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Overview: 
Electronic Health Record Systems

• Using the EHR:  Why we need it, What it is

• History & characteristics of the EHR

• Adoption:
– Barriers
– Improving adoption

• Case study:  CSMC
– Centricity, Web/VS



Need for EHR = CDSS:  Medical Errors

Estimated annual mortality
Air travel deaths 300
AIDS 16,500
Breast cancer 43,000
Highway fatalities 43,500
Preventable medical errors 44,000 -

(1 jet crash/day) 98,000

Costs of Preventable Medical Errors:
$29 billion/year overall

Kohn LT, Corrigan JM, Donaldson MS eds.  Institute of Medicine. To Err is 
Human:  Building a Safer Health System.  Washington, DC:  NAP, 1999.



Need for EHR/CDSS: 
Evidence of Poor Performance

• USA:  Only 54.9% of adults receive recommended care 
for typical conditions
– community-acquired pneumonia:  39%
– asthma:  53.5%
– hypertension:  64.9%
McGlynn EA, Asch SM, Adams J et al.  The quality of health care delivered to 

adults in the United States.  N Engl J Med 2003;348:2635-2645.

• Delay in adoption:  10+ years for adoption of 
thrombolytic therapy

Antman EM, Lau J, Kupelnick B et al.  A comparison of results of meta-analyses of 
randomized control trials and recommendations of clinical experts. Treatments for 
myocardial infarction.  JAMA 1992;268(2):240-8.



Examples of EHR/CDSS Effectiveness

• Reminders of Redundant Test Ordering
– intervention:  reminder of recent lab result
– result:  reduction in hospital charges (13%) 
Tierney WM, Miller ME, Overhage JM et al.  Physician inpatient order 

writing on microcomputer workstations. Effects on resource utilization. 
JAMA 1993;269(3):379-83.

• CPOE Implementation
– Population:  hospitalized patients over 4 years
– Non-missed-dose medication error rate fell 

81%
– Potentially injurious errors fell 86%
Bates DW, Teich JM, Lee J.  The impact of computerized physician order 

entry on medication error prevention.  J Am Med Inform Assoc 
1999;6(4):313-21.



Examples (continued)

• Systematic review
– 68 studies
– 66% of 65 studies showed benefit on physician 

performance
• 9/15 drug dosing
• 1/5 diagnostic aids
• 14/19 preventive care
• 19/26 other

– 6/14 studies showed benefit on patient outcome

Hunt DL, Haynes RB, Hanna SE et al.  Effects of computer-based clinical 
decision support systems on physician performance and patient 
outcomes: a systematic review.  JAMA 1998;280(15):1339-46.



Summary:  Need for EHR

• Medical errors are costly
– Charges/Costs
– Morbidity/Mortality

• CDSS technology can help reduce
– errors 
– costs

• EHR
– Collection and organization of data
– Vehicle for decision support



Evolving Definitions

• Computer-based Patient Record (CPR):  Electronic 
documentation of care, integrating data from multiple 
sources (clinical, demographic info)
– EMR:  Single computer application for recording and 

viewing data related to patient care, typically 
ambulatory

– EHR:  Suite of applications for recording, organizing 
and viewing clinical data

• Ancillary systems, clinical data repository, results 
review, “CIS”, “HIS”

– “Record” (patient data) vs “Record System” (computer 
application containing patient data)



EHR = EMR + PHR + CPOE + (etc)

• EMR:  A computer-accessible resource of medical and 
administrative information available on an individual 
collected from and accessible by providers involved in 
the individual’s care within a single care setting.

• EHR:  A computer-accessible, interoperable resource 
of clinical and administrative information pertinent to 
the health of an individual.  Information drawn from 
multiple clinical and administrative sources is used 
primarily by a broad spectrum of clinical personnel 
involved in the individual’s care, enabling them to 
deliver and coordinate care and promote wellness.

ONC Terms Standardization Project, Defining Key Health IT Terms, Interim 
Draft Report, 21 February 2008



Personal Health Record

• PHR:  A computer-accessible, interoperable resource 
of pertinent health information on an individual.  
Individuals manage and determine the rights to the 
access, use, and control of the information. The 
information originates from multiple sources and is 
used by individuals and their authorized clinical and 
wellness professionals to help guide and make health 
decisions.

