arrarnba a0 tha hack crmoneimnnes froe datactine Snflhaaes

Comparison of near patient testing with reverse transcription
polymerase chain reaction (RT-PCR) testing for influenza in

children
RT-PCR test
Positive Negative Total
Mear patient test:
Positive 27 3 a0
Negative 34 93 127
Total 61 96 157

Comment

The lugh specificity of this near patient test, combmed
with 1its ease of use, makes it smtable to “rule in”
diagnosis of influenza in children n primary care,
although 1ts low sensitivity means it cannot “rule out”



3 Steps : Critical Appraisal
B

* Appropruate spectrum of patientsr

*Does everyone get the gold standardr

Are the results valid? *Is there an independent, blind or

objective comparison with the gold
standard’

hat are the results?




- Are the resultsVALID?

Both Reliable
and Valid



1. Appropriate Spectrunof patient?

Participants, methods, and results
From January to March 2001 and October to March

2002 we asked general practitioners in Oxfordshire t
identify children with cough and fever who they
thought had more than a simple cold. Using a nasal

swab we perlormed a near patent test lor miluenza
(QuickVue: Quidel, San Diego, CA). A research nurse
did the test, which took 12 minutes.

We collected a nasopharyngeal aspirate from the
other nostril and transported the sample to the labora-
tory within four hours. The laboratory stafl were blind
to the result of the near patient test. After adding phos-
phate bullered saline to the aspirate we added the
emulsified sample to viral lysis buffer before freezing it
at — 80°C. We used RT-PCR to convert the extracted
nucleic acids from RNA to complementary DNA. We
performed a multiplex, nested PCR assay, using primer
sets specific to influenza A and B, on all the samples. To
validate our results we included quantified tissue
culture specimens of influenza A and B as positive
controls and water as negative control with every batch
of samples tested.

A nasal swab and a tli!..'i{)]]]l';il'}'llg{_‘ill aspirate were
taken from 157 children. The children’s median age
vas 3 vears (range O months to 12 vears), and 100 were




2. Do all patients have th@old standard

Participants, methods, and results
From January to March 2001 and October to March
2002 we asked general practiioners in Oxfordshire to
identitv _children with cough and fever who thev
r-hr:nugh_t. hﬂ{']_ ﬂm-nrc than a .f;imp!c 1':.nlrlT U.-=;ir_'n%-r a nﬂﬁ_rﬂl
swabh we performed a near patient test for influenza
(QuickVue: Quidel, San Diego, CA). A research nurse
did the test. which ook 12 minutes.
We collected a nasopharyngeal aspirate from the
3. Gold standard other nostril and transported the sample to the labora-
tory within four hours. 1he laboratory stall were blind
to the result of the near patient test. After adding phos-
phate buflered saline to the aspirate we added the
emulsified sample to viral lysis buffer before freezing it
at —80°C. We used RT-PCR to convert the extracted
nucleic acids from RNA to complementary DNA. We
performed a multiplex, nested PCR assay, using primer
sets specilic to influenza A and B, on all the samples. To
validate our results we included quantified tissue
culture specimens of influenza A and B as positive
controls and water as negative control with every batch
ol samuples ested.
A nasal swab and a nasopharyngeal aspirate were
taken from 157 children. The children’s median age
was 3 vears (range 6 months to 12 vears), and 100 were




3. Independent, blind or objective comparison
with gold standard?

Participants, methods, and results

From January to March 2001 and October to March
2002 we asked general practitioners in Oxfordshire to
identity children with cough and fever who they
thought had more than a simple cold. Using a nasal
swab we performed a near patient test for influenza
(QuickVue: Quidel, San Diego, CA). A research nurse
did the test, which ook 12 minutes.

We collected a nasopharyvngeal aspirate from the
other nostril and transported the sample to the labora-
| 4. Bllndlng | | tory within ﬁ”‘.“- hours. The |Elht!-l'.'.—i.ll}]'jf stafl were hlinrll

to the result of the near patient test. After adding phos-
phate buffered saline to the aspirate we added the
emulsified sample to viral lysis buffer before freezing it
at — 30°C. We used RTPCR to convert the extracted
nucleic acids from RNA to complementary DNA. We
performed a multiplex, nested PCR assayv, using primer
sets specilic to influenza A and B, on all the samples. To
validate our results we included quantified tssue
culure specimens of influenza A and B as positive
controls and water as negative control with every batch
of samples tested.

A nasal swab and a nasopharyngeal aspirate were
taken from 157 children. The children'’s median age
was 9 vears (ranoe B months to 12 vearst, and 1T were



3 StepsCritical Appraisal

Are the results valid?

What are the results?

* Appropriate spectrum of patients?
*Does everyone get the gold standard?

*Is there an independent, blind or

objective comparison with the gold

standard?

*Sensitivity, speciticity
*Likelithood ratios

*Positive and Negative Predictive Values




- What are theRESULTS

A Sensitivity
A Specificity
A Predictive Values
A Likelihood Ratios ﬂv-




A What are theResults?

A r;asal swab and a nasopharyngeal aspirate were
taken from 157 children. The children’s median age
was 3 years (range 6 months to 12 years), and 100 were

boys. We detected influenza by RT-PCR in 61 children

(39%). The near patient test was positive in 27 of these
61 children, giving a of 44% (95%
confidence interval 32% to 5870) an d@)

97% (91% to 99%) (table). TheQkelihood Tans

positive test result was 14.2 (4.5 to 44.7) and for a nega-
tive result 0.58 (0.46 to 0.72).




Sensitivity & Specificity

Disease: Lab Test

+ -
+ 27 3 30
Test: Rapid Test B
34 93 127
61 96 | 157

Sensitivity = 27/61 = 0.44 (44%) Specificity = 93/96 = 0.97 (97%)



Positive & Negative Predictive Value

Disease: Lab Test

PPV = 27/30 = 90%

+ 3 (30

Test: Rapid Test NPV = 93/127 = 73%
34 93 127

61 96 157



Likelihood Ratio (LF

LR- = (1-sens)/(spec)

LR+ = sens/(1-spec)

13.3
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Strength of the Test by Likelihood Ratio
]

Qualitative Strength | LR(+) | LR(-)
Excellent 10 0.1
Very good 6 0.2
Fair 2 0.5




3 Steps Critioal Appraisal

Are the results valid?

What are the results?

* Appropriate spectrum of patients?
*Does everyone get the gold standard?

*Is there an independent, blind or

objective comparison with the gold

standard?

*Sensitivity, specificity
*] ikelihood ratios

*Positive and Negative Predictive Values

*Can I do the test in my setting?

*Do results apply to the mix of patients I see?
*Will the result change my managementr
*Costs to patient/health service?




Will the test apply in my setting?

A

A
A
A
A

A

Reproducibilityof the test and interpretation in my
setting

Doresults apply to the mix of patients | see?

Will the results change my management?
Impacton outcomes that are important to patients?
Wheredoes the test fit into the diagnostic strategy?
Costgo patient/health service?



\
_____ _ 2/4

.1_.__‘. S _________1 _

“MMr. COsbhormne. may | be excused? My brain is full.””







Summary of Calculations

The Truth
Test Has the disease Does not have the disease
Score:
Positive True Positives False Positives
(TP) (FP)
a b
C d
Nedaative False Negatives True Negatives
2 (FN) (TN)
Sensitivity Specificity
TP TN
TP + FN TN + FP
a d
Or,
a+c d+b

TP
PPWV= ——
TP + FP
NPV = i
TN +FN






