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Promise of the Secondary Use 
of Clinical Data

• Holds the promise of Electronic Records
• Seamless Care: Requires Clinically Meaningful 

EHRs
– Patient Centered Medical Home
– Continuity of Care 
– Community Involvement
– Fully Automated Electronic Quality Monitoring
– Clinical Decision Support
– Automated eStudies (Empowering Translational Research)

• iEHRs Require:
– Interoperability (We have Gaps => Ed Hammond)
– Ontology & Logic based Knowledge Representation



Barriers to Secondary Use
• Lack of Interoperability => Linked to Sharing Credit
• Un-Usable Systems
• Free text records
• Incomplete Data Recording
• Data stored as Images
• The need for knowledgebases to assist in both 

quality monitoring and Clinical Decision Support
• Dangerous Systems that cause harm to patients
• Poor understanding that the practice is the best 

laboratory to improve clinical care and to create an 
international system of care



• The United States Agency for Healthcare 
Research and Quality (AHRQ) list five 
reasons for poor quality in healthcare as 
follows:
– Variation in services,
– Underuse of services,
– Overuse of services,
– Misuse of services, and
– Disparities in quality.



Mount Sinai Medical Center
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Reasons for Hard-to-Use 
Products

• Development Emphasis was on the Machine 
or System, Rather than the User

• Target Audience is a Moving Target
• Lack of Design Verification (Science vs. 

“Common Sense”)
• Development Teams are not well Integrated
• Skills necessary for the interface Design are 

Different than those necessary for the 
Technical Implementation of Systems!



Usability Studies

• Developers and Evaluators
• Observe without Intervention
• Feel the Users Pain
• Come to Grips with Imperfection
• Resist the Impulse to Blame the User
• Resist the Impulse to Blame Yourself
• Acceptance
• Progress



But Seriously!!!!!!!!!!!



• Usability Studies

– Useful Mechanisms for Objective Evaluation
– Designed to Answer Specific Questions
– Designed to Discover Questions to Answer



Creating Value in Healthcare
eQuality Solutions 

for Patients and Clinicians:
Enabling Safe and Effective 

Medical Practice while 
Decreasing Costs



Healthcare Value

• Value = Quality / Cost
• Quality is composed of:

– Outcomes
– Safety
– Service

• Reliability
• Only what gets measured can be 

effectively managed!  You can’t 
manage what you can’t describe.



Transformation to iEHRs

Depends on “whether the systems 
installed are designed to produce the 
information required to make possible 
the quality and cost reforms that are 
sought.” by the Federal Government 
and by Healthcare Practitioners and 
Healthcare Organizations 

Information Technology Comes to Medicine; 

Blumenthal D, Glaser JP, N Eng J Med 356;24 June 14, 2007



Barriers to iEHR 
Adoption

• Disruptions to the Practice of Medicine
• Change in Practice Style
• Cost of Systems Purchase and Implementation
• Payment for Clinician’s time spent on Web-based 

Consultation
• Lack of Interoperability
• Lack of Decision Support

Information Technology Comes to Medicine; 

Blumenthal D, Glaser JP, N Eng J Med 356;24 June 
14, 2007



Business Process Excellence
A Framework that aligns the entire organization to what is 
important to the customer, allowing the organization to 
excel at the critical activities and reduce time spent on the 
things that don’t matter

ProcessPeople Technology



Minimally Invasive Informatics 
(MII)

• Minimize the need for Change in the Practice
• Maximize the ROI for Investing in HIT

– Providing eQuality Monitoring
– Clinical Decision Support Systems
– Multiple pathways for clinical communication
– Ubiquitous and Interoperable Availability of 

Clinical Records for Care Purposes
– Knowledge based Care Delivery Empowered by 

Informatics (e.g. Care Coordination and 
Continuous Learning Environments)





iEHR Overall Goal
Data

Information

Knowledge

INTELLIGENCE

Clinical Outcomes



The Qualifications of the Laboratory: 
Biomedical Informatics Research Collaborative



AHIC – Quality Use Case

The Institute of Medicine defines Quality as 
“the degree to which health services for 
individuals and populations increase the 
likelihood of desired outcomes and are 
consistent with current professional 
knowledge.” 



