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Post-test odds and post-test probability

HPI of Mr. X

Mr. X arrives in your office complaining of 

shaking chills and a productive cough with

yellow/green phlegm for the past 3 days.  No

one else in his family is sick.  He vomited

several times this morning and had some

diarrhea.  He states his right side hurts when

he takes a deep breath.



2

Does Mr. X have pneumonia?
What is his pre-test probability for pneumonia?
Pretest probability is the probability of disease before 

application of the results of a physical finding
Pretest probability may be determined by a 

physician’s experience, or based on published 
estimates of disease prevalence
12-30% of patients presenting to ER with a fever and 

cough will have pneumonia
Up to 50% of patients presenting to ER with a fever 

and cough who have a kidney transplant will have 
pneumonia

Pre-test probability

Pre-test probability = prevalence of disease 
among patients presenting with similar 
symptoms and exam findings

Pre-test odds

Example

Up to 50% of patients presenting to ER with a 
fever, cough who have a kidney transplant will 
have pneumonia

Pre-test probability =

Pre-test odds =
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Example

Up to 50% of patients presenting to ER with a 
fever, cough who have a kidney transplant will 
have pneumonia

Pre-test probability = 50%

Pre-test odds = 0.50/(1-0.50) = 1

HPI of Mr. X

He received a kidney transplant 3 years ago

and takes several immunosuppressive

medications and an anti-hypertensive. His

past medical history is notable for kidney

disease secondary to hypertension and an

enlarged prostate. 

We need to know

How good are these physical exam findings 
in determining presence of disease or 
absence of disease (pneumonia)?
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Physical exam of Mr. X

Temp = 38 °C, Pulse 90, BP = 140/85 mm Hg and 
Respirations = 24

Throat and nasal passages are clear 
Lung exam reveals increased fremitus at the right base 

and egophony with bronchial breath sounds.  There are 
no crackles.  

Heart exam revealed no murmurs or gallops.  
The transplanted kidney in the left iliac fossa was 

nontender to palpation.  
Extremities = no edema 
 Skin exam = no rashes

http://faculty.etsu.edu/arnall/www/public_html/heartlung/
breathsounds/contents.html

Sensitivity

Proportion of patients with disease who have a 
given physical exam finding

Physical exam findings with a high sensitivity 
greatly decrease the probability of disease when 
the finding is absent

Remember: SNout (Sensitive finding Negative-
rule out disease)
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Sensitivity of egophony = proportion of patients 
with disease who have egophony

Pneumonia 
Present

Pneumonia 
Absent

Egophony

Present 
15 2

Egophony

Absent
15 68

Sensitivity = 15/30 = 50% 

Specificity

Proportion of patients without disease who do 
not have a particular exam finding

Physical exam findings with a high specificity 
greatly increase the probability of disease 
when exam finding is present

Remember: SPin-(Specific finding Positive-
rule in disease)

Specificity of egophony = proportion of 
patients without disease with no egophony

Pneumonia 
Present

Pneumonia 
Absent

Egophony

Present 15 2

Egophony

Absent 15 68

Specificity = 68/70 = 97%
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Sensitivity = 15/30 = 50%

Specificity = 68/70 = 97%

Pneumonia 

Present
Pneumonia 

Absent

Egophony
Present 15 2

Egophony
Absent 15 68

Positive Predictive Value (PV+):

A B

True Disease Status
Present (D) Absent (D)

Positive test A+B

PV+ =
A

A+B
Note: A

A+B
1 A

A+B
0

Negative Predictive Value (PV–):

C D

True Disease Status
Present (D) Absent (D)

Diagnostic 
test

Negative test C+D = all 
negative test results

PV– =
D

C+D

D = true negatives
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Pneumonia 
Present

Pneumonia 
Absent

Egophony

Present 
15 2

Egophony

Absent
15 68

PV+=15/17=88%

PV-=68/83=82%

How can we describe how well the presence 
of an exam finding discriminates disease?

