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What I Would Like to Discuss .

• Reflections on the evolution of technologies in 
our society, to provide context for considering 
health information technology (HIT) and its future

• Discussion of the evolution of informatics as a 
discipline
• Some words about nomenclature
• Relationship of informatics to HIT

• Assessment of our current state
• Some examples from anesthesiology

• Anticipating future directions
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Analogy: Commercial Aviation
Roughly where we are today 
in the evolution of health 
information technology 
relative to what we envision

Analogy:  Evolution of Personal 
Computing Devices
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1980s

Subsequently ..

• Network connectivity (Internet and 
wireless)

• Modern PCs, Macs, netbooks, etc.
• Smartphones
• Tablet computing
• Smart devices
• Personal devices
• And more to come  .
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The Evolving Paradigm

White House at nightWhite House at night

President Bush calls for 
universal implementation of 
electronic health records 
within 10 years

- 2004



STA2015 1/8/2015

©�EH�Shortliffe�Ͳ 2015 7

Moving Beyond The Paper Record 
Envisioned Since the 1960s

1968-1970

NEJM 1970
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1990-1994

256 pages 
Revised edition (October 1997)

Originally published in 1991 

Institute of Medicine
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Subsequent Evolution

What Lies Ahead?
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Historical Perspective

• Seminal article:  Earliest broad recognition of 
statistical issues in diagnosis and the potential role 
of computers occurred in the late 1950s
• “Reasoning foundations in medical diagnosis” 

by Ledley and Lusted
• Appeared in Science in 1959

• Computers began to be applied in biomedicine in 
the 1960s
• Most applications dealt with clinical issues, 

including diagnostic systems

A Discipline Emerges

• The word “informatics” has its roots in applications 
in clinical medicine
• English term first coined by the medical informatics 

community in the late 1970s (borrowed from Europe)
• Data issues seemed “big” from the very beginning

• Hospital information systems (1960s)
• Early decision-support and expert systems (1970s)
• Subsequent clinical research systems (1980s)
• Human genome project (1990s)
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But what exactly is informatics?

J Am Med Inform Assoc 2012;19(6):931-938 

Abstract:  The AMIA biomedical informatics (BMI) core competencies have been 
designed to support and guide graduate education in BMI, the core scientific 
discipline underlying the breadth of the field’s research, practice, and education.  ..
The AMIA BMI analysis highlights the central shared set of competencies that 
should guide curriculum design and that graduate students should be expected to 
master.
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AMIA’s Definition (2012)

Biomedical informatics (BMI) is the 
interdisciplinary field that studies and 
pursues the effective uses of 
biomedical data, information, and 
knowledge for scientific inquiry, 
problem solving, and decision making, 
motivated by efforts to improve human 
health. JAMIA 2012;19(6):931-938 

Biomedical Informatics:
Corollaries to the Definition

1. BMI develops, studies and applies 
theories, methods and processes for the 
generation, storage, retrieval, use, and 
sharing of biomedical data, information, 
and knowledge.

2. BMI builds on computing, communication 
and information sciences and 
technologies and their application in 
biomedicine.
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Biomedical Informatics:
Corollaries to the Definition

3. BMI investigates and supports reasoning, modeling, 
simulation, experimentation and translation across the 
spectrum from molecules to populations, dealing with a 
variety of biological systems, bridging basic and clinical 
research and practice, and the healthcare enterprise.

4. BMI, recognizing that people are the ultimate users of 
biomedical information, draws upon the social and 
behavioral sciences to inform the design and evaluation 
of technical solutions and the evolution of complex 
economic, ethical, social, educational, and organizational 
systems.