AHIC – Quality Use Case

1) Provide the data needed for the 
development of quality measures, 

2) Automate the measurement, feedback and 
reporting of a comprehensive and future set 
of quality measures, 

3) Accelerate the use of clinical decision 
support to improve performance on these 
quality measures, and 

4) How performance measures should align 
with the capabilities and limitations for HIT. 



Our Investment in 
Healthcare Quality

1) The ultimate health care record - (Sep 10 2007)
Mayo Clinic researchers are working on ways to 
make electronic health care records more 
intelligent. But can they get too smart for everyday 
providers?
2) Editor's Letter: To the edge and back - (Sep 10 
2007)
The United States is no doubt one of the most 
innovative countries in its use of health IT.
3) iEHRs await federal action (Oct 22, 2008)
An expert predicts that federal standards for electronic 
quality monitoring will drive the market for intelligent 
EHRs.
4) Health IT success: How cool is that? (Nov 20, 2008)
Energizing public-sector health care organizations 
should be near the top of Obama’s management agenda. 
Dr. Peter Elkin at the Mount Sinai School of Medicine is 
working on electronic health record technology that 
would automate clinical data gathering. Using so-called 
intelligent EHRs, clinicians would get swift feedback 
about the quality of the care their patients receive. 

Brown SH, Speroff T, Fielstein EM, Bauer BA, Wahner-
Roedler DL, Greevy R, Elkin PL. eQuality: Automatic 
assessment from narrative clinical reports. Mayo Clin Proc 
2006 81(11):1472-1481

http://www.govhealthit.com/print/4_23/news/350671-1.html�
http://www.govhealthit.com/print/4_23/editors_letter/350675-1.html�
http://www.govhealthit.com/�


Case Study

• Bill Kneivel is a 49 w male on vacation with his 
family in Florida.  Driving conditions are wet 
and slippery and after being cut off his car 
impacts an embankment.  Unconscious he is 
taken to FGH ED.  He routinely gets his care 
at St. Elsewhere in Boston MA.  Records are 
requested by FGH and text records are sent 
which show Mr. K to have a PMHx of 
hypertension and Type II DM.  He is currently 
taking Lisinopril, HCTZ, Metformin, and ASA.



Case Study

• In ED he is found to have an MI with a 
Troponin-T of 0.42, his CBC was wnl, he 
had a creatinine of 2.7, normal electrolytes 
and a glucose of 187, Beta-
Hydroxybuterate was not elevated,  and 
his Bicarb was 24.  He was found to have 
ketones in his urine.



Case Study:  As Is Model

• Mr. K is continued on his present 
medication.  A beta-blocker is started.  
However, two days later his serum K+ was 
7.2 and pts Bicarbonate was 14.  Mr. 
Kneivel’s rhythm degenerates into 
ventricular tachycardia, followed by a 
cardiac arrest and in spite of an 
aggressive resuscitation attempt he 
passes away.



Case Study:  To be Model

• Data from St. Elsewhere was transmitted to FGH in a 
standards-based codified interoperable format.  The 
Dr. Overworked (admitting physician) uses an order 
entry system that provides decision support and 
incorporates into its logic engine the data transferred 
from St. Elsewhere.  The system alerts the admitting 
physician that “with a creatinine of 2.7 (>2.0) the 
metformin should be discontinued due to the risk of a 
serious metabolic acidosis.”  Dr. O d/cs the Metformin 
and orders a SS Insulin regimen.  



Case Study:  To be Model
• Two days later Mr. K’s K+ is 4.7 and his 

bicarbonate is 24, his creatinine is 1.7 and 
trending toward his baseline of 1.3.  On the fourth 
hospital day he is discharged in good condition 
and his family decides to plan a repeat trip to 
Disney World next year when dad feels a little 
better.

• For Mr. K, Informatics standards and FGH’s 
clinical decision support system made an 
immeasurable difference for him and his family.