• Recent Examples:  Microsoft HealthVault, Google 
Health, embedded patient portals (Centricity), Pre-Key 
(CSMC OB/GYN)

ONC Terms Standardization Project, Defining Key Health IT Terms, Interim 
Draft Report, 21 February 2008



Computer-based Provider Order Entry

• CPOE:  Order entry + communication + management 
using computers

• Local effort:  EpicCare

• Advantages:  Reduction in errors, improved 
documentation, clinical decision support

• Challenge:  Profound workflow change for the entire 
organization



History of the Medical Record

• 1910:  Flexner Report--Advocated maintaining patient 
records

• 1940s:  Hospitals need records for accreditation
• 1960s:  Electronic HIS--communication (routing 

orders) & charge capture
• 1969:  Weed--POMR
• 1980s:  IOM report, academic systems
• 1990s - present:  Increasing commercial systems, 

increasing prevalence, emphasis on interoperability & 
standards (ONCHIT, etc)



Trend Toward Outpatient Records

• Inpatient record structured first
– Regulatory requirement
– Many contributors (vs solo family practitioner)
– Reimbursement:  More money than outpatient visits

• Now, more attention to outpatient records
– Multidisciplinary/team care
– Managed care



Uses of the Medical Record

• Main purpose:  Facilitate patient care
• Historical record:  What happened, what was done
• Communication among providers (& patients)
• Preventive care (immunizations, etc)
• Quality assurance
• Legal record
• Financial:  coding, billing
• Research:  prospective, retrospective



Characterizing the Record: 
Representing the Patient’s True State

True State of Patient

Diagnostic study

Clinician

Paper chart Dictation

TranscriptionData entry clerk

EMR/Chart Representation

Hogan, Wagner.  JAMIA 1997;4:342-55



Characterizing the Record: 
Representing the Patient’s True State

• Completeness:  Proportion of observations actually 
recorded
– 67 - 100%

• Correctness:  Proportion of recorded observations that 
are correct
– 67 - 100%



Functional Components

• Integration of data
– Standards:  Messaging (HL7), terminology (LOINC, 

SNOMED, ICD9, etc), data model (HL7 RIM)
– Interface engine

• Clinical decision support
• Order entry
• Knowledge sources
• Communication support:  Multidisciplinary, 

consultation



Laboratory

Pharmacy

Radiology

Web/VS CMA Billing &
Financial

Medical
Logic

Vocabulary
+ Coding

Database
Interface

CDR Data 
Warehouse



Who Enters Data

• Clerk
• Physician:  Primary, consultant, extender
• Nurse
• Therapist
• Lab reports/ancillary systems
• Machines:  Monitors, POC testing



Fundamental Issue:  Data Entry

• Data capture:  External sources
– Laboratory information systems, monitors, etc
– Challenges:  Interfaces, standards

• Data input:  Direct entry by clinicians & staff
– Challenge: Time-consuming and expensive
– “Free text” vs structured entry



Data Input

• Transcription of dictation:  Very expensive, error- 
prone

• Encounter form:  Various types
– Free-text entry
– Scannable forms

• Turnaround document:  Both presents & captures data
• Direct electronic entry

– Free-text typing
– Structured entry:  Pick lists, etc
– Voice recognition



Weakness of Paper Record

• Find the record:  Lost, being used elsewhere
• Find data within the record:  Poorly organized, 

missing, fragmented
• Read data:  Legibility
• Update data:  Where to record if chart is missing (e.g., 

“shadow chart”)
• Only one view

– Redundancy:  Re-entry of data in multiple forms
– Research:  Difficult to search across patients

• Passive:  No decision support



Advantages of EMRs

• Access:  Speed, remote location, simultaneous use (even 
if just an “electronic typewriter”)

• Legibility
• Reduced data entry:  Reuse data, reduce redundant 

tests
• Better organization:  Structure
• Multiple views:  Aggregation

– Example:  Summary report, structured flow sheet 
(contrast different data types)