No One Name Is Universally Accepted

• Medical informatics?
• Health informatics?
• Biomedical informatics?
• One solution:

• I use unmodified “informatics” as much as 
possible when referring to the discipline, but 
use “biomedical informatics” when referring to 
the core science of our field

• Avoid using “bioinformatics” to refer to the full 
discipline



STA2015 1/8/2015

©�EH�Shortliffe�Ͳ 2015 14

My Personal Commitment to these Terms
Textbook Journal

Biomedical Informatics in Perspective

Biomedical Informatics (BMI) 
Education and Research

Biomedical Informatics (BMI) 
Education and ResearchBasic

Research 

Applied 
Research 

and 
Practice

Molecules, Cells, Tissues, Organs

Methods, 
Techniques, 

Theories

Health Informatics: 
Clinical Informatics 
and Public Health 

Informatics

Health Informatics: 
Clinical Informatics 
and Public Health 

Informatics

Patients, Individuals, Populations , 
Societies
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Biomedical Informatics in Perspective

Biomedical Informatics (BMI) 
Education and Research

Biomedical Informatics (BMI) 
Education and ResearchBasic

Research 

Applied 
Research 

and 
Practice

Molecules, Cells, Tissues, Organs

Methods, 
Techniques, 

Theories

Health Informatics: 
Clinical Informatics 
and Public Health 

Informatics

Health Informatics: 
Clinical Informatics 
and Public Health 

Informatics

Patients, Individuals, Populations , 
Societies

Clinical informatics:
• Nursing informatics
• Dental informatics
• Medical informatics
• Etc.

Applied Practice 
occurs in the world 

of Health 
Information 
Technology

Biomedical Informatics in Perspective

Biomedical Informatics (BMI) 
Education and Research

Biomedical Informatics (BMI) 
Education and ResearchBasic

Research 

Applied 
Research 

and 
Practice

Molecules, Cells, Tissues, Organs

Bioinformatics and 
Structural 
(Imaging) 

Informatics

Bioinformatics and 
Structural 
(Imaging) 

Informatics

Methods, 
Techniques, 

Theories

Informatics in Translational Science:
Translational Bioinformatics (TBI) and 
Clinical Research Informatics (CRI)

Informatics in Translational Science:
Translational Bioinformatics (TBI) and 
Clinical Research Informatics (CRI)

Health Informatics: 
Clinical Informatics 
and Public Health 

Informatics

Health Informatics: 
Clinical Informatics 
and Public Health 

Informatics

Patients, Individuals, Populations , 
Societies
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Characteristics of BMI Academic Units

• Imbued with a health sciences culture
• Driven by a desire to address perceived 

problems in the biomedical setting
• Applied work always important, but 

impressive basic/generalizable results
• Interdisciplinary nature leads to challenging 

partnership requirements, both for teaching 
and research

• Often poorly understood by colleagues in 
medical and health-professional world



STA2015 1/8/2015

©�EH�Shortliffe�Ͳ 2015 17

“Dr Obama” Aims 
to Treat the US Economy  

 and the US 
healthcare system!

Enhancing Care, Knowledge, and Safety 
through Integrated EHRs

Providers 
Caring for 
Patients

Electronic 
Health 
Records

“Meaningful Use”?X
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An Envisioned Cycle That Ties Patient Care 
with Knowledge Creation and Dissemination

Providers 
Caring for 
Patients

Electronic 
Health 

Records
Clinical Data 
Sources (lab, 

radiology, 
EKG, EEG, 
monitoring 

devices, etc.

An Envisioned Cycle That Ties Patient Care 
with Knowledge Creation and Dissemination

Providers 
Caring for 
Patients

Electronic 
Health 

Records
Regional 

and 
National 
Public 

Health and 
Disease 

Registries

Biomedical 
and Clinical 
Research

Information, 
Decision-Support, 
and Order-Entry 

Systems

Creation of 
Protocols, 
Guidelines, 

and 
Educational 

Materials

Pooled Clinical Data

New 
Standards for 
Prevention, 

Diagnosis, and 
Treatment

A “Learning 
Healthcare 

System”
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340 pages 
Published June 2011

Institute of Medicine

An Optimistic Perspective

A spokeswoman from 
the Department of 
Health and Human 
Services has cited a 
Congressional Budget 
Office estimate that 
90 percent of doctors 
would be using health 
IT by 2019, thanks to 
the stimulus bill
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Percent change in online health IT job postings per month, relative 
to healthcare jobs and all jobs; normalized to February 2009

From ONC Databrief 2 May 2012

Since 
passage of 
HITECH in 
February 
2009, 
online 
postings for 
Health IT 
jobs per 
month 
have 
increased 
by 199%