Case Study:  To be Model

• Michael,  Mr K’s son, is inconsolable. His pediatric records from St. 
Elsewhere shows that he is considered healthy, but due to his behavior 
and separation from his parents, he is visited by child psychiatry.  It is 
determined that Michael is suffering from an acute stress reaction and 
they wish to prescribe a selective serotonin reuptake inhibitor, namely 
escitalopram (Lexapro).  However, Michael’s St. Elsewhere records show 
his DNA sequence data to have a polymorphism associated with 
nonfunctioning CYP3A4 enzyme indicating that Michael would likely be a 
poor metabolizer of escitalopram.  Therefore, he is placed on sertraline 
(Zoloft) which is metabolized by the p450 CYP2D6 and CYP2C19 
pathways where he is known to have a *1/*1 phenotype.  This medication 
decision avoids subjecting Michael to potentially serious medication side-
effects that may have occurred through inadvertent overdosing of 
escitalopram.



Personalized eQuality Monitoring

• What is eQuality Monitoring?
– An electronic method for following the quality of care 

that a patient is receiving.
– Ensure guidelines are met.

• How is it personalized?
– Can alert patients and physicians when the standard 

of practice is not being met.
– Can allow personal goal setting by patients for their 

healthcare and their providers of healthcare.



Level One 
Ontology

Champus_coverage
handicapped_program_cd : CE
non_avail_cert_on_file_ind : BL
retirement_dttm : TS
station_id : II

Referral
authorized_visits_qty : REAL
desc : ED
reason_txt : ED

Healthcare_finances

Message_control

Acts (Services)

Appointments & 
scheduling

Roles

HEALTH LEVEL 7
REFERENCE INFORMATION MODEL

RIM_0100

released January 2001 reflects RIM changes through 
Harmonization on 11/17/2000

Observation
value : ANY
derivation_expr : ST
method_cd : SET<CV>
body_site_cd : SET<CD>
interpretation_cd : SET<CS>

Medication
form_cd : CD
route_cd : CD
dose_qty : PQ
strength_qty : PQ
rate_qty : PQ
dose_check_qty : PQ
method_cd : SET<CV>
body_site_cd : SET<CD>
substitution_cd : CV

Procedure
entry_site_cd : SET<CD>
method_cd : SET<CV>
body_site_cd : SET<CD>

Supply
qty : PQ

Diet
energy_qty : PQ
carbohydrate_qty : PQ

Consent

Enitites

Document_service
completion_cd : CV
set_id : II
storage_cd : CV
version_nbr : INT
copy_dttm : TS
origination_dttm : TS

Billboard produced by:
Rochester Outdoor Advertising

Healthcare_provider
specialty_cd : CV

Container
capacty_qty : PQ
height_qty : PQ
diameter_qty : PQ
barrier_delta_qty : PQ
bottom_delta_qty : PQ
separator_type_cd : CD
cap_type_cd : CD

Access
gauge_qty : PQ
entry_site_cd : CD
body_site_cd : CD

Device
manufacturer_model_nm : ST
last_calibration_dttm : TS
software_nm : ST
local_remote_control_state_cd : CE
alert_level_cd : CE

Notary_public
notary_county_cd : CE
notary_state_cd : CE

Employee_Employer
addr : SET<AD>
hazard_exposure_txt : ED
job_class_cd : CV
job_title_nm : ST
telecom : SET<TEL>
protective_equipment_txt : ED
salary_qty : MO
salary_type_cd : CV
status_cd : CS
job_cd : CE

Specimen
body_site_cd : CE

Living_subject
birth_dttm : TS
deceased_dttm : TS
deceased_ind : BL
administrative_gender_cd : CE
organ_donor_ind : BL
multiple_birth_ind : BL

Material
form_cd : CV
danger_cd : CE
effective_tmr : IVL<TS>
handling_cd : CE

Practitioner_provider
position_cd : CV
primary_care_ind : BL

Practitioner_Certifier
board_certification_type_cd : CV
certification_dttm : TS
recertification_dttm : TS
residency_field_cd : CE

Military_person
military_branch_of_service_cd : CV
military_rank_nm : ST
military_status_cd : CV

Place
gps_txt : ST
position_txt
addr : AD
directions_txt

Manufactured_material
expiration_dttm : TS
lot_nbr : ST

Health_chart

Health_chart_deficiency
assessment_dttm : TS
desc : ED
level_cd : CV
type_cd : CV

