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Focus on “AI” in Healthcare 

 

 

• Many new challenges in the health sector 

• But also new technologies to deal with them: 
– Explosion in available data 

– Leading to a boom in computationally heavy analyses 

– Development of new “AI” / Machine Learning technologies 

 

 

 



“Better” Diagnose / Manage Disease 



Longitudinal Studies 

• Measure clinical tests etc. of a (normally small) cohort 

over time 

• Advantages: 

– Measure genuine disease progression over time 

• Disadvantages 

– Cohort usually diagnosed already or “at-risk” 

– Expensive  

– Difficult to acquire healthy time-series (e.g. ageing) 
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Cross Section Studies 

• Record attributes (test results, demographics etc.) 

• Across a (typically largish) sample of the population 

• Carried out at a single window of time 

• Gives a “snapshot” of a disease over the population 

• Advantages: 

– No issues in following up 

– Captures diversity of disease in large cohort 

– Can capture genuine healthy and v early stages of disease 

• Disadvantages: 

– No measure of temporal characteristics of disease 
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Saunders et al. IOVS 2014 

Degenerative Disease  

Progression 



New Sources of Data 

• Larger studies e.g. Biobanks, Longitudinal 

• Health Apps: Activity, heart rate, sleep, etc.  

• Life Style / Environmental data 

• But … 

 Noisy, Bias etc. 
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“Artificial Intelligence” in 
Healthcare 

 

“We think that machine learning technology, a type of 
artificial intelligence, can bring huge benefits to 
medical research. By using this technology to analyse 
medical data, we want to find ways to improve how 
illnesses are diagnosed and treated.” 

 

 



“Artificial Intelligence” in 
Healthcare 

 

“Support better-informed, more effective patient 
care, health plans, wellness programs ... factors 
that influence a person’s health -including 
socioeconomic status, environment, social support 
and access to health care.” 

 

 



“Deep” Methods &  
Hidden Variables 
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“Artificial Intelligence” in 
Healthcare 



Black Box – Two major reasons 

 

 

 

 

 

1. Commercially sensitive 

– Big business  

– Algorithms as commodities 



Black Box – Two major reasons 

2. Too complex for us to understand 

– Massively parallel 

– Huge numbers of parameters / Ips and Ops 

 



Do we care? 

“I don’t care if the decision cannot be explained 
if it is better than a human” 

The Geoff Hinton “Is this a 2?” argument 
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Automation Bias 
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General Data Protection Reg. 2018 

 



Urgent need to open the black box 

• We need to know the underlying mechanisms of the black box to  

– Gain trust of clinicians 

– Gain new insights 

– Make better decisions / interventions 

 

 

 “Transactions that are too complex  to explain…may well be 

too complex to be allowed to exist” Tom Hamburger, 

Washington Post, Apr 12 2014. 
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Easy to trick a DNN 
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The Importance of Validating 
Models 



Opening the Black Box 



Existing Approaches: Rule Based ES 

Rule-Based Expert Systems eg. MYCIN 

 

 



Existing Approaches: Rule Based ES 

Rule-Based Expert Systems eg. MYCIN 

 

 

1. Patient Information  

1) Patient’s name  

PT538  

2) Age  

34 years  

3) Sex  

Male  

   

Diagnosis  

6) Please enter results of pending cultures 

in table:  

SITE CULTURE# DATE EXAMINED  

CSF 1234 30.1 YES  

10) Do you suspect PT538 may have an 

infection at a site from which you have not 

obtained specimens?  

No  

15) Has PT538 recently had objective 

evidence of abnormal neurologic signs (e.g. 

seizures, coma) documented by physician?  

Yes  

The CSF culture will be considered to be 

associated with meningitis.  

Cause  

17) Does PT538 have an abnormal chest x-

ray?  

No  

18) Has PT538 been exposed to any 

contagious diseases recently?  

No  



Existing Approaches: Argumentation 
If it is believed that belief1, ……, beliefn is the case 

Then we should do action a  

Since this will result in effect e being the case 

Which will realise our desired goal g. 

Argument A1 = 

If it is believed that the patient has had a 

myocardial infarct  

Then we should administer aspirin  

Since this will result in reduced platelet adhesion 

Which will prevent blood clotting.  

Argument A2 = If it is believed that the patient 

has had a myocardial infarct  

Then we should administer chlopidogrel 

Since this will result in reduced platelet 

adhesion 

Which will prevent blood clotting.  

Argument A3 = If it is believed that the patient has a 

history of gastritis  

So that administering aspirin  

Will risk gastric bleeding.  