Anesthesia and Informatics/HIT

• Innovations and routine use in the area of 
patient monitoring

• Anesthesia-specific EMRs
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Anesthesia and Informatics/HIT

• Innovations and routine use in the area of 
patient monitoring

• Anesthesia-specific EMRs
• Some work on decision support
• Exceptional contributions in the area of 

simulation
• Training and testing
• Recognition of the role of cognitive science and 

innovative application of those methods and 
theories

Simulation in Anesthesia Training
and Evaluation
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Cognitive Science and Informatics
(Cognitive Informatics)

• Need to understand better how health 
professionals use personal heuristics, experience, 
data, and knowledge to arrive at decisions
• Improve patient safety and error reduction
• Improve clinical teaching
• Improve decision-support systems
• Better understand clinicians as computer users (and 

thereby build more usable systems)
• Need to understand patients as computer users—

their mental models, fears, and perceptions

120 pages (March 2009) 

National Research Council
(CSTB)

The Grand Challenges:

• Patient-Centered Cognitive 
Support

• Modeling 

• Automation

• Data sharing and 
collaboration 

• Data management at scale 

• Automated full capture of 
physician-patient interactions
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Cognitive Informatics in Anesthesia

CogAIDS is a global crowdsourcing effort to improve the 
design of medical checklists.
Director: Larry Chu, MD, MS
Co-Director: Kyle Harrison, MD
A project of the Stanford AIM Lab

www.anesthesiaillustrated.org/cogaids/

Cognitive Issues in Anesthesia Simulation
Situation awareness in anesthesiology.
Gaba DM, Howard SK, Small SD.
Hum Factors. 1995 Mar;37(1):20-31.

Role of experience in the response to simulated critical incidents.
DeAnda A, Gaba DM.
Anesth Analg. 1991 Mar;72(3):308-15.

Sim Healthcare 5:272–278, 2010:
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An Envisioned Cycle That Ties Patient Care 
with Knowledge Creation and Dissemination

Providers 
Caring for 
Patients

Electronic 
Health 

Records
Regional 

and 
National 
Public 

Health and 
Disease 

Registries

Biomedical 
and Clinical 
Research

Information, 
Decision-Support, 
and Order-Entry 

Systems

Creation of 
Protocols, 
Guidelines, 

and 
Educational 

Materials

Standards for 
Prevention, 
Diagnosis, 

and Treatment

A “Learning 
Healthcare 

System”

Data Systems
Pooled Clinical Data

Growing Role of Data Analytics

Add:
• “Big data” 

from 
massive 
data sets

• “Big data” 
from 
monitored 
behaviors

• Social 
media

• Personal 
health 
devices
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JBI 45(3), June 2012, pp 419–422

Report from a workshop on ‘‘Integration of Genetic Test Results into Electronic 
Medical Records’’ convened by the National Heart Lung and Blood

Institute, and held in Bethesda, MD on August 2–3, 2011

Individual 
Privacy in 
the Era of 
Genomic 
Medicine

New issue:  Concern is not 
what is currently true but what 
might be true in the future (for 
individual or offspring)

Science  2004;305(Jul 9);183
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New Needs for Decision Support

Decision
SupportOpportunity

For New Research

How to order
How to interpret
How to counsel

Data Analytics Example:  Pooled EHR Data 
and “Big Data” for Drug Safety
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Drug-Drug Interactions
How are new drug-drug 
interactions suspected, 
investigated, and proven?

By clinical observation, or:

Patient Data
From 

Electronic 
Records

Data 
Mining 

Software

Merged Data 
for Research 

Uses

Pairs of drugs associated with clinical side effects

Data Mining for Drug Surveillance
Detecting drug interactions from adverse-event reports: 
interaction between paroxetine and pravastatin increases 
blood glucose levels. 
Tatonetti NP, Denny JC, Murphy SN, Fernald GH, Krishnan G, Castro V, Yue P, 
Tsao PS, Kohane I, Roden DM, Altman RB.
Clin Pharmacol Ther. 2011 Jul;90(1):133-42 
• Database: the US Food and Drug Administration's (FDA's) Adverse Event 

Reporting System (AERS) 
• Focus on side-effect profiles involving blood glucose (sugar) control 
• Found a surprisingly strong signal when patients were receiving two drugs: 

pravastatin (for lowering lipids [fats] in the blood) and paroxetine (an 
antidepressant) 

• Found that pravastatin and paroxetine, when administered together, interacted to 
elevate blood glucose

• Affected individuals with or without prior diabetes diagnosis
• Neither drug administered alone was associated with such changes in glucose 

levels
• The effect was not found in patients taking both a different lipid-lowering agent or 

a different antidepressant
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Might There Be Another Approach?