1

0..*

has_an_assessment_of

1

is_assessed_against

0..*

Inpatient_encounter
length_of_stay_qty : PQ

Non_Person_living_subject
taxonomic_classification_cd : CE
breed_cd : CE
strain_txt : ED
euthanasia_ind : BL
production_class_cd : CE
gender_status_cd : CE

Diagnostic_related_group_definition
base_rate_qty : MO
capital_reimbursement_qty : MO
cost_weight_qty : MO
major_diagnostic_category_cd : CE
operating_reimbursement_qty : MO
reimbursement_qty : MO
standard_day_qty : PQ
standard_total_charge_qty : MO
trim_high_day_qty : PQ
trim_low_day_qty : PQ

Encounter_drg
approval_ind : BL
confidential_ind : BL
cost_outlier_qty : MO
desc : ED
grouper_review_cd : CE
grouper_version_id : II
outlier_days_nbr : REAL
outlier_reimbursement_qty : MO
outlier_type_cd : CV

1

0..*

defines 1

is_defined_by
0..*

Billing_information_item
condition_cd : CE
occurrence_cd : CE
occurrence_dttm : TS
occurrence_span_cd : CE
occurrence_span_from_dttm : TS
occurrence_span_thru_dttm : TS
quantity_nbr : REAL
quantity_type_cd : CV
value_amt
value_cd : CE

Patient_Provider

Organization
org_nm : SET<ON>
standard_industry_class_cd : CE
addr : SET<AD>

Financial_transaction
extended_qty : MO
fee_schedule_cd : CE
insurance_qty : MO
posting_dttm : TS
qty : MO
transaction_batch_id : II
unit_qty : MO
unit_cost_qty : MO

Clinical_document_header
availability_status_cd : CV
change_reason_cd : CV
completion_status_cd : CV
confidentiality_status_cd : CV
content_presentation_cd : CV
document_creation_dttm : TS
file_nm : ST
last_edit_dttm : TS
reporting_priority_cd : CE
results_report_dttm : TS
storage_status_cd : CV
transcription_dttm : TS
document_change_cd : CV
version_nbr : INT
version_dttm : TS

Clinical_document

Patient_billing_account
adjustment_cd : CV
certification_required_ind : BL
current_unpaid_balance_qty : MO
expected_insurance_plan_qty : REAL
expected_payment_source_cd : CV
notice_of_admission_dttm : TS
notice_of_admission_ind : BL
patient_financial_class_cd : CV
price_schedule_id : II
report_of_eligibility_dttm : TS
retention_ind : BL
signature_on_file_dttm : TS
special_program_cd : CV
stoploss_limit_ind : BL
suspend_charges_ind : BL
total_adjustment_qty : MO
total_charge_qty : MO
total_payment_qty : MO
separate_bill_ind : BL
bad_debt_recovery_qty : MO
bad_debt_transfer_qty : MO

Guarantor_contract
billing_hold_ind : BL
billing_media_cd : CE
charge_adjustment_cd : CE
contract_duration_cd : CE
contract_type_cd : CE
effective_tmr : IVL<TS>
interest_rate_nbr : REAL
periodic_payment_qty : MO
priority_ranking_cd : CV

Insurance_certification
certification_duration_qty : PQ
effective_tmr : IVL<TS>
id : II
insurance_verification_dttm : TS
modification_dttm : TS
non_concur_cd : CE
non_concur_effective_dttm : TS
penalty_qty : MO
report_of_eligibility_dttm : TS
report_of_eligibility_ind : BL

10..*has_coverage_affirmed_by 1

affirms_insurance_cover age_for

0..*

Individual_healthcare_practitioner
fellowship_field_cd : CE
graduate_school_nm : ON
graduation_dttm : TS
board_certified_ind : BL

Role-role relationships

Healthcare_benefit_coverage_item
service_category_cd : CV
service_cd : CE
service_modifier_cd : CE
authorization_ind : BL
network_ind : BL
assertion_cd : CE
covered_parties_cd : CE
qty : REAL
quantity_qualifier_cd : CE
time_period_qualifier_cd : CE
range_low_qty : PQ
range_high_qty : PQ
range_units_cd : CV
eligibility_cd : CE
policy_source_cd : CE
eligibility_source_cd : CE
copay_limit_ind : BL

