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INFORMATION OVERLOAD

•Biomedical knowledge and information 

have grown explosively over the last 50 

years.

•“The complexity of modern medicine exceeds 

the inherent limitations of the unaided human 

mind.”
• David Eddy, M.D., Ph.D. JAMA 263(9): 1265-1275, March 2, 1990

•How do we store, manage and utilize it all 

that information to improve the quality, 

safety, and cost efficiency of health care?



COULD TECHNOLOGY HELP?



OPERATIONAL BENEFITS OF
ELECTRONIC HEALTH RECORDS

• Better access, especially remote access

• No lost charts (well, almost…)

• Legibility

• Simultaneous access by multiple users

• Ability to process and reformat data to support 

clinical decision making

• Ability to aggregate and integrate data across 

time periods and sites of care to improve 

population health



HEALTH INFORMATION MANAGEMENT

How Information is

•Stored

•Organized

•Analyzed

•Retrieved

•Transmitted 

•Protected



A NEW MEDICAL SUBSPECIALTY

Detmer, D. and Shortliffe, E.H. (2014) JAMA 311(20): 2067-68



DEFINITION OF CLINICAL INFORMATICS

• The patient care and health foci of biomedical informatics

• More than just “computers in medicine”

• The body of knowledge, methods, and theories that deal 

with the effective use of knowledge and information to 

improve the quality, safety, and cost effectiveness of 

patient care, improve the health outcomes of both 

individuals and populations, and strengthen clinician-

patient relationships

• Depends on analyzing, designing, implementing, and 

evaluating electronic digital information and 

communication systems

Detmer, D. and Shortliffe, E.H. (2014) JAMA 311(20): 2067-68



CLINICAL INFORMATICS EXISTS AT
THE INTERSECTION OF THREE DOMAINS

Clinical Care

The

Healthcare 

System

Information and 

Communication 

Technology

Clinical 

Informatics

Gardner, R.M. et al. (2009) JAMIA 16(2): 153-157



CORE COMPETENCIES
OF CLINICAL INFORMATICS

• Fundamentals: Shared knowledge base, vocabulary, and 

understanding of informaticians’ working environment

• Clinical Decision Support: Use of IT to support clinical 

decision making by healthcare professionals and improve 

clinical care processes

• Health Information Systems: Development, analysis, 

selection, and implementation

• Change Management: Leading and managing the 

changes associated with the adoption and use of clinical 

information systems

Gardner, R.M. et al. (2009) JAMIA 16(2): 153-157
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FUNDAMENTALS

• Understand the practice of medicine and how to 

apply informatics methods, tools and concepts to 

improve that practice

• Understand the stakeholders, structures, and 

processes which constitute the health system

• Understand the flow of data, information, and 

knowledge among the domains of the health 

system

• Understand the technology which provides the 

basis for information storage, processing, and 

communication.
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THE CENTRAL IDEA OF
CLINICAL INFORMATICS

Clinical Decision Support (CDS)
Systems designed to assemble a precisely calibrated mix of 

patient data and scientific information organized and 

displayed in a format which optimizes clinical decision making

+ >

Friedman, C.P. (2013) JAMIA 20: 224-226 



SURGERY CLINICAL DECISION SUPPORT



CDS INTERVENTION FORMATS

• Critiques and warnings (drug-allergy or drug-

drug interaction alerts)

• Standard order sets, care plans, and protocols,

• Relevant data summaries and dashboards

• Parameter and calculation guidance

• Filtered reference information and knowledge 

sources

• Expert workup and management systems (clinical 

pathways
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BREAST CANCER RISK CALCULATOR
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CLINICAL PRACTICE GUIDELINE
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HEALTH INFORMATION SYSTEMS

• Assess advantages and disadvantages of different 

technological approaches to managing clinical information

• Select the best fit for a particular clinical environment and 

clinical staff

• Support clinicians during implementation and operation of 

clinical information systems

• Evaluate the effectiveness of systems in meeting clinical 

needs and collaborate with information technology 

personnel to optimize local configuration

• Confirm the quality and reliability of clinical data
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CHANGE MANAGEMENT

People

Processes Technology

Sociotechnical

Environment



LEADING AND MANAGING CHANGE

• Understand organizational culture and plan 

organizational change

• Build and work in effective multidisciplinary 

teams

• Listen actively, understand needs, articulate 

plans, explain rationales, inform constituents

• Report results and foster collaboration

• Relate information systems needs and plans to 

larger organizational strategic goals



CLINICAL INFORMATICS CHALLENGES



EFFECT OF FEDERAL
INCENTIVES ON EHR ADOPTION

Hsiao C-J, Hing E. Use and characteristics of electronic health record systems 

among office-based physician practices: United States, 2001–2013. NCHS data 

brief, no 143. Hyattsville, MD: National Center for Health Statistics. 2014. 