• Individuals who experience clinical 
symptoms often explore them using 
Internet search engines

• They may also search for information on 
drugs they are taking

• Might there have been a drug interaction 
“signal” for paroxetine and pravastatin 
contained in Web searches even before 
the diabetes phenomenon had been 
discovered? 

“Big Data” Example
Web-scale pharmacovigilance: listening to signals from the 
crowd
Ryen W White, Nicholas P Tatonetti, Nigam H Shah, Russ B Altman, Eric Horvitz
J Am Med Inform Assoc 2013;20:404-408

• Investigators hypothesized that Internet users may provide early clues about 
adverse drug events via their online information-seeking

• Conducted a large-scale study of Web search log data (82 million searches) 
gathered during 2010.

• Focused on the specific drug pairing of paroxetine and pravastatin, whose 
interaction was reported to cause hyperglycemia after the time period of the 
online logs used in the analysis

• Found that anonymized signals on drug interactions can be mined from search 
logs (and that the specific interaction could have been predicted in advance of 
the publication previously described)

• Conclude that logs of the search activities of populations of computer users can 
contribute to drug safety surveillance
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Glimpses of the Future
(Research Agenda)

• Decision support that is aware of complex clinical 
contexts

• Models of patients and of the care process

• Identification of context-specific information or 
knowledge needs

• Better integration of systems (and transferability of 
decision-support capabilities between systems)

• Integration of data from personal devices

• Translation of terminology to standards

• User education and engagement (including patients)
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2014 Standouts in Tech: Drones, Virtual 
Reality, Instant Translation and A.I.

• DJI INSPIRE 1: a remote-controlled quadricopter with camera

• SKYPE TRANSLATOR: performs near-instantaneous voice 
translation between people speaking English and Spanish

• GOOGLE’S IMAGE SUMMARIES: artificial intelligence project that 
can look at an image consisting of common items and describe, in 
comprehensible English words, what’s going on in the picture 

• OCULUS RIFT’S CRESCENT BAY: virtual-reality headset can track 
a user’s head in a complete 360-degree swivel, allowing for a sense 
of being immersed in a picture without motion sickness

Personal Tech, New York Times, December 31, 2014 (Farhad Manjoo)

A Chip In The Head
(C/Net:  October 28, 2013)

• In a bid to improve the mental health of soldiers and veterans, 
DARPA has launched a $70 million project to create an implant that 
tracks neuron activity and provides quantifiable brain data 

• Project is being called the Systems-Based Neurotechnology for 
Emerging Therapies (SUBNETS)

• Goal is to be able to monitor the “mental health” of soldiers and 
veterans

• DARPA's device will be similar to deep brain stimulation, but rather 
than targeting one specific symptom, it will be able to monitor and 
analyze data in real time and issue a specific intervention according 
to brain activity 

• One prediction: Brain Implants Will Be Connecting People To The 
Internet By The Year 2020
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Conclusions
A major constraint in making progress is the availability of 
individuals well trained at the intersection of computer science, 
information management, and clinical medicine

• Growing number of educational programs in biomedical 
informatics (MS and PhD levels, plus fellowships for health 
professionals)

• Growing number of training programs in applied health 
information technology

• Appointment of a CMIO (Chief Medical Information Officer) 
in a growing number of organizations

• Creation of ABMS-approved subspecialty in clinical 
informatics for physicians (first diplomats in 2013)

A Final Point

There are limitations to current 
systems (including EHRs and 
decision-support systems), but 
progress over time is clear and 

imperfect systems still have value
Further progress depends on more 

informatics expertise and on informed 
feedback into research, design, and 
implementation of evolving systems


