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Hippocrates (c. 460 B.C. - c. 370 B.C.) 
 

On diseases, make a habit of two things to help, or at 
least to do no harm.  

 Epidemics, in Hippocrates, trans. W. H. S. Jones (1923), Vol. I, 165.  
  

it is worth learning from everyone; for people do not 
discover these by reasoning but by chance, and experts not 
more than laymen.  
 

 Affections, in Hippocrates, trans. P. Potter (1988), Vol. 5, 69. Littré VI, 254.  

Attaining dream of evidence-based reasoning 
through advances in computer science. 



Significant advances made possible via long-
term funding by prescient federal agencies 
 

Critical NIH, NSF, ONR, DARPA support for decades 
 

AI in Medicine (AIM) in 1980s  Core CS 
 
 

Ignited veritable revolution in machine 
intelligence 
 

Core advances in context of AIM: 
representation, inference, decision making, 
machine learning for medical applications. 



Learning & reasoning prowess 
Sensing, interaction, ubiquity 
Computation & connectivity  
 Data capture  learning, decisions 
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Data capture  learning, decisions 
 

Diagnosis, actions, policies  
Wellness and prevention 
Discovery 
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e.g., Probabilistic graphical models 
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New access to large amounts of data 
Procedures for learning predictive models 



Best actions via analysis of costs & benefits 
under uncertainty 

Predictive Model 

Case library 

Decision Model 

Predictions 

Decisions 

Data 



Bayati, Braverman, Gillam, Koch, Singh, Smith, H. 
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  ~20% within 30 days 
 
  ~35% in 90 days 
 

 Estimated cost to Medicare in 2004:  
    $17.4 billion 



Washington Hospital Center hospital system (DC) 
All visits during the years 2001 to 2009                         
(e.g., ~300,000 ED visits) 

 

Admissions, discharge, transfer (ADT) 
Chief complaint in free text  
Age, gender, demographics 
Diagnosis codes (ICD-9) 
Lab results and studies 
Medications 
Vital signs 
Procedures 
Locations in hospital 
Admitting and attending MD codes 
Fees and billing  

~25,000 variables considered in dataset 





False positive rate 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 
Tr

ue
 p

os
iti

ve
 ra

te
 

Train 

Test 



!"#$%&' (")&*+"',"-.+#/&#01' (+"2*"1.3'
4567897' :;4<=>'?'@;."--#A"'A0B#&#1$'#1'/+"$1)1.3' 458CD'

456C846' :;8<=>'?''E"+-01)F'%#-&0+3'0G'B)F#$1)1&'1"0/F)-B' 45>7D'

45H7>7C' :;4<=>'?'I")+&'G)#F*+"' 4584D'

45H6J47' :;4<=C'?'K"/%+#&#-L'1"/%+0&#.'-31,+0B"L')1,'1"/%+0-#-' 4549D'

45H66M9' :;8<=>'?'I")+&'G)#F*+"' 45>7D'

45HM668' 'N0B/F)#1&'-"1&"1."'.01&)#1-'OO-*#.#,)FOO' 45CJD'

45M7MCH' :;C<=>'?':#-0+,"+-'0G'G*1.&#01'0G'-&0B).%' 454JD'

45MJ>HJ' :;H<=4'?':#-")-"-'PG'Q%"'R"1#&0*+#1)+3'S3-&"B' 45CHD'

45M6C86' :;4<=>'?'N%+01#.')#+T)3'0U-&+*.&#01L'10&'"F-"T%"+"'.F)--#G#",' 45C4D'

45MMHHH' :;M<=>'?':"/+"--#A"',#-0+,"+L'10&'"F-"T%"+"'.F)--#G#",' 45C4D'

45MM>HJ' S&)3",'CM'%0*+-'#1'&%"'@V' 45C4D'

45M8794' :;4<=C'?'P&%"+'/-3.%0-"-' 458>D'

45M8HC8' :;4<=4'?':#-")-"-'PG'Q%"'WF00,'X1,'WF00,<(0+B#1$'P+$)1-' 45M6D'

45M>H7>' 'N0B/F)#1&'-"1&"1."'.01&)#1-'OO,#)F3-#-OO' 45C9D'

45MC777' :;4<=>'?':"/+"--#A"',#-0+,"+L'10&'"F-"T%"+"'.F)--#G#",' 45>JD'

45MC84>' :;C<=C'?'K"/%+#&#-L'1"/%+0&#.'-31,+0B"L')1,'1"/%+0-#-' 45>9D'

4587H46' 'N0B/F)#1&'-"1&"1."'.01&)#1-'OOGF*#,OO' 45C4D'

458JMJM' '69'Y'X$"' 95>>D'



 

Interventions are costly but promise 
reduced likelihood of readmission 
 

Post-discharge care coordination 
Patient education 
Scheduled outpatient visits 
Telemedicine, connected health 

 
  Experiences with costs and efficacies 

reported in literature.                                



