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Advanced Analytics 
Healthcare 

“While the individual man is an insoluble puzzle, in the 
aggregate he becomes a mathematical certainty” 

  

Sherlock Holmes 

Sign of the Four 

1890 
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…in the Beginning 
Reasoning Foundations of Medical Diagnosis 

1959 

Medicine is a science of uncertainty and an art of probability. 
Sir William Osler (1894-1919) 
  
“It is predicted that digital electronic computers will assume an 
increasingly important role in medicine… Future programs, in all 
probability, will facilitate communication and record-keeping in the 
hospital, relieve the physician of much routine history-taking, calculate 
diagnostic probabilities, and indicate those diagnostic and therapeutic 
procedures most likely to benefit the patient.” 
William R. Best, M.D. (1962) 
  
“Since the earliest days of computers, health professionals have 
anticipated the day when machines would assist in the diagnostic 
process”  
Edward H. Shortliffe, M.D., Ph.D. (1987) 
  
“In Brazil and India, machines are already starting to do primary care, 
because there’s no labor to do it. They may be better than doctors. 
Mathematically, they will follow evidence—and they’re much more likely 
to be right.” 
Robert Kocher, M.D. (2013) 
  
"If models based on patient, tumor and treatment characteristics already 
out-perform the doctors, then it is unethical to make treatment decisions 
based solely on the doctors' opinions.  
Cary Oberije, Ph.D.  (2013) 

“The mathematical techniques that we 
have discussed and the associated use of 
computers are intended to be an aid to 
the physician. This method in no way 
implies that a computer can take over 
the physician's duties. Quite the reverse; 
it implies that the physician's task may 
become more complicated. The physician 
may have to learn more; in addition to 
the knowledge he presently needs, he 
may also have to know the methods and 
techniques under consideration in this 
paper. However, the benefit that we 
hope may be gained to offset these 
increased difficulties is the ability to 
make a more precise diagnosis and a 
more scientific determination of the 
treatment plan.” 

“The purpose of this article is to 
analyze the complicated 
reasoning processes inherent in 
medical diagnosis. The importance 
of this problem has received 
recent emphasis by the increasing 
interest in the use of electronic 
computers as an aid to medical 
diagnostic processes. Before 
computers can be used effectively 
for such purposes, however, we 
need to know more about how the 
physician makes a medical 
diagnosis. “ 
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• Physicians have a reputation as being early adopters of technology.   

• They were early adopters of the very first telephone exchanges built in 
the 1870’s.  

• In 1906, The Journal of the American Medical Association (JAMA) 
published the following statement; 

Advanced Analytics 
Healthcare 

“To no class is the development of 
the automobile of more importance 
than to physicians. How to reach 
their patients in the quickest, surest, 
easiest and cheapest manner is a 
practical problem to them.” 1905 SPYKER 12/16-HP DOUBLE PHAETON 

“Nulla Tenaci invia est via”  
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• In 1966, JAMA published a special issue on the subject of computers in medicine. 
“The Role of Computers in Modern Medicine”.  
 

• Just over 20 years had passes since what many observers believe was the unofficial 
starting line (1945) for the dramatic developments and advances in digital computer 
technology .   
 

• Beginning in the late 50’s the idea of using computers in support of clinical decision 
making and the development of computerized hospital information systems was 
being actively discussed in the medical literature. 

   
• By the mid 1960’s digital computing had made significant strides in many disciplines 

of science and engineering and was now beginning to be applied to Medicine.   
 

• By the 1970’s the concept of “medical informatics” had come to describe what we 
would consider “Healthcare IT” today. 

 

Advanced Analytics 
Healthcare 



Copyright  © SAS Inst itute  Inc.  A l l  r ights reserved.  

Maturity of advanced and predictive 
analytics to address many complex issues in 
health care  

 
Growth in the digitization and availability of 
health care data  

 
Changes in social, economic and legislative 
considerations related to availability, access 
and quality of care 

Why Now? 
Healthcare Analytics 
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Patient 

Data, Data, Everywhere 
Challenges 
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Deloitte - 2016 Global Healthcare Outlook 
Challenges 

• Change is the new normal for the global health care sector. 
  