Healthcare_benefit_product_policy
assignment_of_benefits_ind : BL
benefit_product_desc : ED
benefit_product_nm : ST
benefit_product_type_cd : CE
benefits_coordination_ind : BL
cob_priority_nbr : REAL
combine_baby_bill_ind : BL
group_benefit_ind : BL
mail_claim_party_cd : CE
release_information_cd : CE
status_cd : CS
coverage_type_cd : CE
agreement_type_cd : CE
policy_category_cd : CE
access_protocol_desc : ED

Financial_act
effective_tmr : IVL<TS>
reason_cd : CE
status_dttm

Unmapped_financial_classes
(from RIM_Healthcare_finances)

Language_ability
mode_cd : CV
proficiency_level_cd : CV

Person
disability_cd : CE
ethnic_group_cd : CE
race_cd : CE
ambulatory_status_cd : CV
birth_order_nbr : INT
education_level_cd : CV
living_arrangement_cd : CV
marital_status_cd : CV
religious_affiliation_cd : CV
student_cd : CV
credit_rating_cd : CV
addr : SET<AD>
special_accommodation_cd : SET<CV>

Person_Language

0..*

1

specifies_ability_in 0..*

is_specified_by
1

1

0..*

communicates_in

1

is_communicated_by

0..*

Working_list
ownership_level_cd

Public_health_case
detection_method_cd
transmission_mode_cd
disease_imported_cd

Outbreak
tmr

Act_relationship
type_cd : CS
inversion_ind : BL
sequence_nbr : INT
priority_nbr : INT
pause_qty : PQ
checkpoint_cd : CS
split_cd : CS
join_cd : CS
negation_ind : BL
conjunction_cd : CS

Act_context
level_cd

Act
id : SET<II>
mood_cd : CS
type_cd : CC
txt : ED
status_cd : CS
activity_time : GTS
critical_time : GTS
confidentiality_cd : SET<CV>
max_repeat_nmr : IVL<INT>
interruptible_ind : BL
priority_cd : SET<CV>
orderable_ind : BL
availability_dttm : TS

0..*1
has_target

0..*

is_target_for
1

0..*1

has_source

0..*

is_source_for

1

1..*

0..*

originates_in_context_of1..*

provides_context_for0..*

Role_relationship
type_cd : CC
effective_tmr : IVL<TS>
id : SET<II>
status_cd : CS
responsibility_cd : SET<CE>
position_nbr : LIST<INT>
qty : PQ
certificate_txt : ED 0..*

0..1

is_part_of

0..*

has_parts

0..1

Participation
type_cd : CS
tmr : IVL<TS>
note_text : ED
signature_cd : CV
function_cd : CD
awareness_cd : CV
signature_txt : ED
encounter_accommodation_cd : CV
status_cd : CS

0..*

1for

0..*

has 1

Role
type_cd : cc
effective_tmr : IVL<TS>
addr : SET<AD>
telecom : SET<TEL>

0..*

1

has_as_target

0..*

is_target_for1
1

0..*

is_source_of

1

has_as_source
0..*

0..*
0..1

has_as_participant

0..*

participates_in

0..1
Entity_name

effective_tmr : IVL<TS>
nm : EN
purpose_cd : CV

Entity
id : SET<II>
type_cd : CC
determiner_cd : CS
importance_status_txt : ED
qty
telecom : SET<TEL>
desc
status_cd : CS

1 0..*

plays_a_role
1

is_played_by

0..*

0..* 1

is_for

0..*

has

1

Message_interaction

1..*shall_receive1..*
1..1sends1..1

0..1

is_communicated_as

0..1

Transportation

Preauthorization
authorized_encounters_qty : REAL
authorized_period_begin_tmr : IVL<TS>
id : II
issued_dttm : TS
requested_dttm : TS
restriction_desc : ED
status_cd : CS
status_change_dttm : TS

