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Critical appraisal

This process provides clinicians with
the means to interpret and determine
the applicability of results to their
particular patients

Clinicians should consider multiple
explanations for any effect reported in a
study which is obtained from:

Quantitative studies
Qualitative studies



Critical Appraisal

The assessment of evidence by
systematically reviewing its relevance,
validity and results to specific
situations.



What is ‘best’ evidence?

Using critical appraisal skills you can
understand the methods and results of
the research and then be able to assess
the quality of the research.



Information Mastery
]

Slawson and Shaughnessy Formula:

Usetulness of Medical Information =
Relevance x Validity

Work to Access



clinical =tate
and circuam=stance=s

patients’ preferences research evidence
and actions

Basic elements of clinical decision making

Haynes RB. Loose connections between peer-reviewed clinical journals and
clinical practice. Ann Intern Med 1990;113./724-8.



Why Critical Appraise?

reliable

relevant
clinical effectiveness
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Before their admission to any canine university,
dogs must first do well on the CATs.
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The GATE Approach: ever' epidemiological stud
hgggs on the GYATE frame ) Y

\/ there is only one study design:
* RCT - interventions
o Coh?r’r studies - prognosis / interv./
aetiology
* Cross-sectional studies - diagnosis

| > . Case-control studies - interv./aetiol.

GATE: Graphic Appraisal Tool for Epidemiology



GATE Frame: PECOT
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\/ * Population
+ Exposure
» Comparison
* Outcome
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GATE: Graphic Appraisal Tool for Epidemiology



Difficulties with Critical
Appraisal

Can be time consuming initially
Doesn'’t provide an “easy” answer

It could show a lack of good evidence
in a particular topic



Key Steps to Effective Critical Appraisal

1. Are the results valid?
>. What are the results?

3. How will these results be relevant
to the patient?



Validity

A test is valid when it measures what
it’s supposed to.

If a test is reliable, it yields consistent
results.

A test can be both reliable and valid,
one or the other, or neither.



Reliability

a prerequisite for measurement
validity



Reliable, but Not Valid!
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Not Reliable, Not Valid!
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Reliable and Valid




Questions in critical appraisal

Validity:
Bias (reference pop., non-
homogenous sample, sample
selection, measurements,

contamination, study attrition or
drop-out rate)

Confounding variables



Reliability

Size of the effect
Precision of the effect

Magnitude of the effect (i.e. prevalence,
incidence)

Effect measures (e.g. risk, odds) and its
precision

Strength of the association (e.g. RRR, NNT)
Measures of clinical significance

Power (accuracy and representativeness of the
results, i.e. type I and II errors or @ and 3
error)

Sensitivity and specificity



Applicability

Will the results help locally? =



Type of articles

Diagnosis
Etiology/harm
Prognosis
Therapy
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Person without O
the disease

Person with the ‘
disease

Assume that the
prevalence of the disease
is 4%
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Assume that of the 4 people with the disease, 3 are picked
up by the test

0]0]0]010I0]0]0]0]0)
Person without OOOOOOQQOO
the disease O ololelelelelolelel®
Person with the OOQOQOQQOO
disease ‘ OOQQQOOOOO
Person who tests OOQOOOQQOO
positive QQQQQOQOOO
Person who tests QQQQQQQQQQ
negative 0I0I0I0]0]0I0I0]0]e.

00000000000



Assume that of the test is positive for a further 7 people
who don’t have the disease

0]0]0]010I0]0]0]0]0)
Person without OQQQOQQQQQ
the disense O olelelolelolelelole
Person with the OQQOOQQQQQ
disease . OOOQQQQQQQ
Person who tests OOO00000000O
positive OOOQQOOOOO
Person who tests OQOQQQQQQQ
negative 0]0]0]0]0]0]0I0]0]e.
True positive on ® L X X 1 JOI®I0I0]0]e.
the test
False positive on
thetezt O




The remainder of the sample are negative on the test

0]0]0]0]0I0]0]0]0]0)
Person without Q Q Q Q Q O Q O O O
the disease O OQQOOOOOOQ
Person with the OO00000000
disease ® elelelelele)elelele
Person who tests OQOQOOOOOO
positive OQQQQQQQQO
Person who tests OOOQOOOOOO
negative 0]0]0]0]0I0]0]0]0]e)
True positive on ‘ ““QOOQOO
the test
False positive on
the tezt O
True negative on
the testg O
False negative o
on the test