Positive Likelihood Ratio (LR)

 Proportion of patients with disease who have a 
particular finding divided by the proportion of patients 
without disease who also have the same finding

 Proportion of patients with disease who have a 
particular finding = Sensitivity (true positives)

 Proportion of patients without disease who have a 
particular finding = 1-Specificity (false positives)

Positive Likelihood Ratio (LR)

Proportion of patients with disease who have a 
particular finding (sensitivity) TP

Proportion of patients without disease who also have 
the same finding (1-Specificity) FP
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Use LR to Determine Post-test 
Probability of Disease

Positive LR describes how probability of 
disease changes given a + physical exam 
finding 

The higher the positive LR, the more likely 
disease is present given the presence of a + 
physical exam finding

Sensitivity = 15/30 = 50%

Specificity = 68/70 = 97%

Pneumonia 

Present
Pneumonia 

Absent

Egophony
Present 15 2

Egophony
Absent 15 68

Pre-test probability = 30%
Pre-test odds = 30%/70% = .43

+ LR = 50%/(1-97%) = 16.7

Convert pre-test probability to post-
test probability using LR

Pre-test probability = 30%

Pre-test odds = 0.43

+ LR = 16.7

Post-test odds = pre-test odds * +LR
 =0.43 * 16.7 = 7.2

 Post-test probability = 7.2/(1+ 7.2) = 88%
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30%
16.7

30%
16.7

88%
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Use LR to Determine Post-test 
Probability of Disease

• Negative LR describes how probability changes 
when the exam finding is absent

• The lower the negative LR, the less likely 
disease is present given the absence of an exam 
finding

• If the LR is one (or close to it) then the absence 
of an exam finding is not helpful and it won’t 
change the pre-test probability of disease

Negative Likelihood Ratio (LR)

Proportion of patients with disease without a particular 
finding (1-sensitivity) FN

Proportion of patients without disease (specificity) TN 
without a particular finding 

Negative LR

What is the likelihood ratio for a negative 
finding?

-LR = (1-sensitivity)/specificity
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Sensitivity = 15/30 = 50%

Specificity = 68/70 = 97%

Pneumonia 

Present
Pneumonia 

Absent

Egophony 
Present 15 2

Egophony
Absent 15 68

Pre-test probability = 30%
Pre-test odds = 30%/70% = .43

- LR =(1- 50%)/97% = 0.5

•-LR = (1-sensitivity)/specificity

Convert pre-test probability to post-
test probability using LR

Pre-test probability = 30%

Pre-test odds = 0.43

- LR = 0.5

Post-test odds = pre-test odds * -LR
 =0.43 * 0.5 = 0.2

 Post-test probability = 0.2/(1+ 0.2) = 17%
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30%

0.5

30%

0.5

17%

Use LR to Determine Post-test 
Probability of Disease

Positive LR describes how probability 
changes when the exam finding is present

The higher the positive LR, the more likely 
disease is present given the presence of an 
exam finding
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Use LR to Determine Post-test 
Probability of Disease

Negative LR describes how probability changes 
when the exam finding is absent

The lower the negative LR, the less likely 
disease is present given the absence of an exam 
finding

Advantages of Using LR

Describes accuracy better than sensitivity or 
specificity
Less likely to change with prevalence of 

disease
Can be used to combine the results of 

multiple exam findings
Can be used to calculate post-test 

probability for a particular disease

Test Case

69 year old man with history of poorly 
controlled hypertension, diabetes and 
kidney disease presents to ER with 
complaints of shortness of breath.  He has 
no history of heart or lung problems.  
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Test Case

Medications:
 Amlodipine 5 mg daily

 Metformin 500 mg bid

 ASA

 Lipitor 40 mg daily

Physical Exam

BP 155/76 P 90 R 24 oxygen saturation 
94% RA  BMI 37 kg/m2

Jugular venous pulse unable to be seen due 
to obese habitus

Chest crackles bilaterally

CV s1 s2 no murmurs or gallops heard

No edema in legs

• http://faculty.etsu.edu/arnall/www/public_ht
ml/heartlung/breathsounds/contents.html
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Pre-test probability of CHF 
is 33%