Patient_encounter
discharge_disposition_cd : CV
acuity_level_cd : CV
birth_encounter_ind : BL
status_reason_cd : CV
classification_cd : CV
encounter_classification_cd : CV
practice_setting_cd : CV
valuables_desc : ED
pre_admit_test_ind : BL
source_cd : CV
special_courtesies_cd : CV
valuables_location_desc : ED
effective_tmr

0..*

1
is_utilized_during

0..*utilizes

1

1

0..1

is_authorized_by

1

authorizes

0..1

Healthcare_facility
licensed_bed_nbr : REAL
mobile_ind : BL

Encounter_facility_association
effective_tmr : IVL<TS>
status_cd : CS
transfer_reason_cd : CV

0..*

1

is_used_by

0..*

uses

1
1

0..*

is_site_for
1

is_sited_at

0..*

Schedule
status_cd : CS
slot_size_increment_qty

Resource_slot
status_cd : CS
time_slot : GTS

1

0..*

manages1

is_managed_by

0..*

Entity

Role
Participation Act

Relationship

Role
Relationship

Act

Entity

Role
Participation Act

Relationship

Role
Relationship

Act



Level Two Ontology

EHR architecture (Level 2 Ontology: Healthcare Specific)

Core Classes

Patient Clinical State

1 1..*

11..*
Episode of Care

1 1..*
1 0..*

Documents

Clinical Reminders

1..*

0..*

1 1..*

Reports

1 1..*

Quality Assurance

0..*

0..*Abstraction

*

*

1 1..*

Surveillance
0..*

1

Encounter
Non-Encounter Event

Diagnosis

1

0..*

Symptoms

1

0..*

Medications

0..*

1

Procedure
OrderResult

0..*

0..*

1

0..* 1

0..*

Privileged Clinician1
0..*

0..*

1..*

**

* *

10..*

1

0..*

Prescription

1*

*

1

*

*

*

*

*

*

1

0..*

1..*

0..*

*

1

1..*

0..*

1

0..*

0..*

0..*

1

0..*

1..*

1..*

Best Practice Rules

*

1

1

*

Temporal Model

*

*

Security management Information Base
-Authenticate
-Authorization
-Confidentiality
-Integrity
-Non-reputability

Authentication1 1
Privileges

1 *

Audit Log

*

*

*

1
Clinician

-Identity

1

1

Adverse Reactions
-Allergic
-Non-allergic

* *

1

*

1

*

* 1

1 1

Genomics/Proteomics
*

1 1
1

*

1

1

0..*

Security Policies

*

1

* 1



Level Three Ontology
• Fully Encoded Health Record
• Consistent with the Level One and Two 

Ontologies for Health
• Compositional Expressions are assigned 

Automagically
• Information is gathered through the usual 

documentation of patient care.
• Example…………..



Unstructured Text Converted to 
Indexed & Q.A.’d Electronic Health Record

Unstructured
Medical Text

Parsed Electronic
Health Record

Indexed Electronic
Health Record

Q.A.’d Electronic
Health Record



Parsed



Parsed



Parsed



Parsed





EMR
Repository

Terminology
Server

Process

Record Retrieval
Process

Web Server
Enterprise

Java Bean Container

Map Text To 
Terminology

Handle Query and
Explode Matches

Map Text To 
Terminology and

Store

Query

Query to Processor
and Return

Intelligent Query
to Database

Transcribed Record

Record to Processor
and Return

Processed Record
to Storage

EMR
Repository

Terminology
Server

Record Entry

Record Retrieval
Process

Web Server
Enterprise

Java Bean Container

Map Text To 
Terminology

Handle Query and
Explode Matches

Map Text To 
Terminology and

Store

Query

Query to Processor
and Return

Intelligent Query
to Database

Transcribed Record

Record to Processor
and Return

Processed Record
to Storage



Comparable 
Data

• SNOMED-CT
– Description Logic-Based Terminology
– Compositional System
– ~370,000 Concepts
– ~1,000,000 Terms
– LBI version adds 790,000 Terms
– Over 60,000,000 Indices to the SNOMED-

CT Terminology



Compositional Systems



Its all about Meaning…….