SENSITIVITY

Person without
the disease

Person with the
disease

Person who tests
positive

Person who tests
negative

True positive on
the test

False positive on
the test

True negative on
the test

False negative
on the test
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* SENSITIVITY is the proportion
of people with the disease
correctly identified by the test

» It measures the proportion of
false NEGATIVES



SENSITIVITY

Person without
the disease

Person with the
disease

Person who tests
positive

Person who tests
negative

True positive on
the test

False positive on
the test

True negative on
the test

False negative
on the test
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In this case, sensitivity is 3/4
or 75%



SPECIFICITY

Person without
the disease

Person with the
disease

Person who tests
positive

Person who tests
negative

True positive on
the test

False positive on
the test

True negative on
the test

False negative
on the test
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 SPECIFICITY is the proportion of
people without the disease
correctly identified by the test

» It measures the proportion of
false POSITIVES



SPECIFICITY

0]0]0]0]0I0]0]0]0]0)

Person without Q O O O O O Q O Q Q Q
the disease OQQQQOQOOO
Person with the OO00000000
disease ® elelelelele)elelele
Person who tests OOOOOQOQQQ
positive QQQQQOQQQO
Person who tests QQQQQOQOOO
negative 0]0]0]0]0I0]0]0]0]e)
True positive on
thet:st ® 000 COOLOO
False positive on
the tezt O In this case, specificity is
True negative on (96-7)/96 or 93%

O
the test
False negative o
on the test




If someone is positive on the test, what are the chances
that he/she has the disease?

Person without
the disease

O

Person with the
disease

Person who tests
positive

Person who tests
negative

True positive on
the test

False positive on
the test

True negative on
the test

False negative
on the test
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* Probability = 3/10 = 30%

 This is the POSITIVE
PREDICTIVE VALUE (the value of
the test in predicting a positive
result)



If someone is negative on the test, what are the
chances that he/she does not have the disease?

Person without
the disease

O

Person with the
disease

Person who tests
positive

Person who tests
negative

True positive on
the test

False positive on
the test

True negative on
the test

False negative
on the test
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* Probability = 89/90 = 99%

* This is the NEGATIVE
PREDICTIVE VALUE (the value of
the test in predicting a negative
result)



Diagnosis

-What is the defined question?

- How could be compared with gold
standard?

How about Spectrum?
Application for all patients?



Diagnosis

Reliability

O Sensitivity

O Specificity

o Positive/Negative predictive value
(PPV/NPV)
Positive/Negative likelihood ratio
Prevalence



Definition

Sensitivity is the probability of a positive
test in a diseased person

Specificity is the probability of a negative
test in a non-diseased person

POSITIVE PREDICTIVE VALUE (PPV) is

the value of the test in predicting a positive
result

NEGATIVE PREDICTIVE VALUE (NPV) is
the value of the test in predicting a negative
result



Sensitivity: % patients with disease and positive
test

Specificity: % people without disease and with
negative test

PPV: % people with positive test who are really
diseased

NPV: % people with negative test who are really
healthy



Target | disorder |total
+ -
Diagnostic A B A+B
test result C D C+D
total A+C B+D A+B+C+D

Sensitivity = a/(a+c)
Positive Predictive Value = a/(a+b) Negative Predictive Value = d/(c+d)

Specificity = d/(b+d)




Pre-test probability (prevalence) = (a+c)/(a+b+c+d)
Pre-test odds = prevalence/(1-prevalence)
Post-test odds = pre-test odds " LR

Post-test probability= post-test odds/(post-test odds
+1)



Likelihood ratio for a positive test
result :

LR(+) = sensitivity/(1-specificity)

Likelihood ratio for a negative test
result :

LR(-) = (1-sensitivity)/specificity



NATURAL FREQUENCIES TREE
I I ———

Population
100




IN EVERY 100 PEOPLE, 4 WILL HAVE THE DISEASE

Population
100
Disease + Disease -
4 96

If these 100 people are representative of the population at
risk, the assessed rate of those with the disease (4%)
represents the PREVALENCE of the disease — it can also be
considered the PRE-TEST PROBABILITY of having the disease