Predictive model, 2004-2007, test cases from 2008 
Costs, efficacy from studies 

For 2008: 
62,000 visits to ED  
2,200 readmissions within 30 days  
Est. cost of readmissions: ~$44,000,000 
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strategies 
Local learning cycle for hospital centers, 
e.g., CHF 
 
 

Sensing & 
Monitoring 

Trials 

Cases 









Automation            expert handholding? 
Data differences  universal schema 
 Local train and test cycle 
 Quality assurance 

Predictive Platform 
Cases 

Model Model Model 

Policy Policy Policy 

Predictive Modeling Research 
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Deaths attributed to medical error:  
      44,000 - 98,000 / year U.S., preventable errors.                                       
       To Err is Human Inst. of Medicine, 2000 
 

Adverse medical events:  
    13.5% of hosp. Medicare patients, 44% preventable.  
                                   Levinson, 2010 

Costs of errors:   
 $17 to $29 billion per year in U.S. 

                                     Thomas, et al., 1999 





Identify errors of omission & commission 
Train on 4,486 cardiac patients; 30,828 episodes 

 

Hauskrecht, Valko, Batal, Clermont, Visweswaran, Cooper 
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Infer likelihood that physician will be surprised. 
    Predicts patient will return to ED and be admitted 

with unforseen diagnosis. 

Bayati, Braverman, Koch, H. 



Healthcare-related infections: 1 in 20 hospital visits 
 5% result in death (top 10 cause of death in US) 
 Care costs: ~$20 billion annually 

     Predicting MRSA < 48 hrs 
 

Wiens, Guttag, H. 



Prob Patient acquires C. Difficile? 

Insights about deeper mechanisms & causality 

Models & 
Insights 

Cases 

diabetes = TRUE 
history of C. Diffi = TRUE 
hospital service = gsg (general surgery) 
meds= acetylcysteine (n-acetylcys) 
meds = lidocaine hcl 
meds = clindamycin phosphate 
platelet count = C (thrombocytosis) 
unit = 2g 
albumin = L (hypoalbuminemia) 
admission source = transfer 
attending MD= XXXXXX 
unit = 2d 
CO2  = L (hypocapnea) 
city = Hyattsville 
employer name = Not Employed 
monocyte percent = H 
70<=age<80 
wbc = H (white blood cell count) 
admission procedure = catheterization 
admission complaint =gastrointestinal 
last visit meds = fentanyl citrate 
meds = hydromorphone hcl 

Causality? 

Spatiotemporal 
models 



Susceptibility 
(t) 

Exposure 
(t) 

Infection, t 



Susceptibility 
(t) 

Exposure 
(t) 

Infection, t 

Space & time 



New pattern recognition methods to predict sudden 
cardiac death from ECG data.                                                                     
(Syed, et al. 2011) 

 

Fusion of immunological & clinical data to elucidate links 
between environmental exposure and pediatric asthma.                                                           
(Simpson, et al. 2010) 

 
New image analyses linking histologic features to 
prognosis in breast cancer.                                                    
(Beck, et al. 2011) 

 

New temporal reasoning to predict NICU outcomes from 
physiological signals.                                                  
(Saria, et al. 2010)  

 
 
       



Andy Wilson and Hrvoje Benko 



Hinckley, Pahud, Yatani, et al.  



Data capture: workflow, directed vs. ambient, new 
sources (devices, online activities, etc.) 

Data sharing and access: legal, technical 
Richer models: time, space, physiology, psychology 
Causal influences: from suspicion to cause 
User modeling: display, interaction, intention 
Active learning: offline & real time 
Transfer learning: time & space 
Fusing genomic, epigenetic, & clinical data 
 



Multiple scientific challenges ahead 

Data capture & availability as key bottleneck 

Criticality of multiple threads of CS research 

Feasibility of enhanced quality at lower cost 

 
       On being  