MCVS
- Myocardial infarction 
(disorder) [22298006]

- [has Finding Site] . 
Entire myocardium 
of anterolateral 
region (body 
structure) 
[190762001]
- [is Modified By] . 
Acute (qualifier 
value) [53737009]

Output

SNOMED-CT

“Acute myocardial 
infarction of the 

anterolateral wall”

“Heart attack, 
Anterolateral 

cardiac wall, Acute”

“AMI, 
Anterolateral 

Wall”

“Acute MI of the 
Anterolateral 

Wall”



"DOC_ID SEC_ID PROP_ID CONCEPT_CODE INEX_TYPE PTS"
"2 52 1 23685000 7 1"
"2 52 1 255302009 7 1"
"2 52 1 79619009 7 1"
"2 52 2 53059001 7 1"
"2 52 2 237679004 7 1"
"2 52 2 11092001 7 1"
"2 52 3 49436004 7 1"
"2 51 13 43364001 7 1"
"2 51 14 258707000 7 1"
"2 51 14 255260001 7 1"
"2 51 14 102522009 7 1"
"2 51 15 226630009 7 1"
"2 51 15 51440002 7 1"
"2 51 15 182334003 7 1"
"2 51 15 43364001 7 1"

"2 56 43 229799001 7 1"
"2 56 43 258684004 7 1"



Data Representation
• Pseudo-Anonymized Records

– Translation tables held locally in a secure 
fashion

– Trackable across visits and episodes of 
care

• No Text =>  Not Human Readable
• The data exists without the story
• Facts are recoverable

– Patient
• Document

– Section
» SubSection / Problem / Sentence
» Compositional Expression / Concept



Case One

Case Two

Multi-Center Data 
Sharing and 
Interchange
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Laboratory

Ambulatory Care

Pharmacy School

eQuality System run 
by HCO / RHIOs

PHIRMS: eQuality
Monitoring Solution

DHHS

4 – Prescribe 
Medication and 
Treatment Plan

1 – Conduct 
Routine Check-ups 

7 – Report 
Data to 
Schools

2 – Order
cholesterol 

test

Media

10 – Conduct 
Health 

Education
6 – Fill 

Prescription

9 - Monitor ER visits, 
hospitalizations data 

from EMRs & 
utilization data

Hospital

State Public Health
Surveillance System

Payor

11 – Send reports 

3 – Report
test results

8– Coordinate
Care

P
U
B
L
I
C

5 – Monitor 
Treatment

EHRS

12– Conduct 
Surveys 
(BRFSS)

Encoded Data

Internal Quality 
Reporting

Aggregate 
Anonymized 
Reports

Encoded Biosurveillance &

Quality Guidelines

Decision 
Support

PHIRMS 
Expert System

Resource

Management



Healthcare Services Goal



Bird Flu



Preliminary Work: Gold Standard Development in support of 
our Experimental Design

• VA Disability Exam Study*
– Reviewed by two reviewers
– Disagreements adjudicated by a Super reviewer

• Rules for what constitutes a good exam are 
translated into computable rules (HAL-42)

• eQuality System reviewed the quality criteria against 
each record

• The eQuality System Review was compared with the 
human review. 

• Surveilling for Pneumonias in CXR reports

*Brown SH, Elkin PL et al eQuality: Electronic Quality Assessment From 
Narrative Clinical Reports; Mayo Clin Proc. 2006;81(11):1472-1481



The Semantic Biome: Diabetic patients who had an 
Acute Myocardial Infarction and did not have Chest Pain









Records Parsed
The records take approximately 20 seconds per 

record to parse.



Rules Written

Rule Construction
<419045004[7][1][W][more than 1 AND less than 20]

SNOMED Code or text

Assertional options
7 = Positive
4 = Uncertain
3 = Negative
Combinations can be used

Option to Explode

Record section

Values

The rules are written first in English and then converted to a machine readable format.

Loss of Consciousness for between 1 and 20 minutes
Becomes . . . 



“Five Minutes” in the MCVS’s HAL-42. . . .