HEALTHCARE PROVIDERS’ USER EXPERIENCE

• Products not developed with 

provider-patient workflow in 

mind

• Information not formatted to fit 

physician cognitive models or 

support clinical decision making

• Extra steps added in common clinical tasks

• Increased cognitive and physical workload in 

clinical practice



MEDICAL ECONOMICS/MPI PROVIDER SURVEY

Verdon, D.R. (2014). Physician outcry on EHR functionality, cost will 

shake the health information technology sector. Medical Economics 

91(3): 18-27  (Similar results found in the 2013 AMA/RAND 

Corporation Physician Satisfaction Study and the 2014 Physician 

Foundation/Merritt Hawkins Survey of American Physicians)



COGNITIVE LOAD

•Working memory can only hold a limited number 

of items for short periods of time

•Managing and manipulating items within working 

memory requires focused thinking and significant 

effort termed “cognitive load”

• EHRs only work effectively when information is 

obtained, organized, and presented in a way 

which decreases cognitive load



THE FIVE RIGHTS OF
CLINICAL DECISION SUPPORT

•The right information

•To the right person

•In the right CDS intervention format

•Through the right channel

•At the right point in workflow

Osheroff, J.A., Teich, J.M., Levick, D. et al. (2012). Improving Outcomes with 

Clinical Decision Support: An Implementers Guide. Healthcare Information and 

Management Systems Society, Chicago, IL



VIOLATING THE FIVE RIGHTS

• Can't properly retrieve and summarize patient 

information in a usable form or apply that 

information to properly prioritize and filter 

recommendations to the user

• Interruptive and fails to integrate key pieces of 

data and knowledge into the context of workflow

•Overloads the user's capacity to absorb 

information which then hinders rather than helps 

the decision-making process



PHYSICIAN CONCERNS ABOUT EHRS

• Navigation Burden: Important data are difficult to locate in 

context of workflow. Too many clicks

• Data Entry Burden: Entering structured data into EHR distracts 

attention from the patient being examined

• Documentation Burden: Structured data unable to adequately 

represent the complex details of patient history or clinician 

reasoning

• Reconciliation Burden: Tools to verify the accuracy and 

completeness of information at the time of care transitions are 

poorly executed

• Interoperability Burden: Transfer of data from one EHR to 

another in a form usable by the receiving clinician remains an 

elusive goal



EHR USABILITY AFFECTS PATIENT SAFETY

• Designed and applied 

inappropriately, health IT 

can add an additional 

layer of complexity to the 

already complex delivery 

of health care, which can 

lead to unintended 

adverse consequences…

• The committee believes 

poor user-interface design, 

poor workflow, and 

complex data interfaces 

are threats to patient 

safety.



EHRS SHOULD LIGHTEN “LOADS”
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• Navigation

– Clicks, scrolls, keystrokes, mouse 

movements

• Reading

– Legibility, signal to noise ratio, 

layout, emphasis, eye tracking

• Thinking

– Icon meaning, recall vs. 

recognition, cognitive load

• Text Entry

– Typing, pick lists, dictation

• Emotional Factors

– Task stress, situational awareness, 

dissonance



BETTER EHRS ARE A SHARED RESPONSIBILITY

“The clinical systems of today are great advances from what were available 

a decade ago but are still imperfect. Progress depends on further research, 

a vibrant vendor community that collaborates well with academia to enhance 

features such as interoperability and usability, and highly trained applied 

informaticians, many of whom are also practicing clinicians.”

Detmer, D.E. and Shortliffe, E.H. (2014). Clinical Informatics: Prospects for a New Medical Subspecialty. 

Journal of the American Medical Association 311 (20): 2067-2068.



USER CENTERED DESIGN (UCD)
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A SLIDE FROM THE EPIC OVERVIEW COURSE



A LEARNING HEALTHCARE SYSTEM



COMMENTS AND QUESTIONS?


