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Established in 1989 in response to an Institute of
Medicine report that pointed out
“escalating healthcare costs, wide variations in
medical practice patterns, and evidence that
some health services are of little or no value”





Image classification is a low-hanging fruit when 
it comes to fixing healthcare.
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Technology alone cannot 
fix the problems of healthcare.





5 MB Hard Drive, 1956
1 GB = 1000 MB







Overdiagnosis and Overtreatment



Overtesting

• Overdiagnosis - correct diagnosis of a disease 
that is never going to bother you in your 
lifetime 

• US: number of thyroid cancer detected has 
tripled over the last 2 decades

• Korea: 15-fold increase in detection of thyroid 
cancer

• No change in the death rate from thyroid 
cancer in either country



Overtesting

• Also applies to the increase in 
– monitoring from wireless sensors and other new 

gadgets
– all sorts of omics biomarkers  

• More sensitive technologies turn up more 
abnormalities that aren’t actually causing 
problems and never will

• Creates a trail of data that we currently don’t 
know how to interpret





“Many people think that doctors 
make their recommendations 
from a basis of scientific 
certainty, that the facts are very 
clear and there’s only one way 
to diagnose or treat an illness. In 
reality, that’s not always the 
case. Many things are a matter 
of conjecture, tradition, 
convenience, habit.” 

Arnold Relman (1923-2014)
Former Editor-in-Chief, New England Journal of Medicine 



Vinod Khosla on Healthcare 



Care Variation

• Variability in doctor training, knowledge base, 
experience

• Uncertainties and information gaps
• Doctor and patient biases



Care Variation

• The application of AI may reduce variability 
around complex clinical decisions that are not 
explained by patient factors or clinical context

• It has the potential to move clinical decision 
making from intuitive to data-substantiated, 
from the realm of art to a domain of science 



“For much, and perhaps most of medical practice, RCT-
based data are lacking and no RCT is being planned or 
is likely to be completed to provide evidence for action. 
It leaves practitioners with large information gaps for 
most conditions and increases reliance on clinical lore.”



Optimizing resuscitation strategy in 
sepsis with 

reinforcement learning 



Medical Decision as a Reinforcement 
Learning Problem



Markov Decision Process



Tasks at Hand

• Model the prescription of intravenous fluids 
and vasopressors using a Markov decision 
process

• 750 states defined by k-means clustering of 
time series of 52 variables, up to 72 hrs of 
data per patient

• Identify optimal decisions from one state to 
another based on 90-day survival





Is the optimal strategy associated  with the 
best outcome?

MIMIC Test Set

eICU
Validation Set



Mortality Benefit from 
Optimal Strategy

• Random forest and regression 
models were built that map fluid 
and vasopressor dose in each 
state with hospital mortality

• Predicted mortality when 
optimal action is followed: 9.6% 
(vs. 17.7% actual);  8.2% absolute 
reduction   (95% CI: 7.8% - 8.5%)



The pitfalls of Big Data are no different 
from the pitfalls of statistics, except 
magnified.









• The formula was particularly likely to falsely 
flag black defendants as future criminals, 
wrongly labeling them at almost twice the rate 
as white defendants. 

• White defendants were mislabeled as low risk 
more often than black defendants. 



Machine Bias Scenarios in Healthcare

• Algorithms predicting response to treatment 
may be biased against certain groups and may 
suggest withholding treatments from those 
groups

• Algorithms predicting prognosis may be 
biased against certain groups and may suggest 
premature termination of treatments



“The pressing ethical questions in machine learning are 
not about machines becoming self-aware and taking 
over the world, but about how people can exploit other 
people, or through carelessness introduce immoral 
behavior into automated systems.”          

- Nick Bostrom



A Brave New ‘Post-Real’ World

• A world constantly listening to and learning 
about us, adapting to our wants, while subtly 
shaping us to its ends 

• Two components: 
– Profiling through machine learning 
– Algorithms to ‘curate’ reality



Profiling using Machine Learning 

• Facebook in 2016: ‘gigantic machine learning 
system’

• Learns from every user interaction - every 
click, every scroll, every link followed to an 
outside website - to build a ‘profile’ to model 
the behavior and interests of its users 





Profiling using Machine Learning

• By monitoring posts, pictures, interactions and 
internet activity, Facebook can work out when 
users feel ‘stressed’, ‘defeated’, ‘anxious’, 
‘overwhelmed’, ‘nervous’, ‘stupid’, ‘silly’, 
‘useless’ and a ‘failure’ 

• Ads or message delivered at the moment of 
maximum impact



Algorithms to Curate Reality

• Facebook has increasingly used opaque 
‘algorithms’ to curate personalized newsfeed 
and keeps users glued to Facebook 

• Algorithms based on deep analysis of users’ 
behavior: websites visited outside Facebook 
(and time spent there), news read, online 
shopping





Facebook Cornell Experiment

• 700,000 Facebook users
• Group 1: reduce ‘positive emotional content’ 

of feed -> fewer posts with ‘positive emotional 
content’ 

• Group 2: reduce ‘negative emotional content’ 
of feed -> fewer posts with ‘negative 
emotional content’ 

• Emotional Contagion



AI for Profiling and 
Targeted Behavior Modification

• Cambridge Analytica founded by a hedge fund 
billionaire Robert Mercer, a world-class 
computer scientist 

• High profile clients: Nigel Farage and Steve 
Bannon



AI for Profiling and 
Targeted Behavior Modification

• Harvested 87M Facebook user data to 
generate voter profiles 

• Purchased Facebook advertising targeted at 
the voter to ‘trigger’ that voter into making a 
desired voting choice 

• Targets voters at their most persuadable 
moment and delivers via their newsfeed a
stimulus to get them to vote (or not vote)



AI for Profiling and 
Targeted Behavior Modification



AI for Patient Profiling and 
Targeted Behavioral & Social Intervention



AI for Patient Profiling and 
Targeted Behavioral & Social Intervention
• Patient profiling to understand their disease 

better – trajectory, predicted response to 
interventions

• Targeted interventions to modify behavior and 
social circumstances
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