• As providers, payers, governments, and other stakeholders 
strive to deliver effective, and equitable care, they do so in an 
ecosystem that is undergoing a dramatic and fundamental shift 
in business, clinical, and operating models.  
 

• This shift is being fueled by; 
• Aging and growing populations 
• Proliferation of chronic diseases 
• Heightened focus on care quality and value 
• Evolving financial and quality regulations 
• Informed and empowered consumers 
• Innovative treatments and technologies  

 

• All of which are leading to rising costs and an increase in 
spending levels for care provision, infrastructure 
improvements, and technology innovations.  
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• In high-income countries, 7 in every 10 deaths are among 

people aged 70 years and older.  

• People predominantly die of chronic diseases: cardiovascular 

diseases, cancers, dementia, chronic obstructive lung disease 

or diabetes. Lower respiratory infections remain the only 

leading infectious cause of death.  

• Only 1 in every 100 deaths is among children under 15 years. 

• In low-income countries, nearly 4 in every 10 deaths are 

among children under 15 years 

• Only 2 in every 10 deaths are among people aged 70 years 

and older.  

• People predominantly die of infectious diseases:  

• lower respiratory infections, HIV/AIDS, diarrhoeal diseases, 

malaria and tuberculosis collectively account for almost one 

third of all deaths in these countries.  

• Complications of childbirth due to prematurity, and birth 

asphyxia and birth trauma are among the leading causes of 
death, claiming the lives of many newborns and infants. 

A problem of Scale and Proportion 
Challenges 
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Adopting Advanced Analytics in Healthcare 
Challenges 

• Data Access 
• Data Quality / Integrity 
• Unstructured Data / Text 
• Universal Healthcare Exchange Language 
• Interoperability 
• Privacy and Anonymization 
• Analytic Maturity 
• Easy of Use 
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More than numbers: how better data is 

changing health systems 
March 2016 

The Health Data Collaborative, launched by WHO and partner development agencies, 

countries, donors and academics, will strengthen countries' capacity to collect, analyze 

and use reliable health data, thereby reducing administrative burden.  

 

A list of 100 core health indicators has been produced, and 60 low income and lower-

middle income countries, and their supporting donors, will be using common investment 
plans to strengthen their health information systems by 2024. 

Delivering Value 
Now and into the Future 
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Data Sharing 
Opportunity and Challenge 

 
Making our medical records open for sharing will save 
100,000 lives a year, Google CEO Larry Page told 
the TED conference in Vancouver today. 
 
 "Wouldn't it be amazing if everyone's medical records 
were available anonymously to research doctors?" Page 
said. "We'd save 100,000 lives this year.  
 
We're not really thinking about the tremendous good 
which can come from people sharing information with 
the right people in the right ways.“ 
 
 
Larry Page 
19 March 2014 
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Google 
Baseline and Health Kit 

"It may sound counter-
intuitive, but by studying 
health, we might someday 
be better able to understand 
disease,"  
 
Andrew Conrad of Google-X Baseline 
Study Leader 
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Understanding, Predicting and Influencing Behavior 
Challenges 

• The role of patients has changed from being 
passive receivers to becoming actively involved in 
their own health care. 
 

• Patient engagement can improve patient 
satisfaction and increase adherence to treatment. 
 

• Facilitates to better clinical outcomes and 
increased efficiency in health care. 
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The Problem of Privacy 
Piet Mondrian 
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Case Studies 
Advanced and Predictive Analytics 

• Clinical Decision Support 
 Clinical knowledge management technologies. 