1
2
3
4
5
6
7
8
9

10
11
12
13

pneumonia 233604007 [P] [Explode] [A]
pneumovax 333598008 [P] [Explode] [W]
(1 AND 2)
influenza vaccine 46233009 [P] [Explode] [W]
(1 AND 4)
influenza 6142004 [P] [Explode] [W]
influenza 6142004 [P] [Explode] [A]
(1 AND 7)
(4 AND 8)
streptococcus pneumonae 58800005 [P] [Explode] [W]
(1 AND 10)
(2 AND 11)
(3 AND 4)

469
167
24
77
3

37
6
8

Pneumonia Records
Pneumonia and Pvx
Pneumonia and Influenza Vaccine
Pneumonia and Influenza
Pneumonia and Influenza and Influenza Vaccine
Pneumonia and Strep Pneumonae
Pneumonia and Strep Pneumonae and Pvx
Pneumonia and Influenza vaccine and Pvx

44
3

319
202

Pneumonias and Smokers of 469 Pneumonias
Pneumonias and Smokers who were counseled to Quit smoking

Smokers 
Smokers who were counseled to quit smoking







On-Going VA Projects

• POEMS
• Biosurveillance (TB, MRSA, etc.)
• PTSD / TBI
• CHF
• Post-Marketing Surveillance of 

Drugs



VA Content UML Model 



VHA Text-based Reports



Conclusions
• Technology and standards have progressed to 

the point where NLP is a viable solution
• iNLP

– Recall (Sensitivity) of 99.7% 
– Precision (PPV) of 99.8%.

• NLP can support electronic quality monitoring 
(eQuality) and clinical decision support, 
information retrieval for research and digital 
image education libraries.

Peter L. Elkin, MD1, Steven H. Brown, MD, Casey Husser, MD, Brent A. Bauer, 
MD, Dietlind Wahner-Roedler, MD, S. Trent Rosenbloom, MD, Ted Speroff, 
PhD; “An Evaluation of the Content Coverage of SNOMED-CT for Clinical 
Problem Lists“,Mayo Clin Proc. 2006 Jun;81(6):741-8.



What have we learned from our 
case?

• That our patients deserve the highest quality, 
safest care that we can provide.
– Requires the use of all of the patient’s relevant data.
– Utilizing that data in the context of best practice.
– Our hypothetical Mr. Kneivel and his son Michael are 

representative of people who have put their trust in us 
to provide for them the very best care.  This requires 
systems engineering that can help us to integrate and 
analyze patient data in order to provide clinicians with 
just-in-time point-of-care best practice advice, in 
support of their medical practice.



Recommendations:
1. A common data infrastructure is needed to standardize the representation 

of clinical knowledge
2. This common data infrastructure needs a common logical method that can 

link concepts as represented in description logics to standard healthcare 
models

3. A common standard messaging format is needed to exchange the common 
data infrastructure

4. The formalism must support knowledge representation at the same level of 
granularity at which healthcare is practiced.

5. We need to be able to measure the level of interoperability that is defined 
by any standard adopted

6. The standards must support international data exchange
7. The standards must support multiple languages
8. Solutions must be implementable in a three year timeframe
9. The common data infrastructure should support practice, education and 

research
10. Knowledge gained in the practice should be applicable and reusable across 

purposes and settings



Conclusions: eQuality
• Intelligent Electronic Systems (iEHR) can facilitate data 

capture in support of eQuality Monitoring
• Interoperable data must be represented at the same level of 

granularity at which we practice medicine
– Formal terminologies
– Formal logical systems to bind them to instance data

• Quality Rules can be encoded and compared with iEHR data
• eQuality data can help us identify cases and controls for our 

comparative electronic studies
• eQuality data can be fed back to clinicians in real time to 

improve decision making toward Best Practice of Medicine
• This data can also be used to surveil for emerging Infectious 

Diseases
• Biomedical Informatics => Empowering iEHR based Health 

eQuality solutions toward best practice of health and healthcare



“…there is nothing more difficult to take in hand, 
more perilous to conduct, or more uncertain in its 
success, than to take the lead in the introduction of 
a new order of things. Because the innovator has 
for enemies all those who have done well under the 
old conditions, and lukewarm defenders in those 
who may do well under the new. “

Nicolo Machiavelli c. 1505



“The best way to predict the future, 
is to create it.”  
---- Peter Drucker
(Harvard University)



Biomedical Informatics
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