CHF 

Present

CHF 

Absent

Crackles 
Present 40 10

Crackles 
Absent 10 40

CHF 

Present
CHF 

Absent

Crackles 
Present 40 10

Crackles 
Absent 10 40

Sensitivity = 40/50 = 80%

Specificity = 40/50 = 80%

Positive LR = .80/(1 -0.80) = .80/0.20 = 4

Positive LR = sensitivity/(1-specificity)

Convert pre-test probability to post-
test probability using LR

Pre-test probability = 33%

Pre-test odds = 33%/66% = .5

+ LR = 4

Post-test odds = pre-test odds * +LR
 =0.5 * 4 =2

 Post-test probability = 2/(1+ 2) = 66%
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CHF 

Present
CHF 

Absent

Crackles 
Present 40 10

Crackles 
Absent 10 40

Sensitivity = 40/50 = 80%

Specificity = 40/50 = 80%

Negative LR = (1 -0.80)/0.80 = .20/0.80 = .25

Negative LR = (1-sensitivity)/specificity

Convert pre-test probability to post-
test probability using LR

Pre-test probability = 33%

Pre-test odds = 33%/66% = .5

- LR = .25

Post-test odds = pre-test odds * -LR
 =0.5 * .25 =.125

 Post-test probability = .125/(1+ .125) = 11%

Definitions
Disease

Present Absent

Exam
Positive A B

Negative C D

Sensitivity = SNout=A/(A+C)
Specificity = SPin=D/(B+D)
PV+ = A/(A+B)
PV- = D/(C+D)
Positive LR = Sensitivity/(1-Specificity)
Negative LR= (1-Sensitivity)/Specificity
Post-test Odds = Pre-test Odds * Positive LR
Post-test Probability = Post-test Odds/(1+Post-test Odds)
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Surgical Biopsy

FNA Result Cancer No cancer Total

Positive 14 8 22

Negative 1 91 92

Total 15 99 114

Answers to Questions

• Prevalence = 

• SNout = 

• SPin = 

• PV+ = 

• PV- = 

• LR+ = 

• LR- = 

Answers to Questions 
Continued…

• Pretest Odds = 

• Posttest Odds following a positive result =

• Posttest Probability of breast cancer following 
a positive result = 
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Surgical Biopsy

FNA Result Cancer No cancer Total

Positive 113 15 128

Negative 8 181 189

Total 121 196 317

Answers to Questions

• Prevalence = 

• SNout =

• SPin = 

• PV+ = 

• PV- = 

• LR+ = 

• LR- = 

Answers to Questions 
Continued…

• Pretest Odds =

• Posttest Odds following a positive result =

• Posttest Probability of breast cancer following 
a positive result= 
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Answers to Questions 
Continued…

• LR- = 

• Posttest Odds following a negative result 
=Pretest Odds * LR- =

• Posttest Probability of breast cancer following 
a positive result =

In this population:
Pre-test probability=50%
Pre-test odds = 1

Sensitivity and Specificity based with 120 patients
(Next Slide)

Example: Egophony and Pneumonia

Pneumonia 

Present
Pneumoni
a Absent

Egophony
Present 45 2

Egophony
Absent 15 58

Sensitivity = 45/60 = 75%

Specificity = 58/60 = 97%

Positive LR = .75/(1 -0.97) = .75/0.03 = 25

Positive LR = sensitivity/(1-specificity)
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Convert pre-test probability to post-
test probability using LR

Pre-test probability = 50%

Pre-test odds = 1

+ LR = 25

Post-test odds = pre-test odds * +LR
 =1 * 25 = 25

 Post-test probability = 25/(1+ 25) = 96%

50%

25
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50%

25

96%

Sensitivity = 45/60 = 75%

Specificity = 58/70 = 97%

Pneumonia 

Present
Pneumonia 

Absent

Egophony
Present 45 2

Egophony
Absent 15 58

Negative LR = (1-0.75)/(0.97) = .25/0.97 = .25

Negative LR = 1-sensitivity/specificity

Convert pre-test probability to post-
test probability using LR

Pre-test probability = 50%

Pre-test odds = 1

- LR = 0.25

Post-test odds = pre-test odds * -LR
 =1 * 0.25 =0. 25

 Post-test probability = 0.25/(1+ 0.25) = 20%
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50%

0.25

50%

0.25

20%