 
• Optimization 
 The traveling salesman problem 

 
• Discrete Event Simulation 
 Model the operation of a system as a  sequence of events in time 

 
• Text Analytics and Unstructured Data 
 Automate and uncover hidden insights    
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A word about Analytics 
Hybrid Analytic Approach for Complex Problems 

Enterprise Data 
Known 

Patterns 
Unknown 
Patterns 

Complex 
Patterns 

Unstructured 
Data 

Associative 
Linking 

 
 

HYBRID APPROACH 
Proactively applies combinations of techniques at entity and network levels 

 
 

 

Rules to surface 
known issues 

 
 
 

• Relevant 
diagnosis code 
recorded 
 

• Prescription not 
filled 

 

Algorithms to 
surface unusual 

behaviors 

 
 

• New symptom 
presents 
 

• # patients with 
event exceeds 
expected 

Predictive Models 

 

Identify patterns and 
relationships to 

anticipate future 
events 

 

• Patterns of patient 
behavior for known 
issues 
 

• Drivers for high 
cost 

Text Mining 

 

Enhance analytic 

methods with 

unstructured data 
 

 

• Extract 
knowledge from 
clinical narrative 
 

• Integration of 
rich case file 
information 

Network Analysis 

 

Associative 
discovery thru 
automated link 
analysis across 

heterogeneous data 

 

• Linked highly diverse 
elements  
 

• Connected network 
of adverse events 
with contributing 
factors 

Anomaly Detection Rules 
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Discrete Event Simulation 
A ‘Small’ Application of Big Data Analytics in Healthcare 

Chris DeRienzo, MD, Chief Patient Safety Officer, Mission Health System 
David Tanaka, MD, Professor of Pediatrics, Duke University Medical Center  
Emily Lada, PhD, Senior Operations Research Specialist, Advanced Analytics, SAS 
Phil Meanor, Senior Manager, Advanced Analytics Division, SAS 

• Create a discrete-event simulation model for a NICU's 
patient mix (SAS Simulation Studio) 

• More accurate nurse scheduling  

• Better match between nursing ratios and acuity 

• Better preparation for changes in status 

• Optimize balance between cost and quality 

SAS Global Forum 2014 - Paper 1361-2014 
http://support.sas.com/resources/papers/proceedings14/1361-2014.pdf 
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Optimization 

Duke Hospital NICY q24 Staffing needs: 
 
• Three Neonatal Fellows 
• Four Attending Neonatologists 
• Five Pediatric Residents 
• Five Respiratory Therapists 
• Nine Neonatal Nurse Practitioners 
• OVER SIXTY NURSES… 

Workflow Modeling 
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Simulation 
Model Logic 
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Validation 
Simulation 
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…to the big question 

• Contrary to the current belief that reduction of ALOS implies a reduction in hospital resource 
utilization due to improved care, the exact opposite appears to be true. 

  

• Hospital administrators should seriously consider high fidelity modeling before initiating a 
‘one size fits all’ approach to cost containment strategies. 

 

The Answer… 
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Resource Modeling and Scheduling 

• Minimize the maximum number of beds needed in 
two-weeks time to reduce the total number of beds 
in specific ward 
 

• Balance the number of incoming patients (from OR) 
and outgoing patients (e.g. leave home) on each 
day. 

Optimization 
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Optimizing Surgery Schedules to Save Resources, and to Save Lives 

Three key steps to a successful Operations Research Optimization Problem 
 

• Identify real-world challenge as relevant to mathematical optimization formulation  
• Does one understand the real-life situation to allow for a “close-enough” mathematical 

formulation, such that the solution will be relevant to “real world” decision making. 
 

• Translate a “real-life problem formulation” into mathematical language 
• Develop preliminary mathematical statement, including control variables, objective and 

the constraints.  
• Formulate complete, in-depth understanding of all known influencing factors and 

outcome expectations.  
 

•  Develop and refine mathematics and algorithms: 
• Solve problem by pushing it toward a desired optimum. 

SAS Global Forum 2013   Paper 154-2013    
Andrew Pease and Aysegul Peker, SAS Institute, Inc. 
 
 

https://support.sas.com/resources/papers/proceedings13/154-2013.pdf 

The Hospital Game 
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Length of Stay 
• Figures represent length of stay in the nursing wards for a schedule that was 

generated for a single operating room in a two-week period 
 

• This simulation assumes that the nursing wards were empty on the first day and 
gradually fill up. 

At end of end of the second week, there are 
numerous discharges in both plans. Buildup is 
more stable as related to manual scheduling. 

Optimized schedule creates a much more 
steady buildup in occupancy, demonstrated 
on day 2. 

