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Bayesian Exploration
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A proven efficient method to 
explore and identify objects 
according to high-dimensional 
attributes by inverting 
Bayes’ Theorem to select 
the next attribute to measure.

Fishel, J.A. and Loeb, G.E.
Bayesian exploration for intelligent 
identification of textures.  
Frontiers in Neurorobotics, 2012



Intake
Patient

Collect basic info:
Demographic
Complaints
Vital signs

Create differential 
diagnosis (Dn) and 
probabilities P(Dn):

Diseases &
Treated Conditions
Null = well patient

For each Pconsideration < P(Dn) < Pconclusion:

Identify  Actions 
that affect P(Dn)

Compute Cost of 
each Action 

Present 
Cost/Benefit  
analysis to 
physician

Select Action(s) 
to be taken

Perform Actions 
and obtain 

Results

algorithm

Confusion
Matrices

Extracted from
EHR

Database 

Physician

Differential Diagnosis
The process of identifying all possible causes of a patient’s condition 
and efficiently eliminating all but the most probable
by acquiring diagnostic data

Usually depends on the personal experiences and memory of the 
individual practitioner

We propose a decision support system to inform the physician of 

• The currently most probable causes

• The costs of various diagnostic and therapeutic interventions

• The benefit of each as a probability of achieving a definitive 

diagnosis or outcome.

This information would be mined from the collective electronic 
health records of millions of patients.



Create a Markov Chain from the EHR to

• Estimate Probability P of obtaining 

Results R that lead to  P>0.99 

certainty of diagnoses A, B, C…

• Compute Total Costs C of each 

possible Action:

• Expense
+

• Morbidity
+

• Delay

Medical
Cost/Benefit



20-20™ Physician Interface

INTAKE VISIT
Pt. #12345 Name: John Doe _ Sex: M DOB: 01/01/1970 Zipcode: 11111
Presenting complaint: headache for 3 days  

Differential Diagnosis (code) % probability
to consider:

 Tension headache (D001) 90%
 Viral encephalitis (D002) 7%
 Meningioma (D003) 3%

Diagnostic Actions (code) benefit/cost
to consider:

 Spinal tap (T001) 5.4
 MRI (T002) 3.1



20-20™ Physician Interface

FOLLOW-UP VISIT
Pt. #12345 Name: John Doe Sex: M DOB: 01/01/1970 Zipcode: 11111
Presenting complaint: headache for 3 days              
Test results: MRI (T002) 4 cm diameter, well-circumscribed anterior fossa tumor

Differential Diagnosis (code) % probability
to consider:

 Meningioma (D003) 99%
 Tension headache (D001) <1%
 Viral encephalitis (D002) <1%

Therapeutic Actions (code) benefit/cost
to consider:

 Craniotomy (R003) 5.4
 Acyclovir (R002) 0.01
 Aspirin (R001) 0.5



Strengths
• Unifies overlapping concepts:

• disease vs. wellness

• diagnostic test vs. therapeutic trial

• Mines existing EHRs to benefit from all prior 

experience with all patients, procedures, 

diagnoses and treatments

• Automatically incorporates new diagnoses, 

tests and treatments as they arise in practice

• Tolerant of noise and errors in the EHR

• Reveals inefficient behavior

• Avoids liability for controversial or out-of-date 

expert knowledge

Challenges
• Needs an EHR that is reasonably complete:

• Timing and results of all tests and procedures

• Knowledge of final diagnoses and outcomes

Conundrum
• If we had really good EHRs, 

then we could use them to improve the efficiency of health care.

• If we could improve the efficiency of health care with EHRs, 

then we might get really good EHRs.