– Alter display based on context



Advantages of EMRs (continued)

• Automated checks on data entry
– Data prompts:  Completeness
– Range check (reference range)
– Pattern check (# digits in MRN)
– Computed check (CBC differential adds to 100)
– Consistency check (pregnant man!)
– Delta check
– Spelling check



Advantages of EMRs (continued)

• Automated decision support
– Reminders, alerts, calculations, ordering advice
– Limited by scope/accuracy of electronic data

• Tradeoff:  Data specificity/depth of advice vs 
time/cost of completeness

• Cross-patient analysis
– Research
– Stratify patient prognosis, treatment by risks

• Data review:  Avoid overlooking uncommon but 
important events



Advantages of EMRs (continued)

• Saves time?
– 1974 study:  find data 4x faster in flow sheet vs 

traditional record (10% of subjects could not even 
find some data)

– 2005 systematic review
• RN POC systems:  decreased documentation 

time 24%
• MD:  increased documentation time 17%

– CPOE:  More than doubled time

Poissant L, Pereira J, Tamblyn R, Kawasumi Y.  The impact of electronic health records 
on the time efficiency of physicians and nurses:  a systematic review.  J Am Med Inform
Assoc 2005;12(5):505-16.





Disadvantages of EMRs

• Access:  Security concerns
– Still, logging helps track access

• Initial cost
– Attempted solutions:  Reimbursement, Office VistA

• Delay between investment & benefit

• System failure



Disadvantages of EMRs 
(continued)

• Challenge of data entry

• Coordination of disparate groups

• Data diversity:  Different data elements, media (images, 
tracings), format, units, terminology, etc

• Unintended consequences
– Increase in overall mortality after CPOE (2.8% -> 

6.57%)
– Highlighted poor use of older technology

Hong YY et al.  Unexpected increase in mortality after implementation of a commercially 
sold computerized physician order entry system.  Pediatrics 2005;116:1506-1512.





Examples:  “Classical” EMRs

• COSTAR
– Originally in 1960s, disseminated in late 1970s
– Encounter form input
– Modular design:  security, registration, scheduling, 

billing, database, reporting
– MQL:  ad hoc data queries
– Display by encounter or problem (multiple views)



“Classical” EMRs (continued)

• RMRS:  McDonald (IU), 1974

• TMR:  Stead & Hammond (Duke), 1975

• STOR:  Whiting-O’Keefe (UCSF), 1985



Commercial EMRs

• General use:  EpicCare, Centricity, NextGen, etc

• Specialty use:  Velos (clinical research), RemedyMD 
(clinical research), TeleResults (transplant), Easydent 
(dental)

• “Free”:  Office VistA EHR



Adoption

• No advantage if not used!
• Varying prevalence in USA

– 20-25% (CHCF, “Use and Adoption of Computer- 
based Patient Records,” October, 2003)

– 20% (MGMA, January, 2005)
– 17% (CDC ambulatory medical care survey 2001-3, 

published March, 2005)
• Higher prevalence elsewhere

– Netherlands = 90%, Australia = 65%
– Reasons:  Single-payer system, certification, cost- 

sharing



Barriers to EHR Adoption

• Financial:  Up-front costs, training, uncertain ROI 
(misalignment of benefits & costs), finding the right 
system

• Cultural:  Attitude toward IT
• Technological:  Interoperability, support, data 

exchange
• Organizational:  Integrate with workflow, migration 

from paper



Improving Adoption

• Interoperability:  Increase chance that EHRs can be 
used with each other + other systems
– Standards:  CCR
– Harmonization:  HITSP
– Certification:  CCHIT

• Compensation
– CPT code:  CMS trial
– P4P:  Reporting measures; decision support to 

improve performance
• Donation

– “Safe harbor” provisions in federal law



Improving Adoption: 
Interoperability Standards

• Continuity of Care Record:  ASTM E31 WK4363 (2004).  
Coalition = AAP, AAFP, HIMSS, ACP, AMA, etc. 