Results 
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Occupancy 
• Reduction in the number of beds 

required to meet care needs 
• Reduction in the variability of 

occupancy rates 
• Indicates a slightly higher average 

occupancy 

Results 

Important benefits of an optimized master surgical schedule 
include; 
 
• Data driven understanding of  the maximum number of 

resources that are required downstream for post-
operative nursing care. 
 

• Achieving a more steady utilization of available 
resources. 
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University of Ottawa & Brain and Mind Research Institute 

Can we develop Expert Clinical Decision Support Systems to 

Support Better Diagnoses of Mental Health Disorders 

OBJECTIVE:  Improving suicide risk assessment through automated and semi-automated knowledge extraction from clinical 

notes and narrative associated with patient assessment of suicide risk in acute and care management scenarios. 

Phase I  Text Analytics and Machine Learning applied to clinical notes/narrative and patient reported outcomes 

Phase II  Develop Linguistic Rules for risk assessment based on mathematical approaches and clinical best practices 

Phase III  Validate, test and compare approaches against historical clinical data 

Suicide Risk 
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sas 

What proportion of Canadian youth (13-17) post about their mental health, and describe experiencing bullying or 

suicidal thoughts in the past 12 months on social media? 

 

 

• Rationale 

Suicide is the second leading cause of death among youth in Canada, and mental illnesses such as depression are 

the main risk factors of suicide. Youth ages 18 to 24 have the highest rates of mental illness such as depression 

and generalized anxiety disorder than other age groups. 

• With response rates to traditional surveys in decline, it is incumbent on governments and their partners to tap into 

new and emerging sources of publicly available data such as social media. Response rates to traditional surveys 

among youth, in particular male youth, are some of the lowest among all age groups in the country. 

• Youth are active users of social media, with about 74% of Twitter users between the ages of 15 and 25 years of 

age. Use of social media outlets such as Facebook or Twitter as a data source would serve to augment existing 

survey and administrative data sources and allow for better analysis, contextualization and interpretation of 

traditional incidence, prevalence and case level data currently available. There is even a potential opportunity that 

these new sources could provide an early indication of possible trends to guide more formal surveillance activities. 

 

Results 

SAS utilized the data available through Twitter’s API to analyze 1.1 million Tweets from within Canada that profiling 

software identified as likely coming from 13- to 17-year-old users. Their analysis made use of natural language 

processing, predictive modelling, text mining, and data visualization. 

Suicide risk in Canadian Youth 
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Canada Health Infoway’s Data Impact Challenge 

• Suicide is the second leading cause of death among youth in Canada, 

according to Statistics Canada, accounting for one fifth of deaths of people 

under the age of 25 in 2011.  

• The Canadian Mental Health Association says that among 15 – 24 year olds 

the number is an even more frightening at 24 percent – the third highest in the 

industrialized world.  

• Yet despite these disturbing statistics, the signals that an individual plans on 

self-injury or suicide are hard to isolate. 

Suicide risk in Canadian Youth 

What proportion of Canadian youth (13-17) post about their mental health, and describe experiencing bullying or 

suicidal thoughts in the past 12 months on social media? 

 

http://www.statcan.gc.ca/pub/82-625-x/2014001/article/11896/c-g/c-g01-eng.htm
http://www.cmha.ca/media/fast-facts-about-mental-illness/.V5ENnfkrKM8
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Resource and Supply Forecasting 
Health Insight and Prediction Platform (HIPP) 

 
The Health Insight and Prediction Platform 
(HIPP) is a combination of SAS statistical 
techniques and tools. When applied along with 
health system contextual knowledge and data, 
it offers a powerful solution to help predict the 
incidence of many disease situations. 

Building on a review of the HIPP methodology 
and results, the Ministry was  able to refine its 
forecasting requirements and develop long-
term models for hip and knee forecasting 
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Dignity Health 
SAS Collaboration 

A cloud-based, big data platform powered by a library of clinical, social and behavioral analytics. That will 
help doctors, nurses and other health care providers better understand each patient and tailor care to 
improve health while reducing costs. 
  