OF THE 4 PEOPLE WITH THE DISEASE, THE TEST

WILL DETECT 3

Population

100

N

Disease +

4

N

Disease -
96

Test +

Test -

%

In other words, the
sensitivity is 75%

|




AMONG THE 96 PEOPLE WITHOUT THE DISEASE, 7
WILL TEST POSITIVE

In other words, the
specificity is 93%

Population {
100

N

Disease + Disease -
4 96
Test + Test - Test + Test -

89




AMONG THOSE WHO TEST POSITIVE, 3 IN 10 WILL

ACTUALLY HAVE THE DISEASE

-

Population

100

/\\

Disease +

P\

This is also the
POST-TEST PROB-
ABILITY of having

the disease

Disease -

26

‘/

Test +

POSITIVE
PREDICTIVE

VALUE = 30%

Test -

\

Test -

89




AMONG THOSE WHO TEST NEGATIVE, 89 OF 90 WILL
NOT HAVE THE DISEASE

Population
100

N

Disease + Disease -
4 96
Test + Test +
3 7
y

NEGATIVE Test - Test -
PREDICTIVE

VALUE = 99% 89




CONVERSELY, IF SOMEONE TESTS NEGATIVE, THE

CHANCE OF HAVING THE DISEASE IS ONLY 1 IN 90

Population

100

N

Disease +

4

Test +

Disease -

26

Test +

Test -

Test -

89




PREDICTIVE VALUES AND CHANGING PREVALENCE

Population
1000
Disease + Disease -
4 996

Prevalence reduced by an order
of magnitude from 4% to 0.4%




PREDICTIVE VALUE AND CHANGING PREVALENCE

Sensitivity and Population
Specificity 1000
unchanged /\
Disease + Disease -
L 996
Test + Test +
= 70
Test - Test -

926




POSITIVE PREDICTIVE VALUE AT LOW PREVALENCE

Population

Previously, PPV
was 30%

1000

Disease +

4
P\

N

Disease -

996

N\

‘/

Test +

&

Test +

70

POSITIVE

PREDICTIVE

ALUE = 4%

Test -

\

Test -

926




NEGATIVE PREDICTIVE VALUE AT LOW PREVALENCE

Population
1000

N

Previously, NPV
was 99%

Disease +

4

Test +

3

Disease -

996

Test +

70

NEGATIVE
PREDICTIVE
VALUE >99%

Test -

Test -

926




LIKELIHOOD

Population

100

/

Disease +
4
N\
Test +
3
Test -

ﬁl‘ he likelihood that\
someone with the
disease will have a

positive test is 3/4
or 75%

This is the same as
the sensitivity /




LIKELIHOOD I

ﬁl‘ he likelihood that\
someone without
the disease will
have a positive test

Population

100

iIs 7/96 or 7%
This is the same as
Kthe (1-specificity)

I

Disease -

96

—\

Test +

Test -

89




LIKELIHOOD RATIO

LIKELIHOOD OF POSITIVE TEST
LIKELIHOOD _ GIVEN THE DISEASE

RATIO LIKELIHOOD OF POSITIVE TEST

IN THE ABSENCE OF THE DISEASE

0.75
SENSITIVITY = 10.7

1- SPECIFICITY 0.07

A Likelihood Ratio of 1.0 indicates an uninformative test
(occurs when sensitivity and specificity are both 50%)

The higher the Likelihood Ratio, the better the test (other
factors being equal)



odds

Pre-test probability (prevalence) =(a+c)/(a+b+c+d)
Prevalence = 4/100= 4%

Pre-test odds = prevalence/(1-prevalence)
Pre-test odds= 4/(1-4)= 0.042



Post-test odds = pre-test odds * LR
Post-test odds= 0.042 * 10.7=0.446

Post-test probability= post-test odds/(post-test odds
+1)

Post-test odds=0.446/1.446=15.47



[s the test helpful (valid)?
The Youden Index

Youden Index =
(Sensitivity+Specificity)-1

For a test to be useful, then
sensitivity + specificity > 1
(Youden Index > o)

Examples:
sensitivity = 0.5
specificity = 0.5
Youden index = o



Example

Suppose that we are working up a patient
with anemia. The probability that she has
IDA is 50% (i.e. 0dds=50:50).

We are looking for the usefulness of
performing a serum Ferritin on our patient as
a mean for detecting IDA.

The reference standard of a bone marrow
stain for Fe i1s our GOLD STANDARD.



Bone| Marrow
Positive |Negative
Test Positive a=731 b=270 |a+b=1001
result
(Ferritin) | Negative c=78 d=1500 |c+d=1578
a+c=809 |b+d=1770

A+b+c+d

2579




Results

Sensitivity: a/(a+c)=731/809=90%
Specificity: d/(b+d) =1500/1770 = 85%
LR(+) = 0.90/(1-0.85)=6:1



Thankyou