• Continuity of Care Document:  Further standardization

• Defines the core data elements & content of the patient 
record in XML

• Uses:  Record sharing (paper or electronic), eRx (allergies, 
medications), certification



Improving Adoption: 
Interoperability Standards

• EHR Functional Model and Specification
• HL7 2004:  Funded by US Government
• Identifies key functions of the EHR
• Purpose

– Guide development by vendors
– Facilitate certification
– Facilitate interoperability

• Certification governance:  CCHIT







Improving Adoption: 
Standards Process in USA

• Standards are created

• Competing standards are harmonized by HITSP

• Vendors incorporate standards in software

• CCHIT certifies that software complies with standards

• Clinicians use certified software



Improving Adoption:  DOQ-IT

• Doctor’s Office Quality - Information Technology
– Outgrowth of CMS-funded QIOs
– ACP, Lumetra, etc
– Goal:  Overcome barriers to EHR adoption

• Interventions
– Expert advice:  Needs assessment, vendor selection, 

case management, workflow integration
– Peer-to-peer dialog:  Share best practices
– Does not provide funding, day-to-day assistance



Improving Adoption:  Office VistA

• VistA:  Veterans Information System Technology 
Architecture
– M-based comprehensive VA EHR
– Includes CPRS = Computer-based Patient Record 

System
• Office VistA

– Outpatient version
– Available under FOIA

• Challenge:  Free up front, but need to implement and 
maintain



Improving Adoption:  RHIOs + HIEs

• Facilitates interoperability:  Mechanism for exchanging 
data between organizations

• Important elements
– Standards:  Messaging, data model, terminology
– Mechanism:  Clearinghouses

• Part of a federated NHIN
• Important driver:  Public health

– Integrate data from many HCOs
– Syndromic surveillance (e.g., RODS, etc)

• Examples:  Santa Barbara; Indiana; CalRHIO



Improving Adoption:  “Safe Harbor”

• Goal:  Facilitate adoption by having hospitals cover 
part of the cost of the EMR

• Challenge:  Federal law restricts the business 
relationship between MDs and hospitals
– Anti-kickback law
– Anti-self-referral law (“Stark”)

• Medicare Modernization Act of 2003:  Mandated 
creation of a “safe harbor” exception for HIT
– Final rule adopted 8/2006
– Allows donation of hardware & software to promote 

e-prescribing
– Software must be certified (CCHIT)



EHR at CSMC

• Components
– Central data repository
– Ancillary systems (lab, radiology)

• Accessing data:  Electronic medical records
– Web/VS
– Centricity
– EpicCare:  On the way

• Knowledge sources
– Electronic textbooks + libraries
– InfoButtons
– Order Sets





































Summary

• EHR needed:  Acquisition and management of clinical 
data
– Many advantages, some disadvantages
– Key:  integration of data

• Aspects of the EHR:  Functions, advantages, 
disadvantages

• Improving adoption
– Standards, interoperability



Additional Resources

• Baron RJ, Fabens EL, Schiffman M, Wolf E.  Electronic health 
records:  just around the corner?  Or over the cliff? Ann Intern Med 
2005;143:222-6.

• Bates DW, Ebell M, Gottlieb E et al. A proposal for electronic 
medical records U.S. primary care.  J Am Med Inform Assoc 
2003;10:1-10.

• California Healthcare Foundation.  Electronic Medical Records:  
A Buyer’s Guide for Small Physician Practices.  October, 2003.  
http://www.chcf.org

• CCHIT.  2007 Physician’s Guide to Certification for Ambulatory 
Electronic Health Records.  http://www.cchit.org

• HHS.   http://www.hhs.gov/healthit/

http://www.cchit.org/


Future Discussions

Lecture #1:  Computers in Patient Care:  The Basics of Medical 
Informatics

Wednesday, 8 August 2007

Lecture #2:  Electronic Medical Records
Wednesday, 12 March 2008

Lecture #3:  Computer-based Clinical Decision Support
Wednesday, 13 August 2008

Lecture #4:  Computer-based Information Retrieval and Use
Wednesday, 11 March 2009



Thank you!

jenders@csmc.edu

jenders@ucla.edu

http://jenders.bol.ucla.edu
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