Analytics will allow Dignity Health to assign a probability to future events like the risk of readmission, the 
likelihood of sepsis or kidney failure, and then apply best practices to intervene early and reduce the 
possibility of avoidable future complications and costs. 
 
  

• Dignity Health’s pilot sepsis bio-surveillance program helped reduce 
sepsis mortality at 16 facilities.  
 

• Dignity Health enabled health care providers to proactively manage 
potential risks, resulting in reduced mortality, shorter length of stay in the 
intensive care unit and an overall reduction in costs.  
 

• On average, 69,000 lives a month were monitored during the initial rollout 
of the program 

Dignity Health, one of the US’s largest health systems, is a 20-state network of nearly 9,000 physicians, 55,000 employees and more than 380 care 
centers, including hospitals, urgent and occupational care, imaging centers, home health and primary care clinics.   

 
• Average mortality rate for sepsis patients decreased 

by 7.25 percent 

• Average severe sepsis rate decreased by 14.9 percent 

• Physician response time with sepsis bundle orders 
was reduced by nearly 51 percent 
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“If data is wrong, the basis for 
decision making is also 
faulty. Therefore, the 
Clinically Correct Time-True 
Registration system makes 
sense beyond our 
department and hospital.”  

- Sten Larsen, Chief Surgeon 

 

 

Lillebælt Hospital 

BUSINESS ISSUE 
• Automate medical journal reviews to entire 

collection (vs. current 20/month) 
• Identify triggers associated with pending adverse 

events 
• Proactively monitor and manage hospital conditions 

 
RESULTS 

• Creation of database to improving clinical work in 
research and diagnosis 

• Reduced errors saved 2.5 million within just two 
surgery departments to date 
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Jmp genomics 

An integrated clinico-metabolomic model improves prediction of death in sepsis 
Sci Transl Med. 2013 Jul 24; 5(195): 

Sepsis, Genomics and Biomarkers 
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IoT improving Patient Management  
and addressing Alert Fatigue 

REALTIME MONITORING 

& DECISION MAKING 

BUSINESS ISSUE 

• Detect relevant patterns in patient real-time data to alert critical 
care teams  

• Monitoring  

• Patient vital statistics from various sensors across different 
equipment 

• Incoming lab results joined with real time sensor data 

 

 

 

RESULTS 

• Monitor data to trigger actions based upon detected patterns 

• Send messages across email and SMS  

• Alert immediately appropriate critical care teams 

• Send immediate recommendation to remote patient 



Copyright  © SAS Inst itute  Inc.  A l l  r ights reserved.  

Unsolicited Self-Reported Patient Outcome Measures 
Patient Preference Initiative 
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Patient preferences considered for the first time in FDA decision to 
approve first-of-kind obesity device 

RTI Health Solutions partnered with the 
FDA to conduct a study on patients’ 
preferences which contributed to the 
Agency’s regulatory decision to approve 
a first-of-kind device to treat obesity 
   
This was the first time a patient 
preference study impacted a new  
device approval 

Incorporating patient-preference evidence into 
regulatory decision making 
 
Surgical Endoscopy 
January 2015 
Martin P. Ho, Juan Marcos Gonzalez, Herbert P. Lerner, Carolyn Y. Neuland, Joyce M. Whang, Michelle 
McMurry-Heath, A. Brett Hauber, Telba Irony 
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• Millions of American consumers will have their first video consults 

 

• Prescribed their first health apps  

 

• Use their smartphones as diagnostic tools for the first time.  

 

• Higher deductibles create opportunities to manage medical expenses with new tools 

and services from insurance companies, healthcare providers, banks and other new 

entrants. 
 

• Shift by shift, visit by visit, nurses doctors and other clinicians learn to work in new 
ways, incorporation insights gleaned from data analysis into their treatment plan. 

  
How Telemedicine Is Transforming Health Care 
The revolution is finally here—raising a host of questions for regulators, providers, 
insurers and patients 
By MELINDA BECK 
June 26, 2016 

2016 
Is the Future Already Here 
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X-Prize Foundataion 
$10 Million USD to develop a “Star Trek Medical Tricorder” 