A1 and A2 conflict with each other, but A1 is a stronger argument than A2 since a clinical 

trial indicates that aspirin is more efficacious at preventing blood clotting than chlopidogrel. 

Hence A2 defeats A1. However, there is an argument A3 that defeats A1 on the grounds 

that aspirin results in an unwanted side-effect. Hence, argument A2 is reinstated as the 

winning argument, i.e., chlopidogrel is the preferred choice of action.  



Existing Approaches: Bayesian 

eg. Bayesian Networks 

 



Existing Approaches: Recommenders 



Existing Approaches: Counterfactuals 

Counterfactuals: 

“You are classed as  

High-Risk of Disease A” 

 

“If you want to be re- 

classed Low-Risk, then 

you must 

i) Stop smoking 

 or 

ii) Change Diet & .....” 

 

 



Warning Advert! 

 

 

Intelligent Data Analysis (est. 1995): focus on 
exploiting intelligence of: 

 data experts 

 analysts  

 within the algorithm 

Not Black Box!  



 
  

 

 

 

 

 

 

 

Advanced 

Disease State 1

Advanced

Disease State 2

Healthy State

Existing Approaches: Trajectory Analysis 



  

Existing Approaches: Trajectory Analysis 



Existing Approaches: Latent Variables 



Step 1 Step 2 Step 3

Existing Approaches: Latent Variables 



Summary 

• Modern AI methods offer great potential 

• Run the risks of 

– Over hype (eg. “the self driving car”) 

– Over-reliance on models that have no “humans in 
the loop”: automation bias 

– Losing trust of the public 

• Already technologies that can help … 

• Research needed focussing on explanation 

 



Measuring Success 

• Difficult to measure “explanation” 

• Evidence that something has been explained 
if: 

– Some new piece of knowledge gained 

– Change in the way a process is implemented 

– Change in specific decisions 



Seminar Series 

• October 17th: Allan Tucker, “Opening the Black Box”, Brunel University London 

• November 21st: Niels Peek, “Learning Health Systems”, University of Manchester 

• December 12th: Pearse Keane, Moorfields Eye Hospital (in collaboration with 
Google Deepmind) 

• January 16th: Norman Fenton, Queen Mary, University of London 

• TBC: Pedro Rodrigues, University of Porto 

 

 

 

http://www.brunel.ac.uk/people/allan-tucker
https://www.research.manchester.ac.uk/portal/niels.peek.html
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
http://www.eecs.qmul.ac.uk/profiles/fentonnorman.html


Seminar Series 

• October 17th: Allan Tucker, “Opening the Black Box”, Brunel University London 

• November 21st: Niels Peek, “Learning Health Systems”, University of Manchester 

• December 12th: Pearse Keane, Moorfields Eye Hospital (in collaboration with 
Google Deepmind) 

• January 16th: Norman Fenton, Queen Mary, University of London 

• TBC: Pedro Rodrigues, University of Porto 

 

 

 

http://www.brunel.ac.uk/people/allan-tucker
https://www.research.manchester.ac.uk/portal/niels.peek.html
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
http://www.eecs.qmul.ac.uk/profiles/fentonnorman.html


Seminar Series 

• October 17th: Allan Tucker, “Opening the Black Box”, Brunel University London 

• November 21st: Niels Peek, “Learning Health Systems”, University of Manchester 

• December 12th: Pearse Keane, Moorfields Eye Hospital (in collaboration with 
Google Deepmind) 

• January 16th: Norman Fenton, Queen Mary, University of London 

• TBC: Pedro Rodrigues, University of Porto 

 

 

 

http://www.brunel.ac.uk/people/allan-tucker
https://www.research.manchester.ac.uk/portal/niels.peek.html
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
http://www.eecs.qmul.ac.uk/profiles/fentonnorman.html


Seminar Series 

• October 17th: Allan Tucker, “Opening the Black Box”, Brunel University London 

• November 21st: Niels Peek, “Learning Health Systems”, University of Manchester 

• December 12th: Pearse Keane, Moorfields Eye Hospital (in collaboration with 
Google Deepmind) 

• January 16th: Norman Fenton, Queen Mary, University of London 

• TBC: Pedro Rodrigues, University of Porto 

 

 

 

http://www.brunel.ac.uk/people/allan-tucker
https://www.research.manchester.ac.uk/portal/niels.peek.html
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
http://www.moorfields-private.co.uk/consultants/pearse-keane
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
https://www.theguardian.com/technology/2018/aug/13/new-artificial-intelligence-tool-can-detect-eye-problems-as-well-as-experts
http://www.eecs.qmul.ac.uk/profiles/fentonnorman.html


Special Track at IEEE CBMS 2019 



Special Track at IEEE CBMS 2019 


